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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 
Fassberg, 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 Laureate 
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. 
Perhaps 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. ne.e~ for a surgical 
mczszon. 

Honored internationally by many 
surgical and neurological societies 

and decorated by many 
governments, Lars Leksell 

remained a man always available 
to his peers, his patients, his 

family, and even to the unknown 
visitors who streamed to his 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 his wide

ranging interests. He was a 
perfectionist: Each of his scientific. 
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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; his concern was 
quality, not quantity. His 

sparkling humor was manifest in 
his personal writings: 

Hjarnfragment (a play on the 
Swedish double entendre Hjarn 

meaning both "brain" and 
"iron") is an autobiographical 
sketch ostensibly intended as a 

family memoir. He was a 
passionate humanist, intimately 

DEDICATION 

involved in the Swedish 
controversy over the definition of 

brain death, which culminated 
with his coauthorship (with 

Gerda Antti) of Hjarn 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 his 

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 III, 
Functional Surgery, describes the role of 
stereotactic technique in the treatment of phys
iologic 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 
function 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 stereo en cephalotomy 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. 
Martinus Nijhoff Publishing. Boston/Dordrecht/Lancaster. All rights reserved. 
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4 1. 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 PI'lssing 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 is 
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 
pomts: 

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, i.e., 
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 



1. GENERAL CONCEPTS OF STEREOTACTIC SURGERY 5 

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 J. 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 micro drive 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 still 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; 

A 

c 

V 
B 

o 

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 is 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 
further 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 sections, 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 a 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 a 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, WI) 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 in 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 device, 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 is 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 L-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, 46J 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. Theoretically, 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-
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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 W orId 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 completely 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 cOIJJ.missure---posterior commissure 
line without affecting precision in reaching the 
target. A special version of the base ring is 
available 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 
electrode or probe position can be checked 
radiographically, because the brain and ,skull 
structures of interest are not covered by any 
parts of the device. Using conventional 

roentgen-ray techniques for target determina
tions, long distances between the roentgen-ray 
source and target are desirable but not manda
tory, as an image 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 (Wl/sqr [w2 * w2 - wI * w1]) 

Phi = arctan (sqr [1 - w1 * wllw2 * w2 
- ex * ex]/ex) - alpha (if ex ( ) 0) 

Phi = PII2 - alpha . (if ex = 0) 

NT = 312.5 - L1 

L.D. Lunsford (ed.) MODERN STEREOTACTIC NEUROSURGERY. Copyright © 1988. 
Martinus Nijhoff. Publishing. Boston/DordrechtiLancaster. 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, (J:l) 
beta, (<I» phi, and ('I') 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 J:l angle, the position of the electrode holder 
by the a angle. The direction of the electrode is marked by the two polar coordinate angles, <I> and '1'. The 
needle depth corresponds to the distance GL - Z, denoted "NT." 

The abbreviations are: 

T = (tx, ty, tz) the trephination point 

Z = (zx, zy, zz) the target point 

r = Radius of the target arc 

U = sqr [(t - z) * (t - z)] 

ex = (tx - zx)/U 

ey = (ty - zy)/U 

ez = (tz - zz)/U 

L = -(z * e) + sqr «z * e) * (z * e) - z * z 
+ r * r) 

gx =zx+L*ex 

gy =zy+L*ey 

gz =zz+L*ez 

WI = ey * gz - ez * gy 

W2 = 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 is 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 Uhl [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 -Yin 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, 
hlled with a paramagnetic liquid. This leads to 
projection of light "spots" on the sagittal and 
coronal images; these "spots" are used to 
dehne 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. 

U sing the trans cerebellar 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 in, ide 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 
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FIGURE 2-6. CT image on the zero level (2 = 0 mm). With the grid feature, coin<.:idence 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 stereotactic 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 

Brachy Curietherapy + external irradiation 
(± chemotherapy) 

Brachy Curietherapy alone 

Curietherapy alone 

Curietherapy plus external irradiation 

External irradiation (including neuroaxis) 

Clinical Indications 

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-Stereotactic 
Hif,h-Dose-Rate Brachy Curietherapy e9 Ir or 1251) of Intracranial Malignant Turmorsa 

Type of Therapy Indications 

Primary Small volume hemispheric 

Secondary 

tumors 
Tumors in functionally 

important regions (central, 
temporal, parietal) 

Nonresectable deep-seated 
tumors 

Tumors recurring after 
operation and external beam 
irradiationb 

'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 im~lantation of a 
radioisotope (iodine-125 C2 I] or iridium-
192C92lr] [8, 9,14-17,19,26,28,31] or (2) 
irradiation of the tumor usin~ the afterloading 
technique e251 catheter or 1 21r contact radi
ation device GammaMed®) [17]. Tables 2-1 
and 2-2 show our criteria for using both 
methods. When permanent implantation of 
1251 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 
sc~nn.er. The first i~plantation point and .the trephination point are marked. Because the coordinate systems 
comClde, the coordmates measured by this procedure are the same as for the stereotactic 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 Germanya 

Surgical Indication No. of Operations 

TABLE 2-4. Indications for Stereotactic 
Operations for Extrapyramidal Disorders 
Performed at University Hospital, 
Freiburg, West Germany, (1950-March 7,1986) 

23 

Parkinsonism 
Hyperkinesia 
Curietherapy 
Biopsy onlyb 
Intractable pain 
Psychiatric surgery 
Epilepsy 

3,890 
1,331 
1,665 
1,005 

Indication No. of Operations 

Angioma 
Combined stereotactic/ 

open pituitary surgery 
Other 

Total 

a. 1950-Dec. 31,1985 
b. After 1965 

415 
174 
111 

17 
107 

473 
9,188 

Parkinsonism 
Choreoathetosis 
Torsion dystonia 
Spasmodic torticollis 
Ballismus 
Myoclonus 
Gilles de la Tourette syndrome 
Intention tremor (essential or 

hereditary) and action 
myoclonus (multiple sclerosis, 
trauma) 

Mixed and spastic hyperkinesia 
Total 

3,900 
215 
214 
231 

26 
52 
18 

340 

172 
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. 

References 
1. Birg W, Klar M, Mundinger F: Programmier

bare Taschenrechner bei stereotaktischen Hir
noperationen. Med Klin 72:135-136, 1977 

2. Birg W, Mundinger F: Calculation of the 
position of a side-protruding electrode tip in 
stereotactic brain operations using a stereotactic 
apparatus with polar coordinates. Acta Neuro
chir (Wien) 32:83-87, 1975 

3. Birg W, Mundinger F: Computer calculations of 
target parameters for a stereotactic apparatus. 
Acta Neurochir (Wien) 29:123-129, 1973 

4. Birg W, Mundinger F: Computer programs for 
stereotactic neurosurgery. Confin Neurol 36: 
326-333, 1974 

5. Birg W, Mundinger F: Direct target point deter
mination for stereotactic brain operations from 
CT data and the calculation of setting para
meters for polar-coordinate stereotactic devices. 
Appl Neurophysiol 45:387-395, 1982 

6. Birg W, Mundinger F, Klar M: Computer 
assistance for stereotactic brain operations. Adv 
Neurosurg 4:287-291, 1977 

7. Birg W, Mundinger F, Mohadjer M, et al: X-ray 
and MR-stereotaxy for functional and nonfunc
tional neurosurgery. Appl N europhysiol 48 :22-
29, 1985 

8. Birg W, Schneider J, Bauer S, et al: An interac
tive program system for the stereotactic inter
stitial implantation of radionuclides in brain 
tumors. In Szikla G (ed): Stereotactic Cerebral 
Irradiation Inserm Symposium No. 12. New 
York: ElsvieriNorth-Holland Biomedical Press, 
1979, pp 77-80 

9. Dyck P: Stereotactic Biopsy and Brachytherapy 
of Brain Tumors. Baltimore: University Park 
Press, 1983 

10. Hassler RF, Mundinger F, Riechert T: Stereo
taxis in Parkinson Syndrome. Berlin, Heidel
berg, New York: Springer, 1979 

11. Hoefer T, Mundinger F, Birg W, et al: Compu
ter calculation in localizing subcortical targets in 
plane x-rays for stereotactic neurosurgery. 
Confin Neurol 36:334-340, 1974 

12. Mundinger F: CT-stereotactic biopsy for opti
mizing the therapy of intracranial processes. 
Acta Neurochir (Wien) 35:70-74, 1985 

13. Mundinger F: CT-stereotactic biopsy of brain 
tumors. In Voth, D Gutjahr P, Langmaid C 
(eds): Tumors of the Central Nervous System in 
Infancy and Childhood. Berlin Heidelberg: 
Springer, 1982 

14. Mundinger F: Implantation of radioisotopes. In 
Schaltenbrand G, Walker AE (eds): Stereotaxy 
of the Human Brain. Stuttgart: Thieme, 1982, 
pp 410-445 

15. Mundinger F: Stereotactic biopsy and technique 
of implantation (instillation) of radionuclei. In 
Jellinger K (ed): Therapy of Malignant Brain 
Tumors. Wien, New York: Springer, 1987, pp 
134-184 

16. Mundinger F: Stereotactic interstitial therapy of 
nonresectable intracranial tumors with iridium-
192 and iodine-125. In Karcher KH, et al (eds): 
Progress in Radio-Oncology (2nd ed). New 
York: Raven Press, 1982, pp 371-380 

17. Mundinger F: Stereotaktische interstitielle Ther
apie nicht resezierbarer intracranieller Tumoren 
mit Ir-192 und Jod-125. In Wannenmachcr M, 
Schreiber HW, Gauwerky F (eds): Kombinierte 
Chirurgischeund Radiologische Behandlung. 
Maligner Tumoren. Munich: Urban & Schwar
zen berg, 1981, pp 90-112 

18. Mundinger F: Stereotaktische Operation en am 
Gehirn Grundlagen-I ndikationen-Resultate. 
Stuttgart: Hippokrates, 1975 

19. Mundinger F: 30 Jahre stereotaktische Hir
noperationen beim Parkinsonismus (Ergebnisse 
im Vergleich pallido-thalamosubtahalamischer 
Ausschaltungen und Indikationen. In Gaenshirt 
H (ed): Pathophysiologie, Klinik und Therapie 
des Parkinsonismus. Editiones Roche, 1983, pp 
331-357 

20. Mundinger F: The treatment of brain tumors 
with interstitially applied radioactive isotopes. 
In Wang Y (ed): Radionuclide Applications in 
Neurology and Neurosurgery. Springfield. IL: 
Thomas, 1970, pp 199-265 

21. Mundinger F, Birg W: CT-aided stereotaxy for 
functional neurosurgery and deep brain im
plants. Acta Neurochir (Wien) 56:245, 1981 

22. Mundinger F, Birg W: CT-stereotaxy in the 
clinical routine. Neurosurg Rev 7:219-224, 1984 

23. Mundinger F, Birg W: Stereotactic biopsy of 
intracranial processes. Acta Neurochir [Suppl] 
(Wien) 33:219-224, 1984 

24. Mundinger F, Birg W: Stereotactic brain surgery 
with the aid of computed tomography (CT
stereotaxy). 32 Jahrestagung der Deutschen 
Gesellschaft fuer Neurochirurgie, Tubingen 
4:22-25, 1981 

25. Mundinger F, Birg W, Ostertag CB: Treatment 
of small cerebral gliomas with CT-aided 
stereotaxic curietherapy. Neuroradiology 16: 
564-567, 1978 

26. Mundinger F, Busam B, Birg W, et al: Results 
of interstitial iridium-l92 brachy-Curietherapy 



2. THE IMAGING-COMPATIBLE RIECHERT-MUNDINGER SYSTEM 25 

and iridium-192 protracted long-term irradia
tion, In Szikla G (ed): Stereotactic Cerebral 
Irradiation. Inserm Symposium No. 12. New 
York: Elsevier/North Holland Biomedical 
Press, 1979, pp 303-320 

27. Mundinger F, Disse!hoff J: Indications of 
stereotactic operations in torsion dystonia and 
choreoathetosis on the basis of long-term com
parative studies. In Progress in Pediatric Neuro
surgery, 1974, pp 237-240 

28. Mundinger F, Metze! E: Interstitial radioisotope 
therapy of intractable diencephalic tumors by 
the stereotactic permanent implantation of 
iridium-192, including bioptic control. Confin 
NeuroI32:195-202, 1970 

29. Mundinger F, Meyer-Tuwe W: Ergebnisse der 
stereotaktischen Behandlung des Parkinson
Rigors. In Fischer PA (ed): Langzeitbehandlung 
des Parkinson-Syndroms. Stuttgart, New York: 
Schattauer-Verlag, 1978, pp 179-188 

30. Mundinger F, Mintert F, Gurkmann 0, et al: 
Wie genau konnen vorausberechrtete tiefliegende 
Hirnstrukturen mit dem stereotaktischen Zie!
verfahren mit einer Sonde erreicht werden? 
Dtsch Med Wochenschr 44:2224-2233, 1970 

31. Mundinger F, Ostertag C, Birg W, et al: 
Stereotactic treatment of brain lesions, biopsy, 
interstitial radiotherapy (iridium-192 and 
iodine-125) and drainage procedures. Appl 
NeurophysioI43:198-204, 1980 

32. Mundinger F, Reinke MA, Hoefer T, et al: 
Determination of intracerebral structures using 
osseous reference points for computer-aided 
stereotactic operations. Appl NeurophysioI38:3-
22, 1975 

33. Mundinger F, Riechert T: Indikationen und 
Langzeitergebnisse von 1400 uni-und bilateralen 
stereotaktischen Eingriffen beim Parkinson syn
drom. Wien Z Nervenheilk 23:147-177, 1966 

34. Mundinger F, Uhl H: Uber die Genauigkeit der 
roentgenologischen Zie!punktbestimmung bei 
stereotaktischen Hirnoperationen. Fortschr 
Roentgenstr 103:419-431,1965 

35. Mundinger F, Wunsch W: 7-Jahres-Lang
zeitergebnisse der stereotaktischen Tremor
behandlung beim Parkinson syndrom. In 
Fischer PA (ed): Parkinson-Syndrom: 
Kombinations- und Begleit-Therapien. Stuttgart, 
New York: Schattauer, 1980, pp 199-210 

36. Riechert T, Mundinger F: Beschreibung und 
Anwendung eines Zie!gerates fur stereotaktische 
Hirnoperationen (II-Modell). Acta Neurochir 
(Wien) 3 :308-337, 1956 

37. Riechert T, Mundinger F: Stereotaktische Ger
aete. In Einfuh, Hng in die stereuta"ktischen Oper
ationen mit einem Atlas des mensch lichen 
Gehirns. Stuttgart: Thieme, 1959 



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 succe~ding 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 
(figure 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 
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FIGURE 3-1. First Leksell stereotactic instrument, 1949, (A); Mark I, 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 brain to 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 
±0.2S 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 is 
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 is 
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 
angiography. 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 tabk-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 techhique [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 tub~ 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-gener~tion 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 
(figure 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. 

ANT 

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 
.cor functional procedures. Intravenous contrast 
infusion is performed in all patients except 

those with extreme contrast aliergies. 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 em) 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 is 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 is 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 
is positive/positive, 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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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 thes\! 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 min, 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 refortI)atted 
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]. 
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FIGURE 3-10. (cont.) 

When the cursor is placed upon the target, 
these programs automatically display its X, Y, 
and Z coordinates (figure 3-12). They also 
permit the preoperative display of phantom 
probe trajectories on the axial CT images 
(figure 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 
targe~ 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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FIGURE 3-10. (cont.) 

tion from sagittal images [8). The fiducials can 
be seen on both T 1- and Trweighted 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 
Tl and T2 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 is 
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 design. 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 is 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 (d. [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 (TJ-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 Imagmg and the localization with the operation mcreases surgical 
flexibility. 

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

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 T1-weighted coronal MRI of a mixed glioma (A). Trweighted 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 (Tt-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 
1. Backlund biopsy kit 
2. Salcman/Leksell percutaneous drill kit 
3. Leksell/Bunge biopsy needle 
4. Backlund hematoma evacuator kit 
5. Lunsford intraoperative CT guide holder 
6. 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 

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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1. Is it a complete system? 
2. Is it simple? 
3. Is it dependable? 
4. Is it versatile? 
5. Is it accurate? 
6. Is it compatible with multiple-imaging mod

alities? 
7. Is it both computer-compatible and inde

pendent? 
8. 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 is 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 is 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 em) 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 lO-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. 

CASSETIE 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-shapeci 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 = 
Ximage)' 

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). It 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 Y s (horizontal 
and vertical planes) or Zs and Y s (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 are" 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 O.l-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 
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. Xi> Yi> and ZI coordinates then can 
be obtained by simple calculation. 

For more precise measurement, the square is 
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 is 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 is 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. 

FtGURE 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 Zs 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 procedurj:! 
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 Zs 
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 is advanced toward zero until its 
tip appears at the sight hole; the electrode the.n 
is 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 XI and YI 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 sq.uare 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. 

scm 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 is 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 
(figure 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 scannjng 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 is 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 is 
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 BR W 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 3600 of rotation about the base ring and 
400 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 2000 of rotation of the 
radial slide along the arc; delta is 1100 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. 

L.D .. Lunsf~~d (ed.) M,0I?ERN STEREOTACTIC NEUROSURGERY. Copyright © 1988. 
Martmus NIJhoff PublIshmg. Boston/Dordrecht/Lancaster. All rights reserved. 

63 



64 I. BASIC TECHNIQUES 

Components of the BR W 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 is 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 is 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 

Step 
Average Time 
(minutes) 

1. Base ring assembly and application 10 
2. Target scanning loa 
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) 60b 

'Exact time depends on number of images obtained. 
b Does 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, 
4J. 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 fo(ceps 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 is 
planned separately and verified on the phan
tom. Although a "shortcut" grid method is 
available, we prefer individual targeting and 



74 I. BASIC TECHNIQUES 

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 BR W 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 BR W 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 patient 
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. 

21 

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 trans axial 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 
BR W 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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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 identify 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, neurQPhysiolo
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. 
Martinus Nijhoff Publishing. Boston/Dordrecht/Lancasier. All rights reserved. 
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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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A B 

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 pms. (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 
(figure 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, aCT 
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 3600 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 IMRI 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 a.ll 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. 
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a b c d 

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. 
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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~meatalline is adjusted by a slide on 
the nose support. The fixation sleeves are then 
advanced to depress the scalp at four points 
and ~re 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 
iden~ical 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 is 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). TJ"iese 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 
meallurements. 

Frame Application for Posterior Fossa 
Procedures. Posterior fossa procedures are 
performed with the patient in the prone p()si
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 
(CUS04) 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 head holder. 
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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 CARS) 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/Y s) and converts these to stereotactic 
mechanical adjustments on the frame (XAQ' 
Y AQ' 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 MRI. 

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
ious 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 I-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-mm3 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 
fossa 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 imag~ matrix, then 
interpolates these at I-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 after loading 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 receiving 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 13S-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 

Stereotactic biopsy 
Stereotactic craniotomy 
Third ventriculosotomy 
Ventrolateral thalamotomy 
Stereotactic resection of 

hippocampus and amygdala 
Cyst aspirations 
Interstitial irradiation 
Ommaya reservoir placements 
32p instillation 

Total 

No. of Patients 

352 
146 

31 
40 

9 

9 
11 

5 
2 

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 is 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 IMRI 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, Y s) are de
termined. The computer then instantaneously 
transforms this screen point into the three
dimensional coordinate system of the arc 
quadrant device (XAQ, Y AQ, ZAQ)' 

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

. Xa + Xg + Xc + Xi 
Xo = 4 (6.1) 

Ya + Y g + Y c + Yi 
Yo = 4 (6.2) 

(6.3) 
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where 21> 2 2, and 23 are vertical heights above 
the base ring for each N-Iocator set of fidu
cials, and A is the angle between the vertical 
and oblique reference bars. 

Z _ ..>...(X_c_-_X_b....:..i_+,..,(,-:-Y_c_-_Y_b",-i 
1 - tan (A) 

Z _ (Xe - xdi + (Ye - Ydi 
2 - tan (A) 

Z _ (Xh - Xi)2 + (Yh - Yii 
3 - 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-I [(ZI - Z3)/2XO] (6.4) 

Beta = tan-I [(2Z2) - ZI - Z3/2YO] (6.5) 

Gamma = tan-I [(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 (Xm , Y3D, 2m). 

Xrel = (Xs - XO) * cos (gamma) 
+ (Ys - YO) * sin (gamma) 

Yrel = (Ys - YO) * cos (gamma) 
- (Xs - XO) * sin (gamma) 

X3d = Xrel * cos (alpha) 

Y3d = Y rel * cos (beta) 

Z3d = Z slice + Y rel * sin (beta) 
+ Xrel * sin (alpha) 

(6.7) 

(6.8) 

(6.9) 

(6.10) 

(6.11) 

4. These three-dimensional points are then 
placed in the coordinate system of the arc 
quadrant device (XAQ, YAQ, ZAQ): 

XAQ = X3d + Bx 

YAQ = Y3d + By 

ZAQ = Z3d + Bz 

(6.12) 

(6.13) 

(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 Stereo guide [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 ±O.2S 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. 

6 6 

FIGURE 7-1. Laitinen Stereo guide. 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. 
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 trans nasal 
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 is 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 posItlOn 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 CTIMRI 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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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; e-e, posterior ear arm; p, posterior laterality indicator; i, immobilization device; c, 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 plan~. 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 intercommissuralline 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 is 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 
intercommissuralline 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). 



7. THE LAITINEN SYSTEM 107 

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. 
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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 targeto 

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) coordinateo 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 (figure 7-11). 

MRI Technique 
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 [5J. 
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, (i.e., flexion contraction in 
the arm and the face) signifies that the elec
trode is close to, or in, the internal capsule. 
Electrical stimulation is also necessary during 
posteromedial hypo thalamotomy , 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 is 
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 -2 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 2 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. 

c 

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 
(figure 7-18). An electrode is intro.duced 
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 
s:urgical target is at the midpoint of the spheri
cal system of the Stereo guide 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-Iong 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 (figure 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. 
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FIGURE 7-18. The semicircular arc with the electrode carrier at a 900 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 Stereo guide. 

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 IMRI 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 showirig 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 (T1) and the right (Tr) transverse arms. 
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FIGURE 7-21. A chart used for correcting the x-ray 
beam direction (s/6) in relation to the binaural plane 
of ~he adapter (b-6). The position of the ear plugs 
(b,b) is obtained from the AP apgiogram. 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 f-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 IMRI 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-6) 
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 
systen:ts have utilized special computer prog
rammmg. 

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 

• Turn counter-clockwise 
to raise probe 

read lower scale. 

Illustration 
shows probe holder 

set at "0" which 
is 21 em from 
cente~ine. 

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

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 posltloning 
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 is 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 8-7A) and sagittal (figure 8-7B) 
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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A 

B 

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 non ferromagnetic 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 positionin~ light. This light will 
mark the zero starting pomt 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 nuclei. 
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 
(figure 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 

2. Aspiration of cysts 
3. Aspiration of brain abscesses and instillation 

of antibiotics 
4. Functional neurosurgery 
5. Intracavitary and interstitial irradiation 
6. Stereotactic radiosurgery 
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B 

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

7. Stereotactic trans sphenoidal 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 target is 11 mm anterior to the posterior commissure and is 2 mm above and 10 mm lateral to the 
intercommissural (IC) line. (A) The Ie line is drawn on the sagittal reconstructed image. (B) A point 11 mm 
anterior to the posterior commissure is drawn. (e) The target is marked 2 mm above the Ie 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 eT 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-
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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. Therefore, 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 
cari 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 is 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
mng. 

The Patil system provides the option of plac
ing the burr hole before, during, or after the 
scanner is 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 (N euromedix, U mkirch, 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 
tncrementation 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 mm3 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 

TABLE 9-1. Stereotactic Serial Biopsy: Complications 

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 (eNS) tumors published by 
the World Health Organization (WHO) [61]. 
This scheme has proven to be very useful and 

Year No. of 
Author Reported Cases Complications (%) Mortality (%) 

Peeker et a1. [45] 1979 25 8.0 0.0 

Ostertag et a1. [43] 1979 302 3.0 2.3 

Bosch et a1. [9] 1980 100 4.0 2.0 

Edner [20] 1981 345 2.3 1.0 

Sedan et a1. [57] 1981 770 1.4 1.0 

Colombo et a1. [16] 1982 125 1.6 0.0 

Mundinger [41] 1982 582 3.0 1.4 

De Divitiis et a1. [19] 1983 64 0.0 0.0 

Broggi et a1. [10] 1984 200 3.0 1.0 

Sedan et a1. [56] 1984 318 4.5 0.6 

Willems et a1. [60] 1984 128 0.0 0.0 
Apuzzo et a1. [3] 1984 100 2.0 0.0 

Sceratti et a1. [54] 1984 68 2.9 1.4 

Kelly et a1. [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 eNS 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 (GF AP) 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 Gl> Gz, S5 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 in 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 

Tumor + tumor type + 
approproximate grading 

Clinically suspected tumor excluded 
Glioma, no grading possible 
Unclassified tumor 

% Cases 

81.5 

13.3 
3.3 
1.9 
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TABLE 9-3. Accuracy of Stereotactic Diagnosis in 87 Cases 

Methods of Assessment 

Subsequent open surgery 
Additional open surgery for recurrent tumor 
Additional stereotactic biopsy for recurrent tumor 
Autopsy 

Diagnostic 
Confirmation 

20 
7 

23 
17 

Radiation 
Necrosis 

1 

5 
2 

Diagnostic 
Discrepancy 

'Necrotic tissue/anaplastic ependymoma; astrocytoma II/astrocytoma III-IV; glioii_, no IYmor/cranigpharynllloma; oligodendroglioma 
II/astrocytoma II. 
b Necrotic tissue/astrocytoma III - IV; astrocytoma II/astrocytoma III - IV. 
'Necrotic tissue/astrocytoma III; astrocytoma II/astrocytoma III; germinoma/gliosis (tint dial!nQ~is wa~ correct). 
d Pilocytic astrocytoma/cystic necrosis with reactive gliosis and Rosenthal fibers (old hemorrhag~); astrocytoma III/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. In 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 2.5 

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 
sectionC 12.5 

'From the Universities of Freiburg and Homburg/Saar [2]. Values 
are given as percentage of cases. 
b Final diagnosis obtained from smear in 11.5% and from paraffin 
jection 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 [21J. 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 
Author Reported 

Edner [20] 1981 
Colombo et al. [16] 1982 
De Divitiis et al. [19] 1983 
Willems et al. [60] 1984 
Monsaingeon et al. [38] 1984 
Sedan et al. [56] 1984 
Kleihues et al. [32] 1984 
Anagnostopoulos [2] 1986 

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 
Limitations 
Sample size remains a potential problem in 
stereotactic biopsy of intracranial neoplasms. 
The sample volume of 1 mm3 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 

No. of 
Cases Accuracy (%) 

345 91 
125 70 
64 92 

112 87 
207 77 
309 91 
600 93 

1,236 95 

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 is 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 computerized tomography (CT) 
scanning revolutionized imaging, compatible 
stereotactic methods were developed, which 
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 
improved 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 (A VM). 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 (BR W) 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. 

Overview of System 
The BR W 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 BR W 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 (A VM). Preoperative angiography 
did not show an A VM, but postoperative 
angiography enhanced by electronic subtrac
tion and reversal techniques demonstrated a 
small A VM 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 
is, 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 BR W 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 is 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 (LA T), 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 th~ 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 BR W 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 BR W 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 BR W 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 114-
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 N ashold side-cutting 
instrument, which provides a core of tissue 10 
mm in length and 2 m.m 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 BR W 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 is 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
ization. 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 CO2 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 tissue 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
ity. 
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FIGURE 10-3. CT scan localizing the small surface meningioma (arrow). 

M RI Localization 
Early experience suggests that we see structural 
detail better on MRI than on CT images, parti
cularly with T1-weighted images. Occasionally, 
we saw lesions on Trweighted 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 BR W 
localizer that allows localization of the target in 
all three planes [9]. 

Adapting the BR W 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 
allo,,:s complete resections through small skull 
opeOlngs. 
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11. DIAGNOSIS 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 
I-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 
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FIGURE 11-1. Architectual drawing (A) of the stereotactic operating suite at Presbyterian-University Hospital, 
Pittsburgh, P A . . 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 Surg NeuroI22:222-230, 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, cere hell urn, 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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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 
(figure 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 anticholinergic, 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, P A, 
has increased each year between 1981 and 1985. 
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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 mesencephalic or diencephalic 
lesions, the posterior pins were set low in the 

CT STEREOTACTIC SURGERY 
1981-1985 

FU NC TI ONAL SURGERY 

42 CASES 

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 
radio frequency 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 iodine 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 lI
S). 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 probl' 
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 
trans sphenoidal 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 trans cerebellar 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 1 and T 2) 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 (TI-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 (Trweighted) (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 (Trweighted) 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 CTj 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 

Diagnosis No. Cases Percentage 

Glioblastoma 70 29.1 
Anaplastic astrocytoma 34 14.1 
Astrocytoma 25 lOA 

Metatastic tumor 22 9.1 
Lymphoma 16 6.7 
Brain abscess' 14 5.8 
Hematoma 9 3.8 
Encephalitis 7 2.9 
Vascular malformation 6 2.5 
Colloid cyst 5 2.1 
Germinoma 4 1.7 
Neuroepithelial cyst 4 1.7 
Degenerative disease 4 1.7 
Epidermoid tumor 3 1.3 
Otherb 7 2.9 
N ondiagnostic 10 4.2 

Total 240 100 

• Eight c.ses 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 multifocalleukoencephalopathy. 

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 

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

Lesion Location No. Cases Percentage 

Cerebral hemisphere 149 62 

Basal ganglia 27 11 

Thalamus 12 5 

Third ventricle 11 5 

Corpus callosum 10 4.1 

Pons 10 4.1 

Pineal region 7 2.9 

Cerebellum 5 2.1 

Midbrain 4 1.7 

Suprasellar 4 1.7 

Intrasellar 1 004 

Total 240 100 

patients had masses in the pons, and four had 
them in the midbrain. Our technique for 
stereotactic surgery of the midbrain and pon
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 itself often was millimeters thick; and (3) 
when the preoperative differential diagnosis 
was excessive or a variety of clinical possibili
ties existed, anyone 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 not 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, T\-weighted) and axial 
magnetic resonance images (D, Trweighted). 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 125 I 

N = 24 (60%) 

FIGURE 11-9. CT stereotactic therapeutic surgery 
was performed in 4Q 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 iodine-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 
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FIGURE 11-10. Intraoperative CT scan of a patient undergoing implantation of 12510dine seeds for 
brachytherapy (A). Brachytherapy dosimetry (B) for a solitary catheter implanted from a left temporoparietal 
trajectory. Four 1251 seeds were implanted (total mCi = 37.2) 1,000 cGy per day were delivered to the 
enhance9 tumor margin. Postoperative CT scan 11 months after 1251 brachytherapy (C). 
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FIGURE 11-10. (cont.) 

and/or surgical resection. Beta-emitting iso
topes used for intracavitary irradiation include 
yttrium-90 rhenium-186 and phosfhorous-32 e2p). In the United States, only 3 P chromic 
phosphate in colloidal suspension is available 
for intracavitary irradiation. 

The dosage of 32p 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 32p 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-99m 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 [12J. 

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 32p. The minimal 
amount of aspirated cyst fluid was sent for a 
microscopic analysis that included an examina
tion for the presence of cholesterol qystals. 

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 a1) 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 lac
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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POSTOPERATIVE 
CT SCAN 

FIGURE 11-11. (A, B, and C) Preoperative and postoperative CT images of nine cases with intracranial cystic 
neoplasms, all of whom underwent stereotactic 32p placement. Cyst repression was observed in all cases. 
(Reprinted with permission from Appl NeurophysioI48:146-150, 1985.) 
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FIGURE 11-11. (cont.) 
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FIGURE 11-11. (cont.) 

POSTOPERATIVE 
CT SCAN 
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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 2.1 
symptomatology" 

Without clinical 3 1.3 
symptomatologyb 

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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12. 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), magnetic 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 
radio nuclide 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 13S-mm arc 
quadrant were the same. The carbon dioxide 
laser beam, delivered to a manipulator box 
(micros lad) 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 [24J. 

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, 2S]. 

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, 28J. 
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 (13S-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 is controlled by foot pedal; the X, Y, 
and Z frame coordinates are set by switches on 
t~e. control panel, which is operated by a tech
mCIan. 
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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 aImmg 
beam are delivered to the micros lad 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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th~ 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 (Radio nics 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 IMRI
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-
mlIl thick are obtained on the Picker resistive 
system or the General Electric 2 T esla system. 

Stereotactic stereoscopic cerebral angiogra
phy is also performed on General Electric DF 
3000 or 5000 digital angiographic systems. To 
lbcalize 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, 
WI.) 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, 
900 = right shoulder down, lateral decubitus, 
1800 = 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 is 
opened with a linear incision, and the skull is 
opened with a 1 Vz 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 is 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 is 
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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A 

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-Iong
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 

Astrocytoma grade IV 
Astrocytoma grade III 
Astrocytoma grade II 
Metastatic 
Oligodendroglioma 
Vascular 
Miscellaneous ':. 

Total 

No. of Patients 

32 
12 
23 
38 
9 

14 
12 

140 

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

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 ster::otactic 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 hypo density 
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 
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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 he 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 sub insular tumor (resected through the sylvian fissure); bottom-left middle cerebellar peduncle 
(trans cerebellar 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 



12. VOLUMETRIC STEREOTAXIS AND COMPUTER-ASSISTED STEREOTACTIC RESECTION 181 

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 micro surgically splitting 
the sulcus and then gently retracting the adja
cent gyri 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 is 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 
(A VM), postoperative hemorrhage could occur 
if the biopsy revealed a cryptic A VM 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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Gtyptic A VM 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
~ogy is that seizures, when present, usually 
stop or diminish significantly. 

The following procedure is employed for 
the resection of these lesions: The three
$mensional configuration of the lesion is 
established by stereotactic CT scanning. 
Guided by the displayed reformatted slices, 
the surgeon cuts around the lesion with a 
~lightly defocused, stereotactically directed, 
arid 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 
!,:~ntrol. 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 
13, made stereotactically. Brain and ventricular 
Incisions need to be just large enough to re
move the lesion. A 1.5-inch trephine and l-cm 
or 2-cm cylindrical retractors are used (figure 
U-I0). 

Lesions of the third ventricle are approached 
through the right lateral ventricle. One fornix 
is incised to extend the stereotactic retractor 
~llto the lesion. An internal decompression of 
die 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 
~mor 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 tis
sue before any of the lesion is removed. This 
maneuver prevents shifting of the neoplasm 
within the intracranial compartment caused by 
tumor decompression, 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 is 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 III intraventricular lesions: top---meningioma; 
bottom-large 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 J. 
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 burdeQ 
and better postoperative neurological results 
can be achieved with computer-assisted 
stereotactic resection than with conventional 
procedures. 
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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 
(figure 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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A 

B 

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

1. Small size 
2. Short focal-length optics 
3. High resolution 
4. Self-contained fiberoptic illumination 
5. Wide angle of view 
6. Stereoscopic view with normal convergence 
7. Parallel optics of rod lens 
8. A method of retracting tissue to form an 

air- or fluid-filled chamber in front of the 
objective lenses. 

We wanted to be able to work through an 
average-sized burr hole (approximately V2- 5/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 tumors cope 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, it 
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 
~tereoscopic viewer offers good practical train
mg. 

A tissue-dilating, expandable tulip-shaped 
unit was developed to complete the Shelden
Jacques tumors cope (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 
sizes (see figure 13-1): standard (15.5 mm in 
diameter), large (25 mm in diameter), and small 
(10.2 mm in diameter). 

Any neurosurgical endoscope should have: 

1. A tubular shaft, 14 mm maximum diameter, 
containing a binocular scope. 

2. Tulip-like blades at the distal end that can 
be opened when the target is reached along 

the Z axis. Proper tension of the blades on 
brain tissue stretches tiny vessels and pre
vents bleeding from the brain area exposed 
between the open blades. The working dis
tance between tips should be 10 mm. 

3. An air-filled cavity between the end of the 
optical system and the tumor. 

4. A side port for introducing instruments, 
suction, and carbon dioxide laser. The laser 
greatly improves the precision of tumor re-
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moval (see figure 13-3). In the future, when 
specialized markers are available, a minute 
area of tumor tissue will be identified during 
surgery by hematoporphyrin derivatives, 
which emit red light when excited by ultra
violet light. 

5. A fiberoptic system containing six Hopkins 
units in each parallel unit; such a system 
provides adequate distance from the skull 
to allow freedom of movement for the 
surgeon. An additional set of quartz fibers is 
required to excite porphyrin derivatives for 
tumor indentification or to excite other sub
stances for photoradiation and lysis of the 
lesion. 

The "tulip system" provides a virtually 
bloodless field in which to operate, particularly 
since the recent addition of the carbon dioxide 
laser. Binocular vision affords the capability of 
modified microdissection in the controlled en
vironment of the system. The effectiveness of 
this or any other stereotactic system, of course, 
depends upon the accuracy with which the 
target point can be reached. At our institution, 
information for the stereotactic coordinates is 
obtained from General Electric 8800 or 9800 
CT scanners and/or a Diasonics MR imager. 
The major problem has been determining the Z 
axis, which we believe must have an accuracy 
of ± 1 mm. We have redesigned a Riechert
Mundinger system to help in determination of 
the X, Y, and Z axes [4]. The steel patient ring 
was replaced with one made of aluminum to 
minimize artifacts on the. scan, and the skeletal 
attachment was replaced with pins passing 
through the plane of the ring itself, thus elimi
nating further distortion especially on the CT 
scan (figure 13-6). 

The X and Y axes can be determined accur
ately by algorithms developed at our institu
tion in conjunction with engineers at the Cali
fornia Institute of Technology. The Z axis is 
determined directly from CT or MR imaging 
data. CT and MR scanners at our institution 
provide magnetic tapes with reconstructed im
age data, which are decoded and placed on a 
high-speed mass-storage disk. The images are 
then viewed on high-resolution display moni
tors. The computer manipulates the intensity 
map and the function memory of the frame 
buffer, thus altering the gray-scale mean and 
range. Contrast in the middle-to-white range is 
further enhanced by incorporation of the gam-

ma exponent correction for cathode ray dis
plays into the intensity map determined for the 
desired gray scale. The computer program 
allows use of the line printer connected to the 
computer to obtain a hard copy of the scan 
image or any subsection of the image. 

Magnification programs have been developed 
also. Regions of interests are marked with a 
tracking pen on a magnetic tablet, and the out
lined area is then redisplayed, occupying the 
full screen. Magnification is performed without 
filtering, which allows very high magnification 
of minute areas of images without blurring. 
In this manner, contour boundaries of small 
structures can be determined more accurately. 

Localization of Tumors 
The coordinate axes for locating the tumor are 
determined from an aluminum ring, which is 
mounted on the patient. Four pins are placed at 
0°, 90°, 180°, and 270° on the ring. The loca
tions of the pins are transferred to the compu
ter with the tracking pen. The equation of the 
circle of the ring is approximated in pixel coor
dinates. The center of the ring is estimated as 
the center of the mass of the four points, and 
the radius of the circle is the averaged radii 
from the center of the mass to each point. 
Conventional stereotactic coordinates are de
fined such that the positive X axis is to the 
patient's right and the positive Y axis is anter
ior. The origin is defined as the absolute center 
of the ring along the X, Y, and Z axes. 

To determine the Z coordinate (figure 13-6), 
a set of pins is mounted on the aluminum ring 
in each of the four quadrants perpendicular to 
the plane of the patient ring; each set consists 
of four pins which are 14 mm, 12 mm, 10 mm, 
and 8 mm in height, respectively. The longest 
pin in each set is positioned at integral multi
ples of 90° along the ring. The remaining pins 
descend in height counterclockwise. The ring is 
mounted on the skull and then clamped to a 
base which, in turn, attaches to the CT gantry 
and thus holds the ring parallel to the scanning 
plane. The accuracy of coordinate determina
tion is dependent upon this geometry. Accu
racy is confirmed by obtaining an image im
mediately past the tips of the four shortest 
pins; none of these pins should appear in any 
image that does not contain all four. 

The number of pins seen on each scan is 



192 II. MORPHOLOGICAL SURGERY: DIAGNOSIS AND TREATMENT 

FIGURE 13-6. Patient ring with vertical pins used for Z coordinate calculations. 
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FIGURE 13-7. Three-dimensional reconstruction of a brain tumor with surrounding edema. 

entered into the computer. When the pin count 
changes between consecutive scans, the Z coor
dinate can be estimated: an average is taken of 
the heights of the shortest pin still appearing 
and the pin that disappeared; to this is added 
one-half the height of the ring. As the incre
ment between the pins is 2 mm, the center of 
the ring along the Z axis is thus located with 
an accuracy of ± 1 mm. (Further computer
program refinements using volume-averaging 
artifacts actually makes Z axis localization 
accurate to within a few tenths of a millimeter.) 
The tracking pin on the magnetic tablet is used 
to locate the center of the tumor. The actual X 
and Y coordinates are calculated by multi
plying the difference in pixel coordinates from 
the center of the ring to the center of the tumor 
by pixel size. The position of the Z axis is 
determined directly as the difference between 
the scan depth and the center of the ring. The 
location of the tumor in "ring coordinates" is 
then transferred to the surgical phantom appa
ratus for plotting of the most ideal angle of 
attack. 

Aside from aiding in Z axis determination, 
advanced computer programs (Jet Propulsion 
Laboratory and the California Institute of 
Technology) provide valuable information con
cerning the microanalysis of these lesions. 
Three-dimensional image reconstruction tech-

niques allow the surgeon to visualize the sur
face contour of the tumor prior to actual 
operation (figure 13-7). Computer "removal" 
of the tumor by software manipulation makes 
possible 3600 inspection of the lesion and of the 
surface of the underlying edema contiguous to 
the tumor. This is very important in light of 
new adjuvant immunotherapeutic techniques 
[1, 3]. 

Summary 
We have described a unique method of localiz
ing and removing minute CNS tumors under 
binocular vision. Intracerebral tumor resection 
by dual xenon-arc illumination under direct 
binocular three-dimensional vision has been 
practical in treating many patients to date. The 
stereotactic guidance system utilizes coordi
nates obtainable directly from CT and/or MRI 
scan data. 

Although this system originally was de
signed to remove small CNS brain tumors, it is 
adaptable to intracerebral lesions of larger size 
and various pathologies. The system has also 
proven useful for evacuation of small intra
cerebral hematomas and metastatic tumors. 
The neurosurgeon is able to cope with the 
most minute lesions that can be seen with 
modern imaging techniques and can be much 
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more productive than is possible with more 
routine stereotactic-guided biopsy system. 
These improvements are important in modern 
treatment of eNS neoplasia, because smaller 
residual tumor burdens increase the potential 
effectiveness of adjuvant therapeutic tech
niques, particularly given this new ability to 
find and remove minute lesions. 
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Computed tomography (CT) of intracranial 
tumors, especially when used in combination 
with stereotaxis, has been of great value to the 
neurosurgeon in obtaining an accurate diagno
sis and assessing tumor margins. For benign 
tumors such as meningiomas and neurinomas, 
correlation between appearance on CT and 
neuropathology usually is consistent. How
ever, for gliomas, the distribution of abnormal
ity as defined by CT images often does not 
correlate well with the pathologist's findings. 
In many cases, CT cannot differentiate clearly 
between normal brain and glioma tissue. We 
believe that neurodiagnostic parameters that 
directly evaluate cell metabolism and cell func
tion allow a better discrimination between nor
mal and pathological tissue. 

Positron emission tomography (PET) is a 
powerful diagnostic nuclear medicine research 
tool. The biochemical processes of the human 
brain can be localized precisely and measured 
quantitatively with PET. The measurement of 
regional tissue function by PET technique 
requires the incorporation of a radioactive 
isotope into a molecule that traces the phys
iological pathways of interest. Numerous 
metabolically active substances are labeled with 
short-lived positron-emitting isotopes so that 
their distribution can be studied with noninva
sive tomographic instruments [3, 12, 13]. The 
amount of radioactivity in different regions is 
calculated and seen as images that define abso
lute concentrations of the tracers within cross
sections of the brain. Images showing distribu
tion of the tracers in the brain can reveal 

pathological alterations useful in the diagnosis 
and classification of brain tumors. The radioac
tive tracers used in tumor diagnosis are ll-C
n-methionine and L-methionine for the evalua
tion of amino acid utilization, ll-C-n-glucose 
for the study of tissue energy metabolism, 
and gallium-68-ethylenediaminetetraacetic acid 
( 68Ga-EDTA) for the detection of blood
tumor-barrier (BTB) defects. Regional blood 
flow and blood-volume oxygen use and oxygen 
extraction fractions also can be measured. 
Several different receptor systems within the 
brain have been studied in vivo. Because of the 
new type of information obtainable with PET, 
and the complementary properties of CT and 
PET, techniques have been developed for 
stereotactic PET investigations and for the 
transfer of spatial information between CT and 
PET [1]. 

Head Fixation 
Patients with intracranial tumors verified by 
CT are studied after being fitted with a 
custom-made head-positioning device, which 
allows us accurate patient transfer between CT 
and PET imaging procedures. Reusable fixation 
is achieved by molding a fiberglass mesh, har
dened by ultraviolet light, around the patient's 
head. This mold contains four aluminum 
plates, which can· be attached rigidly to a base 
plate with several attachment knobs and holes 
(figure 14-1). The purpose of this base plate is 
twofold: to provide external mechanical refer
ence points to which diagnostic and therapeutic 
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FIGURE 14-1. Fiberglass mold and base plate fixed to patient's head. 

devices can be attached, and to conveniently 
secure the patient's head to the examination 
table. No imaging artifacts are created using 
this fixation. The fiberglass mold can be reap
plied in order to duplicate the images during 
subsequent stereotactic biopsy procedures to 
facilitate repeated radiation treatment. Accura
cy in the reapplication of the mold is greater 
than 3 mm [6J. 

After the head-positioning device is applied, 
a special diagnostic localization frame is 
attached to the base plate (figure 14-2). To 
eliminate artifacts, it is constructed of plastic 
and aluminum. It is applied easily and locked 
to the base plate. The frame is small enough to 
allow its structures to be included in the recon
struction field. 

The examination tables of both the CT and 
PET scanners are equipped with a head holder 
to which the base plate and the attached 
helmet can be fastened (figure 14-3). For 
the CT examinations, a GE (General Electric 
Medical Systems, Milwaukee, WI) CT IT scan
ner is used. Scans are obtained before and 
after administration of an intravenous contrast 
agent. We inject a bolus dose (1-1.5 mllkg 
body weight) of nonionic contrast medium. 
The slice spacing (13.5 mm) is chosen to cor
respond to that of the PET scanner. 

PET studies are performed with a Scanditron
ix (Uppsala, Sweden) PC-384B camera with 
four detector rings for the simultaneous 
measurement of seven slices. C-ll-Methionine, 
C-ll-glucose, and 68Ga_ EDTA are used as 



14. STEREOTACTIC POSITRON EMISSION TOMOGRAPHY IMAGING FOR TUMOR DIAGNOSIS 197 

FIGURE 14-2. Localization frame made of plastic with embedded aluminum strips. The two diagonal 
structures are used to find the image level. The corner of the angle is at the zero reference plane. A thin plastic 
tube is attached to the frame along the structures used for localization. A solution containing positron
emitting radionuclides can be injected into the tube. 

tracers in doses of 200, 600, and 300 MBq, 
respectively. The tracers are injected as rapid 
bolus doses and the measurements begin im
mediately afterwards. During a total examina
tion time of 50-60 minutes, a series of data sets 
are collected for later analysis of the dynamics 
of the tracer accumulation. At the end of the 
PET study, a localizing box is attached to the 
base plate. This box is similar in design to that 
used for CT, but instead of aluminum strips, 
thin glastic tubes filled with a solution contain
ing 8Ga-EDT A are used to define the refer
ence structures on the PET scan (see figure 
14-3). 

With the head-fixation device, we can obtain 
CT and PET images that have the same 
orientation. Structures or targets for biopsy can 
be transferred easily from one modality to the 
other. With morphological information from 
CT, the exact location of areas with a patholog-

ical isotope accumulation can be determined. 
The head-fixation device also can be used dur
ing angiography, an advantage when the target 
is close to the large intracranial vessels. The 
selected target for biopsy can be transferred to 
the stereotactic angiography and adjusted if 
necessary. In a few cases, this technique has 
been used to avoid puncture of the pericallosal 
and internal carotid arteries. Biopsies have been 
obtained 5 mm from these vessels without 
problems. 

Target Calculation 
After the tumor has been identified on the CT 
images, a suitable target for stereotactic biopsy 
is chosen, and the stereotactic coordinates of 
the target are calculated. The image level (the Y 
coordinate) is determined first. This coordinate 
is defined as the distance between the chosen 
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FIGURE 14-3. Patient positioned in the scanner. A special head holder supports the base plate. The thin tube 
on the localization frame is filled with 68Ga-EDTA in water. 

image and a reference plane, the stereotactic Y 
coordinate of which is zero. The localization 
frame contains two aluminum strips at 90° and 
45° angles to the reference plane (see figure 
14-2). These strips are used to determine the Y 
coordinate. The origin of the coordinate sys
tem must be defined to calculate two remaining 
coordinates in the scanning plane (X and Z). 
Two perpendicular lines are drawn between 
indentations in the middle of the plastic struc
tures. The intersection of the two lines indi
cates the center of the reference frame, which is 
also the center of the stereotactic system. With 
standard CT software, a cursor is used to mark 
the target and the origin of the coordinate 
system, which causes the X and Y target co
ordinates to appear on the computer screen. A 
similar localization frame is used during PET 
studies; it has thin tubes filled with a solution 
containing 68Ga a generator-produced, posi
tron-emitting isotope. A computer program 
automatically searches for the bright spots 

in the image produced by these tubes, and the 
coordinate system is shown on the screen 
(figure 14-4). Using a cursor, the neuro
surgeon can plan a stereotactic biopsy site on 
the computer screen, and all relevant instru
ment settings will be displayed. The coordi
nates also can be determined more convention
ally, as with CT. 

After the stereotactic coordinates for the 
target are calculated, the stereotactic biopsy is 
performed in the operating room with the Lek
sell coordinate frame (AB Elekta, Stockholm, 
Sweden). During surgery, the patient receives 
premedication and local anesthesia. The head
positioning device is fixed to the operating 
table (figure 14-5) and an opening in the 
fiberglass mold is created easily to perform 
skull trephination at the selected site of surgical 
intervention. Next, the Leksell frame is fixed to 
the base plate, and the coordinates are set. 
Usually, the entry point is chosen in a horizon
tal plane corresponding with the CT and PET 
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FJGURE 14-5. The head-positioning device has special head holders for attaching it to the operating table. 

images. This facilitates comparison of the 
neuropathological and neuroradiological find
ings at the various biopsy sites. In most cases, 
multiple biopsies are performed. A Backlund 
spiral biopsy (AB Elekta, Stockholm, Sweden) 
is used to obtain cylindrical samples 10 mm 
long and 2 mm wide. Several biopsies are taken 
along the needle trajectory, starting in edema
tous or normal brain tissue surrounding the 
tumor, continuing through the tumor, and pre
ferably extending distally. Special care should 

be taken to obtain one biopsy sample that 
transverses the tumor margin. 

Results 
We have used PET imaging to investigate 
astrocytomas (grade II, according to the World 
Health Organization), mixed gliomas, anaplas
tic astrocytomas, and meningiomas. The fol
lowing is a summary of our results. 
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ASTROCYTOMAS (NINE PATIENTS) 
On CT images, grade II astrocytomas appeared 
as more or less ill-defined low-attenuation re
gions. Minimal contrast enhancement was seen 
in part of one tumor, but in the other tumors 
there were no signs of a BTB disruption. On 
PET scans, six patients showed a greater accu
mulation of methionine in what was believed 
to be tumor tissue than in normal brain tissue 
(see figure 14-4); in two patients, the concen
tration was comparatively reduced in parts of 
the tumor. In three patients, the methionine 
uptake was greatly less at least in part of the 
tumor than in normal brain. Glucose accu
mulation was lower in five of nine astrocyto
mas. In the remaining four, the accumulation 
of glucose did not differ significantly from that 
of normal brain tissue, but all showed an in
creased absorption of L-methionine. Eight pa
tients had no signs of a BTB defect as measured 
with 68Ga-EDTA. In one patient, gallium col
lected in a small part of the tumor, although 
the whole tumor displayed a marked accumula
tion of methionine and reduced glucose uptake. 
One patient examined with 68Ga-EDTA three 
months after earlier PET scans exhibited no 
signs of a defective BTB. Findings by PET 
examination with 68Ga_ EDT A corresponded 
well with those by contrast-enhanced CT. 

MIXED GLIOMAS (OLIGOASTROCYTOMAS, 
THREE PATIENTS) 
As with the astrocytomas, CT demonstrated 
somewhat ill-defined low attenuation regions 
without signs of contrast-medium extravasa
tion through the BTB. All tumors showed a 
marked concentration of methionine and re
duced accumulation of glucose. One patient 
had a faint uptake of gallium but no contrast 
enhancement on CT. A patient examined with 
68Ga-EDTA had a small region of gallium 
accumulation within a large tumor, although 
no enhancement was seen on CT. A series of 
CT examinations 16 months later showed no 
evidence of significant tumor growth since the 
earlier PET scan. 

ANAPLASTIC ASTROCYTOMA (TWO 
PATIENTS) 
A significantly increased accumulation of gal
lium, glucose, and methionine as well as a dis
tinct contrast enhancement on CT were seen in 
portions of an anaplastic astrocytoma in one 
patient. However, the greater part of the tumor 

appeared on the methionine scan as an area 
of increased tracer accumulation. The other 
patient with an anaplastic astrocytoma had 
a lesion that was seen on CT as a low-attenua
tion region with slight contrast enhancement 
in a small, peripheral part. Considerable 
methionine uptake was noted in a region much 
larger than the enhnacing area on CT. The 
regions of CT contrast enhancement and the 
PET maximal methionine concentration did 
not correspond. The glucose accumulation was 
similar to that of normal brain tissue. An area 
of increased gallium uptake in a small part of 
the tumor corresponded to a similar area of CT 
contrast enhancement. 

MENINGIOMAS (TWO PATIENTS) 
Both patients with meningiomas demonstrated 
an increased accumulation of all tracers used 
for PET examinations as well as a marked con
trast enhancement on CT. The dimensions of 
both tumors appeared similar with PET and 
CT. 

Discussion 
Significant differences were found in the 
degree of regional glucose and methionine 
accumulation in the intra-axial tumors; these 
changes paralleled similar attenuation changes 
seen by CT. The tumor size was approximately 
the same on methionine scan and on CT in six 
of 16 patients; in four of these six patients, the 
lesions appeared much smaller on the glucose 
examination; and in two patients, the lesion 
could not be discerned at all on the glucose 
scan. In three patients, the tumor was larger on 
the methionine scan than on CT. When com
pared with CT studies, the glucose examina
tions of these patients indicated a smaller lesion 
on CT in two patients and a similar size lesion 
in two; in three patients, the tumors could not 
be detected. Both cases of anaplastic astro
cytoma were detected convincingly with 
methionine but not with glucose, 68Ga-EDTA, 
or CT. Peritumoral edema sometimes was en
countered and verified by stereotactic biopsies. 
These areas were low-attenuation by CT and 
also showed a decreased glucose accumulation. 
The methionine uptake in these areas did not 
differ significantly from that of normal brain 
tissue. 

Although CT is very valuable in the detection 
of many brain tumors and in the analysis of 
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their differential diagnosis, exact delineation 
and grading of gliomas are not possible by this 
method [7, 8, 10]. Moreover, in many cases, 
CT cannot correctly differentiate between 
tumor and edema; in some cases, neoplastic 
areas are not identified at all by CT. In most of 
our cases, there were definite differences be
tween the areas of increased methionine uptake 
on PET scan and the pathological areas shown 
by CT. In all our cases, the pathology depicted 
by PET using methionine was confirmed by 
the biopsy samples. We believe that CT should 
be supplemented with a methionine PET study 
when an accurate assessment of the tumor size 
is desirable. 

The reaons that the C-ll-methionine 
accumulates are not known. The radionuclide 
is absorbed by tumors and in normal brain 
tissue in a continuous linear fashion through
out the whole examination period [9]. Possible 
mechanisms include the incorporation of 
methionine into proteins or the donation of the 
labeled methyl group, which is used in a wide 
spectrum of other biochemical processes. Pos
sibly, methionine is transported very slowly 
into the site of protein synthesis and subse
quently slowly refluxed with a turnover time 
that lasts longer than the examination. Regard
less of the factors involved, the end result is a 
marked trapping of the tracer in the tissue. 

The accumulation of the enantiomers L
methionine and D-methionine has been investi
gated in an additional five patients who had 
astrocytomas. One was anaplastic, and the rest 
were low-grade astrocytomas. Only one pa
tient had a small region of disrupted blood
brain barrier. The rate of tracer accumulation 
in tumor tissue was 2.5 times higher with L
methionine than with D-methionine. In normal 
brain, the ratio was 2.8. The rate, but not the 
degree, of accumulation was the same in nor
mal brain and in tumor tissue. This suggests 
that the transport mechanism of L-methionine 
in tumor tissue is stereospecific with the same 
dynamics as in normal brain tissue, where it is 
known to be a carrier-mediated transport. 

In a prior study, we examined several pa
tients who received L-methionine with and 
without the simultaneous infusion of unlabeled 
amino acids. The methionine accumulation in 
the tumor and in normal brain was reduced by 
a factor of 150%-250% when amino acids 
were infused, unless massive barrier damage 

existed, in which case tumor uptake was not 
affected. Thus, the absorption of C-ll
methionine is influenced by competition with 
other amino acids which are known to use the 
same carrier system in normal brain. This is a 
further indication that tumor uptake is gov
erned by a carrier-mediated transport across 
the BTB. 

Fluorine-18-fluorodeoxygl'lcose (F-18-FDG) 
has been used more widely than either C-ll
methionine or C-ll-glucose to estimate brain 
tumor metabolism [2]. This tracer is report
edly more accurate than CT in predicting 
the histological grading of astrocytomas [10]. 
PET with F-18-FDG also has been used to 

differentiate between tumor recurrence and 
radiation necrosis of the brain [11]. Because 
only two patients with anaplastic astrocytomas 
(and no glioblastomas) are included in our in
vestigation, our results with C-ll-glucose can
not be compared directly with the results of 
Patronas [10]. 

PET scanning with 68Ga-EDTA surpasses 
contrast-enhanced CT in detecting disruption 
of the blood-brain barrier [4], at least with the 
doses of iodinated contrast used in our CT 
studies. Ilsen and colleagues reported that 
accumulation of gallium occurred in all of nine 
low-grade astrocytomas [5]. PET with 68Ga_ 
.EDTA proved to be slightly superior to 
contrast-enhanced CT in enabling recognition. 

Conclusion 
PET enables us to visualize and determine in 
vivo functional and metabolic features of in
tracranial tumors. These factors have been 
shown to provide valuable information in the 
diagnosis of these tumors. 

PET scanning with C-ll-L-methionine often 
reveals solid tumor tissue in areas that appear 
normal on CT images. It is also obvious that 
some tumors extend beyond the area of abnor
mal methionine uptake. Therefore, we have 
found that CT and PET along with histological 
confirmation by stereotactic biopsy are im
mensely useful. Only through studies like these 
can the potential of old and new diagnostic 
modalities be assessed accurately. 

Whether gliomas should be regarded as 
generalized or local tumors is controversial. 

~ However, localized treatment such as surgery, 
radiation therapy, and brachytherapy un-
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doubtedly will continue to be performed. In 
such cases the determination of the margins is 
desirable. 

Because PET has the potential to trace 
biochemical properties, its role is greater than 
just evaluation of tumor extent. PET can be 
used to characterize functional properties of a 
tumor in vivo to monitor rapid effects of new 
types of treatment. Effects on cell function 
always must precede effects on tumor volume 
and gross density changes. Finally, the ability 
of PET to measure receptor interaction poten
tially can be used for more accurate histological 
evaluation. 
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15. STEREOTACTIC TREATMENT OF 
COLLOID CYSTS OF THE THIRD 

VENTRICLE 
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Colloid cysts of the third ventricle represent 
0.3%-2.0% of all brain tumors [10]. Despite 
their rarity, these lesions have fascinated 
neurosurgeons since the first was removed suc
cessfully through a pineal approach by Dandy 
in 1921 [3]. The interest in colloid cysts de
veloped because of their surgical accessibility, 
their benign histology, and their occasionally 
disastrous sequelae when left untreated [4, 16]. 
However, their clinical behavior frequently is 
not benign. Although most patients (85%-
96%) present with headaches, fluctuating or 
progressive . dementia, seizures also are des
cribe [18]. Even recently, sudden unconscious
ness followed by death, possibly secondary 
to acute hydrocephalus leading to hernia
tion, has been associated with colloid cysts 
[16]. 

Since the development of computed tomog
raphy (CT), and more recently, magnetic re
sonance imaging (MRI), colloid cysts of the 
third ventricle are now recognized earlier and 
more often. The location, volume, and CT 
attentuation factors (e.g., hyper, iso-, or 
hypodensity) have been described [5]. These 
lesions are readily identifiable on multiplanar 
MRI; they usually demonstrate high signal on 
both Tr and Trweighted images because of 
the high protein content of the viscous material 
[8]. 

Various surgical approaches have been 
developed to remove colloid cysts. Surgical 
intervention has been directed at removing the 
cyst and opening the cerebrospinal fluid (CSF) 
pathways. Conservative management in the 
form of bilateral ventriculoperitoneal shunting 

has been advocated, but this treatment requires 
and accurate preoperative diagnosis of the 
lesion and can be disastrous if shunt occlusion 
later occurs. The third ventricle can be reached 
by transfrontal, transcallosal, and trans
ventricular-subchoroidal surgical approaches 
[1, 9, 17]. The transcallosal approach -is toler
ated well by patients who do not have signi
ficant hydrocephalus [1, 17]. In 1978, Bosch 
and co-workers reported on the treatment of 
colloid cysts by stereotactic aspiration [3]. No 
recurrences were seen in four patients up to 
seven years after surgery. Other authors since 
have described CT stereotactic aspiration [2], 
catheter removal techniques [6], and endo
scopic removal of colloid cysts [14]. 

Between January 1976 and December 1985, 
at the University Health Center of Pittsburgh, 
17 patients underwent surgery for colloid 
cysts. Seven patients had stereotactic aspiration 
performed as the initial procedure. This chap
ter describes the technique and results of 
stereotactic aspiration in the context of our 
overall experience with colloid cysts and the 
clinical problems and concerns that these histo
logically benign but potentially dangerous les
ions present. 

Clinical Summary 
Table 15-1 demonstrates the clinical and 
radiographic findings in the 17 patients who 
were referred to our center for treatment (ten 
men and seven women, aged 19-63 years). 
Fifteen patients had headaches; eight (47%) 
demonstrated signs of increased intracranial 
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TABLE 15-1. Clinical and Radiographic Findings in 17 Patients with 
Colloid Cysts of the Third Ventricle, 1975-1985'~ 

Finding No. of Patients Percentage 

Clinical symptoms 
Headache 15 88 
N ausealvomiting 8 47 
Altered vision 7 41 
Weakness 6 35 
Numbness 4 23 
Tinnitus 3 18 
Neck stiffness 3 18 
Seizures 3 18 

Neurological examination 
Papilledema 7 41 
Dementia 4 23 
Upgaze palsy 3 18 
Herniation 1 6 

Computed tomography 
Hydrocephalus 17 100 
Precontrast 

High attenuation (hyperdense) 12 72 
Brain attenuation (isodense) 3 18 
Low attenuation (hypodense) 1 6 
No mass 1 6 

Postcontrast 
No Enhancement 15 88 
Enhancement 2 12 

Angiography 
Hydrocephalus 6 35 
Elevation of internal cerebral vein 6 35 
A vascular mass at the foramen of Monro 5 30 
Normal 5 30 
Not performed 3 18 

* 13 patients had craniotomy and cyst removal; seven had attempted stereotactic aspiration. 

pressure, including nausea and vomiting; and 
seven (41 %) had visual difficulties. Neurolo
gical evaluation disclosed papilledema in seven 
patients, paresis of upward gaze (three pa
tients), and dementia (four patients). One 
patient presented with an acute herniation syn
drome. 

CT revealed a dilated ventricular system 
(hydrocephalus) in each of the 17 patients. CT 
performed without contrast enhancement re
vealed a high-attenuation (hyperdense) mass in 
12 patients (72%). a brain-attenuation (iso
dense) mass in three patients (18%). and a low
attenuation (hypodense) mass in one patient 
(6%). In one patient, no mass was identified by 
an early-generation CT scanner. Only two pa
tients demonstrated enhancement of the colloid 
cyst after intravenous contrast was given. Cere-

bral angiography, performed on 14 patients, 
confirmed hydrocephalus in six (35%) and 
elevation of the internal cerebral vein in six 
(35%). An avascular mass at the foramen of 
Monro was found in five patients (30%), but 
the results of angiography were interpreted as 
normal in five patients (30%). . 

Since the introduction of CT-compatible 
stereotactic instrumentation at our center, we 
have chosen to perform stereotactic aspiration 
as the initial procedure in seven patients (figure 
15-1). In all patients, mass lesions at the fora
men of Monro were identified by CT scans. 
The preoperative estimation of tumor volume 
ranged from 0.5-5 ml. We performed cerebral 
angiography preoperatively in all stereotactic 
cases to assess the relationship of the internal 
cerebral and thalamostriate veins to the iden-
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FIGURE 15-1. Preoperative CT scans demonstrating colloid cysts of the third ventricle in seven patients who 
had stereotactic aspiration as the initial surgical treatment. 

tified mass. A transfrontal-transcortical stereo
tactic approach was used each time. 

Surgical Approach 
All seven patients underwent stereotactic 
aspiration in an operating room equipped with 
an advanced-generation CT scanner (GE 8800) 
[13]. After the administration of local anesthe
sia (1 % lidocaine) supplemented by intra
venous sedation, the Leksell stereotactic head 
frame was applied to the patient's head. The 
patient rested supine upon the CT scanner 
table for initial intraoperative imaging. After 
intravenous contrast enhancement was given, 
5-mm-thick axial CT images were obtained in 
the region of the third and lateral ventricles. 
Multiplanar reformatted imaging of the lesion 
was performed to help determine its location 
and size (figure 15-2). The volume of the les
ions was estimated with the cursor trackball 
and region-of-interest (ROI) technique [12]. 

Stereotactic coordinates of the target were 
obtained from the CT scan (chapter 3). The 
right frontal region was then shaved and 
prepped in a limited area surrounding the cor-

onal suture. A percutaneous twist-drill approach 
was used for four patients, and a burr hole was 
placed at the coronal suture for three. After 
opening or puncturing the dura with the 
needle, the probe (1.8 mm outer diameter) was 
advanced through the ventricular system to the 
target site. Because the probe often displaced 
the colloid cyst, the needle was advanced 3-5 
mm beneath the actual target site. In most pa
tients, the surgeon felt a slight resistance as the 
needle entered the cyst; penetration of the cyst 
was confirmed by the absence of CSF flow 
from the needle after the stylet was removed. 

To perform the initial aspiration, a 10-ml 
syringe was attached to the stopcock on the 
needle. To aspirate the tumor, 6-8 ml of suc
tion was applied to the syringe, and the needle 
was retracted and advanced a distance of 
approximately 5 mm. Significant resistance was 
often felt, and the amount of suction needed to 
withdraw the colloid material from the cyst 
was usually greater than expected. If the col
loid material was aspirated successfully with 
the 1.8-mm needle, the needle was left in posi
tion. If not, a 2.1-mm outer-diameter probe 
was then inserted at the target site. From 10 
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FIGURE 15-2. CT multiplanar reformatted image of a colloid cyst of the third ventricle obtained at the time 
of stereotactic aspiration. Volume estimation was performed also. 

FIGURE 15-3. (Left) Intraoperative aspiration of colloid cyst. All patients were awake. The probe guide 
attaches to the frame and permits low artifact CT imaging. (Right) Evacuation of viscous colloid material. If 
the material is of greater viscosity (cheese-like), aspiration is impossible. 

mm above ~he target site, a corkscrew spiral 
biopsy was performed in an attempt to fenes
trate the cyst. The specimen thus obtained was 
sent for histological review. The surgeon re
moved the spiral biopsy stylet and again em
ployed suction to aspirate the cyst, using the 

larger needle. Aspiration was continued until 
the withdrawn colloid material reached approx
imately the volume estimated preoperatively 
from the CT image (figure 15-3). 

The Leksell stereotactic arc then was re
moved, and the probe was fixed to the frame 



15. STEREOTACTIC TREATMENT OF COLLOID CYSTS OF THE THIRD VENTRICLE 211 

FIGURE 15-4. (Left) Intraoperative CT scan demonstrating the position of the stereotactic probe in the 
colloid cyst. (Right) Postaspiration CT scan demonstrating evacuation of the colloid cyst. 

with a percutaneous probe holder that permit
ted intraoperative imaging [11]. The patient 
and frame were returned to the CT aperture, 
and repeat CT images of the colloid cyst were 
obtained (figure 15-4). The position of the 
needle tip within the remnant of the cyst was 
confirmed by CT. If residual colloid material 
was demonstrated, a repeat aspiration was per
formed. In two patients it was necessary to 
reposition the needle because colloid material 
was noted posterior to the position of the 
needle, as seen on the intraoperative CT image. 
The cyst then was reaspirated in an attempt to 
remove as much material as possible. 

After aspiration, several CT images of the 
area were obtained to exclude postoperative 
complications, including intraventricular 
hemorrhage; that complication was not iden
tified in this series of cases. Intraoperative CT 
ventriculography was performed next by the 
instillation of 1-2 ml of 170 mg iodine per 
milliliter of metrizamide into the lateral ventri
cle. The patient's head was gently rocked back 
and forth in an attempt to disperse the contrast 
agent within the ventricular system. Repeat CT 
images were obtained, starting at the level of 

the fourth ventricle, to assess postoperative 
patency of the ventricular system (figure 15-
5). The probe and probe holder were removed, 
and the wound was closed. After surgery, our 
patients were monitored overnight in a neuro
surgical continuous-care unit. 

Results of Stereotactic Treatment 
1able 15-2 demonstrates the results of preop
erative, operative, and postoperative treatment 
of seven patients who underwent stereotactic 
aspiration. In five patients, incomplete aspira
tion was demonstrated by intraoperative, and 
postoperative CT scans. One patient had an 
initial subtotal aspiration of colloid material 
volume, but complete evacuation was accom
plished by reaspiration five months after the 
first procedure. One patient achieved complete 
aspiration of a 2-ml colloid cyst. Follow-up 
duration ranged from eight to 46 months. Pa
tient 1 subsequently required a ventriculoperi
toneal shunt for persistent hydrocephalus, 
despite adequate aspiration. Patients 3, 4, and 5 
later underwent craniotomy for removal of the 
cyst because of persistent symptoms secon-
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FIGURE 15-5. After aspiration, 1-2 rnl of 170 mg iodine/ml metrizamide was placed within the lateral 
ventricle to confirm patency of the ventricular system. 

dary to incomplete aspiration. Patient 6, who 
had a ventriculoperitoneal shunt placed prior 
to referral, required no postoperative treatment 
after aspiration. Our detailed intraoperative 
and postoperative studies revealed that two pa
tients achieved complete aspiration, three pa
tients partial aspiration, and two patients could 
not be aspirated (table 15-3). 

Intraoperative CT ventriculography after 

aspiration revealed a patent ventricular system 
in five of the six patients studied. No operative 
complications occurred after stereotactic 
surgery, and no new neurological deficits were 
noted. One patient (No.2) had intracystic 
filling by the ventricular contrast material, 
which flowed from the lateral ventricle into the 
fenestrated portion of the cyst. Because the 
contrast agent was isoosmotic, we chose to 
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TABLE 15-3. Postoperative Results 
in Seven Patients 

Operative findings (N = 7) 
Completely aspirated 2' 
Partially aspirated 3 
Unable to be aspirated 2 

Intraoperative CT ventriculography after aspiration 
(N = 6) 

Ventricular system patent 5 
Ventricular system obstructed 1 b 

Operative complications 
Mortality 0 
New neurological deficit 0 
Retained intracystic water-soluble 1 

contrast agent 
Seizures 

' One patient required two procedures; removed by repeat 
stereotactic aspiration. 
b Required transfrontal craniotomy for persistent headache. 

o 

observe this patient rather than attempt to 
remove the intracystic contrast material im
mediately. CT scan performed three and five 

days after surgery demonstrated that the con
trast material continued to fill the cyst, and 
repeat stereotactic aspiration was performed 
subsequently to evacuate this material. 

Discussion 
Modern neurodiagnostic imaging tools, includ
ing CT and MRI, are the procedures of choice 
for identifying colloid cysts of the third ventri
cle (figure 15-6). These techniques facilitate 
determination of ventricular size, cyst size, and 
the location of the cyst in relationship to the 
third ventricle. These imaging tools also help to 
exclude the different diagnostic possibilities of 
other anterior third ventricular masses: basilar 
artery aneurysm, third ventricular meningioma, 
hypothalamic glioma, ependymoma, choroid 
plexus papilloma, xanthogranuloma, cysticer
cosis, teratoid tumor, tuberous sclerosis, non:
communicating cysts of the septum pelluci
dum, craniopharyngioma, and pituitary adeno
ma [15]. The earlier recognition of such third 

FIGURE 15-6. (Left) Axial CT scan illustrating a colloid cyst of the third ventricle. (Right) Midsagittal MRI 
(T\-weighted) demonstrating the high signal of the colloid cyst due to the protein content of the viscous 
material. 
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ventricular lesions has prompted the intro
duction of potentially efficacious and certainly 
less invasive techniques such as stereotactic 
aspiration [2, 3, 15]. 

The seven cases reported here demonstrate 
both the feasibility and difficulties of stereotac
tic aspiration. Although we have performed 
CT stereotactic surgery as the initial procedure 
for such lesions since 1981, we have come to 
realize that stereotactic aspiration alone may 
not be sufficient in many cases. More definitive 
surgery, such as transcallosal or transventricu
lar removal, continues to be required. Even 
successful aspiration (or even complete re
moval) does not always restore the ventricular 
system to normal size, and persistent hy
drocephalus, when present, may require post
operative spinal fluid diversion by ventri
culoperitoneal shunting. 

We found three reasons for the failure of 
stereotactic aspiration. First, the consistency of 
the viscous material within the colloid cyst 
ranges from soft, mucoid, and gelatinous (easy 
to aspirate) to firm, inspissated, dense, and 
cheesy material that is impossible to aspirate 
with a needle 2.1 mm in diameter. We have 
been unable to determine by preoperative im
aging studies which lesions can be aspirated. 
We found no correlation between the attenua
tion pattern seen on CT images and the subse
quent ability to aspirate a colloid cyst. Second, 
the colloid cyst may be displaced from the 
needle tip as the needle is advanced to the 
target, changing the target location, and 
rendering penetration of the cyst wall difficult 
and potentially hazardous. Third, the dense 
fibrocollagenous connective tissue and epithe
lium that form the cyst itself may be impossi
ble to puncture. 

Stereotactic aspiration does not remove the 
outer lining of the cyst, but simple aspiration 
of the colloid material has led to long-term 
symptomatic relief without recurrence in the 
four patients reported to date [3]. It is impor
tant to confirm that the ventricular system is 
patent after either complete or incomplete 
aspiration, or symptoms will persist. 

To compare our results of stereotactic 
surgery with those of craniotomy, we also re
viewed the results of conventional surgery for 
colloid cysts at our institution. Between 1975 
and 1986, five patients underwert transfrontal 
craniotomy and removal of colloid cysts, three 
of whom had preoperative ventriculoperitoneal 

shunts. Although one patient developed bi
lateral subdural collections which required eva
cuation, all five patients ultimately achieved 
satisfactory neurological outcomes. Of eight 
patients who underwent transcallosal craniot
omy and removal, two su(fered postoperative 
venous infarctions resulting in major neurolo
gical deficits (hemiparesis). One patient ac
quired an infection of the. bone flap and 
meningitis, and another patient required bi
lateral postoperative shunts for intermittent 
headaches. In contrast to craniotomy and 
direct surgical removal, stereotactic surgery 
was associated with no complications but with 
a high rate of incomplete aspiration. 

In addition to stereotactic aspiration, a 
freehand puncture and catheter aspiration tech
nique guided by intraoperative CT has been 
described by Gutierrez-Lara and co-workers 
[6]. A transventricular endoscopic removal has 
been advocated by Apuzzo and associates [2]. 
Stereotactic ventricular endoscopic surgery 
combines precise localization of the lesion with 
a technique that enables opening and evacua
tion of the cyst under direct vision. At present, 
endoscopic surgery requires a large diameter 
probe or bilateral ventricular access to allow 
positioning the stereotactic probe from one 
side and the endoscope from another. We are 
currently exploring the benefit of stereotactic 
endoscopy or laser resection, as advocated by 
Kelly and colleaques [7]. We endorse stereotac
tic surgery as the initial treatment of choice. If 
clinical symptoms remain or radiographic evi
dence of persistent or recurrent cyst formation 
is demonstrated, definitive surgical exploration 
of the third ventricle by craniotomy should be 
performed. Even after complete removal, 
however, persistent hydrocephalus and clinical 
symptomatology may subsequently require 
spinal fluid diversion. Colloid cysts continue to 
be a fascinating problem, and while histologi
cally benign, they remain potentially treacher
ous. As smaller, perhaps even asymptomatic 
colloid cysts of the brain are identified, 
stereotactic surgery will be used to identify and 
remove such lesions. 
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16. STEREOTACTIC EVACUATION 
OF INTRACEREBRAL HEMATOMA 

Alfred C. Higgins 

Blaine S. N ashold 

Brain hemorrhages have been recognized and 
recorded in medical literature for more than a 
century . Today they are classified by type, 
including primary (spontaneous) hemorrhage, 
posttraumatic hemorrhage, and hemorrhage 
secondary to various disease states. Causes of 
secondary hemorrhage include brain tumors, 
vascular anomalies such as aneurysmal defects 
and arteriovenous malformations (A VM), 
angiopathies, and coagulopathies. Brain hemor
rhages also are classified by location: cerebral 
or supratentorial, cerebellar, and brain stem. 
Supratentorial hemorrhages may be further di
vided into either lobular or deep (in the region 
of the basal ganglia, the internal capsule, and 
the thalamus). Parenchymal hemorrhage may 
be accompanied by dissection of blood into the 
ventricular system (figure 16-1). 

Early clinical studies considered the mortal
ity rate for cerebral hemorrhage to approach 
80%-90%. Even when survival statistics are 
revised by computed tomography (CT) studies 
of stroke patients, the mortality rate for spon
taneous intracerebral hemorrhage remains in 
the 60%-70% range [13, 34]. Yet their 
appropriate treatment remains controversial. 
Advances in both diagnostic and therapeutic 
capabilities have led to a more aggressive 
approach to the treatment of brain hemor
rhages of all types and in all locations. Reviews 
of the epidemiology, pathophysiology, and his
torical evolution of treating spontaneous in
tracerebral hemorrhages are provided by Cahill 
[10] and Higgins [18]. This chapter addresses 
the stereotactic approach to the evacuation of 
spontaneous or so-called primary intracerebral 
hemorrhages. 

The Evolution of Stereotactic 
Instruments for Hematoma 
Evacuation 

In 1978, Backlund introduced a new stereotac
tic instrument for mechanical evacuation of 
intracerebral hematomas [4]. This technological 
advance proved to be superior to simple needle 
aspiration. A postoperative cranial CT scan of 
one patient undergoing hematoma evacuation 
by this technique showed subtotal evacuation 
of copious amounts of acute hematoma coagu~ 
lum. 

In 1980, we adopted Backlund's technique, 
demonstrating in three patients that this 
method can adequately evacuate acute brain 
hemorrhages without the necessity for open 
craniotomy [18]. We subsequently modified 
Backlund's original device, incorporating a 
vented cannula in a tandem arrangement adja
cent to the original helical cutting mandrel 
(figure 16-2) [17]. In 1981, this device was 
refined further to incorporate both aspiration 
and venting cannulas within the same polished 
outer housing (figure 16-3) [19]. 

In 1982, Broseta published results of a study 
of 16 patients who underwent stereotactic eva
cuation of deep-seated intracerebral hematomas 
via the Backlund technique [9]. CT scan 
follow-up was employed to assess the extent of 
hematoma evacuation and the occurrence of 
rebleeding. The findings demonstrated that this 
was a satisfactory mechanical technique for re
moving acute coagulated clot from deep hema
tomas; 

Hondo (in 1983) [21] and Matsumoto (in 
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FIGURE 16-1. Cranial CT scan demonstrating hemorrhage in the region of the left basal ganglia. 

B 
, 
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FIGURE 16-2. Backlund instrument. (A) Modified with tandem irrigation channel. (B) Schematic drawing (C) 
Magnified view of working tip: 1. aspiration port (B); 2. standard connection for intravenous fluid tubing on 
irrigation channel (A and B); 3. manually operated helical mandrel (A, B, and C); 4. cutting tip with side ports 
(A, B, and C). 
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FIGURE 16-3. (A) Higgins-Nashold instrument. (B) Radiograph of instrument with mandrel in place. (C) 
Magnified view: 1. aspiration port (A and B); 2. standard connection for intravenous fluid tubing on irrigation 
channel (A and B); 3. helical cutting mandrel (A and C); 4. side cutting port (C); 5. O-ring seal (A); 6. 
Obturator (A and B). 

1984) [29] reported on a somewhat different 
stereotactic approach. They used freehand, 
CT -guided flexible catheterization of deep
seated hematomas for evacuation of acute 
liquefied blood and for repeated irrigation and 
aspiration of the hematoma cavity over the 
course of several days. This technique differs 
from those described previously in that instilla
tion of urokinase for enzymatic degradation of 
the solidified clot replaced the need for direct 
mechanical agitation and fragmentation. As 
with previous trials of stereotactic hematoma 
evacuation, their patients were evaluated with 
CT before and after surgical intervention; the 
CT images indicated satisfactory dissolution 
and resolution of the hematoma cavity. Some 
would deny that Hondo's method is truly a 
stereotactic technique because of the freehand 
puncture of the hematoma cavity [3] . How
ever, regardless of the mechanism for penetrat
ing the hematoma, the use of urokinase for 
liquefying the solid components of an in
tracerebral hemorrhage must be regarded as an 
innovation in hematoma therapy [1]. 

Further modification of Backlund's tech-

nique was reported by Kandel in 1985 [23]. 
This method used a motor-driven helical man
drel contained in a device very similar to Back
lund's original cannula. Kandel's work is im
portant for several reasons, including the high
speed mechanical fragmentation of solid blood 
coagulum by a motor-driven helical mandrel 
and the postoperative insertion of a flexible 
balloon-tip catheter for postoperative tam
ponade of the hematoma cavity. 

Successful evacuation of brain-stem hemor
rhages by stereotactic needle aspiration also 
was reported in 1983 by Beatty and Zervas [5] 
and in 1985 by Bosch and Beute [7]. 

Overall, the experience of surgeons with va
rious techniques of stereotactic evacuation for 
brain hemorrhages has been extremely limited. 
Reasons for this include the overall p()or prog
nosis for patients sustaining large brain 
hemorrhages, the lack of definition of clinical 
and radiodiagnostic criteria to indicate which 
patients might benefit from surgical evacuation, 
and a lag in the enthusiasm of the neurosur
gical community for the use of stereotactic 
approaches. Given the renaissance of stereo-
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taxy in conjuncti.on with the use of CT and 
computer-guidance systems, the obstacles may 
be overcome [2, 12, 27]. 

Diagnosis of Intracerebral 
Hematoma and Indications for 
Evacuation 
Before the development of CT, establishing the 
diagnosis of primary intracerebral hemorrhage 
was very difficult and time-consuming. Today, 
CT imaging of the brain has become the stan
dard and accepted method for diagnosing this 
problem. The sensitivity of current CT scan
ners enables the physician to detect small 
hemorrhages (approximately 5 mm in diameter, 
0.07 ml in volume), which makes it possible to 
diagnose hemorrhage in virtually any portion 
of the brain or brain stem. Often, the location 
of a hemorrhage is sufficiently diagnostic to 
obviate the need for cerebral arteriography. 
This is particularly true of small localized 
hemorrhages within the basal ganglia or thala
mus, the parenchyma of the cerebellum, or the 
pons, all common locations of primary hemor
rhages. At other times, the magnitude or loca
tion of the hemorrhage may leave in question 
the origin of the bleeding. In such cases, cere
bral arteriography should be performed to 
identify vascular lesions such as aneurysms, 
A VM, venous angiomas, or highly vascular 
tumors. Electroencephalography may be help
ful but is unnecessary in the acute state. Lum
bar puncture for this diagnosis has become 
obsolete and is virtually contraindicated in this 
setting. Finally, intracranial pressure (ICP) 
monitoring may help to identify patients de
veloping pressure waves or continuously ele
vated ICP. 

In addition to providing more rapid and 
accurate diagnosis, CT has better defined the 
evolution of spontaneous hemorrhage and has 
helped to establish objective criteria for surgi
cal evacuation. To some extent, the reduction 
of overall mortality figures noted previously 
may be attributed to the fact that smaller foci 
of hemorrhages are now dectectable and are 
classified correctly, rather than being misdi
agnosed as ischemic strokes. For deep hemor
rhages involving the basal ganglia, the internal 
capsule, and the thalamus, hematoma volumes 
of 25 ml or less are rarely associated with mor
tality. This somewhat arbitrary volume corres-

ponds to a diameter of approximately 3 cm in 
each axis of measurement. Volume alone can
not entirely explain the widely differing clinical 
pictures presented by patients with deep brain 
hemorrhages [25]. The direction of spread or 
dissection of these hematomas is also very im
portant in a patient's prognosis. When dissec
tion occurs rostrally or laterally, patients may 
demonstrate unilateral symptoms, including 
hemiparesis or hemiplegia. When dissection 
occurs caudally into the midbrain structures, 
even patients with small hematomas may de
velop progressive obtundation or coma directly 
associated with the destructive forces and mass 
effect of the hemorrhage at the brain stem. 
Typically, patients with small hemorrhages lo
cated in the region of the basal ganglia and 
internal capsule recover satisfactorily over a 
course of several months, concomitant with 
reabsorption of the hematoma. Those who de
velop hemorrhages greater than 25 ml and de
monstrate a progressive deterioration in level 
of consciousness should be considered for sur
gical evacuation, because these findings are 
associated with a much worse prognosis than 
exists for those patients maintaining higher 
levels of consciousness [6, 8, 11, 14-16,22,25, 
30-37]. 

More superficial or so-called lobar hemor
rhages are quite amenable to standard surgical 
evacuation, often with an excellent prognosis 
[10,26,28,33]. The lobar location of a primary 
cerebral hemorrhage should not contraindicate 
the use of stereotactic technique. Direct surgi
cal approach and visualization of the hematoma 
cavity in this setting, however, provides the 
advantages of complete evacuation of the 
hemorrhage focus, visualization of residual 
points of hemorrhage for hemostasis, and the 
opportunity for biopsy of brain substance adja
cent to the hematoma cavity for further patho
logical diagnosis [20]. 

Patients with deep hematomas measuring 
25-85 ml by CT scan definition, tend to have a 
high rate of mortality and morbidity. It is 
within this group that surgical evacuation can 
improve both mortality rates and the quality of 
life for survivors [24, 25, 33, 35]. 

In patients with hemorrhages greater than 85 
ml within the deep brain structures, prognosis 
for survival is extremely poor, regardless of 
intensive medical therapy or surgical evacua
tion. Most likely, these hemorrhages already 
have irreversibly damaged the upper brain 
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stem, leading to permanent coma. Deeply com
atose patients who demonstrate deep intra
cerebral hemorrhages greater than 85 ml or 
whose hemorrhages clearly involve extensive 
areas of the brain stem probably are not candi
dates for any type of surgical evacuation pro
cedure. Some also feel that patients with 
hemorrhages involving the thalamus are poor 
candidates for surgical evacuation because of 
the primary destruction of important thalamic 
cellular elements [10]. Patients with hemor
rhages sufficiently small to be confined to the 
thalamus may be candidates for needle aspira
tion procedures comparable to those used for 
evacuating brain-stem hemorrhages. Extensive 
thalamic hemorrhages are prone to extend 
either into the ventricular system or more 
laterally into the internal capsule region, mak
ing strict anatomical classification difficult. 

Patients with parenchymal cerebellar hemor
rhages may be deeply comatose from acute 
mass effect within the posterior fossa rather 
than from direct destruction of the brain stem. 
These patients routinely should be considered 
for urgent or emergent surgical evacuation. 
Lobar cerebellar hemorrhage is a neurosurgical 
emergency and prompt treatment frequently 
results in satisfactory to excellent recovery 
[10]. 

Finally, patients who have limited focal 
hemorrhage within the upper brain stem may 
be considered candidates for conventional or 
stereotactic surgery when these lesions are re
latively small (1 cm in diameter) and have not 
resulted in profound coma. In these cases, a 
stereotactic approach is likely to be much less 
hazardous than craniotomy and exploration of 
the brain stem by direct visualization. 

Once the diagnosis of primary intracerebral 
hemorrhage is established, medical intensive 
therapy should be implemented immediately. 
Treatment should include rigorous control of 
systemic blood pressure, corticosteroid ther
apy, and consideration of the use of osmotic 
diuretics to control ICP. Ventricular drainage 
may be necessary to relieve acute hydrocepha
lus or hematocephalus. Patients who are 
drowsy or obtunded should be considered for 
placement of ICP monitors and for possible 
surgical hematoma evacuation by either craniot
omy or stereotactic technique. The choice of 
method lies with the surgeon and depends par
tially on the patient's age and general health 
with regard to the advisability of a general 

anesthetic. The surgeon also must choose the 
most expedient technique, given time require
ments, equipment availability, and the experi
ence of the operating surgeon with the tech
nique. 

Timing of Surgery 
Stereotactic evacuation of a deep brain hemor
rhage may be applied any time following the 
ictus. The decision for surgical intervention is 
based chiefly on the development and extent of 
neurological impairment. The deterioration of 
a patient's clinical condition directly attribut
able to intracerebral hemorrhage usually occurs 
within the first 72 hours after hemorrhage. 
Beyond that time, morbidity and mortality 
risks gradually increase because of secondary 
effects, such as debilitation, respiratory com
promise, pneumonia, systemic sepsis, and pul
monary embolus. Some advocate very early 
operation for intracerebral hemorrhage, even 
within the first six hours after ictus [23, 24, 35J. 
This approach is more physiological than is 
delayed operation. Thus far, the ischemic 
effects of local tissue compression have not 
been well documented or identified. However, 
recent investigations indicate that the margins 
of the hematoma cavity are affected adversely 
by prolonged mechanical pressure and by 
exposure to the by-products of blood 
decomposition [36]. 

Technical Considerations 
Because surgically dedicated CT equipment is 
scarce, evacuation usually must be performed 
in an operating room remote from a CT scan
ner. In such cases, CT coordinates for the 
extreme dimensions of the hematoma must 
be translated into coordinates for use by the 
stereotactic device. The target for cannulation, 
whether by a flexible catheter or a surgical 
instrument, should be the central portion of 
the hematoma. Penetration of the hematoma 
cavity often results in immediate release of 
liquefied blood or serum. Gentle aspiration can 
be used to evacuate soft coagulated blood. At 
this juncture, the technique reported by Hon
do employs the instillation of approximately 
6,000 units of urokinase [21]. Subsequent 
aspiration of liquefied hematoma and reinstilla
tion of urokinase is repeated at intervals of 
approximately six to eight hours. With the 
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FIGURE 16-4. Stereotactic evacuation of intracerebral hematoma. Note the disposable, graduated suction trap 
in the surgeon's left hand. 

appropriate sterile technique, this procedure 
can be repeated for several days after implanta
tion of the catheter. This method requires con
siderable time and therefore may not be the 
most expedient procedure for acute decom
pression or reduction of mass effect. 

Procedural considerations are more complex 
with any of the stereotactic instruments de
scribed by Backlund, Higgins, or Kandel [4, 
19, 23]. Once the operating portion of the can
nula has been placed in the center of the hema
toma cavity, suction applied to the evacuator in 
conjunction with gentle rotation and agitation 
of the helical mandrel causes fragmentation and 
aspiration of pieces of solid coagulum. Vigor
ous vacuum aspiration (0.2 atmospheres or 
less) may be needed to evacuate more tenacious 
clot [23]. It should be emphasized that aspira
tion vacuum pressures measured at the hub of 
the instrument are not transmitted diffusely to 
intracranial contents because of the frictional 
effects of coagulum entering the shaft of the 
device. Saline irrigation through the tandem 
port of the Higgins-Nashold instrument or in-

termittent removal and direct mechanical clean
ing of the helical mandrel of -the Backlund in
strument may be required for continued clot 
evacuation. If the procedure is performed 
under direct CT guidance, it may be possible 
to obtain direct assessment of the progress of 
the hematoma evacuation. Otherwise, strict 
volumetric measurement of the evacuated por
tion should be used to estimate completion of 
the procedure. A small, graduated suction trap 
is extremely helpful in this situation (figure 
16-4). For hematomas with an unusually long 
axis of dissection, multiple penetrations of the 
cavity may be advisable to evacuate the ex
treme limbs of the hematoma. Care should be 
taken to observe for aspiration of brain tissue 
through the cannula, an indication that the 
working portion of the cannula is in contact 
with the cerebral wall of the hematoma cavity. 

Evacuation of a small brain-stem hematoma 
requires only a hollow-needle-type cannula 
with an outside diameter of less than 3 mm. 
Larger instruments have no place in evacuating 
hemorrhages within the brain stem. The 
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stereotactic approaches used by Beatty and 
Bosch incorporate a frontal-vertex trephination 
and a trajectory that traverses the midbrain. 
Although such a trajectory is used routinely 
for other functional stereotactic procedures, 
large-diameter instruments can injure brain
stem structures. 

Although complete evacuation of deep in
tracerebral hematomas with these techniques 
has been reported, it is doubtful that this truly 
can be achieved by stereotactic approach. The 
primary goal of such surgery should be to de
compress the mass effect created hy the hema
toma. Hematomas measuring up to 25 ml can 
spontaneously lyse and reabsorb, resulting in 
excellent clinical improvement. Therefore, it 
seems unnecessary to attempt total removal of 
the hematoma via stereotaxis. 

Postoperative tamponade within the hema
toma cavity by a balloon-tip catheter, as de
scribed by Kandel [23], may be of some benefit 
in preventing postoperative hemorrhage. It is 
not entirely clear how this technique by tam
ponade alone results in satisfactory hemostasis; 
immediate refilling of a noncollapsing cavity is 
a possible explanation. Placement of an ICP
monitoring device prior to surgery or follow
ing evacuation may be helpful in monitoring 
the postoperative course of patients undergoing 
this surgery. However, marty of these devices 
measure only diffuse ICP and not compart
mental pressure within the confines of the 
meninges. Indwelling cannulation of the hema
toma cavity may be of greater value, first for 
assessing local compartmental pressure and 
second for repeated drainage of residual air or 
fluid from the hematoma cavity. Currently, 
postoperative cranial CT scanning is the 
method of choice for evaluating both the extent 
of successful evacuation and the recurrence of 
acute hemorrhage within the operative site. It 
is therefore recommended that CT scanning be 
performed on each surgical patient within one 
to two hours after completing the evacuation 
procedure. 

Complications 
As with any other type of surgical approach, 
stereotactic evacuation of intracerebral hemor
rhage carries with it the usual possible com
plications of hemorrhage, infection, worsening 
neurological deficit, and death. 

Hemorrhages may take the form of subdural 

accumulation of blood, new intracerebral 
hemorrhage from the passage of an instrument 
through the brain tissue, or, more likely, recur
rent bleeding within the evacuated hematoma 
cavity. For this reason, it is extremely impor
tant to evacuate the hematoma from its central 
coordinates. Designated stereotactic instru
ments such as those of Backlund and of Hig
gins should never be used freehand. These in
struments are designed to be rigidly supported 
in a stereotactic frame that allows for accurate 
placement within the hematoma and prevents 
uncontrolled wandering of the operating tip of 
the instrument. The greatest hazard in using 
these instruments is aspiration and avulsion of 
the leptomeninges of the cerebral sulci or 
major fissures or of larger arterial vessels. 
These structures are often pushed aside by the 
advancement of the enlarging hematoma; strict 
observance of the boundaries of the hematoma 
cavity should prevent such occurrences. 
Freehand use of the instruments or careless 
positioning of the instrument tip outside the 
hematoma cavity can cause severe hemorrhage. 

Following mechanical evacuation of larger 
hematomas, it is not unusual to find a residual, 
air-filled cavity on the postoperative CT study. 
The pneumocephalus is probably caused by the 
failure of surrounding compressed cerebral tis
sues to obliterate immediately the evacuated 
hematoma cavity. No serious consequences of 
this complication have been reported, but 
under certain circumstances, entrapped air 
could expand and contribute to focal compart
mental pressure or more diffuse elevation of 
ICP. Ordinarily, this form of pneumocephalus 
absorbs over the course of several days. The 
postevacuation placement of a flexible indwell
ing catheter can aid in monitoring compart
mental pressure or subsequent evacuation of 
residual air or fluid from the hematoma cavity. 

Results 
Since Backlund's initial report of subtotal eva
cuation of a supratentorial basal ganglia region 
hemorrhage by stereotactic approach, fewer 
than 150 stereotactic cases have been reported, 
most by Broseta, Hondo and Matsmoto, and 
Kandel (table 16-1) [9, 21, 23, 29]. The re
mainder have been individual cases or small 
groups of patients [1-3, 5, 7,12,18]. Although 
the authors of the larger series have compared 
their results in using stereotaxis with both the 
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TABLE 16-1. Reported Stereotactic Hematoma Evacuations 

Supratentorial! Cases of Cases of 
Surgeon Technique" No. of Cases Infratentorial Mortality (%) Rebleeding 

Acampora 1,3 NA NA N.4 NA 
Apuzzo 2 4 NA NA NA 
Backlund 2 1 1/0 0 0 
Beatty Oil 0 0 
Bosch Oil 0 0 
Broseta 2 16 16/0 13 (81%) 2 
Colombo 011 1 (100%) 0 
Higgins 2 3 3/0 1 (33%) 
Hondo 3 51 48/3 7(14%) 2 
Kandel 2 32 32/0 7 (22%) 5 

• 1 = Simple suction aspiration; 2 = suction/mechanical fragmentation; 3 = suction/urokinase. 
NA = Not available 

statistics for nonsurgical management of in
tracerebral hematomas and those for standard 
craniotomy approaches, the case numbers 
available are not satisfactory for direct statis
tical comparison. 

Another problem in analyzing the outcome 
of stereotactic operative cases is a direct con
sequence of the inherent severity of brain 
hemorrhage. Earlier surgeons who operated for 
cerebral hemorrhage could not benefit from 
cumulative data acquired by years of CT 
examination of patients developing cerebral 
hemorrhage. Both Higgins and Broseta per
formed stereotactic evacuation for patients who 
were not expected to survive without surgical 
intervention and who tended to be extremely 
poor candidates for general anesthesia and 
standard craniotomy techniques. Given the 
limited number of patients and the lack of 
direct comparison with patients randomized to 
other forms of therapy, it is difficult to ascer
tain whether stereotactic evacuation actually 
influenced patient outcome. However, these 
studies demonstrate the technical capabilities of 
stereotactic approach. 

Backlund's original patient developed a 
primary intracerebral hematoma, estimated to 
be at least 100 ml in volume and located lateral 
to the thalamus and basal ganglia of the right 
cerebral hemisphere [3]. The hematoma was 
evacuated successfully, and the patient returned 
to his former occupation approximately ten 
months after surgery. 

We previously described three patients who 

developed deep-seated intracerebral hemor
rhages that presumably originated in the basal 
ganglia but were sufficiently large to dissect 
throughout multiple anatomical structures [18]. 
One patient died in the postoperative period 
from multiple complications of prolonged 
coma, and two patients survived with disabling 
neurological deficits. One of the surviving pa
tients developed the reaccumulation of blood 
within the hematoma cavity. 

Broseta's group of 16 patients included ten 
with basal ganglia hemorrhages and six with 
subcortical lobar-type hemorrhages with esti
mated volumes varying from 25-180 ml [9]. 
The overall mortality rate for this group was 
81 %; however, when analyzed by level of con
sciousness, comatose patients who were totally 
unresponsive experienced a mortality rate of 
85%-100%. Three patients ultimately re
turned to a normal life with intact intellectual 
function. There were two cases of postopera
tive rebleeding. 

Apuzzo has reported the successful evacua
tion of four intracerebral hematomas, but he 
has not given details of their location and 
volume nor of patient conditions before and 
after surgery [2]. 

Stereotactic evacuation of a 10-ml cerebellar 
hematoma by transtentorial trajectory has been 
reported by Colombo, but he did not give the 
neurological outcome. The patient died post
operatively from pneumonia [12]. Two cases of 
successful stereotactic aspiration of brain-stem 
hematomas have been reported by Beatty and 
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Bosch, each with relatively successful function
al outcome despite demonstrable residual 
neurological impairment on detailed examina
tion [5, 7]. 

To date, the most detailed analysis of surgi
cal results from stereotactic evacuation of 
intracerebral hematomas has been compiled by 
Hondo and Matsumoto [21, 29]. Their series 
included 51 patients whose lesions were di
vided by anatomical location: basal ganglia (34 
cases, 12.9-135 ml), subcortical or lobar type 
(11 cases, 17-69 ml), thalamic (three cases, 17-
42 ml), and cerebellar (three cases, 18-22 ml). 
This study is valued for its laboriously com
piled, detailed statistics regarding patients' age 
and sex, their preoperative neurological state, 
the interval between onset of hemorrhage and 
operation, CT classification, estimated hema
toma volume, initial volume aspiration at the 
time of surgery, and eventual outcome follow
ing surgery. Such data are necessary for a 
sound assessment of results. 

Significant findings from this study are 
categorized both technically and functionally. 
From a technical standpoint, it was found that 
aspiration vacuum pressures of approximately 
0.1 atmosphere (70 em Hg) were required to 
aspirate solid coagulum. Even so, only 30% of 
the estimated volume could be extracted on the 
initial penetration of the hematoma cavity. 
With repeated instillation of urokinase (6,000 
IU), excellent resolution of intracerebral hema
tomas was achieved. This technique does not 
completely prevent the recurrence of intra
cerebral bleeding; rebleeding was reported 
in two of these cases. Operative mortality and 
quality of survival for these patients compare 
favorably with those for a similar group who 
underwent craniotomy for evacuation of 
hemorrhages under direct visualization. These 
authors concluded that patients with rapidly 
developing symptoms, including progressive 
obtundity and evidence of compartmental her
niation or brain-stem dysfunction, might better 
be treated by craniotomy with one-step eva
cuation. Mortality figures for this group of 
patients who showed signs of compartmental 
herniation or profound coma reached 50%-
93%, regardless of the treatment administered. 
Postoperative survival quality also was consi
dered to be poor for the majority of patients 
with severe preoperative neurological impair
ment. Those with hemorrhages in excess of 

85-90 ml originating in the basal ganglia also 
showed the poorest recovery after intervention. 

The only other sizable series of patients 
treated for intracranial hemorrhage by 
stereotactic evacuation is reported by Kandel 
[23]. This report described mechanical evacua
tion and aspiration of 32 intracerebral hema
tomas classified as basal ganglia (16 cases) or 
combined basal ganglia and lateral structures 
(14 cases). By clinical criteria, all of these pa
tients were severely comatose or semicomatose 
at the time of surgery. Hematoma volumes 
were estimated to range from 24-115 ml. Vir
tually complete evacuation of hematoma cavi
ties were confirmed by CT in all but four 
cases. Repeat hemorrhages developed in five 
patients, and death resulted from recurrent 
hemorrhage in three. Overall mortality in this 
series was 22% or seven patients. Of the survi
vors, only two were said to be severely debili
tated. 

An important technical consideration in this 
study was the use of a motor-driven mechani
cal aspirator of the screw type mentioned pre
viously. This instrument differs from those of 
Backlund and Higgins in that aspiration occurs 
in a straight line from the tip of the instrument, 
rather than through a side port in the cannula. 
In addition, the postoperative placement of a 
saline-inflated balloon catheter in the hema
toma cavity is believed to reduce recurrent 
hemorrhage by providing a graded and con
trolled means for collapsing the hematoma 
cavity after evacuation. A multilumen cather 
may also allow for monitoring intracavitary 
pressure and for postoperative evacuation of 
intracavitary air or fluid. 

Kandel noted that two of his patients suf
fered from intracerebral hemorrhage secon
dary to structural vascular abnormaliites. One 
experienced rupture of a cerebral artery 
aneurysm, and the other developed bleeding 
from rupture of A VM. Venous angiomas of the 
brain stem also presumably were responsible 
for spontaneous hemorrhage in the cases re
ported by Beatty and by Bosch. Despite these 
successful evacuations, it is doubtful that 
stereotactic evacuation will play a significant 
role in treatment of hemorrhages secondary to 
aneurysm or A VM in surgically accessible loca
tions. Craniotomy for primary evacuation of 
hemorrhage and for microsurgical aneurysm 
ligation or extirpation of the A VM offers a 
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more controlled and expeditious method for 
dealing with these particular vascular entities. 

Conclusion 
Available data from multiple sources are not 
yet sufficiently extensive to draw rigorous 
statistical conclusions about the efficacy of 
stereotactic hematoma evacuation. The more 
extensive and recent experiences published by 
Hondo and by Kandel provide valuable in
formation and clinical data supporting the role 
of stereotactic techniques as a viable treatment 
modality, comparable in results to those 
obtained by standard craniotomy techniques. 
For cases of focal brain-stem hemorrhages, 
stereotactic evacuation ultimately may prove to 
be the optimal therapy by minimizing the 
hazards of open exploration. 
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Craniopharyngiomas comprise 2.5% of adult 
and 7% of childhood intracranial neoplasms. 
They arise from remnants of squamous epithe
lium in Rathke's pouch, usually within the tu
ber cinereum and pituitary infundibulum [18], 
and extend into the sellar-suprasellar region. 
Rarely, these tumors extend into the frontal 
(2%-5%), posterior (1 %-4%), or middle cra
nial fossae (2%) [15]. Approximately 60% of 
craniopharyngiomas are exclusively cystic; 9% 
are predominantly cystic with a smaller solid 
part; 15% are equally cystic and solid; and 
16% are solid [17]. Because of papillary exten
sions and reactive gliosis, both cystic and solid 
craniopharyngiomas adhere closely to the sur
rounding brain tissue [7, 23]. This feature 
makes radical operative removal hazardous or 
even impossible, especially in larger tumors 
(those with diameters exceeding 3 cm) [20]. 

When conventional radiotherapy is given 
after partial surgical removal, the tumor 
"recurrence" rate is reduced by 70% [1]. 
However, even this combination therapy is not 
satisfactory: in addition to frequent tumor re-

growth, considerable mortality and morbidity 
persist [1]. 

Because cystic craniopharyngiomas are less 
likely than solid craniopharyngiomas to be re
sected completely [10], and because the major
ity of clinical symptoms reflect cyst expansion, 
a safe method was sought to treat cystic cra
niopharyngioma and to solve many problems 
presented by patients with craniopharyn
giomas. Several authors advocated repeated 
aspiration of cystic fluid through implanted in
dwelling catheters. Although this procedure 
may be helpful for extended periods [5, 8, 14], 
it is only palliative, even in exclusively cystic 
tumors. Some have endorsed contact irradia
tion of the cyst wall using colloidal suspensions 
of beta-ray-emitting radioisotopes, which are 
injected directly into the cyst fluid [3, 13, 16, 
22]. In 1953, Leksell and Liden first reported 
the treatment of a cystic craniopharyngioma 
with 32Na P04 in an attempt to shrink the 
cysts permanently [11]. In this chapter, we re
port our experience with intracavitary contact 
irradiation of cystic craniopharyngiomas after 
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TABLE 17-1. Results of Intracavitary Beta Irradiation of cystic Craniopharyngiomas in 51 Patients':' 

Intracavitary Isotope 

Effect Yttrium-90 (N = 45) Rhenium-186 (N = 6) Phosphorus-32 (N = 1) 

Cyst volume reduced 
Cyst volume unchanged 
Cyst volume increased 

37 (81.8%) 
4(9.1%) 
4(9.1%) 

* Mean follow-up duration is 3.5 years, range 1-7.5 years. 

stereotactic injection of either yttrium-90 (90y), 
rhenium-186 e86Re), or phosphorus-32 e2p). 

Methods and Materials 
Fifty-seven patients with 72 predominantly 
cystic craniopharyngiomas were treated with 
intracystic beta irradiation between May 1979 
and December 1985. Twenty-nine patients 
were younger than 20 years of age; 28 were 20 
years or older. Patients who were treated after 
December 1985 and who had a follow-up time 
of less than one year were excluded from the 
study. The patients were hospitalized for va
rious lengths of time, up to four half-lives of 
the isotope, depending upon which isotope was 
used. 

Available as a colloidal silicate, 90y is a pure 
beta-ray emitter with mean beta energy of 0.93 
MeV, a half-life of M.1 hours, and a half-value 
penetrance in soft. tissue of 1.1 mm. 186Re 
sulfide emits both beta and gamma rays and 
has a mean beta energy of 0.36 MeV, a half-life 
of 90.6 hours, and a half-value penetrance in 
soft tissue of 0.4 mm. 32p chromate is a pure 
beta-ray emitter with a mean beta energy of 
0.69 MeV, a half-life of 14.2 days, and a half
value penetrance in soft tissue of 0.8 mm. 

Stereotactic injection of the radionuclide was 
performed using a Riechert-Mundinger device, 
which we modified for use within the com
puted tomography (CT) scanner [21]. The 
technique of Leksell [11] and Backlund [2-4] 
was followed. The selected therapeutic beta~ray 
dose to the inner surface of the cyst wall was 
200 Gy for both 90y and 186Re and 250 Gy for 
32p. The dose was calculated according to the 
technique of Loevinger and co-workers [12]. 
The volume of the cysts was assessed by both 
CT and by radio dilution-technique, volume
dependent attenuation of the gamma-radiation 
of technetium-99 [2, 3, 6]. The radionuclide 

1 (16.7%) 
o 
5(83.3%) 

o 
o 

was implanted using intraoperative gamma
camera imaging. Additional gamma-camera in
vestigations were performed 2 hours after op
eration and subsequently each day until one to 
two half-lives of the therapeutic agent was 
passed. The effect of the treatment was assessed 
by regular periodic clinical and CT examinations. 

Results 
In 72 craniopharyngioma cysts of the 57 total 
patients, 90y was used in 50 patients, 32p in 
one, and 186Re in six. The cyst volumes ranged 
froni 1.5-330 m!. One patient with a giant cyst 
of 330 ml deserves special comment. This 
patient was treated successfully with 32p. The 
cyst shrank substantially; two and one-half 
years after therapy the residual cyst volume 
was stable at 50 m!. Although minimal 
amounts of 32p escaped from the cyst, no 
adverse effects were observed. 

The results of the intracystic beta irradiation 
in 51 patients are summarized in table 17 -1. 
Six of our patients were not evaluated by 
follow-up CT examinations. 

90y was effective in 90.9% of the patients 
treated; that is, no further cyst growth occur
red. In 37 patients (81.8%) treated with 90y, 
cysts were reduced in size or disappeared com
pletely. Cyst shrinkage was accompanied by 
improved clinical symptoms in 35 of these pa
tients. In four Jgatients (9.1 %), the cysts ex
panded despite y therapy. An example of the 
effect of 90y treatment is shown in figure 17-1. 

Treatment with 186Re was effective in only 
one of six patients; in this patient, an exclusive
ly cystic craniopharyngioma completely dis
appeared after treatment. In five patients, 
further cyst growth occurred. We subsequently 
treated with 90y, three patients in whom 186Re 
treatment failed. This additional treatment was 
successful in only one patient. 
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FIGURE 17-1. Axial CT section through a craniopharyngioma.::onsisting of two communicating cysts. (This 
was a tumor that recurred two years after microsurgical removal in an eight-year-old boy.) Left: before 
therapy; right: five years after. 

Complications 
Sixteen of 50 patients (32%) treated with 90y 

eventually died, including three from causes 
not related to the tumor or the treatment, and 
one who died ten months after implantation 
from radiation injury to the hypothalamus. 
The remaining 12 deaths occurred because of 
progression of the solid tumor and/or from 
new cysts. Treatment-related clinical deteriora
tion was observed in two patients. Despite dis
appearance of their cysts, one patient became 
blind, and an oculomotor palsy developed in 
another. No side effects were seen in the six 
patients treated with 186Re, but four of these 
patients died because of further cyst expansion. 

Escape of radioactive fluid is a potential 
complication of intracavitary therapy. In four 
of 50 patients (64 cysts) treated with 90y, small 
amounts of radioactivity leaked into cerebros
pinal fluid (CSF) lathways. No clinical side 
effects were note . Small, clinically insigni
ficant amounts of 32p were detected in the 
blood and CSF of the only patient treated with 
this isotope. In all six patients (seven cysts) 
treated with 186Re, we detected the escape of 
larger amounts of radioactivity into both blood 

and CSF. The mortality and morbidity of in
tracavitary craniopharyngioma treatment are 
shown in table 17-2. 

Discussion 
Our results, after intracavitary irradiation of 
cystic craniopharyngiomas with 90y are similar 
to those reported by Backlund (personal com
munication, 1985). Treatment-related adv.erse . 
side effects, including one death, occurred in 
6% of the patients. Our data supports the high 
efficacy and relative safety of this th~rapy. 

The escape of small amounts of 90y from the 
cyst to blood and/or CSF (observed in 8% of 
the cases) proved clinically insignificant. 

The possibility of radiation-induced side 
effects with 90y prompted us to use 186Re in six 
patients because of the lower beta-ray energy 
of rhenium. Szikla and co-workers successfully 
used this isotope to treat both cystic gliomas 
and craniopharyngiomas [22]. In our series, 
cyst leakage, causing escape of varying 
amounts of 186Re, was observed in every pa
tient treated with rhenium. The · treatment 
failed in five of six cases. Three of the "nonres-
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TABLE 17-2. Mortality after Intracavitary Irradiation of Cystic Craniopharyngiomas (56 patients) 

Cause of Death 

Isotope 

Yttrium-90 (N = 50) 
Rhenium-186 (N = 6) 

aU nrelated to tumor treatment. 
b Cyst regrowth. 

Progression of 
Solid Tumor or 
New Cyst Formation 

ponders" to 186Re required additional treat
ment with 90y, but only one responded favor
ably. This poor response rate might be a result 
of accidental clustering of "nonresponders" in 
the small rhenium series or perhaps because of 
the induction of radioresistance after ineffective 
initial irradiation [19]. A more likely explana
tion is the short range of the beta irradiation of 
186Re. The tendency of 186Re to leak into blood 
or CSF is probably related to the chemical 
composition. 186Re is a sulfide and tends to 
convert to water-soluble perrhenate, whereas 
90y is a stable silicate. We believe that 186Re 
should not be used for treatment of cystic cra
niopharyngiomas. 

Favorable results with 32p have been re
ported by Lunsford and colleagues [13]. At 
present, insufficient data exist to determine 
whether 90y or 32p is the preferred isotope for 
intracavitary irradiation. 

In our series, 16 of 50 patients (32%) treated 
with 90y ultimately died, the majority despite 
permanent shrinkage of the treated cysts. Be
cause 90Y does not affect the solid parts of the 
tumor, its use is only palliative in some cases. 
The effectiveness of additional treatment of the 
solid tumor parts using stereotactic percu
taneous single-dose photon irradiation [9] or 
the gamma knife, as described by Backlund [4], 
currently is being investigated. The preliminary 
results (four patients) are encouraging. 

References 
1. Amacher AL: Craniopharyngioma: The -t:on

troversy regarding radiotherapy. Childs Brain 
6:57-64, 1980 

2. Backlund EO: Studies on craniopharyngiomas. 
III. Stereotaxic treatment with intracystic 
yttrium-90 Acta Chir Scand 139:237-247, 1973 

Radiation 
Damage 

o 

Other" 

3 
o 

Total No. 
of Deaths (%) 

16 (32) 
4 (66.7) 

3. Backlund EO: Studies on craniopharyngiomas. 
IV. Stereotaxic treatment with radiosurgery. 
Acta Chir Scand 139:344-351, 1973 

4. Backlund EO, Johansson L, Sarby B: Studies on 
craniopharyngiomas. II. Treatment by stereota
xis and radiosurgery. Acta Chir Scand 138:749-
759, 1972 

5. Fox JL: Intermittent drainage of intracranial 
cyst via the subcutaneous Ommaya reservoir: 
Technical note.] Neurosurg 27:272-273, 1967 

6. Georgi P, Strauss L, Sturm V, et al: Pra-und 
intraoperative Volumenbestimmung bei Cra
niopharyngiomcysten. Nuklearmedizin 14:187-
190, 1980 

7. Ghatak NR, Hirano A, Zimmermann HM: 
Ultrastructure of a craniopharyngioma. Cancer 
27:1465-1475, 1971 

8. Gutin PH, Klemme WM, Lagger RL, et al: 
Management of the unresectable cystic cra
niopharyngioma by aspiration through an 
Ommaya reservoir drainage system.] Neurosurg 
52:36-40, 1980 

9. Hartmann GH, Schlegel W, StUrtn V, et al: 
Cerebral radiation surgery using moving field 
irradiation at a linear accelerator facility. Int] 
Radiat Oncol BioI Phys 11:1185-1192, 1985 

10. Katz EL: Late results of radical excision of cra
niopharyngiomas In children. ] N eurosurg 
42:86-90, 1975 

11. Leksell L, Liden K: A therapeutic trail with 
radioactive isotopes in cystic brain tumor. In 
Radioisotope Techniques: Medical and Physical 
Applications, Vol 1. London: Her Majesty's 
Office, 1953, p 76 

12. Loevinger R, Japha EM, Brownell GC: In Hine 
GJ, Brownell GL eds: Radiation Dosimetry. 
New York: Academic Press, 1956, RM 849, 
H662 

13. Lunsford LD, Gumertnan L, Levine G: 
Stereotactic intracavitary irradiation of cystic 
neoplasms of the brain. Appl Neurophysiol 
48:146-150, 1985 

14. Mann KS, Yue CP, Ong GB: Percutaneous 
sump drainage: A palliation for oft-recurring 



17. INTRACAVITARY IRRADIATION OF CYSTIC CRANIOPHARYNGIOMAS 233 

intracranial cystic lesions. Surg N eurol 19 :86-
90, 1983 

15. Nagasawa S, Handa H, Yamashita J, et al: 
Dense cystic craniopharyngioma with unusual 
extensions. Surg NeuroI19:299-301, 1983 

16. Netzeband G, Sturm V, Georgi P, et al: Results 
of stereotactic intracavitary irradiation of cystic 
craniopharyngiomas: Comparison of the effects 
of yttrium-90 and rhenium-186. Acta Neurochir 
[Suppl] (Wien) 33:341-344, 1984 

17. Petito CK, De Girolani U, Earle KM: Cra
niopharyngiomas: A clinical and pathological 
review. Cancer 37:1944-1952, 1976 

18. Russell DS, Rubinstein LJ: Congenital tumors. 
In Pathology of the Central Nervous System. 
Baltimore: Williams & Wilkins: 1977, pp 24-64 

19. Schmitt HP: Physikalische Schiiden des ZNS 
und seiner Hullen. In Doerr W, Seifert G, 
Uehlinger E (eds): Spezielle Pathologische Ana-

tomie, Vol 13. Berlin, Heidelberg, New York: 
Springer, 1983, p 777 

20. Shapiro K, Till K, Grant DN: Craniophary
ngiomas in childhood: A rational approach to 
treatment. ] Neurosurg 50:617-623, 1979 

21. Sturm V, Pastyr 0, Schlegel W, et al: Stereotac
tic computer tomography with a modified 
Riechert-Mundinger device as the basis for inte
grated stereotactic neuroradiological investiga
tions. Acta Neurochir (Wien) 68:11-17, 1983 

22. Szikla G, Musolino A, Schaub C, et al: Colloid
al rhenium-186 endocavitary beta irradiation of 
cystic craniopharyngiomas and active glioma 
cysts: Long-term results, side effects, and 
radiobiological data. Acta Neurochir [Suppl] 
33:331-340, 1984 

23. Ziilch KJ: Die Pathologie und Biologie der 
Tumoren des dritten Ventrikels. Acta Neurochir 
(Wien) 9:277-296, 1961 



18. INTERSTITIAL BRACHYTHERAPY 
FOR MALIGNANT BRAIN TUMORS: 

TECHNIQUE AND RESULTS 

Nicholas M. Barbaro 

Steven A. Leibel 

Philip H. Gutin 

Most malignant brain tumors are localized 
lesions and rarely metastasize outside the cen
tral nervous system [1, 7, 18]. Conventional 
external-beam radiation therapy is the most 
effective adjuvant treatment for malignant 
brain tumors, and survival increases directly 
with successive increases in the dose of radia
tion delivered up to a maximum tolerable dose, 
typically, 5,500 cGy [39, 40, 47, 48]. Higher, 
potentially curative doses of radiation that rel
atively spare normal brain can be delivered 
from radioactive sources implanted directly 
into localized tumors (brachytherapy) [2]. Thi~ 
approach offers the potential for administering 
a second radiation dose to recurrent tumors or 
of "boosting" the focal dose to a tumor im
mediately after conventional teletherapy is 
completed. 

History of Brain 
Tumor Brachytherapy 
Early in this century, interstitial irradiation was 
used to treat brain tumors. In 1912, Hirsch 
treated residual tumors by inserting radium
loaded probes into the. sella by a transnasal 
route [17]; over the next four decades, he re
fined this approach for the treatment of pituit
ary adenomas and craniopharyngiomas. In 
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1914, Frazier combined external beam irradia
tion with the implantation of radium sources 
for the treatment of parenchymal tumors[9]. 
By 1922, he had treated 32 patients with good 
results. Over the next few years, several series 
were reported in which patients underwent 
either direct implantation of radioactive 
sources in brain tumors or instillation of 
radioactive fluids directly into cystic lesions 
[2]. 

The availability of stereotactic systems has 
made it possible to implant radioactive sources 
into brain tumors with relative ease [24]. Mun
dinger in Freiburg and T alairach in Paris used 
stereotactic techniques to implant encapsulated 
sources into deep, inoperable tumors, and their 
experience with thousands of patients harbor
ing tumors of m~any types and in many diffe
rent locations has not been equaled [30-32, 45, 
46]. Both found that lower grade gliomas re
sponded better than the more malignant, high
er grade gliomas. Szikla extended Talairach's 
early work and implanted a number of patients 
who had supratentorial gliomas with remov
able iridium-192 enIr) wires; brachytherapy 
was the initial treatment for all patients [41-
44]. A multicenter study is underway in France 
to evaluate the combined use of external-beam 
irradiation and interstitial brachytherapy. 

In recent years, computed tomography 
(CT)-directed stereotactic techniques have be
come available [16, 24, 28, 34]. These systems 
have revolutionized brain tumor brachytherapy 
by providing the surgeon with the ability to 
implant radioactive sources precisely within 
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brain tumors. In addition, computerized treat
ment planning allows the choice of stereotactic 
targets based on precise predictions of dose 
distribution [38]. CT also provides an impor
tant source of follow-up data on the efficacy of 
btachytherapy [25]. 

Advantages of 
Interstitial Brachytherapy 
Doses in conventional teletherapy, with radia
tion from a linear accelerator or cobalt source, 
are delivered at a rate of 2 Gy/minute as daily 
fractions, the total therapeutic dose accruing 
over weeks or months [14, 39]. The rate of 
irradiation from an implanted source is much 
slower, on the order of 1 cGy/minute, but it is 
delivered continuously. Because this lower 
dose rate improves the therapeutic ratio, the 
total dose can be delivered over a few days 
rather than over months. 

The improvement in therapeutic ratio with 
brachytherapy is the result of the radiobiology 
of low-dose-rate irradiation and the physics of 
intratumoral placement of the isotope [2, 4, 
10]. As the dose rate is lowered, the biological 
effect of radiation is reduced, principally be
cause tissue exposed to the low-dose-rate 
radiation can repair sublethal damage during 
the time of exposure. There is evidence that 
normal tissues repair sublethal damage more 
efficiently than tumor tissue does, which may 
explain the efficacy of brachytherapy against a 
variety of tumors and the relative sparing of 
exposed surrounding normal tissue. 

The radiophysical advantages of brachyther
apy are obvious. An implanted isotope delivers 
a maximum radiation dose to the tumor, while 
the dose to surrounding tissue is reduced or 
essentially eliminated. This is the result of 
attenuation of the radiation by interposed tis
sues and by the constraints of the inverse 
square law, which states that the intensity of 
radiation from any point source is inversely 
proportional to the square of the distance from 
the source [2]. 

Based on these factors, in 1977 we be£an 
an experimental study of iodine-125 e 51) 
brachytherapy for the treatment of malignant 
gliomas [19]. We have refined our technique 
and have treated a relatively large number of 
patients. A discussion of our findings follows. 

Patient Selection 
In our initial studies, the only candidates 
chosen for brachytherapy were those with 
focally recurrent malignant gliomas [15]. After 
a 68% response rate was obtained in 37 pa
tients, we initiated an experimental protocol to 
deliver an interstitial "boost" dose to newly 
diagnosed malignant brain tumors immediately 
after conventional teletherapy was completed. 

Solitary recurrent malignant gliomas were 
treated if they were well-circumscribed on CT 
images. This protocol was not used for diffuse
ly infiltrative tumors, tumors with subepen
dymal spread, or multifocal tumors. Because of 
the limited biological reserve of previously 
irradiated posterior fossa structures, tumors in 
the brain stem and cerebellum were not im
planted. 

Choice of Isotope 
After the early experience with radium im
plantation for treatment of gliomas, gold-198 
and 1921r were the isotopes most commonly 
used for the interstitial irradiation of brain 
tumors [2, 33]. 1921r is still receiving consider
able attention for this purpose, but 1251 seems 
to be a better isotope because the characteristic 
x-rays it emits have a far lower energy (27-35 
KeV) than the gamma rays emitted by iridium 
(300-610 KeV) [2, 21, 23]. The lower energy 
of photons emitted 1251 simplifies the problem 
inherent in protecting medical personnel [26]. 
1251 is provided as a standard low activity source 
(0.5 mCi) that has proven useful for permanent 
implantation into lower grade gliomas. The 
large number of these low-activity sources 
necessary to treat faster growing, more malig
nant gliomas, however, makes low-activi~ 
sources less practical. Higher-activity 12 I 
sources (30-50 mCi) are. available by special 
order (Medical Product Division, 3M Company, 
St. Paul, MN); implantation with a few sources 
provides higher, more suitable dose rates. High
activity sources cannot remain implanted 
permanently because of the unacceptably high 
dose that would result. For this reason, high
activity 1251 sources are implanted in catheters 
that can be removed after the appropriate dose 
has been delivered. A number of centers now 
have experience with removable high-activity 
implants for malignant brain tumors. 
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Implantation Technique 
With a CT -stereotactic system, targets for im
plantation can be selected based on the tumor 
geometry seen on CT images, and sources can 
be implanted precisely within the tumor with 
stereotactic guidance. When the stereotactic 
system is integrated with a brachytherapy
treatment-planning computer program (a de
scription follows), stereotactic targets can be 
determined after various source arrays and the 
corresponding radiation isodose lines are simu
lated and displayed on the computer screen. A 
three-dimensional appreciation of the tumor is 
more important in interstitial brachytherapy 
than in tumor biopsy procedures. Reformatting 
in sagittal and coronal planes provides informa
tion necessary to perform the implantation. 

Any stereotactic frame can be used for brain 
tumor brachytherapy. Although our initial 
experience was obtained with the Leksell 
stereotactic frame [28] (AB Elekta, Decatur, 
GA), we now use the Brown-Roberts-Wells 
(BRW) stereotactic system [16] (Trentwells 
Inc., Southgate, CA) for implantation of 1251 
sources. 

Adults are given local anesthesia to undergo 
the entire procedure; children receive general 
anesthesia [13]. The patient is scanned with the 
localizing system fixed to the skull. We take 
3-mm images that begin well below and end 
well after the lesion. A stable preoperative dose 
of dexamethasone must be maintained to pro
vide the best estimate of tumor size. The 
computer tape from the CT scanner is taken to 
the department of radiation oncology and read 
into the planning computer. 

Our treatment-planning computer program 
includes a VAX computer-based package that 
has evolved through extensive modifications of 
software provided by Drs. Sturm and Schlegel 
of the German Cancer Research Center in 
Heidelberg [38]. Hardware includes a VAX-
11/780 computer, and FPS array processor, and 
a Lexidate 3700 color display system. The CT 
data tape is read directly by the computer. The 
program enables us to plan catheter arrays 
(number of catheters, catheter location, num
ber of sources, source strengths, source spac
ing) prospectively on CT images projected 
onto the computer display; thus, we can visual
ize the isodose curves created by the arrays on 
axial or reformatted images (figure 18-1). 

Source strengths and distribution are chosen to 
deliver a minimum tumor dose rate of 40-60 
cGylhour to a distance 0.5 cm beyond the 
periphery of the tumor. When the lesion is 
seen to be well-covered by the appropriate iso
dose curves of one of the simulated arrays, the 
stereotactic coordinates of the catheter targets 
are generated quickly and trajectories planned 
based on skull entry points that are selected 
from the display screen. Either of two 
approaches can be used. The azimuth and 
declination can be specified initially, or a target 
within the tumor and entry point can be 
chosen. These correspond to the BR Wand 
BRWT programs in the traditional BRW 
stereotactic system. The integration of the 
necessary calculations of the BR W stereotactic 
system into our treatment planning software 
has expedited this process. 

One important difference between stereotac
tic implantation of radioactive sources and 
stereotactic biopsy is that the implantation 
array must be properly oriented within the 
lesion. Thus, trajectory is a major determina
tion of dosimetry, particularly for 1251 sources 
that have an anisotropic dosage. The entry 
point on the skull is extremely important and 
must be chosen carefully. If more than one 
catheter is used to implant the source array, the 
catheters must be positioned in parallel to pro
vide accurate dosage calculations. 

Another important difference between 
stereotactic techniques of brachytherapy and 
biopsy is that the stereotactic target for im
plantation is the center of the array for that 
catheter rather than the catheter tip. Therefore, 
before the stereotactic target can be deter
mined, it is necessary to calculate the overall 
length of the array, including the number of 
radioactive sources and the spacing between 
them. The target then is adjusted appropriately. 

A coaxial, afterloaded, silicone catheter sys
tem, consisting of an outer catheter placed in
itially and an inner catheter that contains 
sources, is used to hold the radioactive sources 
within the often soft, necrotic tumor center 
and to allow removal of the sources after the 
desired dose has been delivered [12]. After the 
number of sources to be used has been deter
mined, they are loaded into the inner catheter, 
and the entire assembly is autoclaved. 

With stereotactic guidance, the outer cathe
ter is inserted into the tumor with the aid of a 
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FIGURE 18-1. Treatment-planning computer simulation for a four-catheter implantation into a left parietal 
glioblastoma. Two catheters are visible on this slice. Isodose curves are for 50 rad/hr (inner) and 40 rad/ hr 
(outer). 

removable metal stylet introduced through 
either burr or twist-drill holes. The choice be
tween the burr hole and the twist-drill tech
nique depends on the possible presence of major 
vascular structures beneath the site of im
plantation. Burr holes are recommended for 
implantation over the temporal lobe near the 
sylvian fissure and the parasagittal region, 
where large bridging veins are present, and 
twist-drill holes may be used at other sites. 
The outer catheters are implanted before 
radioactive sources are loaded. Catheters are 
cut to the appropriate lengt}1 and glued to a 
Silastic® ring, which is either' cemented to the 
skull if a burr hole is used or sutured to the 
skin if a twist-drill technique is used. After all 
outer catheters are fixed in position, the inner 
catheters holding the radioactive source are 
placed carefully and cemented to the outer 
catheter (figure 18-2). Care must be taken to 
ensure that the inner catheter slides to the bot
tom of the outer catheter. Any stricture in the 

outer catheter that may be created by bone or 
dura will prevent the inner catheter from being 
properly positioned, which will adversely 
affect delivery of the intended dose. 

After implantation, plain radiographs and 
CT scans are obtained to confirm that the 
sources are placed properly and to allow cal
culation of the correct dose (figure 18-3). The 
patient is isolated in a private room that is 
surveyed by a radiation physicist who deter
mines the exposure time that will be safe to 
nurses and visitors. A helmet lined with lead 
foil is worn by the patient when visitors or 
medical personnel enter the room. Anticonvul
sant medications must be monitored carefully 
because manipulation of the tumor during im
plantation can lead to increased seizures in the 
early postoperative period. 

The dose delivered is a function of the time 
that the catheters are left implanted. Typi
cally, sources are implanted for five or six days. 
After the calculated dose has been delivered, 
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FIGURE 18~2. Intraoperative photograph shows three catheters implanted in the left parietal region via the 
twist-drill technique. The fixation ring is sutured to the scalp and is cemented to the outer catheter. Inner 
catheters have been afterloaded and cut to fit the outer catheter. Catheters can be removed in the patient's 
hospital room under local anesthesia. 

catheters are removed, either in the operating 
room if a burr hole was used or in the patient's 
room if a twist-drill technique was used. Pa
tients usually can be discharged the day after 
catheters are removed. 

The follow-up examination at eight-week in~ 
tervals includes a neurological examination, a 
CT scan, and determination of corticosteroid 
requirements [25]. Results of the tests are 
scored (-2 to + 2, denoting severe deteriora
tion to significant improvement, respectively); 
significant changes in the scores (two or more 
points) are a useful indication of the patient's 
condition. Patients were considered "evalu
able" if they were alive and available for the 
first eight-week evaluation. 

Results 
We have reported survival data for the first 
37 patients with recurrent malignant gliomas 

or metastatic brain tumors treated with 
brachytherapy (1979-1982) [15]. The overall 
response rate was 68% in the 34 patients who 
were evaluated. The survival periods of a more 
recent group of 41 patients with recurrent 
malignant gliomas are summarized in figure 
18-4. Eighteen patients with glioblastomas had 
a median survival period after brachytherapy 
for recurrence of 35 weeks, two remaining alive 
for more than five years. For the 23 patients 
treated with brachytherapy for anaplastic 
astrocytomas, the median survival time after 
brachytherapy for recurrence was 153 weeks; 10 
patients remained alive more than three years 
after brachytherapy for recurrence and four 
remained alive for more than four years. Both 
groups had significantly better outcomes (p < 
0.01) than did groups of patients with the same 
diagnoses and similar general characteristics 
who were treated at recurrence with chemo
therapy alone. 
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FIGURE 18-3. Postoperative CT scan shows four radioactive sources within a right frontal lesion. 

Preliminary data are available on our first 77 
patients with recurrent malignant gliomas 
treated with temporarily implanted 1251 sources. 
Forty-two patients had an histologic diagnosis 
of anaplastic astrocytoma, and 35 patients had 
a diagnosis of glioblastoma multiforme. At the 
time of analysis, 45% of patients with anaplas
tic astrocytoma and 34 % of those with glio
blastoma multiforme were alive (median 
follow-up period of 13 and 9 months, respec
tively). The median survival after brachyther
apy for recurrence was 22 months for patients 
with anaplastic astrocytoma and 14.5 months 
for patients with glioblastoma multiforme. 

Twenty-seven (35%) of 77 patients required 
reoperation after brachytherapy because their 
neurological condition had deteriorated and 
because there was evidence on CT images of an 
increase in the size of their lesions consistent 
with either focal radiation necrosis or tumor 
progression. Reoperation was performed nine 
to 80 weeks after brachytherapy (median, 34 
weeks). At reoperation, lesions were generally 
firm and avascular. Patients usually improved 
after reoperation. In most instances, histo
pathologic evaluation of resected tissue showed 
a combination of radiation-induced necrotic 
tissue and recurrent tumor. There was no cor-
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FIGURE 18-4. Kaplan-Meier survival curve for 18 
patients with recurrent glioblastoma multiforme 
(solid line) and 23 patients with recurrent anaplastic 
astrocytoma (broken line). Median survival (prob
ability = 0.5) is 153 weeks for patients with anaplas
tic astrocytoma and 35 weeks for patients with 
glioblastoma multiforme measured after brachyther
apy for recurrence. Cross-hatching indicates cen
sored patients. 

relation between the histopathology of resected 
material and outcome, however. Compared 
with patients harboring the same tumor type 
who did not have subsequent surgery, patients 
who had reoperation generally had significant
ly improved survival rates. In addition, despite 
the presence in most patients of apparently 
viable tumor in resected specimens, tumor cells 
from these specimens often did not grow in 
culture [37]. This suggests that, although radia
tion did not kill these cells, many of them 
apparently lost the growth characteristics that 
lead to rapid tumor recurrence. 

Complications in 77 patients treated with 
brachytherapy included infection in six pa
tients, wound breakdown in two, acute cere
bral edema in two, and intracranial hemorrhage 
in one. Preliminary evidence suggests that the 
incidence of infection can be reduced by the 
routine perioperative administration of antibio
tics. 

Based on the promising results of our treat
ment of recurrent gliomas with removable 1251 
sources, we have begun a study through the 
Northern California Oncology Group in 
which aggressive brachytherapy is used near 
the beginning of treatment rather than at the 

time of recurrence. Patients are irradiated via 
conventional teletherapy with 60 Gy of radia
tion to the tumor volume, administered con
comitantly with hydroxyurea as a radiosensi
tizer. Within two weeks this is followed by 
brachytherapy to deliver an additional mini
mum tumor dose of 6,000 cGy. A 12-month 
course of cyclical chemotherapy with procar
bazine, CCNU, and vincristine then is admin
istered. This study is based on our previous 
best-treatment protocol, which combines 
external irradiation, hydroxyurea, and the 
cyclical chemotherapy regimen [14]. 

The risk of focal radiation necrosis in pa
tients receiving the aggressive treatment just 
described is unknown, as is the extent of 
neurological deficits that might be induced or 
exacerbated by such treatment. Unfortunately, 
the usual criteria for evaluating patients for 
tumor recurrence do not distinguish between 
recurrent disease and focal radiation necrosis 
[5, 8, 11,20,22,35]. Preliminary evidence sug
gests that positron emission tomography may 
help distinguish between these two lesions [36]. 
Our experience indicates that surgery will be 
helpful in ameliorating these complications [6]. 

More than 80 patients have been placed on 
this protocol, but the length of follow-up is 
insufficient for analysis at this time. When 
analysis is possible, it must show brachyther
apy to be dramatically superior in patients with 
well-circumscribed tumors, or the risk of in
creased deficit and the expense of this treat
ment will not be considered worthwhile. 

Conclusions 
CT -guided stereotactic surgery permits radio
active sources to be accurately placed directly 
into malignant gliomas. Our preliminary re
sults with recurrent malignant gliomas are 
quite promising for patients with anaplastic 
astrocytomas, but results for patients with 
glioblastoma multiforme are only slightly bet
ter than results obtained with conventional 
chemotherapy. Better imaging of the margins 
of these lesions may lead to better local con
trol; it is not clear that newer imaging modali
ties such as magnetic resonance imaging (MRI) 
will improve our ability to define the margins 
of these diffusely infiltrative lesions. If MRI 
proves to have an advantage for this purpose, 
then MRI-based stereotaxy might be useful in 
improving the results of brachytherapy. A 
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number of issues remain to be determined in
cluding the best isotope to use, the overall 
number of sources that are needed, and the 
optimum activity of sources used. 

Focal radiation necrosis is the most serious 
obstacle to successful brachytherapy of brain 
tumors. A better understanding of the mechan
isms of induction of radiation necrosis might 
provide clues that will allow the use of higher, 
potentially curative radiation doses. Alterna
tively, combination protocols, including the 
use of hyperthermia and radiosensitizers, might 
allow an increase of the therapeutic index and 
thereby lower the total radiation dose needed 
[3, 27, 29]. Until these problems are solved, 
focal radiation necrosis should be anticipated in 
a large number of patients treated with 
brachytherapy. It is clear that resection of 
necrotic tissue is frequently of benefit in symp
tomatic patients. 

Stereotactic imolantation of radioactive 
sources offers great promise for the treatment 
of malignant brain tumors with a size and 
geometry suitable for implantation. Brachy
therapy must be considered to be one of many 
experimental approaches to the treatment of 
these lesions until the issues described are 
addressed and solved. Because of the inherently 
experimental nature of the treatment, it is best 
performed in a university setting, where strict 
adherence to protocols and careful documenta
tion of results can be ensured. 
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19. CONSIDERATIONS IN THE 
USAGE AND RESULTS OF 

CURIETHERAPY 

Fritz Mundinger 

K. Weigel 

In the last few years, interstitial and intracavi
tary radiation therapies of nonresectable and/or 
recurrent intracranial tumors have experienced 
a renaissance. High expectations had followed 
the development of modern and increasingly 
sophisticated external radiation therapy tech
niques, but, until recently, they could not be 
fulfilled. Even today, problems remain, parti
cularly with midline tumors, despite the bene
ficial results possible with higher depth dosage, 
better compatibility, and the exemption from 
radiation of cutaneous, osseous, and cerebral 
tissue within the irradiated area. 

Interstitial or local radiation therapy can 
yield satisfactory to good results in cases of 
recurrent tumors that have undergone previous 
external radiation therapy. It also can be used 
for tumors remaining after surgery or prior 
external irradiation [12, 14, 76, 87, 99]. An 
additional advantage of interstitial and intraca
vitary therapy is that it can be repeated if the 
doses that will be absorbed by the midline of 
the brain are not excessive [14-19, 26-30]. 
Interstitial and intracavitary radioisotope treat
ment are bound necessarily to the stereotactic 
localization and implantation method [1-3, 14, 
18, 23-25, 31, 32, 37]. 

Since the early 1950s, Mundinger has work
ed to advance the development of interstitial 
Curietherapy techniques. These efforts are 
described in numerous publications (dating 
back to 1953) on the stereotactic target device 
he developed with Riechert [85, 86], on his 
work (with Birg) on computer stereotaxy [6-
10,39,55,59-61], and on stereotaxy incorpor
ating computed tomography (CT) and magne
tic resonance imaging (MRI). The implantation 

of radioactive material directly into tumors in
itially was performed intraoperatively after 
tumor resection. Later, radionuclide seeds were 
implanted in the tumor postoperatively with 
the aid of simple auxiliary devices similar to 
stereotactic apparatus [37, 41, 46]. 

The stereotactic method has been used 
routinely since 1951 at the University-Hospital 
in Freiburg, West Germany. Intracranial im
plantation of various radioactive elements is 
used as both primary and secondary therapy. 
Table 19-1 summarizes the succession of 
radioisotopes used in the past by Mundinger 
and his co-workers [57]. By 1969, Mundinger 
had reported 534 cases [57], including 304 
brain tumors and 206 pituitary adenomas or 
craniopharyngiomas. Through decades of per
sistent radiobiological and radiophysical inves
tigation of the various radionuclides and com
parison of statistically evaluable series, we were 
able to define the indications at an early stage. 
The results were published in detail in three 
reports [44, 57, 58]. 

It soon became evident that stereotactic 
implantation of radionuclides such as phos
phorus-32, yttrium-90, and palladium-106 
had to be limited to small-volume tumors. In 
cysts, these radionuclides also could be instilled 
as colloids or suspensions to irradiate the cyst 
wall [44, 57, 58, 77, 90, 96]. We observed that 
strong gamma-emitting isotopes, in particular 
cobalt-60, combined with external radiation, 
led to very impressive results [12, 38, 42, 44, 
45, 47, 48, 57, 58]. 

When remaining tumor was suspected, the 
intraoperative implantation of radionuclides 
could not be used because radiation exposure 
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TABLE 19-1. Usage of Interstitial Radiation with Radioisotopes in Intracranial Tumors' 
" 

Date Usage Total No. Patients 
Radioisotopes Began Treated by 1969 

Phosphorus-32 6125/52 32 
Gold-198 3/4/54 123 
Yttrium-90 1124/63 21 
Cobalt-60 6/7/55 166 
Tantalum-182 5/14/57 21 
Iridium-192 3/15/60 87 
Iridium-19!-GammaMed® 6124/64 84 

Total 534 

• Modified from Mundinger et al. [57]; patients treated in Freiberg,_ W. Germany. 

~as excessive. Furthermore, small hemorrhages 
caused flushing or dislocation of the radio
active material within the tissue or sometimes 
outside the operation area. Freehand creation 
of a radiation grid to guide a sufficiently high 
dose to the remaining tumor provided a 
cumbersome solution, yet only in this way 
c9uld intraoperative implantation be combined 
effectively with tumor resection [57, 93]. For 
these reasons, we abandoned this method very 
early on. More recent attempts to implant 
radio nuclides intraoperatively, such as those 
heing undertaken with iodine-125 (1251) seeds 
[74], probably will suffer a similar fate. 

Alternatively, direct irradiation of the tumor 
resection cavity was tried, using a gamma ray
emitting element such as cobalt-60 or cesium
il7 implanted by the afterlpading technique, 
immediately after tumor resection. We initially 
preferred,this method [57, 58]. However, when 
the tumor could not be totally resected either 
rtiacroscopically or microscopically and the re
maining tumor on the edge of the resection 
cavity was of varying thickness, we encoun
tered considerable dosimetry problems. A ma
jor problem was that. radiation necrosis of the 
healthy perifocal tissue could not be kept with
in acceptable limits. Therefore, we abandoned 
this method, too. 

. Our attention turned to postoperative 
stereotactic implantation techniques. We were 
aided by nuclide scintiscanning, which pro
duced a positive-contrast image of the approxi
mate remaining tumor volume and tumor loca
tion. Scintiscans were especially helpful in 
assessing deep-seated tumors, which could be 
shown by staining or vascular displacement 

from angiography or by displacement of ven
tricular structures from pneumoencephalo
graphy during biopsy. At present, the best 
radionuclides for interstitial irradiation are 
iridium-192 (192Ir) and 1251. Apart from their 
favorable physical characters, these radionu
clides meet the requirements of radiation safety 
laws in most countries. 

Early in our investigations, we attempted 
histological evaluation of mass lesions of the 
brain using either CT or MRI. Prior to this, we 
suspect that many patients erroneously under
went, empirical radiation therapy. Histological 
verification of an intracranial mass lesion is 
mandatory before specific therapy is under
taken [22, 33, 34]. In deep-seated tumors 
located near the midline and in functionally 
important regions, stereotactic technique has 
proved to be a successful method of obtaining 
tissue samples for histological verification 
without damaging the surrounding tissue [8, 
39, 51, 55, 60, 61, 63, 67, 78, 79, 83]. 

The introduction of improved imaging tech
niques such as CT and MRI has increased 
greatly the recognition of deep-seated brain 
tumors. Midline tumors still are considered 
nonresectable, despite the use of microsurgery, 
because of the major psychological and neuro
logical impairment an operation can cause. 

The biopsy needle trajectory for the verifica
tion of tumor grading and classification preced
ing every operation is determined by the soft
ware of modern CT and MRI scanners. If it is 
shown to be indicated on the basis of the bio
psy diagnosis (which is obtained intraopera
tively in 95% of our cases), interstitial radio
therapy can be performed immediately [4-11, 
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33, 34, 40, 43, 49-53, 59-61, 80-82, 89]. After 
biopsy in some cases, external irradiation is 
indicated, and, in others, the histology or 
tumor extent renders irradiation unnecessary. 

Tumor location and volume, implantation 
sites (which are dependent on tumor geome
try), and the optimal approach also can be 
determined using CT or MRI. Thus, we now 
are able to confine devitalization to the tumor 
tissue itself and largely spare the surrounding 
tissue. 

Contrast-enhanced CT and MRI (table 19-
2), preceded by the indispensable cerebral 
angiography and electroencephalography (table 
19-3), enable the optimal trajectory and 
appropriate dosimetry to be selected, thus ex
empting large vessels from excessive radiation 
and preventing subsequent thrombosis and cyst 
formation. These imaging techniques also 
facilitate highly precise biopsies with very little 
risk to functionally important regions of the 
cortex (central, dominant, temporal) or in the 
area of the diencephalon, midbrain, and brain 
stem. Subsequent interstitial irradiation can be 
planned precisely [35, 39, 40, 45, 51, 62-74, 91, 
94-97, 99-103]. The authors' CT and MRI 
stereotactic techniques for obtaining biopsies 
and for radionuclide implantation are described 
in detailed reports [43, 44, 53, 56-58] and 
other publications [40, 49, 51, 56, 59-75, 101-
103]. 

Material and Methods 
From 1951 through 1985, 1,665 patients with 
intracranial tumors underwent stereotactic im
plantation of radionuclides in Freiburg. The 
following pertains only to patients who were 
stereotactically treated between 1965 and 1985, 
some of whom also underwent interstitial 
radiotherapy. In 1981, CT was integrated into 
our stereotactic system [5-9, 51, 59-61]; in 
1984, MRI was added [10, 75]. For the remain
ing patients in this series, another form of ther-

TABLE 19-2. CT Characteristics 
of 1,438 Intracranial Lesions 

Characteristic 

Hypodense 
Hyperdense 
Displacement 
Edema 
Ring formation 
Cyst formation 

No. of Patients 

420 
1,006 

588 
1,341 

343 
207 

apy was indicated. Earlier series and the results 
obtained after interstitial radioisotope theral'Y 
are reported elsewhere [37-75, 101, 102]. . 

Once the intracranial target point and skull 
trephination site are determined, a tissue for
ceps is introduced into the lesion. The forceps 
has a diameter of 0.8 mm; the volume of th~ 
sample is 1-3 mm3• In each puncture tract, 
several samples are taken at 1 to 5-mm inter
vals, proximal to, within, and distal to the 
tumor. Half of these samples are prepared im
mediately as smears, stained with methylene 
blue, and examined intraoperatively. Other 
samples are embedded in paraffin and analyzed 
with appropriate staining methods. This prooe~ 
dure has been described in detail in several 
publications [33, 34, 39, 40, 43]. 

If interstitial radiotherapy is indicated by the 
intraoperative diagnosis of the smear, radil;)
active sources are implanted during the same 
operation. In a spherical tumor, implantation is 
carried out through a cannula inserted into the 
center of the tumor. Dosimetry and determina
tion of the radius (or radii) to be implanted and 
nuclide radioactivity depend on both the size 
and configuration of the tumor indicated on 
the CT or MRI images and on the histologic!.',l 
results of the various tissue samples. 

At present, 1921r in a platinum alloy and 1251 
in seed form are the most common isotopes 
used in treatment of intracranial tumors. MUJ;1-

TABLE 19-3. Electroenphalographic and Angiographic Findings in Intracranial Lesions 

Electroencephalography 

Angiography 

Findings 

Pathological 
Focal 
Displacement of vessels 
Pathological vessels 

No. of Patients 

1,145 
697 

1,203 
494 
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TABLE 19-4. Stereotactic Biopsy and Curietherapy of Benign and Malignant Gliomas 

Curietherapy 
Biopsy Total 

Tumor Type Grade Only 1251' 192Irb Cases 

Astrocytoma I 80 67 59 206 
Astrocytoma II 203 106 91 400 
Astrocytoma III 156 44 23 223 
Astrocytoma IV 144 20 14 178 
Oligodendroglioma II 21 11 21 53 
Oligodendroglioma III 7 2 8 17 

Totals 611 250 216 1,077 

, 1979-1985. 
b 1965-1985. 

TABLE 19-5. Stereotactic Biopsy and Curietherapy of Other Central Nervous System Tumors 

Ependymoma 
Primitive neuroectodermal tumor 
Germinoma 
Teratoma 
Metastasis 
Unclassified tumor 

Totals 

'1979-1985. 
b 1965-1985. 

Biopsy 
Orrly 

6 
18 
19 
9 

78 
7 

137 

dinger introduced these two elements into 
long-term irradiation therafoy for intracranial 
tumors, 1921r in 1959 and 1 51 in 1979 [46, 48, 
50]. According to Hilaris [27, 28] 1251 is avail
able as a 4.5 X 0.8-mm titanium seed. The 
seeds contain a silver rod to which the 1251 is 
bound. We use 1921r in the form of wires with a 
diameter of 0.3 mm; we gauge the length of the 
wire according to the specific activity. Both the 
iodine seeds and iridium wires in low doses are 
designed for permanent implantation (Curie
therapy). 

In brachy-Curietherapy, on the other hand, 
highly active 1251 seeds are inserted into a 
catheter and, by afterloading technique, im
planted into the tumor for a specific length of 
time. A similar afterloading short-term irradia
tion technique is performed with 1921r. In 1963, 
Mundinger and Sauerwein developed the 1921r 
contact irradiation device GammaMed® for 
intraoperative irradiation. For a clinical accu-

Curietherapy 

Total 
1251" 1921rb Cases 

12 6 24 
9 4 31 

10 7 36 
3 13 

14 3 95 
3 11 

47 26 210 

mulation dose, the radioactivity is calculated in 
the tumor periphery (peripheral tumor dose) at 
10,000 cGy for 1251 and 12,000 cGy for 1921r. 
1251 has a half-life similar to 1921 (64 days and 
74 days, respectively) but a considerab~ 
"softer" gamma radiation (28.5 KeV for 12 I 
compared to 350 KeV for 192Ir). Thus, radia
tion protection measures at higher levels of 1251 
activity are eased significantly. For discussions 
of dosimetric problems, see [11, 50, 57]. 

Results 
In a series of 1,551 tumor biopsies (1965-
1985), stereotactic interstitial irradiation was 
indicated in 541 patients (tables 19-4 and 19-
5). Pilocytic and fibrillary astrocytomas were 
frequent (42.5%) (see table 19-4). A small 
number of patients had other tumors, which 
were very unhomogeneous. 

Grade I (pilocytic) astrocytomas were found 
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FIGURE 19-1. Stereotactic CT -confirmed grade II fibrillary astroctyoma in a 32-year-old patient. Clinical 
course following 1251 Curietherapy: 
(Top left) CT scan defined a sharply demarcated hypodense mass immediately after 1251 implantation. Mass 
effect with compression of the ventricular system and significant perifocal edema was noted. (Top right) 
Seventeen months after 1251 Curietherapy, CT showed formation of a "halo" after contrast enhancement. The 
sources were distributed in the tumor without any change. A perifocal reaction (edema and gliosis) was noted 
in the parieto-occipital and mediofrontal brain. 
(Bottom left) CT scan performed 33/4 years after 1251 Curietherapy showed that the ventricular system had 
shifted back and expanded symmetrically. The tumor mass itself had shrunk significantly and showed only a 
slight reaction in the surrounding tissue as well as recession of the hypodense areas (possible gliosis). There 
was no evidence of recurrence. (Bottom right) CT scan obtained five years after 1251 Curietherapy showed 
further shrinkage. The ventricular system had returned to normal. The patient was fully capable of working as 
a university lecturer. 

chiefly in the central gray matter; the majority 
of these patients were under age 30. Grade II 
astrocytomas were identified mainly in the 
hemispheres (figures 19-1, 19-2), but some 
also occurred in the basal ganglia. The peak age 
for patients with grade II astrocytomas was 
40-50 years (figure 19-3). Grades III and IV 
astrocytomas (oligodendrogliomas and glio
blastomas) usually were located in the hemis-

pheres. Interstitial implantation was carried out 
only if the tumors were in functionally impor
tant areas, such as the central region, and were 
relatively well-defined with CT. We believe 
that the best results are achieved when the 
tumor is less than 34 mm in diameter. 

The primary symptom of grade I astrocy
tomas was an obstruction of the cerebrospinal 
fluid passages, as might be expected, given their 



FIGURE 19-2. Stereotactic CT scan of a 21-year-old patient with a grade II fibrillary astrocytoma. 
(Left) CT revealed a relatively well-demarcated but extensive hypodense mass extending from the precentral 
to parietal area. (Right) CT performed three years after I25r Curietherapy. The artifacts produced by the 125r 
seeds can still be recognized. The central white matter still shows a hypodense area, but the sulci are enlarged. 
We detected no evidence of recurrent astrocytoma. 

FIGURE 19-3. Extensive grade II fibrillary astrocytoma in a 33-year-old patient. The tumor bilaterally 
involves the diencephalon and infiltrates the right posterior frontal lobe and corpus callosum. (Left) CT scan 
defines tumor extent and mainly shows a hypodense mass (hatching) prior to Curietherapy. (Right) CT image 
13/4 years after 125r Curietherapy. The tumor has regressed significantly. The 125r seeds can be seen in the 
center. A thin hyperdense "halo" is noted with contrast enhancement, and the center is hypodense (necrotic). 
Hypodense focal reactions (gliosis?) are seen mainly in the right frontal and mediotemporal regions. A 
dramatic improvement in the clinical findings occurred. The patient was essentially neurologically asymp
tomatic and capable of working. 
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most common site (table 19-6). The first sign 
of tumors located on the periphery was most 
frequently a convulsive disorder. Neurological 
deficits varied, depending on the location of 
the tumor. Of special interest were those mid
brain tumors that usually resulted in disorders 
of ocular motility (table 19-7). 

Certain primary symptoms or tumor loca
tions required that general neurosurgical mea
sures precede stereotactic puncture (table 19-
8). To obtain optimal radiation effects, shunt 
operations and partial tumor resections fre
quently were performed to lower intracranial 
pressure. External radiation was administered 
to 163 patients. In 98 of these, tumor histology 
had not been determined; radiotherapy was 
indicated as a result of CT or angiographic 
findings alone. Table 19-9 shows the correla
tion between the mean implantation radii of 
the irradiated tumors and histology. 

TABLE 19-6. Location of Intracranial 
Lesions that Underwent Stereotactic Biopsies' 

Site 

Basal ganglia 
Diencephalon 
Midbrain-pons 
Cerebral hemisphere 

Frontal lobe 
Temporal lobe 
Parietal lobe 
Occipital lobe 

Multifocal 
Intraorbital 

Total 

a Freiburg, West Germany, 1965-1985. 

No. of Cases 

309 
185 
262 

318 
236 
191 

3 
42 

5 
1,551 

Interstitial radiotherapy usually is a palliative 
measure and in rare cases a cure. Follow-up 
examinations took place at regular intervals. 
One year after local interstitial radiation, 
neurological deficits had improved in 40% of 
our patients; no changes were seen in 25%, and 
clinical symptoms deteriorated in 35%. 

In accordance with these clinical courses, 

TABLE 19-7. Preoperative Symptoms 
of 1,551 Intracranial Lesions 

Symptom 

Increased intracranial pressure 
Organic mental syndrome 
Paresis 
Ataxia 
Oculomotor paresis 
Aphasia 
Visual impairment 
Visual field defect 
Other diseases 
Extrapyramidal disorders 
Hearing deficit 

No. of Cases 

807 
756 
650 
293 
264 
244 
183 
151 
103 
49 
23 

TABLE 19-8. Procedures Preceding 
Curietherapy in 571 Intracranial Lesions 

Procedure 

Shunt 
Partial resection 
External irradiation 

Without histology 
Open biopsy 

No. of Cases 

335 
196 
163 
98 
63 

TABLE 19-9. Mean Implantation Radius in Interstitially Irradiated Cerebral Gliomas 

Iodine-125 Iridium-192 

Mean Mean 
No. of Implantation No. of Implantation 

Tumor Grade Cases Radius SE (mm) Cases Radius SE (mm) 

Astrocytoma I 67 13.2 0045 59 14.6 0.7 
Astrocytoma II 106 13.5 0040 91 15.2 0.5 
Astrocytoma III 44 15.6 0.53 23 1804 0.8 
Oligodendroglioma II 11 15.0 1.60 21 15.3 0.96 
Glioblastoma 20 16.1 0.85 15 19.7 1.0 

SE = standard error. 
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TABLE 19-10. Life Expectancy of Patients with Low-Grade Gliomas Who 
Underwent Interstitial Irradiation Compared with Those Who Had Biopsies Only' 

Iodine-125 
Iridium-192 
Biopsy only 
Iodine-125 
Iridium-192 
Biopsy only 

• As of June 1985. 

Tumor 
Type 

Astrocytoma 
Astrocytoma 
Astrocytoma 
Astrocytoma 
Astrocytoma 
Astrocytoma 

Grade 

II 
II 
II 

No. of 
Cases 1 Year 

67 95 
59 94 
79 73 

106 87 
91 86 

196 86 

Percentage of Cases Surviving at 

3 Years 5 Years 10 Years 

70 55 
86 78 61 
49 45 21 
31 28 
45 31 26 
17 6 0 

TABLE 19-11. Complications After Stereotactic Biopsies of 1,551 Tumors' 

Transient Persistent 

No. of 
Complication Cases Percentage 

No. of 
Cases Percentage 

Hemorrhage 21 1.3 
Paresis 17 1.1 

Aphasia 9 0.6 
Seizure 32 2.1 

• Through June 1985. 

postoperative CT scans revealed a significant 
reduction in tumor volume in approximately 
half of the patients. Tumor configuration was 
unchanged in 16%; further tumor growth was 
seen in nearly 30%. 

The survival probability of patients with 
grades I and II astrocytomas who were treated 
with interstitial radionuclide therapy was com
pared with those who underwent biopsy only 
(table 19-10). Fifty-five percent of patients 
with grade I astrocytomas were alive five years 
after implantation of 1251 seeds. For those 
treated with 1921r, the figure was 78%. On the 
other hand, the survival probability of patients 
with grade I astrocytomas who had biopsies 
alone was only 45%. The difference between 
groups of patients with grade II fibrillary astro
cytomas were even more evident. In the group 
treated with 1251, the probability of surviving 
for five years was 28%; in the group treated 
with 1921r, 31%. For patients who underwent 
biopsy alone, the rate did not exceed 6%. 

Complications (table 19-11) were cate
gorized as either a direct result of surgical 

15 
11 

7 
8 

1.0 
0.7 
0.5 
0.5 

intervention (i.e., the taking of tissue) or 
caused by radiation. Temporary neurological 
deterioration resulting from surgery was 
observed in approximately 5% of the patients; 
small intracerebral hemorrhage was the most 
frequent cause. Twenty patients (1.3 %) died 
within seven days of surgery. 

Discussion 
Not all deep-seated and otherwise inoperable 
brain tumors located in functionally important 
areas are suitable for interstitial radiotherapy. 
As a general principle, operable extra-axial 
tumors, such as epidermoid cysts or mening
iomas, should have open surgery. Well-defined 
intra-axial tumors with a radius not exceeding 
40 mm can benefit from interstitial irradiation. 
For low-dose Curietherapy, that is, permanent 
implantation of 1251 or 1921r sources, histolog
ical findings should suggest slow tumor 
growth; radiosensitivity to external irradiation 
should be considered low to moderate. High
dose afterloaded brachy-Curietherapy, defined 
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FIGURE 19-4. This 3 V2-year-old patient had a grade I pilocytic astrocytoma with a large cyst, which occupied 
the cerebellar vermis. (Left) A CT scan before Curietherapy demonstrated a 4-cm superior brain-stem tumor 
with intense contrast enhancement. (Right) A CT scan was performed 11 months after 1251 Curietherapy and 
stereotactic crst implantation with a catheter and reservoir. Three consecutive cyst aspirations were per
formed. The 251 sources are seen in the center of the tumor. The basal cisterns have reopened and cerebellar 
sulci can be recognized. The tumor no longer is evident. These findings were associated with dramatic clinical 
improvement and good physical development. 

as temporary implantation of radionuclides, 
should be used for malignant or recurrent 
tumors. 

For grade I or II astrocytomas, permanent 
radionuclide implantation is indicated. For 
high-grade tumors, such as anaplastic astro
cytomas, permanent interstitial implantation 
should be performed only if the tumor is local
ized, small, and solid. In these instances, addi
tional external beam irradiation must accom
pany permanent implantation (Curietherapy); 
in the case of a tumor resection, it must be 
combined with brachy-Curietherapy); if ger
minomas or primitive neuroectodermal tumors 
are identified histologically, external beam irra
diation of the neuroaxis is indicated. In the case 
of a recurrent tumor, low-dose Curietherapy is 
indicated. The results and clinical indications 
of malignant tumors treated with brachy
Curietherapy are reported elsewhere [43, 51, 
54, 56, 62, 69]. Radiotherapeutical measures, 
external or internal, should not be undertaken 
without decisive histological findings. As early 
as 1932, Cushing strongly endorsed this view
point when he spoke of taking "a therapeutic 
shot in the dark so long as the tumor's precise 
histological type is unknown" [13]. Reports in 

world-wide scientific literature reveal that until 
recently only about 35% of externally irradi
ated tumors have been histologically deter
mined on the basis of an exploratory craniot
omy [20, 36, 88, 98]. The literature also 
shows that total or partial resection of deep
seated tumors results in a 25% mortality rate 
[21, 84]. When compared to our mortality rate 
in this series of stereotactic operations, 0.9%, 
we consider exploratory craniotomy to be a 
method of limited appropriateness. 

The favorable effects of interstitial Curie
therapy on low-grade tumors are particularly 
evident in patients with pilocytic astrocytomas 
(figure 19-4). Fifty-five percent of patients 
with astrocytomas who received 1251 imRlanta
dons and 78% of those treated with 19 Ir sur
vived for five years after therapy, whereas only 
45% who did not undergo therapy survived 
the fifth year. In cases of fibrillary astrocyto
mas, probability of survival is lower: 28% of 
patients implanted with 1251 and 31 % of those 
treated with 192Ir lived another five years 
(figure 19-5). Only 5% of patients not irradi
ated reached the five-year mark. 

In addition to this distinct increase in the 
probability of five-year survival, Curietherapy 
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FIGURE 19-5. CT scans of a 43-year-old woman with a grade-II protoplasmic astrocytoma. She had open 
resection of a cystic tumor in 1963 and intraoperative implantation of tantalum-182. A recurrence prompted 
permanent implantation of 192Ir in November 1978 and insertion of a catheter for possible drainage. (Left) CT 
image immediately after 192Ir implant. (Right) CT image six years after 192Ir implantation, 21 years following 
combined operative resection and interstitial Curietherapy. On the left is a parieto-occipital hypo dense 
display of glial changes, presumably a result of irradiation. Occipitally near the posterior horn are numerous 
metallic artifacts caused by the radioactive implants. The ventricular system is symmetrical; the lateral fissure 
on the left is somewhat wider than on the right (shrinkage). With the exception of a homonymous 
hemianopia, the patient has no neurological symptoms. She was since given birth to a healthy child. 

also often leads to improvement of neuro
logical deficits, accompanied by CT -defined 
shrinking of the tumor. The tumor volume at 
the time of stereotactic surgery or commence
ment of irradiation is clearly significant: 
tumors with a radius not exceeding 30 mm 
have the best results. 

We believe that our long-term results have 
shown the effectiveness of interstitial Curie
therapy and justified its continued use. 
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20. A ROBOTIC SYSTEM FOR 
STEREOTACTIC NEUROSURGERY 

Ronald F . Young 

The primary goal of stereotactic surgery is to 
reach a designated target within the brain safely 
and accurately, without directly visualizing the 
intended target [30]. To accomplish this, 
stereotactic systems have employed a frame, 
externally applied to the skull, which incorpo
rates one of several coordinate systems (e.g., 
Cartesian, polar, spherical) to guide a probe 
within the brain. In addition, a reference sys
tem has been used to correlate brain anatomy 
and stereotactic frame settings. The original 
Horsley-Clarke apparatus incorporated a 
Cartesian coordinate system correlated with 
skull landmarks, (i.e., the midsagittal plane, the 
external auditory meatus and the orbital meatal 
plane) [14). Variation in the relationship be
tween skull landmarks and brain anatomy pre
vented the Horsley-Clarke apparatus from 
being used in humans. 

Spiegel and Wycis suggested that brain 
targets could be localized by reference to the 
anatomy of the third ventricle, which was de
monstrated by contrast ventriculography [25-
27]. A number of atlases were then developed 
which related brain anatomy to certain refer
ence points about the third ventricle, notably 
the anterior and posterior commissures and the 
foramen of Monro [1, 22, 28, 29]. Develop
ments between 1950 and the mid-1970s pro
vided stereotactic frames of increasing sophis
tication and precision, but all relied on the 

I gratefully acknowledge the contribution of Dr. 
Roger A. Slater to the development of the robotic 
system described, and Mr. Sven Olsen and the Re
search Foundation of Memorial Medical Center, 
Long Beach, CA, for financial suppo~t of the sys
tem's development. I also thank Drs. William Wild, 
William Hyman, and Barry Ceverah for their sup
port. 

relationship between external frame settings 
and third-ventricular anatomy, demonstrated 
by conventional contrast ventriculography. 
Such techniques were reasonably accurate for 
attaining anatomical targets withilll normal 
brains. However, localizing pathological le
sions was difficult and depended on identifying 
the indirect effect of the lesion on the ventricu
lar anatomy. 

A major step in improving stereotactic 
surgery was the advent of computed tomog
raphic (CT) scanning. A number of stereotactic 
systems have been devised that correlate CT 
scan-identified targets to a stereotactic frame 
[4-7, 10, 12, 13, 17-24]. Such systems are 
excellent for stereotactic localization of patho
logical lesions but are less useful for identifica
tion of normal brain targets for several reasons. 
Most CT scanners do not provide sufficient 
resolution to identify normal brain targets 
(e.g., thalamic nuclei) with the precision re
quired for functional stereotactic surgery. To 
use CT scanning and standard stereotactic 
brain atlases, CT scan images in the anterior 
commissure (AC)-posterior commissure (PC) 
plane must be reoriented. Computer recon
struction of CT images in axial, coronal, and 
sagittal planes is then necessary, risking further 
reductions in resolution. Most currently avail
able CT stereotactic systems also require 
preoperative CT scanning and target calcula
tion outside of the operating room; thus, in
traoperative CT confirmation of the intended 
target is impossible. Consequently, if an in
tended target is not reached, whether for lesion 
biopsy or functional localization, stereotactic 
frame coordinates must be corrected empirical
ly. Finally, manual transfer of CT -generated 
frame coordinates to the stereotactic apparatus 
can be cumbersome and is a potential source of 

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

259 



260 II. MORPHOLOGICAL SURGERY: DIAGNOSIS AND TREATMENT 

error. At least one commercially available CT 
stereotactic system utilizes a simulator to 
confirm the accuracy of CT frame settings 
prior to probe insertion. 

An ideal CT -stereotactic system would per
mit intraoperative, real-time confirmation of 
the probe trajectory and final location [3]; 
rapid and accurate identification of the in
tended target; rapid calculation of CT coordi
nates and error-free transfer to the frame; com
puter display of the simulated probe trajectory 
in axial, coronal, and sagittal planes; and accu
rate attainment of the calculated target. 

A new stereotactic system, designed and 
built by Y. S. Kwoh and colleagues [16], pro
vides many of these features by combining 
three components: a dedicated CT-stereotactic 
operating suite with a permanently mounted 
CT scanner, custom-designed computer soft
ware, and a robotic system to replace the stan
dard stereotactic frame. 

Because the CT scanner is permanently 
mounted in the operating suite, all CT scan
ning for target localization, confirmation of 
probe trajectory, and final probe location can 
be performed there. The operating suite is con
nected to both the general operating theater 
and the radiology department. In a connected 
room, a cathrode ray tube (CRT) displaying 
CT scan data can be seen directly from the 
operating suite via two-way glass. Thus, the 
patient and the CT scan data can be observed 
simultaneously. 

Custom-designed computer software digests 
the CT scan data and the intended target loca
tion, which is identified by a cursor on the 
CRT, and generates robotic coordinates to in
dicate the target. These coordinates, in the 
form of arc angles, are transmitted directly to 
the robotic system. 

General Description 
of Robotics 
Before considering the robotic system we have 
used, a brief general description of the science 
of robotics may be useful. The English
language term robot is derived from the 
Czechoslovakian word robota, which translates 
simply to worker, but implies drudgery, servi
tude, or forced labor [9, 11]. The term 
apparently was used first by Karel Capek in 
1920 in a science-fiction play entitled R. U. R. 
(Rossum's Universal Robots) [8]. In the play, 

an artificial substitute for human beings was 
designed, which eliminated human failings and 
incorporated maximum efficiency. 

A clear definition of robot is difficult. Webs
ter's Dictionary defines it as "(1) a machine in 
the form of a human being but lacking sensitiv
ity, (2) an automatic apparatus or device that 
performs functions ordinarily ascribed to hu
man beings or operates with what appears to 
be almost human intelligence, (3) a mechanism 
guided by automatic controls." The Robotics 
Institute of America defines a robot as "a 
reprogrammable, multifunctional manipulator 
designed to move material, parts, tools, or spe
cialized devices through variable programmed 
motions for the performance of a variety of 
tasks." 

The author Isaac Asimov offered "The Three 
Laws of Robotics," which are now well 
accepted [2]: (1) A robot may not injure a 
human being, or, through inaction, allow a hu
man being to come to harm. (2) A robot must 
obey the orders given to it by human beings 
except when such orders would conflict with 
the First Law. (3) A robot must protect its own 
existence as long as such protection does not 
conflict with the First or Second Law. 
Although these laws of robotics were con
structed in a milieu of science fiction, they are 
clearly applicable to the use of robotics in 
stereotactic surgery. Most robotics applications 
have been in the industrial setting to perform 
repetitious activity, such as automobile assem
bly, or to function in settings that might be 
hazardous to human beings, such as handling 
radioactive materials or dangerous chemicals. 

Selection of a Robot for 
Stereotactic Surgery 
In selecting a robot for a stereotactic appli
cation, a variety of general characteristics 
were considered. Ideally, a stereotactic system 
should allow access to all areas of the head for 
maximum freedom of trajectories to a desired 
target, and it should have a reach that allows it 
to support the probe without obstructing the 
surgeon's access to the patient. The robot must 
be solid enough to provide a stable probe 
trajectory, and it should incorporate sufficient 
safety features to prevent damage from mal
function. The robotic system should be reliably 
failure-free during surgical procedures and 
should be relatively small and portable. 
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FIGURE 20-1. Diagram of robot used in stereotactic 
neurosurgery. (Reprinted by permission from Robo
tics Age, June 1985, copyright © 1985 Robotics 
Age, Inc., 174 Concord St., Peterborough, NH 
03458.) 

The robotic system we used initially was the 
Unimate Puma Mark II 200, which has been 
updated with the Unimate Puma 260 robot 
(Unimation Inc., Danbury, CT). This system, 
designed by Y. S. Kwoh and colleagues [16], 
incorporates a six-jointed, permanent-magnet, 
servocontrolled, motorized robotic arm (figure 
20-1). In each joint, a revolute coordinate sys
tem with a wide range of angular movements 
allows maximum flexibility and smooth move
ments (figure 20-2). All servomotors contain 
optical incremental encoders, which provide 
position and velocity feedback to the robotic 
servosystem. The first three joints (waist, 
shoulder, and elbow joints, respectively) have 
electromagnetic brakes. The robot is mounted 
on an external support that allows it to be 
positioned in multiple locations in relation to 
the patient. To provide a constant relationship 
between the patient and the robot base, the 
base mount is attached to a head ring fixed to 
the head by skeletal fixation pins. The head 
ring currently used is plastic, modified from 
a base ring used on a previously designed 
prototype CT stereotactic frame. A custom
designed probe holder attached to joint six of 
the robotic arm allows for fine adjustment of 
the probe position via a screw vernier central 
bushing (figure 20-3). Robotic positioning is 
controlled by an attached Data General Eclipse 

PUMA Robot 
Robot Arm 
Axes 
Clearance Required 

Weight 
Drive 
Maximum Inertia Load 
(including Gripper) 

Position Repeatability 

Tool Velocity 

Software Movement limits 
Waist-Joint 1 
Shoulder-Joint 2 
Elbow-Joint 3 
Wrist-Joint 4 
Wrist-Joint 5 
Wrist-Joint 6 

Six revolute axes 
Spherical volume with 
shoulder at center: 
0.47 m (18.5 in.) radius 
to hand mount flange. 
129 N (29 Ib) 
Electric DC servomotor 
Wrist rotation (J4) NOT 

exceed to in,ol·seC' 
Wrist Bend (J5) NOT 

exceed t8 in,ol·sec' 
Flange Rotation (J6) NOT 

exceed 0.5 in,ol·sec' 
±0.05mm (±0.OO2 in.) 
within primary work 
envelope 
to m/s (3.3 fps) max· 
imum (with maximum 
load within primary work 
envelope) 

-184 to 124 (308 degree) 
- 247 to 67 (314 degree) 
- 56 to 236 (292 degree) 
- 223 to 355 (578 degree) 
-122 to 122 (244 degree) 
- 222 to 312 (534 degree) 

FIGURE 20-2. Functional capabilities of Puma 200 
Robot. (Reprinted by permission from Robotics 
Age, June 1985, copyright © 1985 Robotics Age, 
Inc., 174 Concord St., Peterborough, NH 03458.) 

FIGURE 20-3. Robotic "hand" designed to accept 
various probes via a central bushing with screw ver
nier adjustment of probe depth. (Reprinted by per
mission from Robotics Age, June 1985, copyright © 
1985 Robotics Age, Inc., 174 Concord St., Peterbor
ough, NH 03458.) 

(DEC) LSI-II minicomputer. The computer 
controller contains digital and analog circuits 
to control each robot joint and its power sup
ply. The robot control computer is designed 
for robot control only and lacks the software 
necessary for stereotactic computation from 
CT -generated target identification. A host 
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A 

FIGURE 20-4. The robotic stereotactic system with simulated head. The electric drill is passed though the 
robotic "hand" on the predetermined trajectory toward the target, which ensures that a small cranial opening 
will be placed exactly (A). The robotic stereotactic system attached to a patient (B). 

computer, a DEC 11/34 minicomputer, com
municates with the LSI-II robot-control com
puter via an RS-232 link. The surgeon interacts 
with the host computer via the stereotactic 
software developed for that purpose. 

The Robotic System in Operation 
After local anesthetic infiltration, the patient's 
head is attached to the head ring with four 
plastic pins advanced through the scalp. 
Although usually positioned supine, patients 
may be placed in a lateral, prone, or any in
termediate position (figure 20-4), depending 
on location of the intended target. Three plastic 
N-shaped locaters mounted on the head ring 
allow identification of the axial position (Z 
coordinate) of the desired target on the CT
scan images. The patient and attached head ring 
and N locater are advanced into the gantry of 

the CT scanner for preliminary imaging. The 
CT image demonstrating the desired target is 
viewed on the CRT screen, and the target is 
marked with a cursor. The robot is attached to 
the head ring in a position most convenient 
given the target location, intended trajectory, 
and position of the surgeon. The surgeon 
selects an approximate trajectory that will 
avoid functionally important regions of the 
brain and important vascular structures. The 
exact trajectory is then determined by the host 
computer, and appropriate commands are sent 
to the robotic servomotors for determination 
of the final position. For a lesion biopsy, a 
S-mm electric drill is passed through the 
bushing of the probe holder to perforate the 
skull in the intended trajectory. A lesion bi
opsy is obtained with a lS-gauge biopsy needle 
(figure 20-5). Currently, the probe length 
necessary to reach the target along the intended 
trajectory is calculated by computer, but 
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B 
FIGURE 20-4. (cont.) 

manually transferred to the probe by the 
surgeon, who then inserts the probe via the 
bushing in the probe holder (figure 20-6). In 
future development, we plan to attach the 
probe directly to the probe holder and accom
plish insertion by robotic movement. For 
insertion of larger biopsy instruments, endo
scopes and stimulating or recording electrodes, 
the twist drill is used to mark the center of the 
intended cranial opening, and a burr hole, 
trephine, or other suitable opening is created. 
The robotic arm is moved in and out of the 
surgeon's working area in seconds by the 
computer-controlled robotic motors, allowing 
unobstructed surgical manipulation. In its cur
rent form, the robotic system is capable of 
O.OS-mm accuracy in finding or returning to a 
preprogrammed target. 

Advantages of Robotic 
Stereotactic Surgery 
The robotic stereotactic system described here 
offers several advantages over standard CT 
stereotactic systems. Human errors in transfer
ring calculations to frame settings are elimin
ated. Adjustments in probe trajectory can be 
accomplished easily by manually activated, 
push-button-controlled robotic movements. 
There are no restrictions in access or proximity 
to the patient's skull, which can occur when 
standard arc systems are used for patients with 
large or small skulls. The six-jointed system 
affords nearly unlimited access angles, so that 
the skull and brain can be approached easily 
from any direction. Finally, the robotic guide 
system can be moved in and out of the opera-
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FIGURE 20-5. A biopsy probe is passed through the robotic "hand" on a trajectory predetermined by CT 
scan and computer-driven robotic positioning. 

tive field with ease, permitting probe guidance 
when desired, yet always providing the 
surgeon unobstructed access to the patient. 
These advantages may be relatively minor, but 
potential uses of such a robotic system are 
exciting. 

The possibility of truly "remote-controlled" 
stereotactic neurosurgery exists with this sys
tem. For instance, with a patient in the robotic 
head ring and within the CT gantry, the 
surgeon could observe CT images in nearly real 
time on the monitoring CRT screen in the 
adjacent room, while robotic movements were 
simultaneously controlled. If the robot could 
be combined with suitable tissue-destructive 
instruments (e.g., mechanical, ultrasonic, or 
laser devices), lesions such as tumors, absces
ses, and hematomas might be removable by 
remote control [15]. Given the ability to moni
tor lesion removal at a distance by CT scan, the 
surgeon would avoid radiation exposure while 
retaining the ability to control, via robot, the 
movement of instruments within the brain. 

Such a system might allow removal of lesions 
in deep structures, such as the basal ganglia or 
brain stem, with relative safety. Hemostasis in 
deep structures could be a problem with such a 
technique, but CT observation should permit 
an accumulating hematoma to be observed and 
evacuated and the source of the hemorrhage 
controlled. 

Concerns 
Although the robotic system has some advan
tages over standard CT -stereotactic systems, it 
brings with it new problems. The robot can 
reach a desired target via an infinite number of 
trajectories. A path must be chosen for safety 
and convenience, and information transmitted 
to the robot to guide it along the selected path
way. Although it is possible to enter the neces
sary environmental-contour data into the com
puter for trajectory selection, at present such a 
technique is considered too time-consuming. 
Alternatively, all brakes and motors are inacti-
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FIGURE 20-6. A biopsy specimen is obtained by aspiration. Depth of probe placement IS computer
calculated but manually regulated by a movable collar. 

vated, enabling the robot to move freely in all 
directions; the robotic arm is then directed 
manually toward the approximate trajectory. 
If computer-controlled robotic movements 
appear to endanger the patient or the surgeon, 
the robot can be stopped by a "panic button" 
on a manual-control unit attached to the robot. 

Summary 
As with other new technologies, both neuro
surgeons and patients may have reservations 
about the safety and efficacy of a robotic sys
tem. Capek, in his play, and numerous other 
writers have instilled in many the fear of robot 
control supplanting human control. In the 
robotic stereotactic system described in this 
chapter, all aspects of system function are 
under human directon, as are all decisions con
cerning the use of the system. The robot sys
tem operates only when given directions by a 
human being. The robotic system was created 
to harness the useful features of CT scanning, 

computers, and the robot (i.e., rapid and accu
rate data collection; error-free computation; 
and flexible, reproducible, and extremely pre
cise conversion of calculations into mechanical 
movements). The system we have described is 
an initial attempt to apply robotic techniques 
to neurosurgery. It seems likely that future 
developments will further refine and expand 
t~e use of robotics in neurosurgery and medi
Cine. 
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21. MESENCEPHALOTOMY AND 
THALAMOTOMY FOR 

CHRONIC PAIN 

Lauri V. Laitinen 

Soon after the introduction of human stereo
tactic neurosurgery by Spiegel and Wycis in 
1947 [14], attempts were made to treat chronic 
intractable pain by making stereotactic lesions 
in the thalamus or mesencephalon [4, 13, 20]. 
At the mesencephalic level, the intent was to 
interrupt the quintothalamic or spinothalamic 
pain-conducting pathways. At the thalamic 
level the surgeon aimed at cutting these path
ways at their entrance point into the thalamus 
(limitans nucleus) or in the specific sensory 
nuclei ventral posteromedial [VPM] or ventral 
posterolateral [VPL]. Alternatively, surgeons 
attempted to influence pain mechanisms by 
making lesions in the nonspecific nuclei (cen
tromedian [eM], intralaminar, dorsomedial 
[DM], parafascicularis, and pulvinar). In this 
chapter these surgical procedures and their cli
nical importance among current neurosurgical 
techniques will be discussed. 

M esencephalotomy 
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In 1950, Wycis and co-workers reported on a 
patient who developed facial pain after a retro
gasserian rhizotomy [20]; this patient had 
undergone quintothalamic mesencephalotomy 
in 1947 and had remained completely pain-free 
for more than four years. Three years later, 
these authors described five additional patients, 
all of whom had suffered from long-lasting 
facial neuralgias resistant to retrogasserian 
rhizotomies [13]. Two of these patients also 
had unsuccessful frontal lobotomies. The 
mesencephalic lesions were produced by elec
trocoagulation in the quinto thalamic tract ven
tral to the posterior commissure and 5-8 mm 
lateral to the midline (figure 21-1). In three 

FIGURE 21-1. Anteroposterior (A) and lateral (B) 
demonstration of the coordinates for mesen~ 
cephalotomy (thin continuous circle), centromedian 
thalamotomy (dotted circle) and pulvinotomy (thick 
continuous circle) of seven researchers. 
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patients, additional lesions were produced in 
the DM nucleus. One patient with bilateral 
pain had undergone bilateral mesencephalo
tomy. Postoperatively, all patients had contra
lateral hemihypalgesia, hemianalgesia, and 
hemithermoanesthesia. One patient remained 
free from pain for more than nine months, and 
another for three years before pain returned. In 
a third patient, pain returned after four 
months. In the remaining two patients, initial 
pain relief was described, but the follow-up 
time was short. Spiegel and Wycis documented 
several side effects including universal post
operative drowsiness and confusion. Other side 
effects included a slight tactile hypesthesia, 
contralateral hemiparesis, tinnitus and hypo
acusis, diplopia, and a loss of taste for sweet 
and salty substances (in a patient with bilateral 
lesions). 

In 1969, N ashold and colleagues reported on 
the effects of mesencephalotomy performed in 
15 patients who suffered from phantom limb 
pain or central dysesthesias [7]. The lesions 
were placed close to the target described by 
Wycis and associates [20], i.e., 1-5 mm caudal 
to the posterior commissure, 3-5 mm lateral to 
the midline (see figure 21-1). Two of five pa
tients with phantom limb pain obtained com
plete pain relief, but three failed to improve at 
all. One patient with causalgia after a brachial 
avulsion injury had complete pain relief. The 
follow-up time in these patients was between 9 
and 24 months. Of the nine patients with cen
tral dysesthesias, five had complete pain relief, 
two had partial relief, and two were not im
proved. The follow-up time for this group 
ranged between 3 and 30 months. In summary, 
78% of the patients experienced complete or 
partial pain relief during the relatively short 
follow-up period reported. 

Side effects were frequent: all 15 patients 
showed permanent loss of conjugate upward 
gaze, 13 had retractory nystagmus, eight had 
new dysesthesias, seven suffered diplopia, six 
had transitory loss of conjugate downward 
gaze, four were deeply depressed, two had 
hemiparesis, and one had tremor and involun
tary movements in the contralateral extremi
ties. 

Amano and co-workers performed "rostral 
mesencephalic reticulotomy" in 15 patients 
who suffered from chronic intractable pain [1]. 
The lesion site was similar to that reported by 
Nashold and colleagues [7] (1-4 mm posterior 

to the anterior margin of the posterior commis
sure, 5-8 mm below the level of the inter
commissural line, and 5-8 mm lateral to the 
midline; (see figure 21-1). A frontal approach 
similar to that employed by Nashold and 
associates [7] was used. Amano and co-workers 
stressed that the lesions should be very small to 
prevent conjugate upward-gaze pareses [1]. 

Whisler and Voris reported on mesencepha
lotomy in 40 patients with chronic pain [18]. 
Their target was 5 mm behind the posterior 
commissure, 3.5-5 mm below it and 4-5 mm 
lateral to the midline (see figure 21-1). Ninety
two percent of the patients were reported to 
be relieved of pain until their deaths. In one 
patient, the pain recurred nine months after 
surgery. Morbidity was described as low, even 
in far-advanced cancer cases, but few details are 
available. Head and neck pain responded best 
to these lesions, which presumably interrupted 
the quinto thalamic tract. 

To avoid the frequent ocular complications 
of the mesencephalotomy, we placed the lesion 
more rostrally in the brain stem, i.e., the limi
tans nucleus of the thalamus (see figure 21-1). 
Nineteen patients underwent surgery using this 
target in the early 1960s. Six patients suffered 
from cancer pain, five from postherpetic 
neuralgia, three from low back pain, two from 
thalamic pain, two from phantom limb pain, 
and one from paraplegic pain. This last patient 
underwent bilateral surgery. The final lesion 
site was determined by electrical stimulation 
and somatosensory evoked response (SSER) 
recordings. Stimulation of the quintothalamic 
and spinothalamic tracts or nuclei yielded a 
low-threshold warmth response that gradually 
became hot and painful as the stimulus inten
sity was increased. Gradually electrocoagula
tion resulted in dense analgesia and thermal 
anesthesia in the painful part of the body. The 
lesion seldom exceeded 5 mm in diameter. Five 
of 19 patients (26%) had long-lasting pain re
lief during the follow-up period of three years. 
Ten patients (53%) had side effects, including 
dysesthesias (eight patients), proprioceptive 
deficits (three), diplopia (two), a loss of 
conjugate upward gaze (two), hemihyperhidro
sis (one), loss of taste (one), and arthralgia 
(one). 

We believe that mesencephalotomy of the 
limitans nucleus area is potentially beneficial 
on.ly in the treatment of patients with cancer 
pam. 
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Thalamotomy 
Stereotactic thalamotomy was performed ex
tensively in the early years of human stereo
taxis. Lesion sites included the specific sensory 
relay nuclei (VPM, VPL) and the nonspecific 
nuclei that were believed to involve the paleo
spinothalamicp~in pathways or th~)Ught to 
modify the emotional response to pam. These 
targets included the CM, the intralaminar nu
clei, the parafascicular nuclei, the pul~inar, t~e 
DM nucleus, and the anterior thalamic nuclei. 

Hecaen and colleagues were the first ~o use 
thalamotomy in the treatment of intractab~e 
pain [4]. In 1949, these authors reported on SiX 
patients: three had lesions in the CM and. the 
anterior part of the VPM, two had combmed 
lesions in the CM and the DM nucleus, and 
one had a CM lesion only. Five patients suf
fered from central pain syndrome and one 
from a postherpetic neuralgia. One patient died 
two weeks after surgery, but five were relieved 
of their pain for more than two months. The 
extent of pain perception lost varied consider
ably, but no side effects were reported. 

White and Sweet described in detail 38 
patients who underwent thalamotomy within 
the VPM, VPL, the nucleus parafascicularis, 
the DM, the ventral anterior nucleus, the CM 
nucleus, or the pulvinar [19]. Lesions in the 
specific nuclei VPM-VPL resulted in good or 
fair pain relief in 19 of 22 patients (86%). Seven 
of eight patients who had parafascicular lesions 
showed good or fair relief. Two of three pa
tients with DM lesions obtained good pain re
lief. Two patients died soon after surgery; few 
side effects were observed (three patients had 
speech deficits, mild thalamic syndrome, or 
confusion). 

CENTROMEDIAN THALAMOTOMY 
At the Second International Symposium on 
Stereoencephalotomy in Vienna in 1965 Fair
man discussed 30 cancer patients with intract
able pain, all of whom had lesions performed 
in the CM and intralaminar nuclei [3]. The 
target coordinates were not reported. Fairman 
hypothesized that the lesions interrupted "the 
unmyelinated fibers ?f the no~specific .poly
synaptic system of pam conductiOn, that is, the 
older fibers of the multisynaptic ascending sys
tem (MAS)." Satisfactory pain relief lasting for 
the rest of life (three weeks to one year) was 
achieved in 90% of the patients, whereas in 

10% the pain returned soon after surge11:. No 
sensory deficits were observed postoperatively. 
No side effects were reported. 

An open transventricular appro.ach was. ~sed 
to divide the intralaminar thalamic nuclei m a 
patient described hy Sano and colleagues [11]. 
The posterior half of the internal medullary 
lamina was cut and coagulated; the depth of 
the incision was approximately 15-20 mm. Be
cause the beneficial effects of this open surgery 
lasted for at least 2V2 years, these surgeons 
performed stereotactic lesions of the intralami
nar nuclei on ten patients, including S$!ven who 
had bilateral surgery. Eight patients had good 
pain relief during follow-up periods ranging 
from one to 30 months. Aside from a transient 
stupor, no other side effects were reported. 

In 1966 Watkins described the results of CM 
thalamotomy in 25 patients who had chron!c 
pain [17]. Unilateral surgery was performed m 
19 patients and bilateral surge.ry in six. Co~
plete pain relief was reported m 16 a~d partial 
relief in six. Thus 88% of the patients had 
significant benefit. No serious complications 
were observed. 

In the early 1960s, Laitinen performed CM 
thalamotomy in six patients, four of whom 
suffered from trigeminal deafferentation 
neuralgia and two of whom had central pain 
after strokes. Small lesions in the central area of 
the CM nucleus resulted in clinical improve
ment in fbur cases from six to 24 months. 
However, two patients had incomplete pain 
relief, and one had transient hemihypesthesia 
and loss of conjugate upward gaze, a feature 
that indicates posterior extension of the l¢sion. 

Niizuma and associates carried out CM thal
amatomy on 18 patients with central pain of 
cerebrova~~ular origin [8]. Their target was 
7.5-11 mm posterior to the midcommissural 
point, 2 mm above to 1 mm below the inter
commissural line, and 5.5-10 mm lateral to the 
midline (see figure 21-1). Fifteen patients had 
unilateral lesions, and three had bilateral le
sions. The postoperative follow-up ranged 
from nine to 72 months. During that period, 
four patients died from recurrent strokes. In 
this study a good clinical result was obtained in 
only 56% of the patients. Because the ,pain 
often recurred within six months, these authors 
were pessiinistic about the value of CM thala
motomy. The size of the lesions was not spec
ified. 

More recently, CM thalamotomy has been 
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performed in five patients suffering from in
tractable pain at our center. Three had central 
pain of cerebrovascular origin, and two had 
trigeminal deafferentation pain. The target was 
8 mm behind the midcommissural point, 4 mm 
above the intercommissural line, and 9 mm 
from the midline (see figure 21-1). The size 
and the site of the lesions were confirmed with 
a postoperative computed tomography (CT) 
scan. The electrocoagulation lesions ranged 
from 6-8 mm in diameter (figure 21-2). Elec
trical stimulation of the CM nucleus prior to 
coagulation elicited a high-threshold response 
consisting of a subjective sensation of vibration 
in the contralateral arm. In all five patients, 
electrocoagulation resulted in immediate aboli
tion of pain and no side effects were observed. 
The postoperative follow-up ranged from 8~ 18 
months, and no pain recurred. 

We believe that CM thalamotomy remains 
an effective method to treat chronic pain of 
both benign and malignant origin, although the 
lesion must be large enough to destroy most of 
the nucleus. Side effects are very rare. 

PUL VINOTOMY 
Both Richardson [9, 10] and Yoshii and co
workers [21] have reported that lesions of the 
anterior pulvinar nucleus are effective in the 
treatment of chronic pain. The immediate 
effect of surgery generally was good, but pain 
tended to return so that two and one-half years 
later, only 25% of the patients continued to be 
pain-free. 

In an earlier personal series (reported in 
1977), 31 of 41 patients (76%) who had lesions 
in the anterior pulvinar were initially pain-free 
or improved [6]. The best results were achieved 
in patients with cancer pain and postherpetic 
neuralgia. Side effects were observed in six pa
tients who had large medial and lateral pulvi
notomies. An elderly man with phantom limb 
pain was confused for three days after surgery. 
Another patient had a feeling of numbness and 
heaviness in the contralateral thigh associated 
with hyperactive deep tendon reflexes. The 
cutaneous and the joint position senses were 
normal. Two additional patients had pro
prioceptive deficits. In one patient with a 
peripheral neuralgia following severe. brain 
contusion and multiple injuries, diplopia was 
observed postoperatively. The sixth patient 
developed dysphasia after a large lesion in tpe 

left pulvinar. She had previously had a cancer 
metastasis in the left parieto-occipital lobe. 

The follow-up time ranged from two to 52 
months (mean 29 months). Two cancer patients 
died after pulvinotomy (one two months later, 
the other after 13 months), but both remained 
pain-free until death. Twenty-one patients 
(54%) remained pain-free, whereas 46% re
ported that pain returned to the preoperative 
level or was minimally improved. Fifty percent 
of the patients had medial anterior pulvinot
omy (10.5 mm lateral to the midline), and the 
rest had an additional lateral lesion (16 mm 
lateral to the midline). The other pulvinar 
coordinates were 3 mm behind the anterior 
margin of the posterior commissure and 5 mm 
above the level of the intercommissural line 
(see figure 21-1). 

In 1980, Y oshii and associates described 42 
patients who underwent lateral pulvinotomy 
[22]. The target site was 15-18 mm lateral to 
the midline, 5 mm behind the posterior com
missure, and 4 mm above the level of the inter
commissural line (see figure 21-1). The lesions 
were much smaller than those of Laitinen (2-4 
mm in diameter). Approximately 66% of their 
patients were pain-free or clearly improved one 
year after surgery. 

Recently, we performed medial pulvinotomy 
in six cases. Two patients suffered from a bra
chial avulsion neuralgia and the others from 
pain associated with tabetic crises, facial deaf
ferentation, thoracic zoster, or paraplegia. The 
target was defined by CT, which showed that 
the posterior margin of the pulvinar varied 
greatly among patients. In the first case, we 
found that the posterior commissure was at the 
same anteroposterior level as the most pos
terior part of the pulvinar; if the target had been 
determined using ventriculography, the elec
trode would have been in the cerebrospinal 
fluid (CSF) (figure 21-3). According to the 
atlas of Talairach and colleagues [15], the 
length of the pulvinar varies from 8-14 mm. 
Brierley and Beck studied the relation of 
radiological landmarks, e.g., the posterior com
missure and the intercommissural line to the 
thalamic nuclei, but could not find any con
stant relationship in either the anteroposterior 
or vertical plane [2]. These data confirm 
Laitinen's preliminary CT studies, which indi
cate that ventriculography cannot be used reli
ably to determine pulvinar coordinates. In fact, 
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FIGURE 21-2. Arrows point to a spherical lesion with a diameter of6 mm in the right centro median nucelus 
of a 68-year-old man with trigeminal deafferentation pain. The center of the lesion is 8 mm behind the 
mid commissural point, 4 mm above the intercommissural line, and 10 mm from the midline of the third 
ventricle. The patient remained pain-free seven months after surgery, and no side effects were observed. 
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FIGURE 21-3. Dotted line indicates the vertical plane, perpendicular to the intercom miss ural line and passing 
through the anterior margin of the posterior commissure. A planned pulvinar lesion (4 mm behind the 
anterior margin of the posterior commissure, 4 mm above the intercommissural line, and 15 mm lateral to 
the midline) instead would have been placed in the cisterna ambiens (arrows). 

it seems likely that some of the lesions per
formed earlier missed the pulvinar entirely and 
were instead in the cisterna ambiens. This may 
explain why some patients benefited from 
surgery and others did not. 

Four of our six most recent patients with 
deafferentation pain had good early results; 
one patient with tabetic crises and another with 

facial deafferentation pain did not improve. 
The latter patient first had a small lesion with 
no improvement, after which the lesion was 
enlarged in a medial direction (figure 21-4). 
Even then, his pain did not diminish. 

Pulvinotomy is often a very effective target 
for the stereotactic treatment of chronic pain. 
It may be as good as eM thalamotomy. The 
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FIGURE 21-4. Electrocoagulation lesion in the medial pulvinar of a 66-year-old man with trigeminal 
deafferentation pain. The most lateral part of a lesion made to destroy the medial pulvinar is 12 mm from the 
midline and extends from 2-7 mm above the intercommissuralline. Unfortunately, the pain returned two 
months after surgery. 
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recent use of CT scans or magnetic resonance 
imaging (MRI) to determine the pulvinar 
targets ensures that the lesions are placed cor
rectly. 

Assessment of Results 
Based on the studies discussed here, we believe 
that mesencephalotomy has no place in the 
treatment of chronic pain. The efficacy of this 
approach is no better than that of nonspecific 
thalamotomies, but side effects are more fre
quent and more serious. In contrast, non
specific thalamotomy in the CM-intralaminar 
nuclei is highly effective for chronic pain of 
both a malignant and a benign nature. The side 
effects are very rare. The lesions must be large 
enough to destroy most of the nucleus and a 
part of the intralaminar nuclei. 

Pulvinotomy may be as effective as CM 
thalamotomy. Because earlier ventriculogra
phy-based determination of the target may 
have been inaccurate, CT-MRI-guided local
ization should be used instead. Postoperative 
CT IMRI studies and careful analysis of the 
clinical results are necessary before the value of 
pulvinotomy can be assessed [16]. 

A few years ago, it seemed that electrical 
stimulation would replace ablative thalamo
tomies in the treatment of chronic pain. Some 
neurosurgeons who have extensive personal ex
perience with both techniques still believe this 
[12]. We believe that both methods must be 
kept in mind. Both have their advantages and 
short-comings, but we prefer chronic stimula
tion for young patients with deafferentation 
pain and ablative lesions for elderly patients 
with deafferentation and central pain and all 
patients with malignant pain. Many elderly 
patients, particularly those with cerebrovascular 
strokes, are unable to manage stimulators 
properly. 

Hitchcock has pointed out that, thus far, the 
literature does not reveal which of the two 
alternatives is superior [5]. He has also dis
cussed the expense of the stimulators, which 
makes their use prohibitive in many countries. 
We believe that ablative lesions remain a good 
alternative with persistent clinical value. 
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22. SPINAL AND PONTINE 
TRACTOTOMIES AND 

NUCLEOTOMIES 

Edward Hitchcock 

In stereotactic spinal surgery, a percutaneous 
electrode is directed to a cervical cord target via 
a stereotactic instrument fixed to the skull; the 
neck is in full flexion. It should not be con
fused with percutaneous cordotomies, which 
use simple aiming techniques, with or without 
micr.0!llanipulation, but which lack stereotactic 
preCISIOn. 

W oroschiloff described a device for making 
intraspinal lesions in 1874 [60], and Clarke 
made a spinal stereotactic apparatus, which he 
described in 1921 [9]. Both instruments re
quired open exposure of the cord. Nadvornik 
and co-workers constructed a similar device for 
making le~ions in the lumbosacral cord [41 J. 
Unfortunately, target identification by anatom
ical landmarks and evoked potentials is less 
reliable than identification by stimulation in 
the conscious patient. Rand and colleagues [47] 
used a stereotactic technique to place a cryo
probe via first cervical-second cervical (C1-2) 
interlaminar space against the anterior quad
rant. Independently, Crue [11] (1967) and 
Hitchcock [25] (1968) performed stereotactic 
radiofrequency cordotomies by a posterior 
route. Crue used the C l - 2 approach with the 
Todd -Wells apparatus; Hitchcock penetrated 
the atlanto-occipital space using a specially de
signed spinal stereotactic instrument. Crue 
selected a lateral coordinate 3-4 mm from the 
midline and penetrated the cord until the elec
trode struck the bone of the anterior canal. 

Cadaveric experiments and surgical observa-

I am grateful to Veronica Turner and to the Depart
ment of Photography, Sandwell District General 
Hospital, Birmingham, England, for aid in prepara
tion of this manuscript. 

tions have demonstrated the relative immobil
ity of the medulla and the first two cervical 
segments if the neck is fully flexed. Both lower 
cranial nerves and the large first dentate liga
ment contribute to this relative fixity. Addi
tionally, the cord diameter varies in different 
positions. In extension, it is compressed axially 
with transverse surface folds; in flexion, the 
cord's smooth outline is restored, the trans
verse diameter remains unchanged, but the 
anteroposterior (AP) diameter is reduced by 
20%. In conventional percutaneous cordot
omies, the spine is usually extended or semi
flexed, and the consequent distortion and 
increased mobility of the cord introduce addi
tional errors. For these reasons, stable condi
tions are best achieved by fully flexing the neck 
and maintaining this position by fixing the 
stereotactic instrument to the operating table. 
Although fixation is not perfect (a major prob
lem is cord distortion produced by rotation of 
the head on the odontoid), in practice, fixation 
is very satisfactory. 

A clear coronal cord outline is difficult to 
achieve, even when open-mouth views and 
water-soluble contrast medium are used, but 
the odontoid can be used confidently as the 
midline landmark. The lateral target is chosen 
in relation to the "equatorial line" on the sagit
tal cord outline or relative to the anterior or 
posterior cord borders if the targets (arm-area 
spinothalamic tract or trigeminal tract) are 
more closely related to one of them. Some 
distortion is almost inevitable because of the 
difficulty in penetrating the tough pia, even 
with very sharp electrodes. Posterior-anterior 
electrode penetration produces less distortion 
than the lateral approach, although adhesion 
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IV 

FIGURE 22-1. Diagram illustrates electrode 
penetration of the cervical cord by various 
approaches. I. Paramedial penetration with the cord 
stabilized by stretched dentate ligament and minim
al torsion. II. Lateral penetration with more torsion 
but cord stability accomplished by dentate stretch. 
III. Lateral equatorial penetration. Large torsion and 
poor fixation. IV. Lateral anterior penetration. Note 
large torsion and poor fixation. 

between the pia and the electrode can deflect 
the cord anteriorly, causing the original chosen 
target point to appear some millimeters short 
of a correct position. However, when a lateral 
lesion is desired, the posteroanterior approach 
can induce even greater distortion than results 
from the lateral approach (figure 22-1). 

The rapid, functional changes of fiber sys
tems within very short distances demand that 
the electrode holder be capable of fine adjust
ment (tenths of a millimeter) to permit recogni
tion of the electrode track. With the posterior 
approach, laterality is accurate within one 
millimeter. The depth may deviate up to 5 mm 

(average 2 mm), however, indicating cord dis
tortion and the need for electrophysiological 
recognition before placing a lesion. Because a 
particular response can result from stimulation 
of any of several different sites, repeated testing 
at various depths is essential for accurate recog
nition. 

In the brain, it is possible to identify the 
electrode track and the target with a fine re
cording electrode, which is then replaced with 
a lesion-making probe. In the cord, however, 
because of the infinitely greater difficulties of 
electrode penetration and passage, this tech
nique is unacceptable. The smaller confines of 
the cord require electrodes of smaller diameter 
than those used in the brain. Originally, fine 
tungsten-wire electrodes were used, which per
mitted the recording of evoked potentials. The 
temperature-monitoring electrode generally 
used today allows greater control during lesion 
production. The adhesion between the pia and 
the electrode can be partially overcome by 
rapid, almost complete, penetration of the cord 
followed by withdrawal of the electrode to the 
target point. In placing lateral cord lesions, the 
posterior approach may produce greater tor
sion than the lateral, but for lesions in the 
ante rome dial part of the cord (to produce 
upper-body analgesia), the posteroanterior 
approach is most suitable. The lateral approach 
should be reserved for lower-body analgesia. 

A major problem with this technique is that 
the exact positions of spinal cord tracts are 
ill-defined. Taren and co-workers [56] fur
nished gross measurements, and N advornik 
and associates [42] presented models for 
experimental lumbosacral spinal cord stereo
taxy. Zlatos and Cierny [61, 62] provided 
more detailed maps, but the exact location of 
the fiber tracts that make up the bulk of the 
cord is often disputed because of considerable 
variability among patients. As the results 
accumulate for lesion production after stimula
tion studies, the traditional concept of the spi
nothalamic fibers as simple laminated der
matomal layers is being replaced by a concept 
of more complex patterns. The general pattern 
of lower-body fibers lying posteriorly and 
upper-body fibers anteriorly has been con
firmed many times. It is also evident that a 
relatively large proportion of these fibers sup
ply functionally important areas, such as the 
hand. A "spinothalamic homunculus" and 
"posterior column homunculus" (figure 22-2) 
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FIGURE 22-2. Spinal cord homunculi. The autonomic fibers controlling respiration and micturition are close 
to associated spinothalamic fibers. 

were described [19, 24], and these concepts 
were supported by others [33, 50, 57). A sim
ple functional map of the high cervical cord 
helps in the recognition of electrode position 
and trajectory. Experience with the effect of 
open cordotomies indicates that the spinal 
pathways of respiration and micturition bear a 
somatotopic relationship to the spinothalamic 
tract. The respiratory fibers are closely related 
to the cervicothoracic fibers [26], and micturi
tion fibers lie close to the sacral fibers [27). 

Stimulation remains the most useful method 
of determining electrode position, because the 
patient'S reaction depends on the electrode 
track [19, 31]. When the cord is traversed by an 
electrode aiming for the spinothalamic tract, 
the patient commonly experiences a shock-like 
sensation in the ipsilateral arm or face as 
the fasciculus cuneatus or trigeminal tract is 
penetrated._Increased penetration and low
frequency stimulation produce movement in 
the ipsilateral arm or leg as the corticospinal 
tract is traversed with the electrode advanced 
further; spinothalamic tract stimulation at 50 
Hz produces an unpleasant or warm sensation 
in the contralateral arm or leg. A more medial 
approach elicits tingling, movement, or shock
like sensations in either leg as the electtode 
penetrates the fasciculus gracilis; if the elec
trode is close to the midline, increasing the 
voltage produces sensations in both legs. With 
deeper penetration, sensations are often experi
enced in the more distal portions of the leg and 
often in either arm, suggesting that the pos
terior columns are organized somatotopic ally 
with the distal extremity fibers located central-

ly. In the central portion of the cord, stimula
tion at low frequencies may provoke coughing 
or apnea, and at higher frequencies, nausea or 
truncal burning sensations. Central stimulation 
often causes an indescribable, but character
istic, unpleasant sensation that is widespread. 
The change from ipsilateral sensory responses 
to contralateral responses is usually very dis
tinct. 

An incremental radiofrequency lesion is 
made until acceptable anesthesia is achieved. 
Sensation and motor power are tested fre
quently to ensure that analgesia is adequate and 
that no paresis or incoordination occurs. Given 
a local anesthetic without premedication, pa
tients tolerate these procedures extremely well, 
but diazepam administered intravenously is 
useful in the apprehensive patient. Impedance 
measurements, initially good guides to cord 
contact, become unreliable because cerebro
spinal fluid (CSF) enters the needle track, 
lowering the impedance. The absolute values of 
impedance vary with the electrode size, but 
invariably we and others have found increases 
when passing from CSF to cord contact and a 
greater increase upon cord penetration. 

The major advantage of stereotactic spinal 
percutaneous procedures is the ability to make 
selective lesions with considerable accuracy. 
This is especially important in young patients 
for whom sensory disabilities in an uninvolved 
limb or autonomic disorders are serious risks. 
Stereotactic cordotomies result in fewer res
piratory or micturition tract injuries than do 
other percutaneous procedures. In patients 
with respiratory inadequacy, neither type of 
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procedure should be attempted. Stereotactic 
pontine tractotomy, mesencephalotomy, or 
some other procedure is recommended for 
these patients. 

Both percutaneous and stereotactic cordot
omies require cooperative and oriented pa
tients. Invasive cervical tumors and cervical 
spine deformity or infection are important con
traindications. 

Stereotactic Spinothalamic 
Tractotomy 
The technique for spinothalamic tractotomy 
is a modification of that used for all spinal 
stereotactic procedures. The patient is placed 
on the operating table in the sitting position. 
Three-point fixation is selected: the central 
anterior pin should be placed about 2 cm above 
the nasion; the two posterior pins, about 3 cm 
above and behind the ear. It is unnecessary to 
shave the patient's head for fixation, but small 
circles of skin should be shaved at the fixation 
points, which then are infiltrated with a local 
anesthetic. Facing the patient, the neuro
surgeon applies the frame and pushes the 
anterior pin through the skin and onto the 
frontal bone in the midline. The frame is held 
parallel to the interpupillary line while the 
posterior screws are fixed. The patient's neck 
then is put in full flexion, and the fixation 
pieces are secured to the operating table to 
maintain this position. It is important to ensure 
that the patient is seated squarely on the table 
and that the neck, trunk, and head are not 
rotated. Next, the whole operating table is 
tilted so that the stereotactic square is parallel 
to the floor, and the operative area is draped. A 
small area of skin at the nape of the neck is 
shaved. 

The L-grid is applied in the odontoid plane, 
which lies at the mastoid tip. An x-ray cassette 
is inserted in the posteriorly fixed cassette 
holder, and an open-mouth roentgenogram is 
taken at 3-4.5 mm. The odontoid is identified, 
and a line bisecting it is projected at right 
angles to the horizontal ruler, thus defining the 
lateral offset (figure 22-3). The L-grid then is 
applied posteriorly at that offset, which is now 
the odontoid midline. A cisternal puncture is 
made, a water-soluble contrast agent (2-3 ml) 
is injected, and a lateral radiograph is obtained. 

The target is chosen according to the analge
sic level required. Thus, the target will be 

anterior to the midpoint of the cord (equatorial 
line) and its medial or lateral extent will depend 
upon whether upper or lower body analgesia is 
required. Coordinates for upper body analgesia 
are 3 mm from the midline and 3-4 mm anter
ior to the equatorial line. Coordinates for low
er body analgesia are 5 mm from the midline 
and 1 mm anterior to the equatorial line. The 
target point is marked on the roentgenogram, 
and lines are drawn at right angles to the hori
zontal and vertical rulers to obtain X and Y 
coordinates (figure 22-4). 

The quadrant arc is fixed at the chosen coor
dinates, and the cistern is penetrated by the 
"split needle technique." This permits fixation 
of the distal needle in the apparatus and the 
free passage of the electrode within it. Because 
of the difficulty in penetrating the skin, a small 
entry incision should be made with the point 
of a scalpel. The split needle is advanced steadi
ly through the soft tissue of the neck until the 
cistern is penetrated. Removing the stylet 
allows the escape of CSF and confirms penetra
tion. Even within the rigid apparatus, penetra
tion of the cistern is detected as a sudden loss 
of resistance. When penetration is completed, 
the distal portion of the split needle is fixed in 
the extension piece, and the inner needle and 
proximal part of the split needle are removed. 
The electrode is fixed in the electrode holder 
once it has been confirmed that the electrode 
tip reaches the center of the arc. It is then 
carefully inserted into the distal split needle 
and steadily advanced with the micromanipula
tor until the impedance suddenly increases. 
This is usually associated with a sensation in 
the ipsilateral leg (medial tract) or in the face or 
the arm (lateral tract). The electrode then is 
withdrawn a few millimeters and then quickly 
advanced to penetrate the pia and a few milli
meters of the cord (figure 22-5). The patient 
usually complains of a sensation in the ipsi
lateral arm when the fasciculus cuneatus is 
penetrated. Stimulation is delivered at 2 Hz- to 
elicit motor responses and at 50 Hz for sensory 
responses. All of these responses are obtained 
with less than 1 V, although 2-3 Voccasional
ly are necessary to produce a response. As the 
corticospinal tract is stimulated, the -ipsilateral 
arm or leg contracts, and, with further penetra
tion, the patient complains of either a warm or 
unpleasant sensation in the contralateral limbs 
or trunk. When the target point is reached, a 
confirming roentgenogram should be obtained. 
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FIGURE 22-3. AP radiograph showing perpendicular projection through odontoid to horizontal ruler. 



284 III. FUNCTIONAL NEUROSURGERY 

FIGURE 22-4. Horizontal and vertical projections from C 1 cord target. 

Then the electrode is advanced or retracted 
according to the response to stimulation. A 
spinal atlas should be consulted regarding re
sponses to stimulation so that the structures 
traversed can be plotted. 

When a satisfactory response is obtained, a 
radiofrequency lesion is made incrementally 
while power, coordination, and sensory loss 
are monitored carefully. The patient's response 
at the time of initial cord penetration is impor
tant, as this entry point defines the trajectory. 
With this technique, it is sometimes clear that 
the cord has rotated and that the needle trajec
tory is directed away from the target. When 
that happens, the electrode should be removed, 
and the angle of insertion changed to take the 
rotation into account. A second insertion is 

quite permissible and often required, but, in 
general, it is wise to limit the number of inser
tions to three, as further improvement by re
positioning is unlikely. 

SPECIAL CONSIDERATIONS 
Bilateral cervical cordotomies are dangerous 
and should be avoided, even with stereotactic 
technique. In fact, severe respiratory impair
ment can occur after unilateral cordotomies, 
particularly with the high cervical lesions that 
are usually necessary for the arm or chest pain 
produced by such diseases as lung cancer [5]. 
In producing a contralateral spinothalamic le
sion, the adjacent respiratory fibers can be 
damaged as they pass to the ipsilateral intact 
respiratory apparatus. Although unaffected, the 
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FIGURE 22-5. The electrode is advanced through the distal split needle held in the extension collet. 

contralateral descending respiratory pathway 
may descend to an ineffective respiratory 
apparatus. In any case, a significant reduction 
of respiratory capacity is inevitable; and high 
cervical cordotomies should not be performed 
for any patient with a forced expiratory 
volume at one second of less than 1.5 1. Partial 
injury to these descending respiratory fibers 
will produce sleep apnea even in patients with 
normal bilateral respiratory function. Because 
the descending corticospinal voluntary path
ways are used, the patient can breathe with 
some difficulty when awake, but when drowsy 
or sleepy, the patient becomes apneic as a re
sult of the damage to the automatic reticular 
spinal respiratory pathway (Ondine's curse). 

A similar situation exists for patients with 
pain from unilateral pelvic disease involving the 
bladder. Patients with adequate but abnormal 
micturition can develop retention or inconti
nence following a unilateral lesion involving 
the lumbosacral spinothalamic tract if there is 
injury to the adjacent micturition pathway. 

RESULTS 
Both percutaneous and stereotactic cordot
omies [50] initially relieve pain effectively in a 

high percentage of patients. All reports in the 
literature include a large number of terminal 
patients; therefore, in a one-year follow-up, 
duration of pain relief is assessed on a progres
sively decreasing number of survivors. In a 
series by the author [22], of the 90% who 
obtained good to excellent pain relief initially, 
88% maintained that level of relief six months 
later, which fell to 80% at nine months; this 
rate remained static at one year and beyond. 

These figures indicate that although pain re
lief may be long lasting, a more realistic assess
ment is based on the duration of pain relief 
relative to life span. Sixty-four percent of the 
patients in our series had good to excellent 
relief until death or until their last follow-up, 
which was more than two years after surgery 
in 8%. Eighteen percent had moderate pain 
recurrence in the few weeks before death, and 
another 18% had major pain recurrence. Pare
sis occurs transiently in both percutaneous 
(average 13 %) and stereotactic (average 10%) 
procedures. Paresis lasted more than a few days 
in only 3 % of our patients. Rosomoff [48] 
reported transient bladder disorder in 10% of 
patients who underwent a percutaneous cordot
omy, whereas equally brief bladder disorders 
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have been reported in only 5 % of stereotactic 
cordotomies. Despite this low incidence, cys
tometrogram changes can be demonstrated 
even in asymptomatic patients [27]. In patients 
with preexisting bladder disorders, the risk of 
postoperative incontinence or retention is rel
atively high. Similarly, some respiratory dys
function was common with both procedures in 
symptomatic and asymptomatic patients. Using 
a spinal stereotactic technique and a modified 
Hitchcock instrument, Schvarcz was able to 
obtain high levels of analgesia without any res
piratory disorders and suggested that the 
stereotactic procedure had fewer contraindica
tions than percutaneous cordotomy [50]. 

Stereotactic Trigeminal Tractotomy 
and N ucleotomy 
In 1937, Sjoquist [53] sectioned the spinal tract 
of the trigeminal nerve 8 -1 0 mm above the 
obex by incising the posterolateral aspect of the 
medulla. The procedure was generally regarded 
as high-risk, yielding an appreciable rate of 
mortality and morbidity, and was rarely per
formed [15, 17]. Later Kunc perfected a sim
pler procedure at the cervical level and was able 
to section the tract selectively using local anes
thesia [35]. Hosobuchi and Rutkin refined 
Sjoquist's procedure, using the microscope 
and a radiofrequency electrode after careful 
electrophysiological monitoring [32]. Although 
Bricolo [7] commends this procedure for pain 
from malignancy, it is a major undertaking, 
and, because it must be performed under 
general anesthesia, the ability to observe a pa
tient's response to stimulation is lost. 

Trigeminal tractotomy was developed inde
pendently by Crue and co-workers [12] in 
1967 and Hitchcock [23, 25], in 1968. Both 
groups used the cisternal route. Crue had th 
patient prone and used coordinates 6.5 mm 
from the midline and 4 mm anterior to the 
posterior part of the brain stem. It is easier, 
however, to have the patient sitting with the 
neck fully flexed, because the cord is less 
mobile than when the head is in the neutral 
position. Flexion is much easier to achieve and 
safer in the sitting position than in the prone; 
monitoring also is facilitated. Coordinates 6 
mm from the midline and 3 mm anterior to the 
posterior aspect of the cord at the first cervical 
segment places the electrode in the "caudal 

trigeminal dermatome." Targets that are fur
ther lateral, anterior, and rostral produce more 
central face analgesia. The intermedius, glos
sopharyngeal, and vagal components of the 
tract lie more posteriorly and medially. These 
are approximate measurements, based on a 
study of brain-stem and cord sections, and 
they make no allowance for cord displacement. 
As previously mentioned, even in the relatively 
fixed, fully flexed cord, some anterior displace
ment is inevitable. 

The usual pattern of sensory loss after C 1 

trigeminal tractotomy demonstrates central fa
cial sparing, because the rostral trigeminal der
matomes are closer to the medulla. Although 
these areas often can be reached by angling the 
electrode up towards the lower medulla, it is 
difficult and sometimes impossible. When cen
tral facial analgesia is essential, pontine trigem
inal tractotomy may be a preferable proce
dure. 

The Radionics (Radionics, Inc., Burlington, 
MA) temperature-monitoring electrode is suit
able for impedance stimulation and lesion 
production. The technique is similar to that 
previously described for spinothalamic tractot
omy, with an the approach through the 
atlanto-occipital membrane. Placement of the 
tip within the trigeminal tract invariably is 
followed by the complaint of ipsilateral facial 
pain, whereupon the electrode tip is advanced 
or retracted according to the patient's re
sponses. When appropriate responses are 
obtained, a radiofrequency lesion is made in 
incremental steps; analgesia, power, and coor
dination are tested at each step. It usually is not 
necessary to move the electrode once an ipsi
lateral facial sensory response is obtained. 
Analgesia extends and deepens as radiofre
quency current is increased. If central facial or 
mucosal analgesia cannot be achieved, it usual
ly is better to withdraw the electrode and rein
sert it at a higher level rather than attempt 
adjustments at the initial insertion. Widespread 
analgesia in both head and neck dermatomes 
demonstrates the extensive overlap of sensory 
fibers within the caudal part of the trigeminal 
spinal nucleus (figure 22-6). This method has 
considerable advantages over conventional 
open medullary tractotomy. The extent of the 
lesion and the patient's reactions can be moni
tored, and the operation is relatively minor and 
undoubtedly the easiest of all the stereotactic 
spinal procedures. 
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FIGURE 22-6. Cross-hatching represents the exten
sive analgesia produced by trigeminal nucleotomy 
and tractotomy. 

CASE REPORTS 
The following case reports illustrate the type of 
patient suitable for the procedure and the re
sults likely with each. 

Alveolar Carcinoma (Trigeminal Pain). A 
64-year-old man had carcinoma of the left 
alveolus, resulting in a pathological fracture of 
the mandible. He suffered severe intractable 
pain, and a left stereotactic trigeminal tractot
omy was chosen. Upon placement of the elec
trode, he developed complete analgesia of the 
left face and head, extending from the circum
oral region to about the C2 dermatome. This 
faded within a few minutes, and a radiofre
quency lesion then was placed. The resultant 
analgesia involved the whole head, sparing the 
central face from mid-eyebrow to mid
mandible. The electrode was advanced 2 mm, 
and another radiofrequency lesion placed. The 
analgesia then spread to the midline and in- . 
feriorly as far as C2 • The patient was relieved 
of pain completely; his pathological fracture 
could be manipulated without pain. He re
mained pain-free on the left side of the face but 
developed pain in the right tongue from exten
sion of the growth. He remained free of pain in 
his left jaw until his death. 

Malignant Ulcer of the Tonsillar Fauces 
and Soft Palate (Glossopharyngeal Pain). 
A 62-year-old man had a faucial/soft palate 
ulcer following radiotherapy for a lympho
epithelioma of the right tonsil. He was 
in severe pain that prevented his eating or 

drinking adequately, and a trigeminal tractot
omy was chosen. Insertion of the electrode to 
the target point caused him to complain of pain 
in the right jaw and neck. A radiofrequency 
lesion was performed, producing a wide area of 
analgesia involving the peripheral portion of 
the face and the C2 region with sparing of the 
central face. Immediately thereafter, it was 
possible to palpate the ulcer without pain. He 
continued to be free of pain with well
maintained analgesia for more than two years . 

Carcinoma of the Ear (Trigeminal, Nervus 
Intermedius, Glossopharyngeal, Vagal, and 
Cervical Pain). A 63-year-old woman suf
fered from very severe pain in the right tem
poral, facial, ear, and neck regions resulting 
from an ulcerating squamous cell carcinoma of 
the right ear. She felt extreme pain during dress
ing of the large ulcer cavity, and she required 
large doses of analgesics and hypnotics to 
control her constant pain. A stereotactic trige
minal tractotomy was performed. A radio
frequency lesion was placed at a site where ear 
pain was produced on stimulation. Postopera
tively, she no longer complained of pain, and all 
analgesics were stopped. No definite analgesia 
could be demonstrated, but she continued to be 
painfree until death, in particular, tolerating 
dressings of the ulcer cavity without the ad
ministration of hypnotics or analgesics. 

RESULTS 
In an early series of 21 patients who underwent 
stereotactic trigeminal tractotomies, there was 
no operative mortality, but transient mild pare
sis or ataxia occurred in 40%. One patient had 
severe although transient ataxia, attributed to 
loss of electrode insulation that resulted in a 
lesion larger than intended. One patient had a 
diminished corneal reflex, and one had severe 
dysesthesias for several weeks. Pain relief was 
good to excellent until death in 47%, but 40% 
developed minor recurrent pain. The best re
sults were obtained in patients with pain from 
malignancy: 66 % achieved good to excellent 
relief until death, and only 22% experienced 
major recurrence. This procedure has con
tinued to be used for selected patients with 
malignant face or head pain with similar re
sults. 

The possibility of destroying the nucleus as 
well as the tract encouraged the use of stereo
tactic trigeminal tractotomy in patients with 
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postherpetic trigeminal neuralgia with some 
success [28]. Following herpes, facial pain is 
second in frequency only to truncal pain and 
almost invariable involves the ophthalmic divi
sion. Most medical and surgical treatments 
have been unsuccessful. Because some of this 
pain may be a deafferentation phenomenon, 
the results of brain stimulation have been en
couragmg. 

Open trigeminal tractotomy appears to be 
only slightly more successful than other forms 
of treatment. This may be because of the inter
connections between the nuclear masses, the 
polysynaptic ascending intranuclear pathway 
described by Stewart and co-workers [55], 
and the fact that there is considerable overlap 
between the cervical and facial segments of the 
nucleus. The inflammatory lesions of herpes 
zoster and the sensory ganglia, root entry 
zone, and posterior horn cells [13, 38] are espe
cially prominent in segments related to the 
cutaneous eruption. Deafferentation pain may 
be caused by hyperexcitable neuronal pools 
within the substantia gelatinosa or its homo
logue, the trigeminal nucleus. Thus, radiofre
quency destruction of this nucleus destroys 
these pools, removing both hypo esthesia and 
deep background pain. The relatively high per
centage of success in the first three patients was 
encouraging, and the method has continued to 
be used. Schvarcz reported that seven of eight 
patients with postherpetic neuralgia achieved 
either reduction or elimination of burning pain 
[49]. 

Stereotactic trigeminal tractotomy and nu
cleo to my have been used for many types of 
facial pain, including pain from malignancy, 
postherpetic neuralgia, anesthesia dolorosa as 
well as atypical facial pain and trigeminal 
neuralgia. Schvarcz [55] reported 104 stereo
tactic neucleotomies: relief was obtained in 
57% of patients with anesthesia dolorosa and 
in 72% of patients with "dysesthesia." He re
ported an enviably high success rate of 87% for 
postherpetic neuralgia and nearly the same rate 
of relief for pain due to malignancy. In general, 
however, the procedure should be limited to 
patients with oropharyngeal head malignancy 
and selected cases of atypical facial pain or 
facial deafferentation pain. It is important to 
note that if the lesions are too far medial 
and placed within an already-crossed lateral 
spinothalamic tract and ventral secondary 
trigeminal accending tract, contralateral anes-

thesia of the body and face may result. How
ever, such sensory losses occur only with a 
lesion in the low medulla. 

Myelotomy (Central Cord Lesion) 
This 60-year-old procedure currently is en
joying a resurgence of interest, partially be
cause it has proved effective for a variety of 
pain syndromes, but largely because the sen
sory changes produced can be explained only 
by new concepts of pain mechanisms. Tho
racolumbar mediolongitudinal section of the 
cord was reported by Armour in 1927 [2]. The 
aim of this procedure was to interrupt "all the 
pain-conducting fibers crossing at the level of 
the incision." For nearly 50 years, all subse
quent operations and their modifications were 
performed on the basis of this theory, i.e., divi
sion of the decussating spinothalamic fibers 
produces bilateral analgesia to an extent deter
mined by the segmental length of the incision. 
In advocating the operation, its originator 
pointed out that visceral pain from the abdomi
nothoracic organs could not be relieved by a 
unilateral cordotomy, possibly because visceral 
sensations ascended equally in each anterolater
al column. There were clearly many advantages 
to this procedure, in comparison with antero
lateral cordotomy. First, the risk of injury to 
the laterally placed corticospinal tract was 
much reduced. Second, for relief of bilateral or 
central pain, a single incision sufficed instead of 
bilateral incisions into the anterolateral col
umns. Subsequently, Leriche [37] and others 
[18, 40, 58, 59] developed the procedure. The 
effects appeared unpredictable, however, and 
classical spinothalamic sensory losses were not 
always achieved [40]. Mansuy and colleagues 
[40] and Wertheimer and Lecuire [58] obtained 
objective losses of pain and temperature sensa
tion in only 30% of patients. They attributed 
their success to a five- or six-segment decussa
tion of individual pain fibers. Performing 
myelotomies primarily at T IO - Tt2 and occa
sionally a few segments higher or lower, 
Sourek obtained an analgesic girdle area but 
noted pain relief in lower derma tomes in which 
normal pain sensation was preserved. Utilizing 
the arousal reaction in electroencephalograms, 
he noted a longer latency between stimulation 
of areas without disorder of pain sensations 
than in the analgesic girdle area. This he 
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FIGURE 22-7. Extensive body-wide analgesia pro
duced by a single C t central cord lesion is shown by 
hatching . 

ascribed to a disorder of the mediodorsal sys
tem [54]. 

In 1934, Putnam [46] independently devised 
cervical myelotomy, again aiming to interrupt 
decussating spinothalamic fibers by splitting 
the commissure from C4 to T 3 to produce 
analgesia from Cs to T 9. Pain relief continued 
despite the return of normal sensation a week 
or two after surgery. Lembke [36] also per
formed myelotomy in the lower cervical cord 
and obtained similar sensory changes. The 
available evidence supported the view that the 
spinothalamic fibers decussated within a few 
segments of their posterior horn origin in the 
cervical region, but that at lower levels (pelvic 
dermatomes), the decussation took place over 
several segments. All of these procedures split 
the cord for at least three or more segments. 

In 1968, Hitchcock [20] introduced stereo
tactic cervical myelotomy and noted analgesia 
from a single central thermocoagulation at the 
C I - 2 level (figure 22-7). Even if as many as 
eleven segments are traversed prior to complete 
decussation, a solitary C 1 lesion could not pro
duce such widespread analgesia simply by in
terrupting spinothalamic fibers. Furthermore, 
as cordotomy at the C 1 segment produced 

satisfactory analgesia and pain relief in the leg, 
the findings could be explained only on the 
basis of two separate modalities of pain sensa
tion. The production of analgesia above the 
level of the lesion was even more difficult to 
explain. These findings since have been con
firmed by others using thoracic or lumbosacral 
myelotomy after limited C I - 3 commissur
otomy [8, 10, 16, 34, 39,44]. Schvartz [49, 50, 
52] and Eiras and colleagues [14] have reported 
their experience with stereotactic cervical 
myelotomy and have confirmed Hitchcock's 
early findings and subsequent experience [21, 
22]. 

PROCEDURE 
The procedure for central cord lesion myelo
tomy is the same as that used for stereotactic 
spinothalamic tractotomy with a central cord 
target. Several points are chosen along the 
anterior and posterior margin of the cord im
age, and a line is drawn down the cord halfway 
between them. This line is assumed to demar
cate the central canal. A suitable point is 
chosen along this line that will allow the 
passage of the electrode through the occipi
tocerVical interval. In some patients, the occipi
tocervical interval is fused, but the C I - 2 inter
val in these patients usually is sufficiently wide 
(with full neck flexion) to allow passage of the 
electrode posteriorly or, failing that, laterally 
(figure 22-8). The electrode is inserted in the 
needle by the electrode holder. During passage, 
impedance is recorded, and the abrupt change 
is noted when the posterior cord surface is 
reached. The electrode then is withdrawn 1 em 
and sharply advanced to penetrate the cord. 
The patient usually will complain of an electric 
shock-like sensation in one or both legs if the 
midposition of the dorsal column is penetrated. 
Complaint of pain in the arm or face indicates 
that the electrode is off the midline and is 
penetrating the fasciculus cuneatus or trigem
inal tract. If this occurs, the electrode should 
be withdrawn, and the cannula arc angle 
readjusted. As long as satisfactory midline re
sponses are obtained, the electrode is advanced 
further. In the absence of responses to mechan
ical stimuli, electrical stimulation (50 Hz, 0.2 
msec duration, 1.2 V) can be used. With con
tinued fine advances of the electrode and 
further stimulation, sensory responses will be 
obtained in the legs and perineum and, subse
quently, both arms. It is important to realize 
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FIGURE 22-8. C I - 2 target for lateral-entry central cord lesion. 

that the target point will usually be short of the 
center of the cord because the cord is pushed 
by the electrode as much as 5 or 6 mm anter
iorly. Physiological verification of position by 
stimulation is therefore vital. The central cord 
is reached approximately 2 mm after the bi
lateral sensations in legs or arms have ceased. 
Stimulation at the central cord often produces a 

whole-body paresthesia and, frequently, an un
pleasant central-chest and abdominal sensation. 
At this point, radiofrequency coagulation 
should be performed in small temperature in
crements up to 75°C at 30 sec intervals. After 
each increment, careful sensory and motor test
ing should be performed. Bilateral hypalgesia 
usually is noted at lower temperatures, but a 
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complete lesion should be made, providing no 
proprioceptive or corticospinal disorder is 
found. 

RESULTS 
The sensory changes have been debated incom
pletely and are at variance with established 
neuroanatomical knowledge. Additionally, it is 
difficult to explain why pain from pelvic struc
tures innervated by sacral segments is relieved 
better by a myelotomy higher than that used 
for leg pain. A lower thoracic myelotomy 
seems to be more effective for leg pain than an 
upper thoracic myelotomy. 

In general, central cord lesion myelotomy 
has been used for patients with bilateral pain, 
especially pelvic. A group of 19 patients with 
neoplastic pain was followed for up to four 
years or until death; eight remained pain-free 
without further procedures or analgesics, and 
five required only weak analgesics. In six pa
tients who had little or no sensory loss, pain 
relief was poor or transient, but of the remain
ing 13 patients who achieved good relief, 
nearly 80% had well-marked analgesia [21]. 
Schvarcz also reported good results in 45 pa
tients with a variety of painful conditions, 35 
of whom had neoplastic pain [52]. In this 
group, 30 obtained good relief, and five de
veloped recurrence of pain. Cook and Kawa
kami studied 25 cases of commissural myelot
omy and concluded that, even without sensory 
loss, pain relief can be obtained [10]. These 
authors argued that the central cord lesion 
interrupts pathways entering, within, or leaving 
the spinothalamic complex. 

Pontine Spinothalamic Tractotomy 
Pontine stereotactic spinothalamic tractotomy 
was introduced in 1970 [24]. The procedure 
was said to provide major advantages: precise 
target localization and destruction enabled high 
analgesic levels to be achieved without injury 
to adjacent tracts. Because of the separation of 
autonomic and pain pathways [4, 6, 43, 45], 
micturition and respiratory disorders could be 
avoided. Subsequently, Barbera and co
workers reported their experience with this 
stereotactic technique in five patients, all of 
whom achieved pain relief without serious 
complications [3]. 

Neurophysiological studies in animals indi-

cate that autonomic fibers, including respira
tory and micturition pathways, are in the 
posteromedial pons, close to the medial longi
tudinal fasciculus. This supports the concept 
that pontine spinothalamic tractotomies are less 
likely than spinal procedures to be followed by 
autonomic disorder. Other important path
ways and cranial nerve nuclei lie close by, and 
very precise stereotactic stimulation technique 
is required. . 

METHOD 
The stereotactic procedure is performed with 
the patient in a recumbent sitting position. 
Local anesthesia is used, sometimes supple
mented with intravenous diazepam. The 
stereotactic instrument is fixed to the skull, and 
water-soluble contrast ventriculography is per
formed via a frontal twist-drill hole to outline 
the third and fourth ventricles (figure 22-9). 
Using a pontine coordinate atlas, the target is 
marked in relation to a line drawn through the 
floor of the fourth ventricle, and a second line 
is drawn at right angles to it, passing through 
the fastigium (figure 22-10). The relationship 
of the fastigium to the fourth ventricle is in
constant, but it serves as a useful and well
defined landmark for mid-pons, and the easiest 
target to delineate is that within the fastigial 
plane. 

Temperature-monitoring electrodes (1.1 mm 
by 7 mm) are used with a Radionics RFG-3B 
radiofrequency generator (Radionics Inc., 
Burlington, MA). During passage of the elec
trode through a posterior fossa burr hole, the 
results of stimulation are recorded at different 
points along the tract. In general, the angle 
chosen for the electrode passes through the 
cerebellum and inferior cerebellar peduncle 
before penetrating the trigeminal nucleus and 
fibers, facial nerve, and often the cochlear and 
vestibular nuclei. Occasionally, quintothalamic 
fibers are penetrated (figure 22-11). Stimula
tion is performed at various frequencies rang
ing from 2-100 Hz; the lower frequencies are 
used to explore motor responses, and the 
higher frequencies (most commonly 50 Hz) 
are used to elicit sensory responses. The pulse 
duration is normally 2 msec with voltages 
varying from 0.3-6 V. Sensory responses from 
stimultion of nuclei are obtained by less than 1 
V, but higher voltages are sometimes necessary 
to produce responses from tract stimulation. In 
general, voltages less than 1.5 V have produced 
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FIGURE 22-9. Pontine target delineated in relation to fourth ventricular floor and fastigial line. 

responses, although voltages more than 3 V 
sometimes have been necessary. 

During passage through cochlear and ves
tibular nuclei, the effects of stimulation are 
studied closely. Vestibular stimulation induces 
profound vertigo and nystagmus, and cochlear 
stimulation results in a clicking sound in the 
ipsilateral ear at the same rate as the stimula
tion frequency. Stimulation within the trigem
inal nucleus produces ipsilateral facial pain, 
stimulation of the facial nerve, and ipsilateral 
whole-face contraction. Contralateral facial 
pain occurs with stimulation within the quin
tothalamic fibers. Further progression and stim
ulation evokes a warm or occasionally pain
ful sensation in the opposite side of the body, 
indicating that the electrode is within or close 
to the spinothalamic tract. 

Although radiological confirmation IS 

needed to choose the primary target, close 
observations of the effects of stimulation are 
vital. If satisfactory responses cannot be 
obtained, a new trajectory should be chosen a 
few millimeters medial or lateral until the de
sired responses are obtained. Roentgenograms 
should be taken to confirm correct electrode 
position. If satisfactory responses are unobtain
able, no lesion should be made, even if the 
electrode position seems correct using radiolog
ical criteria. 

RESULTS 
Our first experience involved seven patients, 
six of whom had pain caused by cancer [24]. 
Although pain relief was good, long-term 
follow-up was not possible, because the pa
tients selected had terminal conditions. High 
analgesic levels were reached easily (figure 22-
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FIGURE 22-10. Pontine coordinates for spinothala
mic tract . 

FIGURE 22-11. Right pontine lesion produces right 
facial analgesia and left spinothalamic loss. 

FIGURE 22-12. High right pons lesion produces 
deep facio-brachio-truncal analgesia . 

12). Our most recent experience included eight 
cancer patients who had poor respiratory con
ditions or required high levels of analgesia [29]. 
One patient died a few days following surgery 
and demonstrated evidence of an unusually ex
tensive lesion from a large electrode (1.8-mm 
tip, 3-mm diameter). Six patients achieved 
pain relief until death or the last follow-up. 
One patient had severe pain recurrence 12 
weeks after the procedure. The procedure is 
less complex and less difficult than might 
appear, but it does require precise instrumenta
tion and some knowledge of pontine anatomy. 
It is very dependent upon good patient coop
eration and is not suitable for patients who are 
unable to cooperate for any reason. Our ex
perience with the procedure is limited to 18 
patients, although more patients have been 
accepted for this procedure in recent years. 
Barbera and colleagues reported good results in 
five patients and continue to use the method 
[3]. Two of their patients had deafferentation 
pain from brachial plexus destruction, and they 
obtained good relief. Schvarcz has also used the 
procedure with success (personal communica
tion). 
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There are no reliable stereotactic coordinates 
for the important zone in the brain stem that 
extends several millimeters above and below 
the fastigial line. The atlas of Afshar and 
associates has a 10-mm gap in its representation 
of the spinothalamic tract around the fastigial 
plane [1]. A simple atlas has been described 
[24, 29], but this atlas must be regarded as a 
relatively crude guide to a most complex 
neuroanatomical area. The lateral coordinates 
probably should be 1-2 mm more medial than 
described. 

The stereotactic approach has major advan
tages over an open exposure. The procedure is 
better tolerated by patients who are in poor 
general condition, as those requiring this 
surgery often are. It is more precise than open 
exposure and radiofrequency coagulation by a 
freehand method. The single operative death 
that has occurred must be weighed against the 
hazards of attempting other definitive analgesic 
procedures in a patient with an exceptionally 
severe respiratory inadequacy. It is possible 
that for such patients, the risks cannot be 
greatly reduced, even by pontine tractotomy. 
But for many others, pontine spinothalamic 
tractotomy offers deep, sustained high-level 
analgesia at less risk than many other proce
dures. The procedure can be compared favor
ably with mesencephalotomy [30]. 
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23. THALAMOTOMY FOR 
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Surgery is the most effective means for treating 
disabling tremor in patients with Parkinson's 
disease. An appropriately placed stereotactic le
sion relieves tremor permanently and elimin
ates or greatly reduces rigidity on the opposite 
side of the body. Whether bilateral surgery can 
arrest the progress of the disease is a controver
sial issue [38, 47]. 

Selection of Patients 
Candidates for surgery are selected from that 
small portion, perhaps 10%, of all patients 
with parkinsonism in whom tremor is severe. 
Akinesia, which responds dramatically to ther
apy with L-dopa and not at all to surgery, is 
often less pronounced in such patients. Indeed, 
they often appear to have an unusually slowly 
progressing and "less malignant" form of the 
disease. Yet tremor shows a disappointing re
sponse to L-dopa, either failing to be adequate
ly relieved by large doses, or intermittently 
"breaking through" during the day, or alter
nating with periods of dopa-induced dys
kinesia, depending on the drug regimen used. 
In addition, many patients with severe tremor 
lack the proper indications for its use, especial
ly if their tremor is not adequately controlled. 
The long-term use of L-dopa is expensive, 
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fraught with complications, and may be des
tined to fail. It is not widely known that the 
surgical lesion that relieves parkinsonian trem
or also prevents dopa dyskinesia on the con
tralateral side of the body. 

Surgery should be considered only if simpler 
therapy has failed. In deciding whether to 
operate, the likely gains in relief of disability 
should be weighed against the risks of the 
operation. Also, it must be determined that 
tremor, and not akinesia, is the disabling fea
ture of the disease, interfering with important 
manual skills, very occasionally with gait or 
stance. Tremor must be more than just a 
psychosocial embarrassment. It is essential to 
dispel the notion, often secretly held by the 
patient, that surgery will accomplish more than 
the control of tremor and rigidity. 

Stereotactic surgery also controls rigidity, 
although rigidity rarely is disabling: the help
less, rigid-looking patient with parkinsonism is 
nearly always akinetic and may not benefit 
from surgery. Surgical treatment of Parkinson's 
disease is contraindicated in the following pa
tients for fear their deficits will worsen: (1) 
those with chronic progressive or potentially 
fatal diseases, (2) those with bleeding diatheses, 
(3) those with deterioration of higher intellec
tual function, and (4) those with episodes of 
organic brain syndrome unexplained by drug 
toxicity (over and above the mild forgetfulness 
of words and names and the antisocial self
consciousness so typical of Parkinson's dis-
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ease). Patients deemed unsuitable for surgery 
for any of these reasons often show slow 
wave patterns on their electroencephalograms 
(EEGs). Hypertension, the incidence of which 
is reduced in patients with Parkinson's disease, 
has not been a contraindication in the authors' 
experience. It is possible to carry out success
ful thalamotomy on patients into their mid
seventies, other things being equal, although 
after age 70, the general risks increase. 

Finally, one still sees occasionally, though 
increasingly less often, patients with Parkin
son's disease who are relatively young, or 
whose disease truly is limited to one-half of the 
body, or who have obviously spontaneously 
arrested parkinsonism (in the authors' experi
ence, always unilateral). The cause of Parkin
son's disease in these patients is presumably 
encephalitis. If tremor is a major problem in 
such patients, surgery is the treatment of choice; 
within about a year after surgery they appear 
(and will remain) essentially normal. 

History of Micro electro de Technique 
in Thalamotomy 
Spiegel and Wycis introduced human stereotac
tic surgery by combining radiological localiza
tion with the use of the stereotactic frame; it 
then became possible to perform Russell 
Meyers' procedure of surgically removing the 
globus pallidus much more safely and effective
ly by stereotactic means. Hassler and Riechert 
and, at the same time, Cooper then demon
strated that a lesion in the ventrolateral nucleus 
of the thalamus, which receives projections 
from the globus pallidus, was even more effec
tive than pallidotomy in controlling dyskinesias. 

Despite the guidance of the stereotactic 
frame and ventriculography, the anatomy of 
human brains proved variable within the fabric 
of the brain; thus, physiological corroboration 
of the target site was also necessary for optimal 
results. At first, attempts were made to use 
deep EEG recordings for this purpose, but 
eventually most surgeons began to rely on 
macrostimulation. They watched for stimu
lation-induced conscious sensory effects in 
order to demarcate and to avoid the ventrobas
al complex. They searched for the zone in 
which stimulation suppressed tremor, a target 
area just rostral to the ventrobasal complex. 
Subsequently, the use of evoked potential re
cordings was explored. Finally Albe-Fessard 

and Guiot introduced the use of microelec
trode recording [1-6, 16]. 

During the same period, a variety of techni
ques was used to produce lesions: destructive 
chemical agent injections, small leukotomes, 
and cold. Eventually, most surgeons settled on 
radiofrequency heat lesions as the most effec
tive means of destroying the neurons apparent
ly responsible for tremor. The alternative of 
implanting a long-term stimulating electrode at 
the target site recently has become available for 
patients in whom the risks of creating lesions 
are best avoided [47]. 

The Surgical Target in 
P arkinsonism-M acrostimulation 
It is customary to describe the target for the 
relief of parkinsonian tremor in terms of the 
anterior commissure (AC)-posterior commis
sure (PC) line and the sagittal plane at a site 
remarkably constant among different surgeons 
[32]. Because of anatomical variations among 
individuals, however, such descriptions can be 
considered only approximations to be verified 
physiologically. In our experience, the usual 
target for ~ontrolling the typical disabling 
tremor in the dominant hand of a victim of 
Parkinson's disease is, in nucleus ventralis inter
medius (V.i.m.) 15 mm from midline, a few 
millimeters above the intercommissural line, 
and just rostral to the manual digital tacile area. 
Individual variation from the radiologically 
identified site is less than 1 mm in 40%-
50% of patients, 1-2 mm in 25%-40%, and 
more than 2 mm in the rest [50]. The accuracy 
of stereotactic equipment is usually ±1 mm. 
Although 2-3 mm may not seem like much, the 
possibility of such an error in anyone of three 
planes is a substantial obstacle in the operating 
room, particularly when a micro electrode is 
used. 

The physiological identity of the V.i.m. 
target can only be conjectured. Though there 
are some convincing data, it is still uncertain 
whether the lesion destroys tremor pacemakers 
or interrupts a long loop v. hose pathological 
activity is responsible for the tremor [8-10, 13, 
29, 32, 33, 35, 38, 39, 43, 44, 50, 52]. Because 
lesions at the same target are also effective in 
controlling a variety of dyskinesias besides par
kinsonian tremor [50], no specific relationship 
can be implied between these target cells and 
the tremor with which they are involved. The 
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target cells must be involved not only in trem
or but also in a variety of other dyskinetic 
disorders, all of which are susceptible to sur
gical control by a lesion at the same site. They 
are simply part of a motor control apparatus 
capable of similar participation in diverse con
ditions. 

An understanding of the function of the 
target area is revealed by studies of macrostim
ulation. For this purpose, we have used ex
tensively a concentric bipolar stimulating elec
trode about 1.1 mm in diameter and 0.5 mm in 
pole separation. The technique includes using 
current-monitored threshold stimulation with 
60-Hz negative square waves of 3-msec dura
tion delivered by a Grass stimulator':' [47-50]. 
Most significant responses occur at less than 
0.5 rnA; at this level, the computed spread of 
effective current extends to 2 mm. We found 
that the usual target lay just rostral to sites in 
which such macrostimulation-induced pares
thesias referred to contralateral lips or hand. 
Stimulating the target area itself with param
eters similar to those eliciting the paresthesias 
often somatotopically produced contralateral 
conscious sensory effects which suggested 
motor connotations: a sense of pulling, tight
ening, drawing, or pressure, and rarely of 
"negative" motor effects such as weakness, 
heaviness, or fatigue. We interpreted these re
sponses, also seen by others, as arising from 
stimulation of muscle-afferent pathways. These 
may include the spindle-afferent pathway, 
which Goto and co-workers consider one of 
the conscious somatosensory tracts [15], and 
which, animal studies indicate, traverses this 
area [36]. Somewhat rostral to such effects, we 
often elicited unusual motor effects, different 
from the more familiar tetanization. These we 
construed as arising from transsynaptic activa
tion of the corticospinal tract through stimu
lation of dentatothalamic fibers. Such motor 
responses, seen both in humans and in ex
perimental animals, occur with the onset of a 
train of stimulation and do not continue during 
the train. Moreover, voluntary movement is 
not impaired once the original "on" effect sub
sides. Such motor "on" responses appear to 
arise in the rostral V.i.m. and ventral oral pos
terior (VOP) nuclei. On occasion, we also eli
cited a totally different type of response in 
V.i.m. with similar parameters of stimulation, 
though not so sharply localized-a sense of 
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rotation of the whole body or nonspecific 
dizziness, faintness, or nausea-which were 
thought to be caused by activation of the ros
tral vestibulothalamic tract through the V.i.m. 
[26]. All these observations seemed logical; 
nevertheless, we were surprised that the sen
sory motor, motor "on," and vestibular re
sponses were seen so much less frequently than 
the paresthetic responses. Although such re
sponses are useful in localizing certain areas in 
the thalamus, and thereby surgical targets, 
some other macrostimulation-induced effects 
locate the surgical target more definitely. 
Macrostimulation nearly always alters tremor 
in patients with parkinsonism at sites where 
sensory motor, motor "on," and vestibular 
effects occur (rostral to the paresthetic effects 
in the ventrobasal complex). Tremor was 
arrested or suppressed at 73% of sites and 
driven at 27%, precisely marking the location 
of an effective lesion. In nonparkinsonian trem
or, such stimulation effects the tremor in 
only 38% of patients, driving it in 67% . We 
have not frequently used rates other than 60 
Hz for macrostimulation, but we believe that 
300-Hz stimulation alters dyskinesias much 
more often, usually suppressing them. 

History of Micro electro de Recording 
in Thalamotomy 
Albe-Fessard and Guiot made several interest
ing observations while using microelectrodes 
[1-6, 16]: (1) They were able to identify the 
somatosensory cells of the ventrobasal complex 
by virtue of the receptive fields of the cells and 
the quality of their effective stimulus; (2) they 
discovered "tremor cells" that appeared to fire 
in bursts synchronous with the patient's trem
or; and (3) they learned that the effective 
lesion should be made just rostral to ventro
basal responses for tremor of lip or manual 
digits. This target was approximately 14-15 
mm from the midline in an area inhabited by 
"tremor cells" and was just rostral to the site 
where slow waves, recorded from their semi
microelectrodes in response to tactile stimuli, 
reversed polarity as the electrode was advanced 
from posterior to anterior. These exciting dis
coveries inspired several investigators to begin 
using microelectrode technique for guiding 
stereotactic operations [7, 13, 28, 35]. 

Bertrand, Jasper, Hardy, and their associates 
reported very sophisticated studies of human 
thalamic neurons [8-10,17-23]. These investi-
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gators identified a core of tactile cells located 
inferiorly and caudally in the ventrobasal com
plex; rostral to this area were cells responding 
to pressure, followed by kinesthetic cells re
sponding to tendon stretching and musculo
skeletal compression. Even further rostral were 
voluntary cells that fired only in relationship to 
a specific contralateral voluntary act. Three 
types of tremor cells were identified: (1) those 
that had no particular features but were preva
lent in the lateral thalamus in patients with 
Parkinson's disease; (2) those clearly evoked by 
tremor because they were kinesthetic; and (3) 
those that were not evoked yet were tremor
synchronous and were located in the voluntary 
cell zone. These last cells were considered to 
be autonomous "tremor cells" and possibly 
"tremor pacemakers." Therapeutic lesions 
should be designed to destroy these tremor
synchronous cells. 

Narabayashi and Ohye and co-workers con
cluded that the target should be the kinesthetic 
tremor cells, which were thought to be the 
large cells seen histologically in the area [14, 
26, 38-44], and that a carefully positioned 
lesion of no more than 40 cubic mm could 
permanently abolish parkinsonian tremor. 

Although we have used microelectrode re
cording of thalamic neurons during stereotactic 
surgery for ten years, it has been a routine part 
of our procedures only in the last four. Two 
years ago, we replaced macro stimulation with 
microstimulation, using the micro electrode 
from which selected deep evoked potentials 
also are recorded. 

Stereotaxis 
The procedure is performed in two stages: 
radiological localization with the patient under 
general anesthesia, and physiological localiza
tion with the placement of lesions under local 
anesthesia [50]. 

The first stage is performed with the com
puted tomography (CT)-compatible Leksell 
frame applied to the head with four skull pins. 
The distance these pins project beyond the 
frame is measured to allow future repositioning 
without repeated imaging. With the patient 
supine, a burr hole is made at about the level of 
the coronal suture, ipsilateral to the target, and 
the same distance from the midline as the intend
ed target, so that exploratory electrode trajector
ies will be parasagital and therefore more easily 

mapped. With lateral imaging, a brain needle is 
introduced into the lateral ventricle, and a 
small quantity of air is injected to outline the 
foramen of Monro. A plastic brain cannula is 
introduced through the foramen of Monro and 
monitored with a C-arm image intensifer. A 
drop of positive contrast medium is adminis
tered to outline the Pc. X (anterior-posterior) 
and Y (superior-inferior) coordinates of the PC 
are now determined by aligning the cross wires 
of plastic inserts that fit into the side bars of 
the Leksell frame. The inserts are at identical 
settings on both sides of the frame, so that the 
images of the PC are superimposed on those of 
the two sets of cross wires (figure 23-1, B). 
The Z (left-right) coordinate is determined by 
superimposing the images of plastic bars (ap
plied to the back and front of the frame) with 
cross-wire riders identically positioned on one 
another and on the midline of the posterior 
third ventricle. The patient now is placed in the 
semisitting position, and a specially designed 
clamp is used to fix the Leksell frame to the 
operating table. The patient's head is flexed 
somewhat; if necessary, additional contrast 
medium is given until the AC is outlined 
(figure 23-1, A). The X, Y, and Z coordi
nates are determined in the same way as for the 
Pc. With access to a high-quality CT scanner, 
the coordinates of the AC and PC can be read 
directly from the CT scan (figure 23-2). 

The coordinates are supplied to a computer 
graphics program that generates hard copies 
adapted from the sagittal plates of the Schalten
brand and Bailey atlas at four times natural size 
[24]. The atlas brain outlines for the patient's 
frame position can be shrunk or stretched in the 
anterior-posterior direction to ensure that the 
intercommissural distance conforms to that of 
the patient (figure 23-3). . 

At the second stage of the procedure, the 
patient is supine and comfortably placed in a 
lounge chair position. The frame is reapplied to 
the skull in precisely the same position used in 
phase one. The burr-hole incision is infiltrated 
with local anesthesia but not opened. The 
appropriate sagittal diagram containing the 
target (usually 15 mm from midline for par
kinsonian tremor) is chosen and the target 
selected, usually in the center of the inferior 
third of the V.i.m. and 2-4 mm above the 
intercommissural line. The X and Y coordi
nates are read from the computer-generated dia
gram and set on the frame. Usually, a second-
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ary target is chosen 2 mm posterior to this in 
the ventrocaudal (VC) nucleus. A hollow tube 
with a stylet is used; it must be large enough to 
accept the microelectrode and have the same 
outer diameter as the lesion-making electrode. 
Both are fitted with length markers so that 
when passed into the brain, mounted via the 
arc of the Leksell frame, they will stop at the 
center of the sphere described by rotation of 
the arc. By virtue of geometry with the X, Y, 
and Z coordinates set, the electrode reaches the 
intended target. The lesion-making electrode is 
positioned so that the center of its 3-mm bare 
tip is at the target while the introductory can
nula for the micro electrode is drawn back, 
usually 10 mm superficial to -the target. This 
ensures that the microelectrode will traverse 
this distance through the brain. The microelec
trode is driven by a hydraulic microdrive with 
calibrations that determine the position of the 
microelectrode tip at any time during the op
eration. A longer trajectory risks bending the 
microelectrode. The angular coordinates are 
read from the frame and recorded at each posi
tion, which enables the surgeon to plot the (vir
tually parasagittal) trajectory of approach to 
target. On the computer-generated brain dia
gram, the surgeon calculates the deviation of 
the electrode from the parasagittal plane over 
the distance along which the trajectory is ex
plored; this deviation is 0.5 mm or less within 
5 mm of the target, if the medial-lateral devia
tion is the usual 5° or less from perfectly para
sagittal. At the same time, the trajectory is 
plotted on a large sheet of paper at a magnifica
tion of 50 times to facilitate hand-plotting of 
the microelectrode-recording data. 

M icroelectrode 
The micro electrode consists of a platinum
iridium wire electrolytically etched to 3-4 
microns, then insulated with sintered glass to 
an impedance of 2-4 megohms at 1,000 Hz. 
Occasionally, a tungsten wire is used instead. 
The distal 1 cm is sheared off and inserted in a 
26-gauge stainless steel tube insulated with 
polyamide (Capton-Niemad Industries, New 
York). The junction between glass and 
polyamide is insulated with epoxy lite, and the 
whole assembly is cut to length. The micro
electrode then is put into a stainless steel 
carrier tube that has a set screw at the upper 
end to lock the electrode in place. Before being 

sterilized with gas for use in the operating 
room, the micro electrode tip is plated with plat
inum to reduce its impedance to 100,000 
500,000 ohm and still retain its microscopic 
size. The micro electrode assembly is fitted to a 
modified hydraulic microdrive (David Kopf 
Instruments, CA), which incorporates a high 
impedance preamplifier. The micro electrode is 
inserted into the stereotactically positioned 
electrode guide and advanced with the micro
drive after the set screw is released. Knowing 
the stereotactic location of the guide-tube tip 
and the micro drive reading at which the mi
croelectrode tip extrudes from its guide tube, 
the surgeon can accurately follow and plot the 
progress of the micro electrode tip through the 
brain. 

Data Processing 
The output of the preamplifier is fed into an 
amplifier, displayed on an oscilloscope, and 
stored on tape. The signal is also relayed to the 
operating room by a delay-line circuit and 
storage oscilloscope, the output of which is 
also stored on tape. Either the raw or discrim
inated signal is fed into an audio amplifier. 
Up to eight channels of electromyogram 
(EMG) are recorded and monitored on an 
oscilloscope; five of these channels can be re
corded on the tape along with a voice record. 

The tape is studied off-line to verify observa
tions made in the operating room. It also can 
be used for various investigations of tremor 
synchrony and latency and for studies of cross
correlation between neuronal and EMG activ
ity. Histogram analysis of discriminated cells 
is performed by aligning all records to EMG 
onset during repetition of a voluntary move
ment. Baseline thalamic cell firing is calculated 
from the first eight bins. A significant response 
is defined as greater than the mean plus two 
standard deviations. The cumulative sum and 
change of slope of cumulative sum are com
puted to identify increased neuronal firing re
lated to, and in advance of, the EMG in volun
tary movement. Cross-correlation analyses of 
tremor cells and EMG activity are performed 
by examining neuron spike auto power at trem
or frequencies and coherence function be
tween thalamic firing and the EMG. Latency 
between thalamic firing and EMG activity is 
measured by averaging EMG activity in rela-



FI
G

U
R

E
 2

3-
1.

 P
os

it
iv

e-
co

nt
ra

st
 v

en
tr

ic
ul

og
ra

m
 o

ut
li

ni
ng

 t
he

 p
os

te
ri

or
 c

om
m

is
su

re
 (

A
) 

an
d 

an
te

ri
or

 c
om

m
is

su
re

 (
B

). 
S

up
er

im
po

se
d 

ar
e 

im
ag

es
 

of
 t

he
 c

ro
ss

 w
ir

es
 

of
 p

la
st

ic
 i

ns
er

ts
 f

it
te

d 
in

to
 t

he
 L

ek
se

ll 
fr

am
e 

si
de

 b
ar

s 
an

d 
id

en
ti

ca
ll

y 
po

si
ti

on
ed

 o
n 

bo
th

 s
id

es
. 

T
he

 X
 a

nd
 Y

 f
ra

m
e 

co
or

di
na

te
s 

ar
e 

re
ad

 d
ir

ec
tl

y.
 

.... o N
 



23. THALAMOTOMY FOR PARKINSON'S DISEASE: MICROELECTRODE TECHNIQUE 303 

B 
FIGURE 23-1. (cont.) 

tion to the occurrence of thalamic action 
potentials [32-34J. 

We use only a microelectrode that can re
cord action potentials and that is sophisticated 
enough to discriminate unit recordings. Ohye 
has demonstrated that such fine electrodes, by 
virtue not only of their impedance but also 
their tiny tip size, are less suited for assessing 
background activity than is a semi-micro
electrode of similar or slightly smaller imped
ance but larger tip geometry [39]. He mea
sured background activity with an integrating 
circuit connected to a "noise meter" and was 
able to recognize certain brain structures by 
their "noise signature" as the semi-micro
electrode traversed them. This feature enabled 
Ohye to locate the "ballpark" somatosensory 
and tremor cells. The microelectrode we use is 

less effective for this purpose but better 
equipped to zero in on the "players" once the 
"ball park" is entered; it also allows rigorous 
physiological off-line analyses. 

If anatomical variation among patients did 
not exist, the microelectrode directed towards 
the V.i.m. would always record a series of trem
or, kinesthetic, and voluntary cells with the 
appropriate responses to microstimulation and 
evoked potential recording; the micro electrode 
proceeding to the VC nucleus would pass 
through a fringe of tremor and kinesthetic cells 
and enter a zone of tactile cells. Unfortunately, 
at least half of the patients do not conform to 
the expected pattern, and the actual sequence 
of observed events may differ from that ex
pected. When this occurs, another trajectory 
must be selected. On the basis of the imaging 
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A 

FIGURE 23-2. Identification of the posterior commissure (A) and anterior commissure (B) by CT using the 
CT -compatible Leksell frame. The locations of the commissures and of the six fiducial bars on either side of 
the frame allow the X, Y, and Z coordinates to be read directly from the CT images. 

and the trajectories studied thus far, this trajec
tory will carry the microelectrode tip into 
either the V.i.m. or VC nucleus. When devia
tion in a patient is great, this can be a tedious 
process that is mitigated by the Ohye tech
nique of using a "noise meter." 

The microelectrode is advanced cautiously 
just into brain until the electrical activity of 
neurons is recognized, which ensures the in
tegrity of the electrode. At the beginning of the 
extrusion, the micro electrode tip usually lies 
near the dorsum of the ventral tier of thalamic 
nuclei. Unitary activity is studied at O.5-mm 
intervals, and microstimulation is carried out 
with the same electrode after recording at each 
particular site is completed. Microstimulation 

is performed with manually controlled trains 
of usually 300 Hz (0.1-0.2 msec duration up 

,to 120 microamperes); manually controlled 
trains of negative square waves from a Grass S8 
stimulator are used. After the microstimulation 
or, retrospectively, at the conclusion of the 
trajectory, evoked potentials are recorded with 
a four-channel Nicollet CA 1000 averager at 
selected sites. The same microelectrode is used, 
and stimulation is performed at either the con
tralateral median or the tibial nerve. 

During microrecording, spontaneous activity 
is observed, particularly for bursts of neural 
firing at tremor frequencies. It is noted 
whether these bursts occur only ,when there is 
peripheral tremor or whether they appear to be 
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FIGURE 23-2. (com.) 

synchronous with such tremor. Samples of 
activity plus five channels of EMG are stored 
for later analysis. 

Activity and response to superficial or deep 
tactile stimuli, muscle squeeze, joint stretching, 
or voluntary activity is elicited, and receptive 
fields are plotted; responses are categorized as 
either rapidly adapting or slowly adapting. 
Taped records are analyzed later to determine 
relationships among stimuli, EMG activity, 
latency, and timing with respect to voluntary 
EMG. 

Microstimulation is carried out at thres
hold to detect the presence of the following 
perceived responses: paresthesias; a sense 
of muscular activity occurring without move
ment (monitored on the EMG); temperature
coded somatosensory effects; sound; a sense of 
dizziness, faintness, or rotation. The surgeon 
notes the effects on tremor and determines 

whether movement is induced, either typical 
tetanization or motor "on" effects. The micro
electrode is advanced, and data are collected 
until the previously described target is defined. 

Potentials evoked by median nerve stimula
tion in the inferior half to two-thirds of the VC 
show well-defined PIS and Nl9 waves; we 
found the former to be of thalamic origin [7]. 
This evoked-potential pattern shows rapid 
attenuation in alL directions outside the VC 
nucleus . . 

Lesion Production 
After the target site has been adjusted on the 
basis of the physiological studies, the lesion is 
made. The lesion is designed to destroy the 
inferior S mm of the V.i.m. serving the hand. 
The electrode has a l.l-mm outer diameter and 
is insulated except for its 3-mm tip (Diros 



306 III. FUNCTIONAL NEUROSURGERY 

Technology Inc., 965 Page Ave., Toronto, 
Canada, M4K 3V6). The lesion is made with 
radiofrequency current from the OWL cordot
omy system (Diros Technology). For lesion 
production, the low, rather than the high, 
output mode is employed. Starting at 35 rnA 
for 60 seconds of current flow, the lesion is 
enlarged cautiously. Current is gradually in
creased to 60-80 rnA. Current should not be 
increased because the lesion would become too 
large. During lesion placement, the patient is 
tested continually for the onset of finger-to
nose ataxia, subjective numbness, and dysar
thria. If untoward effects appear, lesion pro
duction is stopped at once. The procedure can 
continue if the paresthesias are reported at the 
onset of current flow, but soon end spon
taneously while current is flowing. 

If precisely positioned, the resulting single 
lesion (3 X 3-4 X 4 mm in diameter or 15-35 
mm3, according to warm-egg-albumin experi
ments) should suffice to control parkinsonian 
tremor and reduce rigidity. Inadequate control 
or premature termination of lesion placement 
because of side effects results from less-than
optimum siting and requires repositioning of 
the electrode and repetition of the lesion
making process. If tremor control in the lower 
extremity is required, lateral extension of the 
lesion may be necessary, unless the original 
physiological localization included "leg" cells. 

At the conclusion of the procedure, the posi
tions of the skull pins are recorded and the 
frame removed. The incision is sutured to pre
vent cerebrospinal fluid leakage. The patient is 
observed for six to eight hours or until stable, 
after which medication is resumed. Immediate
ly after surgery, the patient is warned and pro
tected against falling because of the contralater
al hypotonia frequently induced by the lesion. 
Hypotonia usually subsides in a few days. In 
10% of cases, tremor recurs up to two to three 
months postoperatively. Recurrence of tremor 
may necessitate enlargement of the lesion. 

Table 23-1 summarizes our experience with 
microelectrode recording in the thalamus and 
compares these results with those of microstim
ulation using the same electrode at the same 
sites [32-34, 47, 48]. 

Tactile Cells 
Tactile cells are located most posteriorly in the 
inferior one-half to three-quarters of the VC 

nucleus and presumably represent the lemniscal 
thalamic relay. These cells respond to either 
superficial pressure (light cotton wisps) or deep 
pressure (tapping or stroking) in (usually) dis
crete, contralateral small receptive fields. (Occa
sionally, perioral sites will produce ipsilateral 
responses.) Such neuronal representation is most 
commonly found periorally or in the digits, 
where receptive fields are smallest (some only a 
few millimeters in diameter). We believe that 
deep tactile cells lie rostral to superficial cells, 
but we have not been able to confirm this 
statistically. Once encountered in a parasagittal 
trajectory, these tactile cells show a remarkable 
monotony of somatotopic representation. Cells 
extending as far as 5 mm on a parasagittal 
trajectory have similar or overlapping receptive 
fields. However, a 1-2 mm shift of trajectory 
into a new sagittal plane may produce quite 
striking somatotopic changes. The somatoto
pographic arrangement, at least for the face and 
upper-limb digits (which are represented in
feriorly in the nucleus), appears to be in the 
form of parasagittal books of medially to 
laterally arranged lamellae, which are convex 
laterally. 

Microstimulation at sites where 200 such tac
tile cells were recorded (whether superficial or 
deep, at thresholds as low as 3-4 /-LA at 100-
300 Hz and 0.1 msec) induced paresthetic re
sponses in 157 cells. These sites usually re
ferred to the same area on the body as the cells' 
receptive fields. The quality of induced re
sponse was described as painful by six patients, 
burning by three, pressure or stretching by 16, 
and warm or cold by four. Based on animal 
studies, such cells are likely to be located in the 
ventrobasal complex in the lemniscal relay. It is 
important to identify this region, which prob
ably extends no more than 2-4 mm anteropos
teriorly, 4 mm medially to laterally, and 4-5 
mm dorsoventrally. A lesion to control manual 
tremor should be placed just rostral to the tac
tile finger area, but it should not invade this 
area because of the risk of causing sensory loss. 

Kinesthetic Cells 
Immediately rostral to the area containing tac
tile cells is a small zone of units that respond 
to passive joint movement and muscle belly 
squeezing but not to cutaneous stimulation. 
(The two types do not appear to be spatially 
separated from one another.) The response 
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TABLE 23-1. Results of Microrecording and Microstimulation During Stereotactic Thalamotomy 

Microrecording 

Tactile unit RA, SA, 
responding to light 
touch 

Tactile unit responding 
to deep stimuli RA, 
SA 

Kinesthetic unit 
responding to muscle 
belly squeeze or 
tendon, joint stretch 
RA or SA 

Kinesthetic unit with 
evoked tremor 
synchronous activity 

Voluntary cell 

Voluntary cell plus RF 

Voluntary cell with 
tremor synchrony 

Bursting cell, not tremor 
rate or tremor 
synchronous 

Tremor rate, not 
synchronous 

Axons 
Axons, ? small cells 

Auditory cells 
(contralateral RF) 

Not recognized 

Microstimulation 

Paresthesias same as 
RF of tactile unit 

Paresthesias same as RF 
of tactile unit 

Paresthesias or sense of 
movement 

Paresthesias or sense of 
movement + tremor 
reduction or arrest 

Motor "on" effect 

? Motor "on" effect 

Motor "on" effect + 
tremor reduction or 
arrest 

None 

None 

Paresthesias, larger fields 
Hot, cold, sometimes 

paresthetic effects to 
lower limb, trunk 

Low-pitched sound 

Faint, dizzy, rotatory 

Anatomical Site 

Inferior ve 

Inferior Ve,? rostral 
to superficial tactile 

'Inferior V.i.m. 

Inferior V.i.m. 

Inferior?, rostral 
V.i.m., VOP 

Inferior?, rostral 
V.i.m., VOP 

Inferior?, rostral 
V.i.m. 

Throughout V.i.m. 

Throughout V.i.m. 

Medial lemniscus 
Inferior rim of ve, ? 

V.i.m. adjacent to 
medial geniculate 

Medial geniculate 

V.i.m. 

Probable Structure 

Lemniscal relay 

Lemniscal relay 

Leminscal relay, ? + 
spindle afferent 

Lemniscal relay, ? + 
spindle afferent 

? Dentatothalamic tract 
to Betz cells 

? Dentatothalamic tract 
to Betz cells 

? Dentatothalamic tracl 
to Betz cells 

Unknown 

Unknown 

Medial lemniscus 
? Spinothalamic tract 

Primary auditory path 

Rostral vestibulothalamic 
path 

RA = rapidly adapting; SA = slowly adapting; RF = receptive field; VC = ventrocaudal nucleus of thalamus; V.i.m. = ventral intermedilJte 
nucleus of thalamus; VOP = ventral oral posterior nucleus of thalamus. 

may be tonic or phasic, as indeed the tactile 
cells may be, and is elicited from a part of the 
body somatotopically similar to the tactile cells 
that are immediately caudal. This somatotopic 
arrangement seems to be similar to that of tac
tile cells. Microstimulation was performed at 
41 sites where such cells were recorded and 
produced the following responses: paresthesias 
in parts of the body similar to the receptive 
fields at 23 sites; a feeling of muscle movement 
or stretching at three; hot, cold, or burning 
effects at three; and motor "on" effects at four. 

In patients with Parkinson's disease or other 

types of tremor, these kinesthetic cells are 
potential tremor cells, firing with evoked 
rhythmic patterns at rates rigorously synchro
nous with peripheral tremor. (In our experi
ence, this is not true for patients without 
tremor.) Studies of discriminated kinesthetic 
neurons show a high degree of autopower at 
tremor frequencies and tight correlation with 
tremor recorded in the EMG of upper limb 
muscles. Tremor appears to be synchronous 
throughout all upper limb muscles. The evoked 
tremor activity of these cells stops when the 
tremor ceases spontaneously or in response to 
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a voluntary movement or tactile stimulus; it 
then resumes with the degree of synchrony 
becoming more significant the longer the trem
or continues. Microstimulation at the sites of 
kinesthetic tremor cells alters tremor. As fre
quency of stimulation is increased, an effect 
first appears at about 20-30 Hz, becoming 
more pronounced up to 300 Hz, at which 
point tremor arrest nearly always occurs. 
When the stimulation train is first applied, it 
may disrupt or accelerate the tremor pattern. 
The longer the current flows, the more likely 
the suppression of the tremor. . 

We believe that these kinesthetic cells, 
whether or not they function as tremor cells, 
lie in the V.i.m., but it is unclear if they are 
lemniscal cells or if their afferent path is via 
other routes, such as the spinocerebellar tract. 
Possibly more than one cell population is in
volved, some representing lemniscal-kinesthetic 
cells and others representing spindle-afferent 
cells. 

Voluntary Cells 
More rostral to kinesthetic cells lies a narrow 
zone containing "voluntary cells" that increase 
or occasionally decrease firing in response to a 
particular voluntary movement involving con
tralateral musculature (e.g., protruding the 
tongue, making a fist, or pointing the index 
finger). These cells do not respond to passive 
movement of the same or any other body part, 
and they appear to be less numerous than 
kinesthetic cells. The responsible movement in
volves parts of the body somatotopographical
ly similar to the area related to the kinesthetic 
and tactile cells located caudal to them. They 
appear to lie either in the rostral portion of the 
V.i.m. or the caudal part of the VOP. Analyses 
of neuronal firing and related EMG show that 
these cells fire as much as 850 msec in advance 
of voluntary movement. Microstimulation at 
sites where voluntary cells are recorded may 
induce a motor "on" effect involving the mus
cles that fire them. This suggests that the effect 
arises from the transsynaptic firing of Betz cells 
and that the cells are located in the dentatotha
lamic tract. On other occasions, sensory effects 
are perceived with motor connotations. 

Some voluntary cells are also tremor cells, 
firing synchronously with, and in advance of, 
peripheral tremor, which suggests that they 
may be tremor pacemakers. Microstimulation 

in areas where voluntary cells are also tremor 
cells can arrest tremor. 

Voluntary Cells With Sensory Fields 
Intermingled with voluntary cells are a few 
cells that have sensory receptive fields in addi
tion to their motor characteristics. Some of 
these may function as tremor cells in Parkin
son's disease. Examination of latencies pre
cludes the possibility that their firing is evoked 
by the tremor via their sensory input. These 
cells fire in advance of both the voluntary 
movement and the EMG of tremor. Their 
latencies indicate that they could be firing 
through the corticospinal tract as tremor pace
makers. Therefore, they may have a tremor
generating role. In our experience, the effective 
lesion for controlling parkinsonian tremor and 
reducing rigidity encompasses the tremor cells 
in the kinesthetic and voluntary cell zone of 
the thalamus. 

Other Tremor Cells 
Two other types of tremor cells are intermixed 
with the kinesthetic and voluntary cells and 
also extend more dorsally in the V.i.m. Some 
of these fire at tremor frequency but demon
strate neither receptive fields nor association 
with voluntary movement. Some fire at rates 
other than tremor frequency. The functions of 
both groups are difficult to discern. 

Other Responses 
If the micro electrode trajectory traverses in
feroposteriorly past the V.i.m. or the ventro
basal nuclei, additional effects can be recog
nized. Most neurons that fire in response to 
contralateral auditory stimuli are encountered 
in the medial geniculate, where microstimula
tion produces low-pitched contralateral audi
tory effects. Between the medial geniculate and 
the ventrobasal complex lies a small area where 
microstimulation occasionally produces contra
lateral feelings of tingling but usually feelings 
of cold, warmth, or burning. Instead of being 
referred to the hand or face, as the responses 
encountered throughout most of the trajecto
ries through the V.i.m. and the ventrobasal nu
clei, these responses are referred to the foot, leg, 
or trunk. Microrecording here reveals small 
neurons and axons, with occasional fields re
ceptive to pinprick in the same bodily parts as 
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those in which the stimulus-induced effects are 
produced. Thus, there is an abrupt discontin
uity between masses of neurons throughout 
most of the trajectory and an area with few 
neurons and mostly axons. The monotonous 
overlapping of receptive fields involving the face 
or manual digits is abruptly broken, and res
ponses shift to the lower part of the body. 

The quality of response typically changes 
from paresthesias through the ventrobasal 
complex to hot, cold, or burning responses in 
the distal body sites that lie posteroinferiorly. 
We believe this area corresponds to the spino
thalamic relay [50], as reported by Kniffki 
and Mizumura [30]. More rostrally and medial
ly, deep to ventrobasal neurons, the electrode 
may enter the medial lemniscus, where neurons 
are replaced by axons. At this location, pares
thetic responses to stimulation persist, often at 
very low thresholds. However, the responses 
refer to bodily parts that are larger than those 
obtained in the VC nucleus but are otherwise 
similar. If the electrode is advanced still further 
through the medial geniculate, as the electrode 
tip impinges on the pia of dorsal brain stem, 
the patient may feel deep aching that can be 
referred to the ipsilateral eye or forehead [50]. 

It is useful to explain the micro electrode 
technique with reference to a particular patient. 

Case History 
A 48-year-old woman noted tremor in her 
right index finger two years before surgery. 
The tremor steadily spread throughout her 
hand and, one year before surgery, to the left 
hand and slightly to the left lower limb. 
Though right-handed, she began using her left 
hand for tasks requiring dexterity and com
plained of pain in the right forearm muscula
ture. Constant severe rest tremor was noted in 
the right upper extremity, especially distally, 
despite L-dopa therapy. She also had severe 
rigidity on the right side, especially in the up
per extremity and ankle. Tremor and rigidity 
were less marked in the left upper extremity. 
Repetitive manual skills were severely impaired 
on the right, much less so on the left; hand
writing was impossible with either hand. Gait 
and stance were well preserved, although she 
exhibited "petit pas" on turning. She had no 
spontaneous arm swing and carried the right 
upper extremity in a dystonic posture. 

Figure 23-3 (upper panel) shows the com
puter-generated operative diagram described 

15 Left Before Correction 

15 left Alter Correction 

FIGURE 23-3. Top: Computer-generated diagram 
of the thalamus in IS-mm sagittal plane, prepared on 
the basis of radiologically located anterior and pos
terior commissures. Pu = pulvinar, L = corpus 
Luysii, MG = medial geniculate nucleus. The left 
(anterior) hatched line represents an electrode trajec
tory ending in rostral VC nucleus, as located by 
ventriculography, where manual tactile neurons 
would have been expected. Instead (see figure 23 -4), 
responses more typical of the V.i.m. were found in 
this trajectory, and a second trajectory (right, more 
posterior hatched line) was explored, which yielded 
responses expected in the first. 
Bottom: The two trajectories above have been 
replotted, each 2 mm more rostrally (to the left), so 
that recorded physiological responses now match 
anatomical structures. Thus, the lesion to control 
tremor (hatched circle 1.5-2.0 mm in radius) must be 
placed 2 mm more caudally than the site selected by 
radiological localization alone. 
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FIGURE 23-4. Physiological data collected along two trajectories (from figure 23-3, bottom) by microelec
trode recording (right) and micro stimulation (left), plotted 2 mm anteriorly to (to left of) actual recording 
sites, so that data conform to anatomical structures. Lesion site and size are indicated by hatched circle. (See 
scale, lower left.) In the superior portions of both trejectories (in V.i.m.) many tremor cells T = not 
synchronous with EMG; (Tm = synchrons with EMG) are seen; some that are located inferiorly also have 
rt!ceptive fields to kinesthetic stimuli (KI). At many tremor cell sites, microstimulation (threshold indicated in 
microamperes to the left of each trajectory) induced sensations of muscle contraction without any actual 
movement (SM) and also caused tremor arrest (TA) or reduction (TR). One motor "on" site affecting the 
thumb is seen in the left anterior trajectory in dorsal V.i.m. More inferiorly and posteriorly in the V.i.m., 
stimulation induced paresthesias (P) even at sites where kinesthetic (KI) cells were recorded. In the more 
caudal (right) trajectory, inferiorly and posteriorly, the kinesthetic and tremor cells were replaced by (first) 
deep (TD) then superficial (TS) tactile cells that have very discrete receptive fields ; this occurred at sites where 
stimulation induced paresthesias at low thresholds (5-8 A) in bodily areas similar to the receptive fields. 
Tremor reduction was nOt seen here. U = unidentified neuron ; RA = rapidly adapting; SA = slowly and 
apting. 
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earlier, with a target in the rostral part of 
the VC nucleus and the trajectory (rostral dot
ted line) with which it was explored. Figure 
23-4 illustrates the responses obtained with 
microstimulation and microrecording. Figure 
23-5 demonstrates the results of evoked 
potential recordings at this site. Expected tac
tile responses were not found initially, and an 
additional trajectory was chosen more caudal
ly. The desired tactile effects were recorded 
(caudal hatched line, figure 23-3, top). These 
findings indicate that the anatomical target we 
sought was 2 mm caudal to the site selected on 
the basis of imaging. In figure 23-3 (bottom), 
the trajectories have been redrawn 2 mm more 
rostrally, so that they are now correctly 
oriented to the anatomical structure. Figure 
23-4 shows that the most rostral trajectory 
does not contain expected tactile cells, but 
rather tremor and kinesthetic cells and 
stimulus-induced sensorimotor and tremor
supp~essive effects typical of the V.i.m. The 
second, more caudal trajectory contains occa
sional tremor and kinesthetic cells typical of 
the V.i.m. superiorly, with tactile responses 
typical of the VC inferiorly, along with 
appropriate stimulus-induced effects. The 
lesion was placed 2 mm more caudally than the 
imaging would have suggested (see figures 
23-3 and 23-4). The lesion completely and 
permanently arrested the patient's tremor and 
rigidity on the contralateral side without com
plications and restored her ability to perform 
tasks requiring manual dexterity such as hand
writing. 

Results 
The relatively recent adoption of microelec
trode recording (in the late 1970s), particularly 
the technique of stimulating and recording 
evoked potentials with the same microelectrode 
(in the mid -1980s), has greatly improved the 
accuracy and reduced the morbidity of our 
surgical treatment of Parkinson's disease. A 
prospective study of 75 of 190 cases operated 
upon unilaterally between 1965 and 1982, 
chiefly using macrostimulation, revealed that 
no deaths occurred, and there was only one 
instance (in 1975) of severe morbidity [51 J. 
This patient sustained a hemorrhage at the le
sion site and lost position sense in half of the 
body. 

Three months postoperatively, 71.6% of the 

}': , 
, ' , : , , 
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/ 

FIGURE 23-5. Same mapping as figure 23-4, show
ing evoked potential recordings elicited by contra
lateral median nerve stimulation at various thalamic 
sites with the same micro electrode used for unit 
recording and microstimulation. Voltage and time 
base are shown at lower left. The prominent PIS 
N19 complex, clearly illustrated, attenuates rapidly 
outside the inferior VC nucleus. 

patients reviewed were free of contralateral 
manual digital tremor; another 10.4% were 
nearly free of this disability. Wrist tremor was 
eliminated in 74.6% and almost so in 4.5%; 
83.6% were free of proximal upper-limb trem
or and 11.9% almost so; 92.5% were free of 
proximal lower-limb tremor and 4.5% nearly 
free; and 83.6% were relieved of ankle tremor, 
with 3.0% mostly relieved. During simul
taneous rapid contralateral hand patting at this 
time, rigidity was absent from the hand in 
69.9%, from the wrist in 41.3%,from the pro~
imal upper limb in 55.5%, from the proximal 
lower limb in 61.9%, and from the ankle in 
50.8%. Three percent suffered from increased 
postoperative interference of locomotion 
caused by dystonic posturing of the ankle. This 
complication usually developed several days 
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postoperatively, and its cause was uncertain. 
Significant worsening of speech occurred in 
1.3% of these patients. About one-quarter of 
the patients experienced transient or minor 
complications, such as subjective numbness of 
the contralateral corner of the mouth or fingers 
(12.0%), transient contralateral hypotonia 
(6.7%), transient neglect or ataxia of the hand 
(5.3%), transient foot dystonia (2.7%), tran
sient or minor worsening of dysarthria (2.7%), 
and transient confusion (12.0%). Yasui and 
colleagues found a similar incidence of hand 
ataxia in patients undergoing thalamotomy and 
a much higher rate among patients subjected to 
sub thalamotomy [55]. 

Conclusion 
Thalamic lesions of 30 mm3 stereotactically 
placed in the V.i.m. remain the sole reliable 
means of permanently controlling severe con
tralateral parkinsonian tremor and, to a lesser 
extent, rigidity [27]. The location of the lesion 
site must, however, be corroborated by phy
siological techniques. The most elegant of 
these techniques entails locating kinesthetic 
and voluntary tremor cells for (usually) the 
dominant hand, just rostral to tactile cells for 
the same body part. Physiological technique 
should include micro electrode recording corre
lated with microstimulation and evoked poten
tial recordings performed at the same sites with 
the same microelectrode. 
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24. SELECTIVE THALAMOTOMY FOR 
MOVEMENT DISORDERS: 

MICRORECORDING STIMULATION 
TECHNIQUES AND RESULTS 

Chihiro Ohye 

Using semi-microelectrodes adapted to the 
Leksell stereotactic apparatus, a technique has 
been developed for physiologically controlled 
selective thalamotomy to treat tremor, partial 
dystonia, choreoathetosis, and other involun
tary movement disorders [22, 23, 25, 29]. 

This chapter describes preoperative assess
ment, the operative technique, and postopera
tive results. 

Preoperative Assessment 

PATIENT EVALUATION 
Neurological examination remalOS of para
mount importance in establishing both the 
diagnosis and the appropriate therapeutic 
approach. The various elements of each move
ment disorder should be carefully analyzed, 
because most movement disorders consist of 
mixtures of several types of tremor, chorea, 
athetosis, or ballism. 

Two useful methods for analyzing move
ments are the electromyogram (EMG) and film 
or videotape recordings. EMG can be recorded 
using a multipurpose, multichannel electro
encephalogram (EEG) machine and surface 
electrodes attached to the skin over the bellies 
of the appropriate muscles. Simultaneous re
cordings from antagonistic muscles (e.g., the 
flexors and extensors of the elbow) are essen
tial. In any abnormal movement, several factors 
should be studied. In the case of tremor, the 
following characteristics are important: (1) fre
quency, (2) amplitude, (3) distribution of trem-

or in the affected limb, and (4) conditions 
under which the tremor appears (resting, pos
tural, intentional). These characteristics are used 
to determine the size of the therapeutic lesion 
and its specific location within the thalamus 
[7]. 

Motion picture or videotape recording is 
another useful method of analyzing the fea
tures of abnormal movements. At Gunma 
University, 16-mm films are taken before and 
after each operation to document the abnormal 
movements and how surgery has affected these 
movements. Retrospective observation of the 
abnormal movements is thereby easily accom
plished and the effects of therapy more objec
tively assessed. 

STEREOTACTIC COMPUTED 
TOMOGRAPHY (CT) 
Using a special recently developed craniometric 
method, the intercommissural (IC) line can be 
drawn precisely on a simple lateral skull x-ray 
[27]. A tentative target point on this IC line is 
selected and an appropriate site for electrode 
insertion and trajectory to the target is chosen, 
usually entering in the prefrontal area. A line is 
drawn on the x-ray from the selected entry site 
to the target point, usually making an angle of 
about 30° with the IC line. This guideline on 
the lateral skull x-ray can be transferred to the 
patient's scalp and a CT scan made in this 
plane on the line as well as 5 mm rostral and 
caudal to it (figure 24-1). 

One of the CT images thus taken theoreti
cally contains the region of the nucleus ventra-

L.D. Lunsford (ed.) MODERN STEREOTACTIC NEUROSURGERY. Copyright © 1988. 
Martinus Nijhoff Publishing. Boston/Dordrecht/Lancaster. All rights reserved. 
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lis intermedius (V.i.m.) or at least the thalamic 
area close to it. This selected CT image will be 
in the plane through which the electrode would 
pass intraoperatively, assuming the electrode 
angle is adjusted as described later in this 
chapter. Using this stereotactic CT method, 
the geographical relationship of the subcortical 
structures to the ventricular system and any 
deformity that might exist can be determined 
before surgery. In addition, the distance can be 
measured from the inner table of the skull at 
the proposed electrode insertion site to both 
the target and to specific nuclei encountered en 
route. This method has proven to be a reliable 
operative strategy and can be adapted to 
stereotactic approaches in other regions of the 
brain, as well. 

Operative Technique 

OPERATING ROOM EQUIPMENT 
Some electronic equipment is inevitably re
quired to perform stereotactic surgery that in
cludes depth recording and stimulation. At 
Gunma University, this includes (figure 24-2) 
the following mandatory equipment: 

Semi-micro electrodes : bipolar concentric 
needle type (steel-steel~uter diameter 
0.6-0.3 JLm; interpolar distance, 0.3-0.5 
mm; tip, about 20 JLm; electrical resistance, 
about 100 kOhm (the same electrode is used 
for recording and stimulation) 

Oscilloscope: main and slave types 
Multipurpose EEG machine 
FM tape-recorder 
Loud speaker 
Electrical stimulator 

The following equipment is optional: 

Signal level meter 
Micromanipulator-facilitates controlled ap

proach to target 
Digital meter-to measure automatically the 

distance from the target to the electrode 
tip 

Data processor 
Personal computer 

PREPARATION OF THE PATIENT 
The surgery may be performed with the patient 
in the sitting, semisitting, or supine positions. 
We prefer the supine position using the Leksell 

stereotactic apparatus. The operation is usually 
performed under local anesthesia in order to 
observe the patient's abnormal movements as 
the operation proceeds. As with all operations 
performed in the awake state, the patient's 
cooperation is essential during this procedure. 
However, in cases with severe abnormal move
ments, some sedation is given, and in patients 
under ten years of age, a general anesthetic is 
preferred. Premedication usually is unneces
sary, but in some cases, prophylaxis or treat
ment of excessive oral secretions or nausea is 
administered. For EEG and EMG monitoring 
and recording, the appropriate scalp and sur
face electrodes are attached. 

We modified the original method of Leksell 
[12] by performing ventriculography at the 
time of operation. After fixing the stereotactic 
frame, a burr hole (diameter 1.5 cm) is made at 
a point already chosen using the stereotactic 
CT scan. It is usually 2-3 cm rostral to bregma 
and about 3 cm lateral to the midline. After 
making a cruciate dural incision, the lateral 
ventricle is tapped. After withdrawing 15-20 
ml cerebrospinal fluid (CSF), a small amount 
of radiopaque substance (metrizamide, 3-5 ml) 
and room air (about 10 ml) are injected. Lateral 
and posteroanterior skull x-rays are then taken 
immediately. With the patient in the supine 
position, the posterior commissure is made 
visible by the denser radiopaque substance, and 
the anterior commissure by the room air. The 
tentative target point is then selected on the IC 
line, 5 mm anterior to the posterior commis
sure and 15 mm lateral to the midline. This is 
the optimal standard target point, correspond
ing to the inferior border of the V.i.m., accord
ing to the Schaltenbrand and Wahren atlas of 
the human thalamus [6]. 

Next, the semicircular arc of the Leksell 
apparatus is fixed so that the midpoint between 
the two adjacent electrodes in the apparatus is 
on a direct trajectory to the target. The angle 
of the arc will closely approximate that of 
the stereotactic CT scan (figure 24-3). Thus, a 
central electrode will reach its target through a 
path shown on the stereotactic CT scan. If the 
burr hole is sited accurately, the difference be
tween the angle on the stereotactic CT scan 
and the angle of the electrode trajectory is neg
ligible (less than 5°) [27]. In unusual circum
stances, such as when a very large underlying 
cortical vein is found, the burr hole may need 
to be enlarged. 

As the Leksell frame requires two needles 
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FIGURE 24-2. Arrangement of equipment in our operating room at Gunma University. Bl> input box for 
recording and stimulation; B2, input box for EEG and EMG; CA, camera for filming abnormal movements; 
DM, digital meter; EEG, multipurpose machine; FM, magnetic tape; 0,1-3, oscilloscopes; SI-b speakers; SL, 
signal level meters; PA, patient; PC, personal computer; WD, window discriminator; X-R, x-ray tube. 

for final bipolar thermocoagulation [12], a set 
of two semi-microelectrodes is used for record
ing and stimulation before placing the lesion. 
The semi-microelectrodes are inserted in place 
of the stylet, with the coagulation needle serv
ing as a guide (see figure 24-3). To measure 
the distance from the target point I to the tip 
of the electrode, a slit gear-gauge micro
manipulator adapted to the electrode holder is 
connected to a digital meter (10-lLm steps). The 
zero point of the micromanipulator (the target) 
is verified on the frame beforehand by moving 
the electrode tip to the center of the arc before 
the arc is attached to the frame. At this zero 
point, the digital meter is also set at zero. This 
ensures that the digital meter consistently dis
plays the distance from the target point to the 
tip of the electrode with 10-lLm precision. This 
distance can be confirmed by comparing it to 
the distance derived from the stereotactic CT 
scan. The second electrode can be set at any 

point relative to the central electrode; we 
usually use a 3-mm separation between tips, 
which are oriented parallel to the midsagittal 
plane. The tips may be rotated to make them 
parallel to the frontal or coronal planes. 

INTRAOPERATJVE PHYSIOLOGICAL 
STUDIES 
Since the beginning of stereotaxy, neuro
surgeons have tried various methods to accu
rately reach deep-seated target sites. Most have 
relied on anatomical landmarks, such as the 
sella turcica, the calcified pineal gland, and the 
ventricles. After more than two decades of ex
perience, however, physiological identification 
of targets using subcortical recordings of elec
trical activity is generally accepted as one of the 
most reliable and direct methods to reach clin
ical targets safely and accurately [1, 11, 17]. 
Therefore, this technique is described in some 
detail. 
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Recording. Using the micromanipulator, re
cording begins from the cortical surface. The 
surface contact point is about 60-70 mm from 
the target (zero) point, and this distance can 
again be verified by the stereotactic CT. On 
the way to the target, the electrodes pass 
through cortical gray matter, white matter, the 
caudate nucleus, and another small strip of 
white matter, until they finally enter the thala
mus. The sequential penetration of these sub
cortical structures is clearly indicated by the 
characteristic electrical activity recorded for 
each (figure 24-4). Cortical gray matter ex
hibits high-amplitude rapid oscillation with su
perimposed large spikes. This pattern appears 
for a distance of about 15-20 mm, followed by 
a sudden decrease in electrical activity marked 
by only small positive spikes, indicating that 
the tip of the electrode has penetrated white 
matter. At about 30 mm from the target point, 
the electrical activity increases again, shown by 
irregular oscillations of about 30 Hz and super
imposed sporadic spike discharges of moderate 
amplitude and long duration (2-3 m sec). This 
pattern continues for some 10 mm and corres
ponds to the caudate nucleus, as confirmed by 
standard stereotactic atlases and the stereotactic 
CT image. If the electrode approach is more 
lateral, one observes only small positive spikes 
on a low level of background activity, denoting 
white matter; whereas, if the electrode travels 
more medially, there is an interval without 
electrical activity, because the lateral ventricle 
has been entered. Thus, before penetrating the 
thalamus, caudate activity confirms the trajec
tory of the electrode, as predicted by the 
stereotactic CT image. Caudate activity thus 
can be used as a "pilot structure." 

Just beneath the caudate nucleus, the elec
trical activity usually decreases again, indicat
ing a short zone of white matter between it and 
the thalamus. Approximately 15-20 mm from 
the target, the electrical activity again increases, 
signifying that the tip of the electrode has en
tered the roof of the thalamus. Because the 
roof of the thalamus is curved, the tips of the 
electrode pair penetrate it at slightly different 
distances from the target. One can thereby esti
mate the curvature or shape of this portion of 
the thalamus [4, 14]. 

Within the thalamus, the electrical activity 
also exhibits characteristic patterns that allow 
nuclear localization. Differences in spon
taneous activity between dorsal and ventral and 

between rostral and caudal regions are particu
larly dramatic, the ventral and caudal portions 
being more active. This may be due to the 
disparate cellular compositions of the various 
thalamic subnuclei [5). Here, the angle of the 
electrode approach in relation to the configura
tion of the thalamic subnuclei is very impor
tant. If the electrodes approach the thalamic 
ventrolateral mass at an acute angle, penetra
tion of the V.i.m. is more likely (figure 24-5). 
However, if the electrode path is more vertical, 
there is a greater risk of missing the V.i.m. 
nucleus, because it is a narrow structure in its 
anterior-posterior dimension. Using a sagittally 
oriented pair of electrodes 3 mm apart, we have 
found that one or both electrodes may reach 
the V.i.m. though the posterior electrode 
usually arrives first. The electrical activity of 
the V.i.m. is distinctly different from that of 
the surrounding structures. In nine out of ten 
cases, the posterior electrode, which penetrates 
the V.i.m., exhibits very high background 
activity and slight oscillation of 25-30 Hz 
superimposed on a high-amplitude spike dis
charge. Meanwhile, the anterior electrode is 
usually in the ventrolateral (VL) nucleus, 
where only small spikes over relatively low 
background activity are found. Typically, this 
difference is so marked that the anterior border 
of the V.i.m. is easily recognized. The clear 
separation of the electrical background activity 
between VL and V.i.m. can be attributed to 
differences in cytoarchitechture [8, 9). The 
majority of the neurons in the VL nucleus are 
small (about 300 p,m2) and densely packed, 
whereas neurons in the V.i.m. are large (about 
500 p,m2) and sparsely distributed. 

In the high-background activity zone, dis
tinguishable single- or multiple-unit spike dis
charges can be separated with the help of the 
micromanipulator. Among these, rhythmic dis
charges time-locked to the contralateral tremor 
can be found readily, particularly in patients 
with spontaneous tremor (figure 24-6). A 
loudspeaker is quite helpful in recognizing 
these rhythmic bursts. Frequently, when 
advancing the electrodes, the rhythmic activity 
of tremor-synchronous neurons can be heard 
above the background noise, even if the spikes 
are not individually distinct. Further careful 
descent of the electrode via the micromanipula
tor often separates the rhythmic grouped 
spikes from the background noise. 

After reaching and identifying this electrical 
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FIGURE 24-5. Top: The relationship between the configuration of the V.i.m. and the angle of the pair of 
recording electrodes. The maximum (inclined) and minimum (more vertical) approaches that we have used 
are shown by lines AB and A'B', respectively. The inclined approach increases the probability of traversing 
the V.i. m. Thick curved lines in the lower right denote the posterior part of the third ventricle and posterior 
commissure (CP). 
Bottom: Example of an intraoperative data processing chart. A profile of the thalamic V.i.m. zone (within 
dotted lines) and the trackings of a pair of electrodes, referring to the CP and the intercom miss ural line. The 
approximate amplitude of the background electrical activity along the trajectory is shown, and several points 
of thalamic response are plotted on this chart. An essential zone to be coagulated is marked by the hatched 
area. The four different responses were: wrist supination, stretching biceps muscle (not clear), tap on the lip, 
and light touch on the tip of the tongue. 
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aCtIVIty, we determine whether a variety of 
passive or active contralateral limb movements 
can modify this rhythmic bursting. About 20% 
of neurons in the V.i.m. respond to limb mo~ 
tions and often exhibit tremor-synchronous 
firing. These units are very modality-specific in 
their response; their firing is not affected by 
other sensory stimulation, such as a light 
touch. They are therefore called "kinesthetic 
units" [31]. It should be noted that they do not 
always show tremor-related firing and in fact 
may be found in patients without tremor. They 
should not be confused with units showing 
rhythmic or irregular bursting without kines~ 
the tic or other sensory responses. The latter 
may be found close to the kinesthetic units but 
tend to be in the more dorsal portion of the 
V.i.m. [24, 32]. 

These kinesthetic units have been found in at 
least 90% of cases, usually on the first or 
second electrode tracking. They tend to cluster 
in the last 10 mm of the tracking, and in our 
anterolateral-to-posteromedial trajectory, they 
are invariably the first sensory neurons iden~ 
tified in the thalamus, and in turn theoretically 
correspond very nicely to the V.i.m. The 
micromanipulator has helped enormously in 
recognizing these units. 

These kinesthetic neurons show a topo
graphical organization within the V.i.m. In 
general, neurons responding to stimulation of 
the face and the upper and lower limbs are 
found in the most medial, ventromedial, and 
dorsolateral parts of the V.i.m., respectively 
[23]. Therefore, upon reaching the high
activity V.i.m. zone, the kinesthetic response is 
most likely found by examining the lower 
limbs, but at the end of tracking, attention 
should be focused on the upper limb or face 
area. 

Identifying at least one unequivocal kines
thetic response is the most essential part of 
selective thalamotomy. Its location is a crucial 
factor in deciding on the location and size of 
the therapeutic lesion(s). 

After a stable kinesthetic neuron and its 
peripheral receptive field are found, the corre~ 
sponding peripheral nerve is electrically stimu
lated percutaneously, using a stimulus weaker 
than the motor (and usually the sensory) 
threshold. (A very weak paresthesia may 
occur.) The kinesthetic units invariably re
spond with latencies of approximately 11-12 
m sec for the upper limb area [31 J. Because there 

is always a fixed latency in a given unit, it is 
probable that the ascending pathway from the 
peripheral nerve to the contralateral V.i.m. 
,neurons is direct and possibly mono- or oligo
syna. ptic. This pathway may well be the spino
thalamic tract [19, 34, 35]. 

Stimulation. Sensation and/or modulation of 
movement provoked by thalamic stimulation 
are other important methods to confirm that 
the tip of the electrode is in the V.i.m. We 
stimulate the point in the thalamus where the 
kinesthetic unit is recorded, using the same 
electrodes as for recording 60-100 Hz, 0.3-
0.6 mA, 0.5 ms, about 1 s) [31]. It is interesting 
to note that at threshold stimulus intensities, 
the majority of patients describe electric-like 
sensations in the contralateral body part cor
responding to the peripheral receptive field. 
Some describe a feeling of numbness in the 
same area. Thalamic stimulation modifies spon
taneous tremor in (mainly) the corresponding 
area of the receptive field (figure 24-7) and 
may either augment or suppress the tremor. 

In a series of stereotactic operations per
formed in the 19605, we used the thalamo
cortical potentials evoked by low-frequency 
(about 6 Hz) thalamic stimulation as a major 
physiological tool to identify thalamic nuclei 
[28, 38]. However, with the advent of thalamic 
recording, we have relied much more on phys
iological information directly obtained from 
the thalamus. The thalamocortical evoked 
potentials are now used only as supplementary 
procedures. 

Recording and stimulation around the 
V.i.m. nucleus. As previously noted, phys
iological findings outside the V.i.m. nucleus 
differ substantially from those inside. Anterior
ly in VL nucleus, the background activity is 
low and without large spike discharges, and 
kinesthetic neurons are not found. Several 
investigators have observed VL neurons dis
charging with voluntary movement of the con
tralateral limbs [2, 11]. However, we found no 
such voluntary units in this area. Certainly, 
some of the kinesthetic neurons in the V.i.m. 
discharge with voluntary as well as passive 
movements. Analysis of the time relationship 
between these thalamic discharges and corre
sponding EMG discharges has been difficult, 
and it has not been possible to ascertain with 
certainty which came first. Furthermore, we 
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have found that electrical stimulation in the VL 
produces a general increase in stretch reflex 
discharge in the contralateral extremities as 
well as a marked thalamocortical evoked 
potential in the cortical motor area [28]. 

Posterior to the V.i.m. is the ventrocaudal 
(VC) nucleus. Here, the background activity is 
also high, and large-amplitude spikes are 
found. Thus, it is difficult to differentiate VC 
from V.i.m. simply by spontaneous activity. 
However, the VC neurons respond to light 
touch on the contralateral extremity. Usually 
their receptive field is very small, often being 
only a circumscribed area several mm in length 
[17]. As there is no functional overlap between 
the V.i.m. (kinesthetic) and VC (tactile) 
neurons, the difference in modality is the most 
reliable way to distinguish these regions. Final
ly, electrical stimulation of the VC nucleus 
produces paresthesia or numbness [37]. The 
threshold seems to be less than that for V.i.m. 
activation. 

Just lateral to the V.i.m. is the internal cap
sule, which consists only of nerve fibers. Be
cause their electrical activity is extremely low 
and there is no response to sensory stimula
tion, the internal capsule is easily avoided. 
When the internal capsule is stimulated direct
ly, jerky flexion is often produced in the con
tralaterallimb. 

When physiological studies are complete, a 
final x-ray is taken to check the electrode posi
tion. 

Therapeutic Lesion Technique 
TREMOR 
The location and size of the therapeutic le
sion(s) are determined after assessing the char
acteristics of the tremor and the results of 
physiological testing. Intraoperative data pro
cessing has proven very helpful in integrating 
these findings and in preventing any misinter
pretations of the geographical relationships 
indicated by the physiological testing and the 
complex three-dimensional configuration of 
the V.i.m. The necessary programs for process
ing these factors quasi on-line with the aid of 
a personal computer were recently developed. 
If a computer is not available, a simple hand 
drawing as shown in figure 24-5 is a great aid. 

The Leksell stereotactic apparatus utilizes 
two electrodes for placing bipolar lesions. In 
this way, the size of the lesion can be more 
precisely controlled and estimated (figure 24-

8). The location of lesions should include the 
point where a tremor-synchronous unit is re
corded, or, if this is not possible, the point 
where a kinesthetic neuron is recorded. Lesions 
must be larger than these areas to have a sus
tained therapeutic effect. However, a lesion of 
any size should include portions of these areas 
to have a significant tremor-reducing result. 

The recording electrodes are replaced by the 
thermocouple stylets, and a pair of coagulation 
needles (used previously as guide needles for 
recording) is set in the correct position on the 
initial target point. An initial lesion here often 
dramatically reduces the tremor, which may 
already have been reduced by the concussive 
effect of the passing electrodes. 

Once the initial lesion is made, subsequent 
lesion placement also depends on physiological 
findings. For example, if tremor-synchronous 
units have been identified, another lesion 
placed 1-2 mm higher in the electrode trajec
tory than the first, thereby overlapping it, is 
usually sufficient to produce effective and sus
tained results (figure 24-9). If the tremor in
volves both upper and lower limbs, a third 
lesion is made, as well. 

When kinesthetic units associated with the 
arm are discovered, lesions should be placed 
there and then the electrodes should be rotated 
so that further coagulation can be performed in 
more lateral parts of the V.i.m., covering leg
related areas as well. If leg-related kinesthetic 
units were found, the reverse would of course 
apply. This takes full advantage of the topo
graphical representation of body parts in the 
V.i.m. 

The specific number and volume. of lesions 
required have been studied in some detail. In 
Parkinson's disease and essential tremor pa
tients, two to three lesions of about 40-60 
mm3 (in one quadrant of a 3-mm radius cylin
der) are enough to arrest the tremor in the 
contralateral extremities [7, 26]. In contrast, 
tremor developing after trauma or cerebro
vascular accidents has somewhat different clin
ical and therapeutic features [10]. First, the 
tremor frequency tends to be slower (about 3 
Hz), while its amplitude is higher, and it is 
quite coarse. It more often involves the prox
imal trunk muscles. It remains a mystery why 
a V.i.m. area related to trunk muscles has not 
yet been identified in humans. Second, the 
electrical activity in the thalamus, especially in 
the ventrolateral mass (including the V.i.m.) is 
often different from that in Parkinson's disease. 
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FIGURE 24-8. Schematic drawing of the tip of coagulating needles shows our standard coagulative lesion. Far 
left: a unit lesion (shaded area) with the possibility of adding the second lesion within an imaginary cylinder 
of a 3-mm radius around a center electrode. Overview and oblique, respectively, view of our minimal lesion 
(center, top and bottom) and an additional larger lesion (right, top and bottom). 
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A 

FIGURE 24-9. Computer graphics demonstrate the actual coagulation lesion in a Parkinson's disease patient 
with tremor and rigidity. Background atlas of the thalamus is from Hassler's standard atlas, displayed in an 
appropriate enlargement determined by the physiological findings in this case. (A) Lateral view. (B) Frontal 
view. In this case, four lesions (shown by different patterns) were made, some of them overlapped, within a 
quarter and a half cylinder. Overview is shown at bottom right. 
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Background actlVlty is generally reduced (at 
times dramatically so) either diffusely or in 
patches, with kinesthetic neurons being dif
ficult to find in either case. This is likely due to 
the effect of the underlying insults on the thal
amus. In such cases, every effort should be 
made to find even a "fragment" of V.i.m. activ
ity, which would greatly increase the probabil
ity of successfully placing a therapeutic lesion 
in these difficult patients. Such "fragments" are 
often to be found anteriorly in the VL or pos-·· 
teriorly in VC nuclei, apparently "displaced" 
by the insults [33]. Because of altered thalamic 
organization, therapeutic lesions in these pa
tients usually need to be larger (some more 
than 200 mm3) and to cover wider areas than 
those for Parkinson's disease [7, 26]. Without 
the benefit of physiological studies, the lesions 
might need to be larger still, entailing greater 
risks of undesirable side effects. 

RIGIDITY 
For the treatment of rigidity (defined as ex
aggerated tonic stretch reflex) [36] and partial 
dystonia, the lesion is placed not in the V.i.m. 
but its anterior part, bordering on the VL nu
cleus. Based on our experience with selective 
thalamotomy, we assume that the VL nucleus is 
associated more with rigidity than with trem
or [18]. The VL nucleus exhibits no particu
lar physiological characteristics to enable posi
tive identification; its background activity is 
low, and the small spikes that do occur do not 
respond to sensory or motor stimuli. There
fore, the VL nucleus is defined secondarily, 
after identification of the V.i.m., on the basis of 
their geographical relationship. 

In cases of Parkinson's disease with both 
tremor and rigidity, the V.i.m. is identified first 
and coagulated to relieve tremor. Then its ros
tral part is coagulated to ameliorate rigidity. 
The latter procedure is accomplished by turn
ing one of the coagulation' electrodes to the 
anterior position of the frame's guide cylinder 
(see figures 24-8 and 24-9). By coagulating 
first V.i.m. and then the VL, effects on tremor 
and then rigidity, respectively, can be seen 
clearly. 

OTHER MOVEMENT DISORDERS 
The principles of selective thalamotomy have 
been applied to partial dystonia associated with 
cerebral palsy or other causes, choreoathetotic 
movements, and other movement disorders [3, 

30]. These principles have been most effectively 
used with patients suffering primarily from 
tremor and rigidity. The extent of lesions in 
these cases has likewise been determined prin
cipally by the physiological character of the 
abnormal movement. In most of the cases, 
combined VL and V.i.m. thalamotomy is re
commended, though the extent of either lesion 
may be adjusted to suit the particular patient. 

Results 
Experience with well over 200 cases has shown 
the results of physiologically controlled selec
tive thalamotomy to be very satisfactory. In 
cases in which the V.i.m. could be physiologi
cally identified, there has been an immediate 
and dramatic therapeutic effect following 
coagulation. This effect has been sustained for 
the entire five- to ten-year follow-up period 
[13]. If tremor has recurred, it generally has 
been manifest within two to three weeks of 
operation. In such cases, an additionallesion(s) 
usually is made, again utilizing physiological 
control. 

In cases in which tremor-synchronous units 
have been identified in the thalamus and used 
as a guide to placing lesions, the tremor has 
never recurred in the corresponding extremity. 
This further highlights what we believe to be a 
critical relationship between the thalamic "trem
or units" and contralateral peripheral tremor. 
It can be said with little exaggeration that par
kinsonian tremor and essential tremor can now 
be almost completely controlled, if not cured 
(figure 24-10). Even in suboptimal cases in 
which some tremor remains, it is invariably 
much improved and usually not troublesome 
enough to affect activities of daily living. 
Unfortunately, such dramatic effects cannot 
always be expected after stroke or head in
jury, even with the physiologically controlled 
method. Coarse tremors may persist partially, 
but even if abolished, the paresis often present 
may continue to be the most troublesome 
problem. In these cases, therefore, the surgeon 
must assess the degree to which the tremor or 
rigidity contributes to the underlying disabil
ity. Conversely, even a mild improvement may 
mean a great deal to this group of patients. 

In general, untoward side effects of selective 
thalamotomy have been rare and minimal [13]. 
Most patients complain of an unusual feeling of 
weakness in the contralateral extremities im-
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FIGURE 24-10. Schematic drawing illustrates possible course of Parkinson's disease (especially with tremor) 
in relation to L-dopa therapy and thalamic surgery. V.i.m.-thalamotomy is effective and sustained in the 
majority of cases; in less than 10% of cases, recurrence of tremor necessitates reoperation. 

mediately after the surgery. Detailed examina
tion shows that, in most cases, this feeling is 
not associated with objective weakness or up
per motor neuron signs and therefore cannot 
be attributed to impingement on the internal 
capsule. This feeling may be better described as 
"lightness" in the limb, in contrast to the 
"heaviness" described by patients with genuine 
pareses. Usually, this sensation subsides within 
ten to 14 days, but in rare cases it has persisted 
for several months. In almost every case, it has 
not interfered with activities of daily living. 

Paresthesia of the tip of the thumb or index 
finger, the lip, or the tongue has occurred in 
about 10% of cases immediately after the op
eration. This is presumably because the lesions 
have been placed close to the VC nucleus, 
where they may induce secondary, invariably 
temporary changes. Fortunat~ly, persistent 
paresthesias are rare, occurring in 1 % - 2 % of 
cases. Most of the time this phenomenon sub
sides within a month. 

Language disturbance is another problem, 
related especially to bilateral thalamotomy. In 
our series, two patients exhibited significant 
dysarthria following surgery performed one 
year after a previous thalamotomy on the 
opposite side. Both occurred early in our 
series, when the lesions were made slightly larg
er than at present. In a recent minimal lesion 
series, although no persistent speech distur
bance has occurred, temporary symptoms have 
been noted, surprisingly even after unilateral 
lesions on either the right or left side. These 

sequelae pose important challenges for future 
improvement. 

Summary and Conclusion 
The continuous refinement of stereotactic tech
niques, which has led to the current approach, 
has traditionally sought to produce the mini
mum lesion with the maximum effect [16, 20]. 
It seems reasonable that precise localization is a 
prerequisite for this goal. The current tech
nique offers the following advantages in line 
with historical stereotactic principles: 

1. It allows use of the smallest lesions current
ly thought feasible for relief of tremor, with 
success rates as high or higher than other 
techniques. 

2. It allows lesions to be placed where the 
thalamic targets actually exist in each indi
vidual patient, rather than where standard 
atlases indicate they should be. That the 
V.i.m. is not always where it should be is 
evident in the cases of thalamic reorganiza
tion after trauma or stroke. Furthermore, 
functional localization allows in vivo con
firmation of the target site, whereas stereo
tactic atlases invariably depend on postmor
tem anatomy. A physiological technique 
overcomes these biological variations. 

3. It has identified groups of neurons with 
very specific behaviors that very likely 
underlie the tremor in all patients. We be
lieve that V.i.m. neurons playa primary role 
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in tremor mechanisms. At present, we 
assume that they are involved in the tremor
mediating system, if not in the tremor gene
sis [15, 21]. 

4. It can give some measure of prediction of a 
sustained therapeutic effect, based on the 
types of units identified in the thalamus. 

5. It can, theoretically, improve the compli
cation rates by using the smallest possible 
lesions. 

In conclusion, we believe that only selective, 
well-defined stereotactic lesions will contribute 
to our understanding of the neural mechanisms 
underlying involuntary movement disorders 
such as tremor. 
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25. THALAMOTOMY FOR 
PARKINSON'S DISEASE 

Jean Siegfried 

G. L. Rea 

Despite the significant impact of dopamine re
placement and other adjuvant medical therapies 
on the lives of patients with Parkinson's dis
ease, the role of surgery in this disorder has 
gained renewed interest [32, 57]. To evaluate 
the position surgical therapy should hold in the 
treatment of Parkinson's disease symptoms, it 
is necessary to understand the incidence, etiol
ogy, pathology, and natural history, of the dis
order and to weigh the benefits and complica
tions of both medical and surgical therapies. 
This chapter reviews the literature and ex
amines the long-term results in patients with 
Parkinson's disease who have been treated at 
the University of Zurich. The indications for 
surgical therapy are reviewed and reconsidered 
in light of these current findings. 

Incidence and Etiology 
Parkinson's disease is a significant health prob
lem, affecting approximately 500,000 persons 
in the United States alone; 36,000 new cases are 
diagnosed each year [18, 19]. The incidence 
among Caucasians is reported to be 106-187 
cases per 100,000 persons. Parkinson's disease 
may affect up to 1 % of the population over age 
60 and 2.5% over age 75 [18,19,30]. Although 
Orientals appear to have a lower incidence, the 
occurrence of Parkinson's disease among 
American blacks is not significantly different 
from that of Caucasians when age-adjusted 
prevalence ratios are considered [19, 41, 53] 
Recent studies also have shown that despite the 
lack of new cases related to von Economo's 
encephalitis, the incidence of Parkinson's dis
ease has remained relatively constant during 
the past 20 years, which suggests that the num-

ber of cases related to that encephalitis epi
demic were far fewer than originally thought 
[48]. 

The cause of primary Parkinson's disease 
remains elusive. It has been suggested that 
research into its cause has been slowed by 
the initial spectacular success of L-dopa ther
apy [39]. Although genetic factors have been 
considered important by some researchers, 
current studies indicate minimal hereditary 
influence [38, 69]. The relationship of Parkin
son's disease to atherosclerosis, premature 
aging, metabolic defects, and infection all have 
been studied, but no consistently significant 
correlations have been found [6, 40, 41]. Re
cently, the possibility of a toxic cause has 
gained some credibility because of the discov
ery in heroin addicts of a syndrome resembling 
Parkinson's disease [1, 33]. A toxic substance, 
MPTP (N-methyl-4-phenyl-l,2,3,6-tetrahy
dropyridine), has produced a parkinsonian 
syndrome in nonhuman primates that is patho
logically quite similar to Parkinson's disease in 
humans; some researchers are concerned that 
chronic exposure to even small quantities, cou
pled with the effect of aging,- could be impor
tant in the development of the disorder [9, 12]. 

Pathology 
In contrast to the lack of research into its 
cause, many investigations have been under
taken into the histological and biochemical 
pathology of Parkinson's disease. Histological 
findings commonly include cell drop-out, pri
marily in the zona compacta of the substantia 
nigra and also in the sympathetic ganglia [16, 
67]. In virtually 100% of the cases, these areas 
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also contain Lewy bodies [17]. In addition, cell 
loss in the substantia innominata, locus 
ceruleus, the cortex, striatum, pallidum, and 
ventral tegmental area is described consistently 
[46, 67, 68]. 

The underlying biochemical pathology in 
Parkinson's disease is thought to be a deficien
cy of dopamine in the basal ganglia; the degree 
of this deficiency has been shown to correlate 
with melanin-containing neuronal loss in the 
pars compacta of the substantia nigra [16, 37]. 
Areas outside the nigrostriatal system that 
show decreased dopamine include the frontal 
cortex, the nucleus accumbens, and the olfac
tory tubercle [23, 27, 52]. Several authors have 
attempted to correlate these pathological and 
biochemical findings with the heterogenous 
clinical incidence of Parkinson's disease. 
Price and colleagues found that bradykinesia 
is associated with low dopamine levels in the 
accumbens-caudate pathway, whereas mental 
and affective changes were linked with low 
levels in the parolfactory gyrus-putamen con
nections [47]. Bernheimer and co-workers [5] 
reported similar findings: the decrease of dopa
mine and homovanillic acid in the caudate 
corresponded most directly with akinesia, but 
tremor correlated with the decrease of homo
vanillic acid in the pallidum. Uhl and associates 
postulated that the loss of pigmented cells in 
the ventral tegmental area could lead to the 
akinesia and cognitive problems of Parkinson's 
disease patients because this structure has wide 
connections with the meso limbic and prefron
tal cortex [68]. The dementia in some patients 
has also beel?- related to the lack of dopamine in 
the cerebral cortex [24, 52]. 

Natural History 
Until the widespread use of L-dopa in the late 
1960s, the disease described by James Parkin
son in 1817 was essentially unaltered by the 
many medical therapies proposed for its treat
ment. In 1967, Hoehn and Yahr reviewed the 
natural history of Parkinson's disease in more 
than 800 patients. They proposed a classifica
tion system for disease severity, considered the 
possibility that disease progression varied 
among individuals, and noted the important 
clinical characteristics of this pre-L-dopa 
population [22]. Of the 802 patients evaluated, 
672 had a diagnosis of primary 'Parkinson's 
disease. The mean age of onset was 55.3 years. 

Tremor was the initial complaint in 71 %, gait 
disturbance in 12%, and stiffness or slowness 
in 20%. The disability scale of Hoehn and 
Yahr ranged from I - V: 

I. Unilateral involvement only; minimal or 
no functional impairment 

II. Bilateral or midline involvement, no bal
ance difficulty 

III. Evidence of impaired righting reflex; un
stable turning by patient may be demon
strated when patient is pushed from 
standing equilibrium position; disability 
mild to moderate 

IV. Fully developed; severe disability; able to 
stand and walk unassisted, but markedly 
incapacitated 

V. Confined to bed or wheelchair unless sig
nificant aid is available 

Patients with primary Parkinson's disease 
were found to have a yearly mortality rate 
three times that of age and sex-matched control 
groups; their average age of death was 67.0 
years. Although statistics were bleak for the 
patient population as a whole, Hoehn and Yahr 
believed that disease progression was quite 
slow in a subset of patients whose righting 
reflexes and balance were preserved during 10 
years of illness and who had only minimal 
disability for 20 years. Of those patients who 
had Parkinson's disease for more than 10 years, 
34% remained in a grade I status. Unfortunate
ly, the only clinical clue to the identity of these 
patients was a suggestion that during the first 
10 years of illness, disease progression was 
slower when tremor was the initial symptom. 

This possibility that Parkinson's disease 
might have different courses has been· sup
ported more recently by neuropsychological 
[43] genetic [3], and clinical studies showing 
the syndrome to have both benign and malig
nant forms [8, 51]. Zetusky and associates [71] 
studied 334 patients and found that the sub
group of patients with tremor as their primary 
problem appeared to have a more favorable 
prognosis than did' patients with rigidity, 
bradykinesia, or postural instability. This trem
or subgroup was associated with a relative 
preservation of mental status, earlier age of dis
ease onset, and a family history of parkinson
ism. The realization that disease progression 
may vary has significant implications in eva-
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luating reports of therapeutic efficacy and in 
planning tt:eatment regimens for newly di
agnosed patients. 

Medical Therapy of Parkinson's 
Disease 
Dopamine replacement therapy has been im
portant, not only in improving the quality of 
life of patients with Parkinson's disease, but 
also in providing the first opportunity to treat 
a chronic degenerative disease of the central 
nervous system [2, 6, 35, 59]. L-dopa (used 
instead of dopamine, which does not cross the 
blood-brain barrier) has been found to improve 
the symptoms of bradykinesia and rigidity and, 
to a lesser extent, tremor [6]. Approximately 
75% of patients responded to L-dopa; unfortu
nately, the doses required were quite high be
cause 95% of it is peripherally decarboxylated 
and thus peripherally inactivated. The. high 
doses caused significant nausea and vomiting 
problems, which were alleviated by the addi
tion of a peripheral decarboxylase inhibitor. 
This inhibitor reduced the necessary L-dopa 
dosage by about 75%; it also lessened the side 
effects and the time necessary to reach opti
mum dosage and resulted in a greater number 
of patients improving [6, 11, 62, 70]. This re
placement therapy has been shown to increase 
the longevity of patients and to lengthen the 
time spent in each clinical grade [20, 21, 26]. 
After three to five years of therapy, however, a 
significant number of patients begin to develop 
abnormal involuntary movements related to 
peak dosage, and sometimes the medications 
become ineffective in maintaining the patient's' 
functional status [3, 7, 20, 65]. Although the 
actual number of patients ~ho experience iat
rogenic involuntary movements is unknown, 
Bergmann and colleagues [4] reported it to be 
as high as 93%. It also appears that 7%-30% 
of patients have abnormal involuntary move
ments that are dose-limiting [7, 20]. Because of 
these features of L-dopa therapy, other medica
tions have been developed. The apomorphines, 
such as N-prophylnoraprophine, are dopamine 
agonists and have been examined as adjuvant 
therapy in Parkinson's disease [6, 14]. The 
ergo line class of compounds has also been used 
to produce the dopamine agonists bromocrip
tine, lisuride, pergolide, and mesulergine [6, 25, 
31]. These medications have been somewhat 

successful in prolonging the effectiveness of 
therapy and decreasing the severity bf "on-off" 
effects. However, they also cause some notable 
side effects that can limit their usefulness [6, 
25,31]. Other drugs that can increase the effec
tiveness of L-dopa are the monoamine oxidase 
(MAO)-B inhibitors. Compounds such as de
prenyl act to inhibit MAO-B that degrades 
dopamine in the central nervous system and 
appears to aid in therapy for a while [6, 15]. 

Other medications such as amantadine, 
which is thought to cause the release of dopa
mine from terminals, and the anticholinergics, 
which aid in restoring the acetylcholine
dopamine imbalance in Parkinson's disease, 
may be mildly effective for a short time. 
However, they have been replaced largely by 
the use of L-dopa and the dopa decarboxylase 
inhibitors. 

History of Surgical Therapy 
Although before the mid-1950s, more than 20 
different surgical procedures were advocated 
for the treatment of Parkinson's disease, since 
1955 the procedure of choice has been a 
stereotactic interruption of the pallido
thalamo-cortical pathway [13, 32, 36, 57]. The 
stereotactic methods and frames used for this 
interruption are many, but they are all based 
on the same principle of combining radiogra
phy, atlas measurements, and physiological 
techniques to aid in localizing the target point 
[58]. The lesion is produced mechanically, 
chemically, or electrically. 

The sites used most often to interrupt the 
pallido-thalamo-cortical system include the 
medial pallidum; the ventrolateral thalamic 
nuclei, ventro-oralis-anterior (VOA), ventro
oralis-posterior (VOP), and ventrointermedius 
(V.i.m.); or the subthalamic area, with its con
centrations of pallido-fugal fibers [29, 32, 44, 
45, 61, 66, 70]. Each of the various stereotactic 
frames, lesioning methods, and target sites has 
its advocates, and each has enjoyed some suc
cess in treating Parkinson's disease. 

There ,have been many reports concerning 
the effectiveness of surgery in Parkinson's dis
ease. Three relatively representative studies are 
those of Riechert in 1973 [49] Kelly and Gil
lingham in 1980 [28], and Matsumoto and co
workers in 1984 [42]. Riechert reviewed his 
surgical results in 2,000 cases of tremor [49]. 
He found that stereotactic procedures resulted 
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in long-term tremor control, that is, tremor 
was never seen or was seen only with emotion
al stress in 81.4% of unilateral or bilateral 
cases. With pallidotomy or thalamotomy, 
rigidity was improved immediately in 86.5%, 
and long-term symptom control was obtained 
in 50.9%. In evaluating patients' total function, 
he used a point scale that included rigidity, 
tremor, akinesia, and secondary symptoms 
[50]. According to this evaluation system, 
symptoms substantially improved in 90% 
immediately after a unilateral procedure; 
improvement decreased to 82% with longer 
follow-up. In bilateral operations, improve
ment decreased from 84% initially to 59% 
with follow-up. The surgical morbidity in
cluded an incidence of intracranial bleeding 
(0.43%), transient dysphasia (0.57%), persist
ing paresis (0.14%), pneumonia (0.36%), and 
embolism (0.36%). Although there were some 
postoperative deaths early in the series, after 
Riechert began to use a temperature-regulated 
electrode, 1,000 patients underwent surgery 
with no mortality. 

Kelly and Gillingham reported the results of 
thalamotomy in 60 patients who were followed 
for ten years, with evaluations every two years 
[28]. In 57 patients with preoperative tremor, 
the success rate after two years was 90%, after 
four years 73 %, and after ten year 57%. The 
results in patients with rigidity was similar. 
In 42 patients treated with L-dopa, these re
searchers found the success rate of tremor 
treatment at two years was 25%, at four year 
29% (some had had a thalamotomy), and at six 
year 16%. Sixty-nine percent of the L-dopa 
patients had significant rigidity at six years. 
They reported no mortality with surgery and 
noted the decreased incidence of L-dopa
induced dyskinetic movements on the side con
tralateral to the thalamotomy. 

Matsumoto and associates evaluated 86 of 103 
patients receiving ventral lateral thalamotomy, 
either bilateral or unilateral, between 1964 and 
1969, prior to L-dopa therapy [42]. Although 
they did not evaluate the specific effect of sur
gery on tremor or rigidity, they did examine the 
effects of thalamotomy on Clinical grade ten 
years after surgery. They found that 31 % of 64 
patients receiving unilateral thalamotomy had 
no progression after ten years. They also found 
that, ten years after the second surgery in bi
lateral cases, 14 of 22 had no clinical grade 
deterioration. No perioperative mortality was 

noted, but 10% of the patients experienced 
transient confusion, and 8% had some hemifa
cial weakness. The confusion and weakness 
cleared during hospitalization. They again 
noted that L-dopa dyskinesias were virtually 
absent on the side operated on. 

Stereotactic Surgery at the 
University of Zurich 
At the University of Zurich, the Riechert
Mundinger frame [50], stereotactic ventricu
lography, and intracerebral stimulation tech
niques are used to localize the VOP and V.i.m. 
nuclei of the thalamus and the subthalamic 
region. High-frequency electrocoagulation is 
used to produce the lesion. During placement 
of the frame and subseqqent surgery, only local 
anesthesia is used. Patients with multiple scler
osis receive corticosteroids one day before 
surgery, but no other antibiotics or premedica
tions are given routinely. This decreases the 
chance of an adverse drug reaction and allows 
the patient to be wide awake and fully coop
erative during the procedure. 

While the patient is in a supine position and 
the frame is in place, a lateral roentgenogram is 
obtained. A line is drawn on the film from 
bregma to the dorsum sellae, and the length of 
the line is measured and then multiplied by a 
constant factor of 0.6874. The resulting figure 
becomes a distance that is measured along the 
reference line on the roentgenogram, beginning 
at bregma. The target for the ventricular cathe
ter is a point 3-5 mm posterior to this point 
along the bregma-dorsum line [60]. This 
method of localizing the foramen of Monro is 
successful in 92% of cases. Using a 2.5-mm 
drill, a burr hole is made without an incision in 
a small area of shaved scalp at a point approx
imately 5 mm anterior to the coronal suture 
and 3 cm from the midline. After coagulation 
of the dura, the cannula is inserted, 10 cm3 of 
cerebrospinal fluid is removed, and 15-20 cm3 

of air is injected. The use of the bregma
dorsum sellae line to locate the foramen of 
Monro allows precise placement of the cannub 
tip so that sufficient filling of the third ventri
cle and, usually, the aqueduct and fourth ven
tricle are obtained. The position of the target 
for tremor, VOP/V.i.m., is located along the 
foramen of Monro-posterior commissure ref
erence line. When this line measures 23.5 mm, 
the target point is 12.5 mm posterior to the 
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foramen of Monro and 11 mm lateral to the 
third ventricle border. After these calculations 
are determined, an identical second burr hole is 
made, and an electrode is introduced. We use 
an electrode made in our department; it is 2 
mm in diameter and has a 2-mm exposed tip. It 
also contains a second (O.7-mm) electrode, 
which has the capability of lateral extension 
and is controlled by a micromanipulator. 

The anatomical placement of the electrode is 
confirmed by 50-100 Hz stimulation using 
biphasic wave forms of 1-2 msec duration. 
Such stimulation enables us to identify the in
ternal capsule as well as points at which the 
tremor is arrested, initiated, or facilitated. For 
surgical procedures on the dominant side, it 
also allows us to observe the effects of stimula
tion on speech. Next, a lesion is made, while 
the patient is observed for evidence of weak
ness or other untoward effects. The size of the 
lesion is increased until the tremor is absent 
even with facilitating measures, unless, of 
course, weakness or dysphasia occurs. If the 
lesion must be made outside the axis of the 
electrode pass, extension of the string electrode 
laterally with the micromanipulator is invalu
able, for it obviates the need for another elec
trode pass. Using computer-calculated target 
points, we are able to perform the entire opera
tion in one stage in no more than 75 minutes. 
The patient is transferred back to the room 
fully alert and is usually discharged in fewer 
than six days. 

This method has been used in more than 
1,500 patients since 1958. We have found it to 
be successful in 85% of the cases in which it 
was performed for unilateral tremor and have 
had similar results with rigidity. Transient 
postoperative contralateral facial paresis, latero
pulsion, and foot-dragging were seen in 30% 
of closely monitored patients, but these side 
effects lasted only a few days to a few weeks. 
In 10% of patients who had surgery in the 
dominant hemisphere, dysphasia appeared and 
was usually longer lasting. 

When patients were observed closely for 
learning and memory changes following thala
motomy, we found that the left-sided lesions 
affected mainly verbal memory and that right
sided lesions affected nonverbal memory. 
These alterations, however, were limited in 
content and duration, and did not affect atten
tion span or short-term memory [29]. In our 
series, the peroperative mortality rate was 

0.2%. Although the success rates reported ear
lier in unilateral cases were similar for bilateral 
procedures, speech, balance, and swallowing 
difficulties developed in 20%-30% of patients 
after a lesion was placed in the second side. For 
this reason, bilateral procedures are performed 
only in exceptional cases and only after an 
interval of at least one year. 

These results have also been examined in 
patients over 70 years of age. The results were 
the same, and the incidence of complications 
was no higher. The only significant difference 
is that the elderly patients were hospitalized 
longer, for both social and rehabilitative 
reasons [63]. 

Discussion 
After considering the incidence and natural 
history of Parkinson's disease, the results of 
medical therapy, and current reports of surgical 
therapy, some guidelines can be constructed 
for selecting patients most likely to benefit 
from a surgical procedure. 

Incidence and prevalence studies show that 
Parkinson's disease affects a large number of 
elderly persons; as the average life span in
creases, the total number. of these patients will 
increase. The greater number of patients will 
demand more of society'S resources; therefore, 
all forms of therapy should be evaluated in 
terms of lifetime cost, efficacy, and ability to 
free the patient from the health care system. 
Parkinson's disease has a wide range of effects; 
some patients experience tremor alone for 
many years, while others suffer rapidly pro
gressing rigidity, bradykinesia, and dementia. 
Although it is difficult to separate these patient 
groups clearly, we believe that patients with 
tremor only should have stereotactic surgery, 
which offers the potential for an efficient, com
plete cure of the tremor. In cases of tremor, 
surgery is much more effective than medical 
therapy for both the short and long term. 

Medical therapy of Parkinson's disease ini
tially alleviates the most physically debilitating 
symptom of bradykinesia but does not ade
quately treat the socially debilitating symptom 
of tremor. Furthermore, in a significant num
ber of patients, continuous use of medications 
in doses required to treat bradykinesia effec
tively often leads to severe abnormal involun
tary movements. To be capable of even mini
mal movement, the patient must tolerate severe 
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involuntary movements. Abnormal involuntary 
movements repeatedly have been shown to be 
prevented or stopped by stereotactic thala
motomy [28, 32, 61, 64]. In the long run, sur
gical control of tremor is significantly better 
than medical control [28, 32, 42, 61]. As noted 
previously, major studies also indicated the 
very important fact that iatrogenic dyskinesias 
can be controlled by stereotactic procedures 
[28, 42, 44, 54, 55, 58, 59]. This functionally 
widens the therapeutic range of the medica
tions and improves the patient's status. The 
morbidity and mortality in unilateral proce
dures is quite small, and with careful monitor
ing and patient selection, is acceptable [61, 63]. 

The literature suggests that those patients 
who are young, those with a family history of 
Parkinson's disease, and those with unilateral 
tremor, have a prolonged and more benign 
course of their disease. In this group, surgery 
should be considered as initial therapy. Patients 
with significant unilateral tremor that is not 
controlled with medications also should be 
considered for surgery. In addition, patients 
with severe unilateral abnormal involuntary 
movements are important surgical candidates, 
because surgery aided by medication results in 
a longer period of functional activity. 

It is important to understand that, although 
stereotactic ablative procedures can improve 
the symptoms of Parkinson's disease in these 
patients, it is not the final tool at the disposal 
of the functional neurosurgeon. Other surgical 
alternatives, such as thalamic stimulation, cell 
transplantation, and intraventricular infusion 
techniques, may offer future benefits for pa
tients with Parkinson's disease. 
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26. POSTTRAUMATIC MOVEMENT 
DISORDERS 

Dennis E. Bullard 

Blaine S. N ashold 

Practical Indications 

INCIDENCE 
Death and disability are major problems of 
closed head injuries. It has been estimated that, 
in the United States alone, head injury causes 
approximately 24 deathsll00,000 population 
[16]. Perhaps more troubling is the morbidity 
that occurs among those who survive severe 
head injuries: six months after their accident, 
1 %-5% of patients remain vegetative and 
5% -18% severely disabled [17]. These dis
abled individuals represent a significant pro
portion of the population. In the United States, 
their number is not clearly defined. In Britain, 
where head injuries are somewhat less com
mon, (9 deathsll00,000 population) the num
ber of individuals with major handicaps per
sisting after head injury has been estimated at 
150/100,000 persons; one in 300 British fami
lies has such a member [1, 16]. Reduced speed 
limits and mandatory seat belt laws are likely to 
increase further the population of surviving, 
disabled patients. 

Strich reviewed the relationship between 
head injury and subsequent neurological dis
ease [28, 29]. Head injury has been linked 
tenuously with Alzheimer's disease [9, 15], 
Pick's disease [21], motor neuron disease, and 
Jakob-Creutzfeldt disease. In contrast, a clear 
association exists between severe head injury 
and the subsequent development of movement 
disorders (MD) [2, 7, 18,23], although the true 
nature of these MD is unclear. In his extensive 
review of prolonged posttraumatic coma, Bri
colo stated that extrapyramidal and cerebellar 
syndromes were among the possible neurolog
ical sequelae of severe head injury, and he 

described various combinations of these syn
dromes, including tremor and rigidity [4]. 
However, reports of such extrapyramidal syn
dromes following severe head injury are rel
atively rare. Grimberg, in 1934, related closed 
head injury to the subsequent development of 
Parkinson's disease [12]. Kremer and col
leagues later reported nine patients who had 
dysarthria and ataxia after head injury [18]. Of 
these, three had coarse postural tremors be
lieved to be secondary to midbrain damage. 
Andrew and co-workers described eight pa
tients with involuntary MD after closed head 
injury. In seven of these, volitional movement 
aggravated the MD [2]. Niizuma and associates 
(1982) reported on three patients with post
traumatic MD, characterized by hemiparesis 
with coarse and irregular postural and kinetic 
tremors involving primarily the arm [23]. 

SYNDROME 
The findings of the previous authors are similar 
to our findings in 14 patients with posttraumat
ic MD (table 26 -1) [6]. Virtually all of these 
patients sustained severe head injuries and had 
prolonged comas. At the time of head injury, 
pupillary dysfunction, stereotypic reflex post
uring, and other signs of brain-stem dysfunc
tion were evident. As the level of consciousness 
improved, a severe MD developed. In most 
instances, this was noted as soon as purposeful 
movement occurred. In some patients, the MD 
fluctuated in intensity over the next three to six 
months but then stabilized and did not change 
substantially thereafter. These patients usually 
had other overt sequelae of the trauma. The 
most common deficit was dysarthria. Thirteen 
of the 14 patients in our series demonstrated 
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mild to moderate dysarthria. Eleven had some 
degree of psychomotor retardation, eight had 
hemiparesis, and seven had ocular motility 
problems. A variety of MD were observed, and 
lpore than one type was seen in 11 patients. 
These consisted of action or intention tremors 
in ten, choreoathetoid movements in four, and 
truncal ataxia or titubation in two. We also saw 
a,synchronous, violent movements in 11. We 
first described these as h~miballismus, based 
upon their sudden, violent nature and severity. 
The dominant MD often was seen when the 
patient was at rest, but it worsened characteris
tically when a fixed posture was assumed and 
increased most strikingly during action. The 
MD was coarse and irregular and involved 
varying muscle groups. Often, the patient 
either used the contralateral limb to restrain the 
involved side or sat on the involved hand. This 
particular MD was most often the patient'S 
disabling problem during the postinjury recov
~ry period. The majority of patients had dif
ficulty feeding themselves, writing, and, in cer
tain instances, walking because the MD was so 
severe. 

MEDICAL MANAGEMENT 
Attempts at treating posttraumatic MD medical
ly generally have failed. Andrew and colleagues 
t:eported on eight patients, one of whom be
lieved that alcohol improved the MD [2]. In 
another, propranolol reduced the MD some
what. Two patients received tetrabenazine, and 
one haloperidol, without benefit. In contrast, 
Starosta-Rubinstein and co-workers (1983) de
scribed a posttraumatic intention myoclonus 
[27] in a 54-year-old woman who had sus
tained a closed head injury at the age of four. 
After the injury, she was comatose. She even
tually improved but was left with dysarthria 
and asynchronous, asymmetric jerking move
ments of the face, tongue, and all limbs. Taking 
oral clonazepam at a dose that eventually 
reached 1 mg twice daily, she improved, and 
maintained satisfactory response for four and 
one-half months. Chadwick and associates re
ported on 15 patients with myoclonus, one of 
whom developed the disorder following severe 
head injury [8]. Eight of the fifteen patients 
(including the patient with the posttraumatic 
disorder) improved with 5-hydroxy
tryptophan, tryptophan in combination with a 
monoamine oxidase inhibitor, and clonazepam. 
In our series, we used a wide variety of agents 

including haloperidol, carbidopalevopdopa, tri
hexyphenidyl hydrochloride, ethopropazine, 
benztropine mesylate, diphenhydramine aman
tadine phenytoin, clorazepate dipotassium, 
phenobarbital, diazepam, propranolol, valproic 
acid, carbamazepine, and clonazepam. How
ever, medical management did not produce 
satisfactory clinical responses in our patients. 
It is difficult to determine whether the post
traumatic myoclonus is the same syndrome as 
posttraumatic MD. Clinically, the descriptions 
are similar; however, the reports of post
traumatic intention myoclonus generally have 
been included in larger series with postanoxic 
myoclonus [20]. Posttraumatic and postanoxic 
syndromes appear to be closely related, both 
clinically and pharmacologically [8, 20], but 
unlike posttraumatic MD, postanoxic myo
clonus did not respond to thalamotomy [10]. 
This suggests that more than one syndrome 
exists. 

SURGICAL INDICATIONS 
The practical indications for consideration of a 
stereotactic thalamotomy for a posttraumatic 
MDare: that the disorder is significantly dis
abling, that it has shown no evidence of spon
taneous improvement one year after the injury, 
and that a reasonable trial of medical manage
ment has been completed. This last criterion is 
the most difficult to determine. In our experi
ence, quite extensive trials of medical manage
ment consistently failed to provide satisfactory 
relief. Among our patients, the median dura
tion of symptoms before referral for surgical 
evaluation has been five years, with a range of 
1-28 years. However, the patient population 
in our tertiary referral center is skewed toward 
those who have failed medical treatment. Thus, 
it is difficult to establish from our data which 
agents should be tried before proceeding with 
thalamotomy. Based upon the broad responses 
to drugs of other MD, propranolol and clonaz
epam should be tried before surgery is consid
ered. Exhaustive trials of multiple drugs and 
unnecessary delays before considering surgery 
are not indicated, however. 

PREOPERATIVE EVALUATION 
Preoperatively, patients should undergo elec
troencephalograms (EEG), computed tomogra
phy (CT), detailed speech and memory testing 
(SMT) [6], and videotaping. The EEG is per-
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formed to exclude an underlying seizure focus, 
the CT to rule out a mass lesion, and SMT to 
evaluate the risks of postoperative speech and 
memory dysfunction. The patients at maximal 
risk for developing speech and memory prob
lems are those with evidence of generalized 
brain atrophy or significant encephalomalacia 
on CT, those in whom a dominant thalamot
omy is to be performed, and those with poor 
preoperative SMT scores. The most frequently 
encountered significant postoperative dysfunc
tion, however, is dysarthria. Those most at risk 
for this are patients with a degree of preopera
tive dysarthria and, to a lesser extent, patients 
undergoing dominant thalamotomies. Other 
postoperative dysfunctions include dysphagia 
and contralateral weakness, usually in the leg. 
These dysfunctions are often transient. 

TECHNIQUE 
ANESTHESIA 
Crucial to a successful operation is the preop
erative establishment of a close rapport with 
the patient. The day before surgery, the proce
dure should be discussed in great detail with 
the patient and the patient's family. The cold
ness of the operating room, the discomfort 
associated with local anesthesia, and the strange 
sensation and pain of having one's head fixed 
within a frame are best dealt with in advance to 
minimize their impact. We stress this because 
we believe it is important to avoid using pre
operative sedatives, which potentially can alter 
the MD and/or the patient's intraoperative 
ability to cooperate. The patient fasts overnight 
and undergoes the stereotactic procedure as the 
first case of the day, so that he or she does not 
have to await surgery while fasting and anx
ious. When sedation is absolutely required, 
we use a short-acting narcotic-sedative com
pound, such as fentanyl, before the head is 
shaved, washed, and anesthetized. In such 
anxious patients, the head is placed in the 
stereotactic frame before the burr hole is 
placed; normally, this sequence is reversed. 
During this time, it is crucial to maintain an 
atmosphere as soothing as possible to prevent 
the need for further sedation. 

VENTRICULOGRAPHY 
To prepare the head, we cut all of the hair and 
cleanse the head with an iodinated soap, iodine, 
and alcohol. A burr hole is made at the 

approximate level of the coronal suture and 
centered 2 cm from the midline, after infiltra
tion of this area with 1 % lidocaine. The patient 
then is placed in a Todd-Wells stereotactic 
frame and anteroposterior (AP) and lateral 
roentgenograms are obtained to evaluate the 
position of the head within the frame. In our 
operating rooms, fixed lateral and AP radiogra
phy machines provide the necessary studies 
with known magnification factors. Because 
roentgen rays travel in a radial rather than a 
parallel fashion, parallax and magnification 
occur. To compensate for this, the stereotactic 
frame must be centered within the roentgen-ray 
beam and its position confirmed before each 
case. Also, the degree of magnification must be 
known. This can be determined by taking a 
roentgenogram of a radiopaque ruler or other 
object of known length and then measuring its 
length on the film. The discrepancy between 
this measurement and the object's length indi
cates the magnification factors. This must be 
done for both AP and lateral films unless the 
roentgen-ray tubes are the same distance from 
the center of the frame. 

In positioning the patient, it is crucial that 
no tilt or rotational misalignment occur before 
the stereotactic procedure is performed. We 
position the head so that a point 2 cm above 

l the dorsum sellae, corresponding to the 
approximate position of the foramen of Mon
ro, is centered within the frame. 

Next, a ventriculogram is obtained. Origi
nally, we used a water-insoluble positive
contrast medium, which was introduced into 
the ventricular system through a silicone elast':' 
orner cannula. More recently, we have used 
metrizamide, a water-soluble contrast agent, 
(1-3 ml, 250 mg of iodine per ml). If the 
structures are not adequately visible, this dose 
may be repeated once. While this conceivably 
could cause a seizure because of the epilepto
genic potential of metrizamide, we had no 
untoward problems using this regimen for all 
intraoperative ventriculograms. Others have use 
metrizamide for ventriculography in more than 
500 patients, reporting only one major adverse 
reaction, a seizure [26]. Investigators who. 
recorded EEG before, during, and after inject
ing metrizamide and performed serial analysis 
of the cerebrospinal fluid found no evidence of 
significant changes after injecting the metriz:' 
amide [30]. We chose this regimen because it 
enables excellent visualization of the anterior 
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A 

FIGURE 26-1. Intraoperative anteroposterior ventriculogram with metrizamide clearly shows the third ven
tricle (A). Intraoperative lateral ventriculogram performed in sequence clearly delineates the anterior and 
posterior commissures (B). The AC-PC line is superimposed. 

commissure (AC) and posterior commissure 
(PC) and because the water-soluble dye is 
excreted (figure 26-1, left). The metrizamide is 
injected through a ventricular catheter, pre
measured to extend no deeper than 5 cm below 
the cortex. The catheter is inserted more medii!l
ly and anteriorly than is usual for a ventricu
lostomy. For general landmarks, we use the 
medial canthus of the eye and a point just 
anterior to the central cross hairs of the Todd
Wells frame. This corresponds intracranially to 
a point just anterior to the foramen of Monro. 
The majority of the contrast usually is injected 
into the third ventricle, rather than into the 
lateral ventricles, and the catheter tip does not 
obscure any of the third-ventricular landmarks. 
Immediately after injection, AP and lateral 

roentgenograms are obtained. The AC-PC line 
and the width of the third ventricle then are 
determined. Both of these parameters must be 
clearly established in order to select appropri
ate initial radiographic target coordinates (see 
figure 26-1). 

SELECTION OF INITIAL TARGET 
Selecting targets for treating MD is somewhat 
confused by a rather poor understanding of the 
true nature of MD and the variations both in 
individual anatomy and in nomenclature. An 
excellent review of nomenclatures was pub
lished by Gildenberg [11]. The earliest lesions 
for treating MD were placed in the globus 
pallidus for Parkinson's disease. In 1959, how
ever, Bravo and Cooper demonstrated that a 
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B 
FIGURE 26-1. (cont.) 

stereotactic lesion in the ventrolateral (VL) 
nucleus of the thalamus effectively reduced the 
tremor and rigidity of this disease. Subsequent
ly, the VL and the interconnecting fiber tracts, 
the ansa lenticularis and fields of Forel became 
the most common targets [3]. Tasker and col
leagues (1982) reviewed stereotactic targets for 
control of MD. Their data suggested that a 
common target in the inferior ventrointerme
dius (V.i.m.) nucleus, in the 13.S-mm sagittal 
plane, was effective for the control of a wide 
variety of dyskinesias [31]. Lesions made in 
this general area were capable of reducing the 
rigidity, dystonia, chorea, and tremor associated 
with many causes, including multiple sclerosis, 
Parkinson's disease, cerebellar degeneration, 
and posttraumatic or postanoxic injuries. For 
cerebellar tremor per se, targets ranged over the 
inferior ventro-oralis anterior (VOA), ventro
oralis posterior (VOP), and V.i.m. nuclei (figure 
26-2). However, various MD, including the 

cerebellar type, have been controlled satisfac
torily with lesions in other areas within the VL 
nucleus, varying by 6-7 mm, and in the palli
dofugal fibers of the fields of Forel or the zona 
incerta [19]. 

Although some recommend that specific 
symptoms be matched with particular coordi
nates, this approach seems to be consistently 
effective only in Parkinson's disease, in which 
rostral lesions appear to have more influence 
on rigidity than on tremor. Many recommend 
either absolute coordinates for the initial target 
point or proportionate systems. Gildenberg rec
ommends the following empiric coordinates: 
2 mm anterior to the midpoint of the inter
commissural (AC-PC) line, 9.5 mm lateral to, 
and 3 mm above the line for rigidity; for trem
or 2 mm posterior to the mid AC-PC line, 
11.5 mm lateral to, and 3 mm above, the AC-PC 
line. He also recommends the posterior target 
coordinates for tremor having other causes 
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A 

B 

FIGURE 26-2. Modified coronal (A) and sagittal 
(B) brain sections from Schaltenbrand and Bailey's 
Atlas (Schaltenbrand G, Bailey P [eds]: Introduction 
to Stereotaxis with an Atlas of the Human Brain. 
New York: Grune & Stratton, 1959) showing the 
approximate locations of the target points. The 
coronal section is taken 3 mm posterior to the mid
AC-PC line. The sagittal section is 15 mm from the 
midline. Th = thalamus; Pu = pulvinar; Cpip = 
internal capsule, posterior limb; vci = nucleus ven
trocaudalis intern a (ventral-posteromedial nucleus), 
Vim = nucleus ventro-intermedius, Vop = nucleus 
ventro-oralis posterior, Voa = nucleus ventro-oralis 
anterior (the last three correspond to the ventro
lateral nucleus in American nomenclature). 

[11]. In contrast, Guiot and associates (1969) 
recommended a target that is 5/12ths of the 
intercommissural distance, 14.5 mm lateral to 
the midline and 3 mm above the AC-PC line 
[13]. Ojemann and Ward used a more superior 
target: 9 mm anterior to the PC along the 
AC-PC line, 12-15 mm lateral to the midline, 
and 6-12 mm above the AC-PC line [24]. 
Other authors have instead stressed the varia
tions in individual anatomy and have used 
proportionate systems. Using a proportionate 
system, Molina-Negro (1979) reported cessa
tion of tremor in more than 200 patients upon 
the initial passage of an electrode [22]. The 
only exceptions occurred when pathological 
hydrocephalus with an AC-PC line greater 
than 30 mm or craniosynostosis or micro
cephaly with a length of less than 20 mm was 
present. Their data indicate that alteration in 
the width of the third ventricle did not change 
the length of the AC-PC line. Their coordi
nates for tremor relief were 8/10ths of the 
length of the AC-PC line behind the AC, 
5/10ths of the AC-PC line laterally, and at the 
level of the plane of the AC-PC line. 

In the past, our initial target corresponded to 
a point 1-7 mm behind the mid AC-PC line 
and 10-15 mm lateral to the midline of the 
third ventricle at the level of the AC-PC line. 
This agreed generally with the target sites used 
by many other functional surgical centers [19]. 
More recently, we have selected the initial 
target spot based upon a proportionate system, 
the target being approximately 80% of the total 
length of the AC-PC line behind the AC, and 
60% of the total length lateral to the midline. 
This point is centered and confirmed by re
peated AP and lateral roentgenograms. Physio
logical localization is then performed. 

PHYSIOLOGICAL LOCALIZATION 
The purpose of radiographic localization tech
niques and/or the use of stereotactic atlases is 
to determine the approximate anatomic posi
tion of the electrode. Before placing a lesion, 
physiological localization is mandatory. 

In 1959, Brierley and Beck showed that the 
intercommissural line and PC did not have a 
constant anatomic relationship to the thalamic 
nuclei [5]. Subsequent data reinforced the 
pertinence of this observation. Tasker and co
workers reviewed the literature on variations 
between anatomic and physiological localiza
tion and found differences of 1 mm in 15%-
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56% of patients, 2 mm in 21%-52%, 3 mm in 
11 %-30%, and 4 mm in 2%-15% [32]. This 
disparity demonstrates the need. for physiolog
ical localization prior to final lesion place
ment. Many methods have been used for this 
purpose. These include electrical stimulation, 
microelectrode recording of evoked potentials, 
recording of electrical impedance, transient tis
sue cooling or heating, infiltration with pro
caine hydrochloride, localized pressure, ultra
sonic inactivation, and incremental lesion 
making [33]. In general, however, physiological 
localization is performed with either micro
electrode recordings or electrical stimulation. 
Tasker and Walker both provided elegant com
parisons of these two techniques [32, 33]. 
Microelectrode recording offers higher spatial 
definition, less dependence on patient coop
eration, and an excellent ability to detect 
somatopy within certain areas. However, this 
method requires sophisticated electronic equip
ment and has limited ability to anatomically 
compensate if the initial trajectory does not 
pass through structures that are easy to identify 
physiologically. In contrast, stimulation is 
much faster and can identify a wide variety of 
intracranial structures, thereby allowing greater 
flexibility for appropriate coordinate adjust
ments. Currently, stimulation is the more com
monly used of the two systems [32]. However, 
either system is reliable in experienced hands. 

We prefer electrical stimulation. A thermis
tor electrode (Radionics, Inc., 72 Cambridge 
Street, Burlington, MA) is inserted to the 
target. We have used a monopolar electrode, 
which has a tip length of 5 mm and a tip 
diameter of 1.6 mm, and a bipolar electrode, 
with a tip length of 4 mm and a tip diameter of 
1.1 mm. The impedance monitoring system of 
a Radionics (RFG-3-B) radiofrequency lesion 
generator is used to record impedance at inter
vals along the probe's trajectory from the cor
tex to target. The Radionics system uses a 50 
kHz measuring frequency, which drives a sine
wave constant current relative to the unknown 
impedance at the tissue-electrode interface. The 
resulting voltage is rectified to produce a 
measurable direct current signal proportional 
to tissue impedance. Changes in impedance 
measurements among white matter, gray mat
ter, and ventricular fluid allow gross identi
fication of anatomic boundaries such as the 
thalamic-ventricular interface and the thala
mus-subthalamus border [25]. At the target, 

stimulation then is performed. For effective 
stimulation, the frequency, wave form, and 
peak-to-peak current of the stimulus are all 
important factors. Frequencies of 2-100 Hz, a 
biphasic wave form with pulses 1 msec in 
duration, and a constant current usually are 
optimal. We use frequencies of 2 -1 00 Hz at 
voltages ranging from 0.1 to 10m V with a 
current of 1 rnA for 1 msec. The motor and 
sensory responses are recorded at threshold 
voltage. It is important that only the threshold 
response is taken, because excessive current can 
result in spread, with loss of localizing value. 
The motor response obtained identifies the 
posterior limb of the internal capsule. There
fore, stimulation posterior only to the midpoint 
of the AC-PC line is most often useful. The 
location of the internal capsule depends to some 
extent on the width of the third ventricle. If the 
ventricle is narrow (1-5 mm), the internal 
capsule is usually 16-20 mm lateral to the 
midline, whereas if the third ventricle is wider 
(6-14 mm), the medial fibers of the capsule 
may be up to 19-23 mm lateral to the midline. 
[14]. We found that using frequencies of 5-
20 Hz (at less than 2 mV thresholds) caused 
contralateral synchronous motor responses 
when the target point was too near the internal 
capsule. Tonic motor responses were noted at 
higher frequencies at less than a 1-m V thres
hold. Sensory responses tend to occur when the 
target is too far posterior and at frequencies 
greater than 50 Hz. In general, target lesions are 
satisfactory when stimulation causes either 
reduction or increase in the MD. Our results 
largely have agreed with Walker's observation 
that destruction of a target point that, when 
stimulated, arrested a tremor, uniformly 
improved the MD, whereas destruction of the 
target that facilitated or initiated the tremor 
commonly, but inconsistently, improved the 
MD [33]. 

In our earlier work, we usually placed two 
lesions. The first was made at 75-80°C for 60 
seconds and the second lesion was made at 
75°C for 30 seconds after a 3-5 mm withdraw
al of the electrode. More recently, we have 
limited our lesions to a single 60-second, 80°C 
lesion at the target. During this procedure, .the 
patient is instructed to count and to hold 
extended the contralateral arm and leg. Early 
evidence of dysarthria, dysphagia, or weakness 
thus may be detected. Following placement of 
the lesion, the patient is observed for 10-15 
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minutes in the operating room. If the tremor 
returns, the procedure is repeated. 

Results 

PATIENT POPULATION 
Our study involved 14 patients, ten men and 
four women (table 26-1). The median age at 
the time of trauma was 16 years, with a range 
of six to 46 years. The median duration of 
symptoms was five years (range, one to 28 
years). The median age at surgery was 20 years 
(range, 10-47 years). Ten patients had action 
tremors, 12 had hemiballismus, three had 
choreoathetoid movements, three had bilateral 
involvement, two had truncal ataxia, and ten 
had multiple MD. The majority of patients had 
other posttraumatic sequelae: dysarthria (12 
patients), psychomotor retardation (11), cranial 
nerve dysfunction (seven) and hemiparesis 
( eight). 

CT scans and EEG were used for preopera
tive evaluation of 13 patients. On CT scans, 
four patients were normal, four demonstrated 
generalized atrophy, and five had focal and 
generalized tissue loss. The EEG was normal in 
six individuals, showed nonspecific slowing in 
six, and showed seizure activity in one. Seven 
of the patients underwent right thalamotomies, 
and seven left thalamotomies. One patient 
(Case 7) also had a lesion placed in the subthal
amic nuclei. Two patients had second thala
motomies one week after the initial surgery 
because of early recurrence of the MD. 

IMMEDIATE POSTOPERATIVE RESULTS 
In all patients, some improvement in the 
MD was noted. Eight patients demonstrated 
marked improvement, four achieved moderate 
improvement, and two only minimal improve
ment that was not considered functionally sig
nificant. In two persons, initial improvement of 
left-sided action tremors disappeared after the 
first 24 hours. Following second procedures 
performed approximately one week later, both 
improved considerably. 

In ten patients, the preoperative dysarthria 
worsened in the immediate postoperative 
period. Six had undergone left VL thalamot
omies and four right VL thalamotomies. In four 
of these patients, the dysarthria was mildly 
aggravated for three to ten days. In two, ex
acerbation was moderate, and dysarthria was 

still present, although improved, at the time of 
discharge. In four individuals, the postopera
tive dysarthria was considered severe. In all of 
these patients, a relatively severe dysarthria and 
associated dysphagia had been present pre
operatively. One patient demonstrated signs of 
moderately worse dysphagia postoperatively, 
specifically, difficulty eating and handling oral 
secretions. Previously, this patient had suffered 
severe dysarthria and had a baseline difficulty 
with oral secretions. Dysphagia was severely 
increased postoperatively in three patients, 
who were totally unable to eat or handle oral 
secretions. Significant dysphagia and dysarthria 
had been present preoperatively in these three. 
Postoperative testing revealed that they also 
had decreased velopharyngeal functioning and 
a reduction in the oral-nasal pressure differen
tial. SMT was performed postoperatively on 
two of the patients with severe dysarthria and 
dysphagia. Their comprehension of spoken 
language was intact, but they showed mild-to
moderate alterations in memory and/or lan
guage dysfunction. All of the patients with 
dysarthria and dysphagia experienced a de
creased range of tongue motion. In general, 
some clinical improvement in dysarthria and 
dysphagia occurred prior to discharge. Baseline 
dysarthria apparently improved postoperative
ly in two of those who had had right VL 
thalamotomies (Cases 3 and 7). 

Thirteen patients manifested some facial 
asymmetry following surgery; this improved in 
all instances. A bilateral decrease in lower facial 
movement was noted in one patient (Case 5). 
In three individuals, contralateral weakness in
creased in the postoperative period. In two of 
these three, the weakness was most pro
nounced in the lower extremity. 

LONG-TERM RESULTS 
Twelve patients were available for follow-up 
evaluation for two months to three years after 
surgery (table 26-2). All 12 maintained some 
improvement in their MD, ranging from two 
months to one year. In one patient (Case 3), 
functional improvement that was noted at three 
months and at one year was no longer present 
at three years. At three years, this person 
showed a marked increase in extensor tone in 
the lower extremity, although the MD had not 
returned. Three months after surgery, another 
patient demonstrated a moderate increase in 
contralateral lower extremity tone that was not 
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TABLE 26-l. Patient Population 

Posttrauma 
Case Interval Disorders of Cranial Movement Computer 
No. Age, Sex (years) Nerve Function Disorders Tomography Findings 

42,M 28 Mild dysarthria B choreoathetoid and Low density area R 
ballismus frontal region, 

ipsilateral frontal 
horn enlargement, 
enlargement of lateral 
and third ventricles 

2 19,M 6 L ptosis, mild dysarthria R action tremor, Normal 
titubation 

3 13, F 5 Severe dysarthria and L choreoathetosis, Normal 
dysphagia hemiballismus 

4 20,M Severe dysarthria and B action tremor, Generalized brain 
dysphagia hemiballismus atrophy 

5 23,M 17 Moderate dysarthria R hemiballismus Normal 
6 15, F Skew deviation, bilateral R action tremor, Generalized brain 

intranuclear, truncal ataxia atrophy L frontal 
ophthalmoplegia, L encephalomalacia 
hemianopsia, 
pseudobulbar palsy, 
severe dysarthria and 
dysphagia 

7 33, M 11 Decreased upward gaze, B choreoathetosis, 
moderate dysarthria L hemiballismus 

8 16, M L optic atrophy, R facial R action tremor, Mild cerebral atrophy, 
palsy, severe dysarthria hemiballismus caudate atrophy 
and dysphagia 

9 21, M 7 L optic atrophy, L L action tremor, V en tricular asymmetry 
oculomotor and R hemiballismus with R hemispheric 
facial palsies, moderate atrophy 
dysarthria 

10 17, M 7 Decreased adduction on R action tremor, Mild ventriculomegaly, 
conversion, R facial hemiballismus loss of tissue in 
palsy, moderate temporal lobe 
dysarthria 

11 10, F 3 B superior oblique R action tremor, Generalized cortical 
palsies, moderate hemiballismus atrophy and 
dysarthria ventriculomegaly 

12 21, F 5 Intact R action tremor, Generalized brain 
hemiballismus atrophy with severe 

brain-stem and 
cerebellar atrophy 

13 47,M Mild dysarthria L action tremor Generalized atrophy 
with tissue loss in 
left hemisphere 

14 20,M 3 Normal L action tremor Normal 

L = left; R = right; B = bilateral. 
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TABLE 26-2. Postoperative Results 

Case No. 

1 
2 
3 

Postoperative 
Interval (months) 

6 
3 
3 

Clinical Examination 

Improved tremor 
Improved tremor 
Improved tremor 

12 
36 

Further improvement in tremor 
Increased spasticity, dystonic posturing 

4 3 Improved tremor, increased dysarthria and dysphagia 
9 

6 3 
Further improvement in tremor; improvement in dysarthria and dysphagia 
Improved tremor, increased dysarthria, further improvement in tremor 

and dysarthria 
8 

9 
6 
2 

Improved tremor and baseline speech 
Improved tremor 

12 Further improvement in tremor 
10 3 Improved tremor, dysarthria and dysphagia, further improvement 

in all areas 
11 

12 

4 
12 
5 

Improved tremor, increased dysarthria and dysphagia 
Further improvement in tre~or, dysarthria and dysphagia 
Improved tremor, mild dysarthria 

13 3 Improved tremor, increased spasticity 
14 Improved tremor 

3 Further improvement 

associated with a change in functional ability 
nor recurrence of the MD. Five patients (Cases 
3, 4, 6, 10, 11) evaluated at serial intervals 
continued to show significant improvement in 
their MD at the second examination. A sixth 
patient (Case 9) evaluated both two months 
and two years after surgery, had continued but 
less striking improvement in tremor at the 
second examination. 

In nine patients, preoperative dysarthria be
came worse immediately after surgery. Eight of 
these patients had a follow-up examination. In 
five of the eight, speech had improved three to 
six months postoperatively. In the other three, 
no improvement was noted at three or four 
months. However, subsequent evaluation of 
those three patients (at 9, 12, and 36 months, 
respectively) demonstrated continued improve
ment in dysarthria, although a residual dys
function still existed. 

Eleven patients had CT scans within two 
weeks postoperatively. In three (all of whom 
had significant postoperative dysarthria and 
dysphagia), the low-attenuation lesion seen in 
the left thalamic region appeared to extend into 
the internal capsule. In the other eight patients, 

a low-density area was seen in the thalamus 
only. A generalized but mild increase in ven
tricular size was noted in one patient. 

Summary 
Posttraumatic MD occurs after severe head in
jury. In general, the MD is a moderate-to
severe intention tremor coinciding with vari
able other posttraumatic sequelae. In most 
cases, however, the MD is the major source 
of disability for the patient. Some advocate 
medical management, including propranolol 
and clonazepam. In our experience, however, 
none of these agents has been effective. 
Stereotactic thalamotomy has a high rate of 
clinical success, however, and should not be 
delayed unnecessarily. Before surgery, the 
minimal evaluation should include a CT scan, 
EEG, and speech and language evaluation to 
determine treatable causes for the MD and 
to assess the potential risks associated with 
surgery. Each of our 14 patients experienced 
postoperative improvement in their MD: eight, 
a marked improvement; four, moderate im
provement; and two minimal improvement. 
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The major risks associated are contralateral 
weakness, increased dysarthria, and postopera
tive memory and language dysfunction. Pa
tients most at risk for these last two compli
cations include those undergoing dominant 
thalamotomies, those demonstrating ventricu

! lomegaly or significant encephalomalacia on CT 
scan, and those with poor preoperative per
formance on memory and language testing. 
Overall, stereotactic thalamotomy provides a 
satisfactory response in patients with post
traumatic MD and should be considered as the 
recommended form of therapy. 
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27. THE ROLE OF ANTERIOR 
INTERNAL CAPSULOTOMY IN 

PSYCHIATRIC SURGERY 

Bjorn A. Meyerson 

Per Mindus 

In 1947, Spiegel and Wycis first reported the 
application of stereotactic techniques to psy
chiatric surgery [29]. A few years later, such 
treatment was used systematically by Leksell 
[16J in Sweden and Talairach [31J in France. 
It was more than another decade before 
stereotactic technique was recognized widely 
as the preferred way to perform psychiatric 
surgery. 

Modern psychiatric surgery employs 
stereotactic technique exclusively. It has been 
fostered mainly by British investigators such as 
Knight [10] who developed an operation called 
subcaudate tractotomy. The lesion target is the 
substantia innominata, located in the medial 
posterobasal part of the frontal lobes. Subse
quently, this operation was redefined with in
clusion of a new target region in the anterior 
cingulum. This combined approach has been 
called limbic leucotomy. In the mid-1970s, the 
practice of psychiatric surgery was particularly 
active in Great Britain with major contribu
tions reported by Kelly [8, 9J, a psychiatrist. 
Other pioneers in stereotactic psychiatric 
surgery include Craw and co-workers. (Bristol, 
Great Britain), Ballantine [1] (Boston, MA), 
and Sano (Tokyo); see [14J and [30J for addi
tional information. 

Many target regions have been used in 
stereotactic psychiatric surgery. The question 
of whether particular brain targets should 
relate to particular psychiatric symptoms or 
syndromes has been discussed extensively. 
We know that the same symptom may be 
influenced by lesions placed in multiple tar
gets, which suggests a lack of specificity [9]. 

Although it is true that most targets encroach 
upon fiber tracts and relays that are all con
nected (as within the limbic system), it is still 
possible that some degree of target specificity 
does exist. For example, depressive symptoms 
respond best to intervention in the cingulum 
[1], whereas obsessive-compulsive and anxiety 
states respond better to capsulotomy or limbic 
leukotomy [2, 12]. 

The frontal lobes have remained a focus of 
interest in psychiatric surgery [15, 27J. Fre
quently, the frontal lobes or systems with close 
functional and anatomical connections to them 
are chosen as stereotactic target sites. Early 
investigations recognized that surgery confined 
to the mediobasal portion of the frontal lobe 
avoided a subsequent "frontal lobe syndrome." 
Fulton, whose classical studies on chimpanzees 
served as a model for the early development of 
psychiatric surgery, claimed that lesions in
volving the lateral convexity of the frontal 
lobes were likely to produce a state of apathy. 
Conversely, lesions produced in the posterior 
part of the orbital cortex could result in emo
tional and behavioral disinhibition. 

The fiber connections of the frontal lobes 
are exceedingly complex and knowledge about 
their functional organization is still fragmen
tary. Nauta's pioneering research [24] de
scribed the intimate connections between the 
frontal lobes and limbic system; this work has 
been of paramount importance for understand
ing the morphological basis of the effects 
obtained by surgical lesions within these con
nections. The different target regions in the 
frontal lobe are not defined clearly, either in 

L.D. Lunsford (ed.) MODERN STEREOTACTIC NEUROSURGERY. Copyright © 1988. 
Martinus Nijhoff Publishing. Boston/Dordrecht/Lancaster. All rights reserved. 
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FIGURE 27-1. Organization of the limbic system: OB, olfactory bulb; LOT, lateral olfactory striae; INS, 
insula; UB, uncinate bundle; DB, diagonal band of Broca; AMYG, amydala; SCR, subcallosal radiations; 
HYP, hypothalamus; AT, anterior thalamus; MB, mammillary body; MTT, mammillothalamic tract (Vicq 
D'Azyr's tracts); ATR, anterior thalamic radiations; ST, stria terminalis; HAB, habenula; MFB, medial 
forebrain bundle; SM, stria medullaris; HPT, habenulointerpeduncular tract (fasciculus retroflexus of 
Meynert); IP, interpeduncular nucleus; LMA, limbic midbrain area of Nauta; G, nucleus of Gudden; CG, 
central gray; CCF, corpus callosum. (Reproduced with permission from Ballantine HT, Levy BS, Dagi TF, et 
al: Cingulotomy for psychiatric illness: Report of 13 years' experience. In Sweet WH, Obrador S, Martin
Rodriguez JG reds]: Neurosurgical Treatment in Psychiatry, Pain and Epilepsy. Baltimore: University Park 
Press, 1977, pp 333-353.) 

terms of stereotactic coordinates or as ana
tomical structures. Comparing the results 
obtained from intervention in each of these 
target regions is difficult. It is apparent that 
several of the target regions may overlap, and, 
consequently, the same fiber systems are likely 
to be partially involved by the various proce
dures. It is both plausible and important that 
frontal lobe projections to the limbic midbrain 
are located partly in the internal capsule. These 
projections interconnect the frontal lobes with 
the septo-hypothalamic-mesencephalic con
tinuum (figure 27-1) as described by Nauta 
[23]. As a result of this organization, limbic 
functions can be modulated by inflow from the 

frontal lobes. (For an additional reView, see 
[11 ].) 

Even in the infancy of frontal lobe psychiat
ric surgery, postoperative effects were related 
to interruption of the frontothalamic fiber 
pathways. This knowledge led Talairach and 
colleagues [31] to make selective stereotactic 
lesions in the anterior limb of the internal cap
sule, an area that contains the frontothalamic 
fiber system. He reported that results were 
particularly favorable in patients with anxiety 
neuroses. The functional importance of the 
frontothalamic pathways was demonstrated in
directly by Meyer and Beck who performed 
autopsies on patients who had been subjected 
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to different forms of lobotomy; they found 
that the best results occurred when the fronto
thalamic fibers were severed [18]. The report 
by Meyer and Beck was also the starting point 
for Leksell's innovations in psychiatric surgery. 
In 1952, Leksell used his recently developed 
stereotactic system to produce bilateral lesions 
in the frontothalamic fibers of the internal cap
sule. This operation later was referred to as 
stereotactic bilateral anterior capsulotomy. The 
first report on the long-term results of this new 
psychiatric surgical approach was published in 
1961 by Herner [7]. In this study of 116 pa
tients, Herner concluded that the best results 
were obtained in patients with anxiety and 
obsessive-compulsive states. 

Indications 
In the great majority of patients reported in the 
literature, the main indication for capsulotomy 
has been anxiety and obsessive-compulsive 
neuroses. In the Diagnostic and Statistical 
Manual of Mental Disorders (DSM III), these 
conditions are referred to as Phobic Disorders 
(300.20), Generalized Anxiety Disorders 
(300.20), or Obsessive-Compulsive Disorders 
(300.30). In relatively few patients, capsu
lotomy has been performed to alleviate symp
toms of severe anxiety and obsessive-compul
sive symptoms associated with chronic depres
sion or schizophrenia (L. Laitinen, personal 
communication, 1984). These latter indications 
as yet are not established. 

In addition to the diagnosis or the predomi
nant symptom, several inclusion criteria must 
be considered before capsulotomy is per
formed: 

1. The patient's condition must be classified as 
chronic, and surgery should be considered 
only when conventional psychiatric treat
ment modalities have proven ineffective. 

2. The patient's illness should be severe and 
incapacitating. 

3. The patient must be referred from a 
psychiatric clinic that also provides a post
operative rehabilitation program. 

4. The patient should be evaluated by a 
psychiatrist who is knowledgeable about 
psychiatric surgery. 

5. The patient's suitability for surgery should 
be decided jointly by the neurosurgeon and 
the psychiatrist. 

6. The patient must agree to undergo surgery 
after having been informed fully about the 
likelihood of improvement and the risks or 
complications. 

The following exclusion criteria should be 
noted: 

1. The patient must not have an organic mental 
disorder, nor drug or alcohol abuse. 

2. Patients should not have a personality dis
order associated with dependency, passivity, 
or manipulative behavior. 

3'. Patients who are institutionalized against 
their will should not be considered for 
surgery. 

4. Patients younger than age 20 in general 
should not be subjected to this operation. 
Although no absolute upper age limit exists, 
we believe that brain surgery is especially 
risky for patients older than age 70; cap
sulotomy should be considered only in ex
ceptional cases. 

Techniques 

TARGET SITE 
Anterior capsulotomy is designed to destroy 
the horizontally oriented fiber tracts that form 
the anterior portion of the internal capsule. 
The operation always is performed bilaterally. 
The location of the internal capsule in relation 
to the midline of the brain is variable [32] and 
partly related to the widths of the frontal 
horns. Axial computed tomography (CT) im
ages demonstrate the capsule target at a level 
about 5 mm above the slice that corresponds to 
the foramen of Monro (figure 27-2). At this 
level, the frontal horns are relatively narrow. In 
the CT images that correspond to the most 
basal parts of the frontal horns, the internal 
capsule is less distinct, because capsular fibers 
are more dispersed. The target for anterior in
ternal capsulotomy is in the anterior one-third 
of the capsule, 5 mm behind the anterior mar
gins of the frontal horns of the ventricles; in 
this area, the fibers are funneled between the 
head of the caudate nucleus and the putamen 
[20]. In our experience, placement of the lesion 
in the anterior-posterior or longitudinal axis of 
the capsule does not influence the outcome of 
the operation. Care must be taken to ensure 
that the target is in the center of the low-
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A 

FIGURE 27-2. Axial CT image at the level of the foramen of Monro. Arrows indicate recommended target 
sites in the anterior limbs of the internal capsules (A). Corresponding section of a brain; target sites are 
marked by asterisks (B). (From Schaltenbrand G, Bailey P reds]: Introduction to Stereotaxis with an Atlas of 
the Human Brain. New York: Grune and Stratton, 1959.) 

attenuation zone on CT images, which cor
responds to the capsular white matter (figure 
27-3). 

IMAGING 
Before the era of modern imaging techniques, 
pneumoencephalography was used for target 
localization in stereotactic capsulotomy. Refer
ence points were selected in the midline and 
the anterior extension of the intercommissural 
line. The target was located on the intercom
missuralline, approximately 13 mm anterior to 

the anterior commissure and 18-20 mm lateral 
to ·he midline. Because of the divergent course 
of the internal capsule in the horizontal plane, 
the lateral location of the target was critical. 
Meyerson and colleagues showed that dilation 
of the frontal horns during pneumoencepha
lography can cause considerable lateral dis
location of the capsule [20]. This unfortunate 
phenomenon, coupled with the inherent in
accuracies in localizing targets using remote 
reference points, made target determination 
difficult. 
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B 
FIGURE 27-2. (cont.) 

We believe tnat stereotactic CT localization 
should be used for this procedure, because CT 
allows direct visualization of the target area. 
Magnetic resonance imaging (MRI) can be used 
to directly visualize the target in the coronal 
plane and thus can be used to improve the 
precision of target localization. 

ANESTHESIA 
Local anesthesia is used whenever possible so 
that the neurosurgeon can observe the patient's 
neurological condition. Since patient coopera
tion is not required during the procedure, po
tent sedatives can be administered. We have 
observed that even patients who are incapaci
tated by anxiety (e.g., a tendency to have panic 
reactions) tolerate the strain of the procedure 
surprisingly well. 

OPERATIVE TECHNIQUE 
Bilateral burr holes are made slightly anterior 
to the coronal suture. With this approach, the 
trajectory of the lesion electrodes is perpen
dicular to the intercommissural plane. In both 
frontal reformatted CT images and in coronal 
MRI images, we confirmed that lower parts of 
the internal capsule are located closer to the 
midline than are upper parts . The electrode 
trajectory should be oriented 20° to the sagittal 
plane (figure 27-4). It is practical to position 
the electrode carrier so that the electrodes form 
an angle of about 20° and to mark the approxi
mate location of the burr hole on the skin. 
Unless this precaution is taken, the burr hole 
will be placed too close to the midline. 

To destroy the major part of the anterior 
internal capsule, the lesion must be 15-20 mm 
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A 

B 

FIGURE 27-3. Axial (A) and coronal (B) reconstructed CT images showing the appearance of bilateral lesions 
(arrows) after capsulotomy. 



27. THE ROLE OF ANTERIOR INTERNAL CAPS ULOTOMY IN PSYCHIATRIC SURGERY 359 

FIGURE 27-4. Appearance of the internal capsules (arrows) in a coronal magnetic resonance image. 

high. We believe that the critical part of the 
target lies in the basal internal capsule [3, 19]. 
Lesion height possibly could be reduced to 
10-12 mm if the center of the target was 
selected 5-7 mm below the standard CT sec
tion used for target localization. The change of 
target location in the superior-inferior internal 
capsule should be determined on the basis of 
coronal MRI visualization. 

Whether the lesion is produced with 
monopolar or bipolar thermal radiofrequency 
electrodes does not seem critical. In the latter 
case, electrodes are spaced 3-6 mm apart and 
are oriented perpendicularly to the long axis of 
the capsule (figure 27-5). It is also possible to 
perform caps ulotomy with stereotactic radio
surgery [16, 21, 26]. This method minimizes 
surgical complications but deprives the neuro
surgeon of the opportunity to explore the 
target region electrophysiologically in order to 
elucidate the functional organization of the 
targeted pathways. 

We do not perform electrical stimulation of 
the target region routinely because subjective 
responses to stimulation are only rarely pro-

duced [13]. Perhaps electrical impedance moni
toring will help to verify correct placement of 
the electrode tip in the internal capsule white 
matter. To date, there has been no systematic 
study of the usefulness of impedance monitor
ing, but microelectrode recording has been 
used to identify the capsule [17]. 

Patients do not report subjective sensations 
during production of internal capsule lesions. 
Occasionally, some report feelings of release or 
relaxation immediately after the operation. 
While still in the operating room, approximate
ly two-thirds of the patients develop confusion 
and disorientation with regard to time and 
space. Incoherent speech is also relatively com
mon. 

COMPLICATIONS 
Capsulotomy is associated with few surgical 
complications. In our literature review, we en
countered no reports of death in conjunction 
with this procedure. In our own series of 68 
patients, two patients developed subcortical 
bleeding after insertion of the electrode; their 
symptoms were slight hemiparesis and somno-
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lence. One patient had a hematoma in the 
target region and required temporary ventricu
lar drainage. All three patients recovered com
pletely without sequelae. 

When psychiatric surgery was performed ini
tially without stereotactic technique, epilepsy 
was a frequent late complication. After the in
troduction of stereotactic methods, postopera
tive epilepsy became exceedingly rare. In our 
series, only one of 68 patients subsequently 
developed epileptic symptoms that conceiv
ably could be attributed to the operation. 

ELECTROENCEPHALOGRAPHIC CHANGES 
In a postoperative study performed on 35 
capsulotomy patients, characteristic electro
encephalographic (EEG) changes were demon
strated [4]. In the early postoperative period, 
bilaterally synchronous bursts of rhythmic 
slow waves dominated the frontal regions. 
Focal or epileptic abnormalities never were 
observed. At follow-up one to two years after 
the operation, the vast majority of the patients 
had the same EEG pattern they had pre
operatively. 

Early and Late Postoperative 
Course 
After the operation, bed rest is imposed only 
during the first 24 hours. Because most patients 
are somewhat confused and disoriented during 
the first two to four postoperative days, they 
should be supervised. Urinary incontinence is 
relatively common. The state of confusion in
variably disappears within a few days. General
ly, medication with anxiolytics and similar 
drugs can be discontinued abruptly. Prophy
lactic anticonvulsant medication is not admin
istered routinely. 

During the second to fourth postoperative 
weeks, patients generally exhibit a marked de
crease in initiative, and occupational therapy 
should be begun. Sometimes, this state of mod
erate lethargy lastsl for a few months. Typical
ly, the patient is reluctant to get up in the 
morning, lies passively in bed, takes excessive 
time to get things done, and misses appoint
ments. In such cases, and active rehabilitation 
program is crucial. In our experience, most 
patients gain weight, generally less than 5 kg. 
Although some patients gain considerable 
weight postoperatively, such patients usually 
have had previous excessive weight problems. 

Patients and their families should be informed 
of this risk and encouraged to maintain their 
regular diet. 

Results 
To date, the results of anterior capsulotomy in 
approximately 300 patients has been reported 
by Herner [7], Burzaco [5], Bingley and 
co-workers [3], and others. The 1977 study by 
Bingley's group, working in Stockholm, has 
since been extended by a series of 30 consecu
tive patients treated between 1977 and 1985. 
Twenty-one additional patients underwent 
radiosurgical capsulotomy [21, 26]. Other stud
ies on relatively small groups of patients have 
been published by Martinez and associates [17], 
Kullberg [12], Laitinen [13], and Fodstad 
and colleagues [6]. These different studies pro
duced remarkably similar outcomes-about 
70% of the patients benefiting from the opera
tion. 

Many reports on psychiatric surgery have 
been critized on methodological grounds, that 
is, retrospective study design, short duration of 
follow-up, and the use of subjective or unstan
dardized measures of outcome. Often, the 
physician in charge of both selection and treat
ment of the patients also performs the postop
erative evaluation; the inherent bias problem is 
obvious. In recent years, important methodo
logical advances in psychiatric research also 
have proven useful in psychiatric surgery. In
ternationally acknowledged diagnostic criteria 
and standardized symptom-rating procedures 
used prospectively by independent, trained 
observers may improve the reliability of out
come assessment considerably. It is particularly 
important that such methods be applied to the 
field of psychiatric surgery, as this type of 
treatment can easily evoke emotional reactions 
that bias the evaluation of outcome. 

A recent prospective study illustrates the use 
of modern psychiatric research methods [22]. 
The study was performed on seven patients 
who had radiosurgical capsulotomies. The 
patients were examined before surgery and then 
both three and seven years after surgery. Psy
chiatric symptoms were rated by two psychia
trists who had not been responsible for selection 
or treatment of the patients. The Comprehen
sive Psychopathological Rating Scale (CPRS) 
was used. This scale has been shown to be 
highly sensitive to symptom changes induced 
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TABLE 27-1. Results of Anterior 
Internal Capsulotomy for Obsessive-
Compulsive and Anxiety States' 

Series 1 b Series 2C 

Results (1970-1976) (1977-1985) 

Symptom-free 19 14 
Much improved 8 7 
Slightly improved 11 2 
Unchanged 0 7 
Worse 0 0 

Total patients 38 30 

• Karolinska Hospital, Stockholm, Sweden. 
bDuration of illness = 4-35 years, mean = 16 years, follow-up = 
11/,-5years, mean = 3V2 years. 

<Duration of illness = 5-30 years, mean = 15 years, follow-up = 
1-9 years, mean = 4 years. 

by psychiatric treatment. Furthermore, it has 
high validity and both intra- and interrater 
reliability. The effect of the intervention on 
symptoms was studied by comparing pre- and 
postoperative CPRS scores. The interrater reli
ability was very high (product-moment correla
tion: 0.98). Symptom scores were reduced 
significantly. In addition to this symptom
oriented outcome measure, the patient's highest 
level of adaptive functioning was measured 
during the year before follow-up in three areas 
(social relations, occupational functioning, and 
use of leisure time), using the Axis V of the 
DSM III. The patients demonstrated great 
improvement in their level of adaptive function
ing. Moreover, the' evaluators jointly rated the 
patients on Pippard's five-graded rating scale 
[25], which is used widely in psychiatric 
surgery. This scale uses the following rating: 
(1) free from the symptoms that led to surgery; 
(2) much improved, with some symptoms re
maining but considerably alleviated; (3) slight 
improvement, most symptoms remaining but 
somewhat reduced; (4) unchanged; (5) worse. 

Data on the two consecutive series of pa
tients treated in Stockholm are provided in 
table 27-1. Results in approximately 70% of 
the patients were judged successful, that is, the 
patients were free of symptoms or were much 
improved. This assessment of treatment out
come was based on regular postoperative ex
aminations (generally once a year) by one or 
two psychiatrists. Reports were obt;;tined from 
the referring psychiatrists who, as a rule, were 

responsible for postoperative rehabilitation. In 
most cases, the patient'S relatives were inter
viewed, also. The patients were evaluated be
fore and after the operation using several 
psychometric tests and personality inventories. 
No adverse effects on cognitive functions and 
no undesirable personality changes were detect
ed postoperatively. 

Examination of the results over time revealed 
no tendency toward relapse [19]. Recurrence of 
symptoms is most likely within the first post
operative year. Patients with such recurrence 
may benefit from a second operation. Burzaco 
reported that in 17 of 85 patients who under
went a second operation, half had long-term 
satisfactory results [5]. Patients with unsatisfac
tory results after surgery should undergo CT 
or MRI examinations to ensure that the lesion 
was not misplaced. 

It should be emphasized that psychiatric 
surgery cannot achieve a favorable long-term 
outcome unless an intensive rehabilitation 
program is undertaken. It is our belief that the 
operation per se does not lead automatically 
to the elimination of symptoms. Despite de
creased tension and anxiety, the patient still 
tends to maintain the maladaptive behavior 
pattern that was firmly established before 
surgery. The patient must be persuaded to 
accept exposure to situations that previously 
were likely to provoke fear. Without support
ive and aggressive postoperative psychother
apy and behavioral training, maladaptive be
havior patterns will persist. 

Stereotactic anterior capsulotomy has be
come an established treatment for patients 
with chronic anxiety, phobias, and obsessive
compulsive states that are unresponsive to con
ventional management. The surgical risks are 
minimal and no undesirable permanent se
quelae are likely to follow the operation. With 
the aid of CT or MRI, the target can be located 
with great precision. Despite the application of 
this technique only to those patients who have 
not responded to other conventional therapies 
and who have been ill for many years, the 
results of anterior internal capsulotomy are 
very favorable. 
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28. STEREOTACTIC CHEMICAL 
HYPOPHYSECTOMY 

Allan B. Levin 

The role of hypophysectomy in the treatment 
of cancer pain has been debated for several 
years. Although transcranial hypophysectomy 
for the treatment of malignant tumors was first 
described in 1952 [24, 29], it was originally 
conceived as a means of achieving objective 
regression of metastatic prostate and breast car
cinoma. This procedure was a logical extension 
of the hormonal manipulation by gonadectomy 
and/or adrenalectomy pioneered by Charles 
Huggins [10]. It was soon found that hy
pophysectomy, like its antecedent operations, 
produced pain relief in cases of metastatic 
breast and prostate carcinoma more consistent
ly than it caused objective tumor regression 
[26, 30]. With the advent of stereotactic and 
open transsphenoidal hypophysectomy, pitu-: 
itary ablation could be accomplished with 
greater safety. Similarly, the introduction of 
chemical hypophysectomy by Moricca in 1963 
[22] offered another nonoperative route for 
pituitary destruction. These types of surgery 
and their variations then became a practical 
option for providing pain relief, not only for 
patients who were too debilitated by advanced 
cancer to undergo craniotomy, but also for 
patients who were candidates for craniotomy. 

Pain Relief Following Chemical 
Transsphenoidal Hypophysectomy 
Chemical hypophysectomy has been used for 
pain relief in metastatic tumors of many types, 
including hormone-independent tumors [15, 
17 -19, 22]. In this technique, a hypophyseal 
lesion is produced by injecting alcohol into the 
sella turcica via a transsphenoidal route. The 
volume injected varies among surgical centers, 
ranging from 1-5 ml. Up to a point, the 

volume of injected alcohol must correlate with 
degree of hypophyseal damage. There is, 
however, inadequate endocrinological and ana
tomical (postmortem) data, correlated with 
pain relief, to serve as a guide in determining 
how much to inject. Surgeons who have used 
volumes of 1-2 ml [17-19, 22] have sometimes 
found it necessary to repeat alcohol injections 
because inadequate relief has been pbtained at 
the first sitting. 

Levin and Katz introduced the stereotactic 
approach to chemical hypophysectomy because 
of a desire to improve the technique of chemi
cal hypophysectomy in two specific areas [14]. 
In surgical transsphenoidal hypophysectomies, 
the risk of cerebrospinal fluid (CSF) leaks 
without closing the floor of the sella turcica is 
relatively high. This is especially true in pa
tients in whom a portion of the sella turcica 
may be filled with a cystic extension of the 
subarachnoid space or in patients in whom the 
diaphragma sellae is incompetent. By using a 
small-gauge needle to prevent large holes in the 
floor of the sella turcica, the chance of CSF 
leakage and subsequent infection are mini
mized. 

Second, the stereotactic approach allows a 
large quantity of alcohol to be deposited with 
one needle insertion. It is anticipated that most 
of the alcohol remains in the pituitary gland and 
its extension. However, adequate pituitary de
struction necessitates initially the instillation 
and adequate diffusion of the alcohol. Further 
destruction of pituitary tissue is accomplished 
by the compressive effects of fluid forced into 
a confined space. The stereotactic approach 
allows for the use of just one insertion' of the 
needle and the more accurate depositing of this 
quantity of alcohol within the pituitary gland, 
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FIGURE 28-1. Patient in stereotactic head holder with needle guide in place. 

thereby limiting the incidence of adverse side 
effects specifically related to the visual system. 
The injection dosage usually runs between 4 
and 6 ml of alcohol injected in 2-3 aliquots as 
the needle is being withdrawn through the sella 
turcica. Postmortem studies have shown that 
this procedure accomplishes complete destruc
tion of the pituitary gland. 

Operative Technique 
The actual operative procedure has not varied 
significantly from the initial descriptions [14, 
15]. A light plane of general endotracheal anes
thesia is established, and the patient is posi
tioned in a Todd-Wells stereotactic head hold
er, utilizing a transverse quadrant assembly 
(figure 28-1). Under fluoroscopic lateral con
trol and x-ray anterior-posterior control, the 
target is set for the posterior superior aspect of 
the sella turcica below the level of the posterior 

clinoid processes in the midline (figure 28-2). 
Either nostril can be used, and selection may 
be determined by deviated septum or size of 
the nasal turbinates. Four-percent cocaine is 
initially applied topically to produce vasocon
striction of the nasal mucosa. The nasal passage 
is then prepared with an organic iodine solu
tion, and the needle guide is placed into the 
nostril. The needle guide is passed as far back 
as possible towards the superior aspect of the 
nasal passage. The angle of the transverse quad
rant is adjusted so that the needle will have the 
greatest penetration through the pituitary gland 
on its way to the target. The mucosa at the tip 
of the guide is infiltrated with approximately 1 
ml of 1 % lidocaine with 1 :100,000 epinephrine. 
Next, an 18-gauge, 6-inch spinal needle is 
passed through the floor of the sphenoid sinus, 
which is then thoroughly irrigated with a baci
tracin solution (5,000 units/l00 ml of saline). 
The 18-gauge needle is removed and a 6-inch, 
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FIGURE 28-2. Twenty-gauge needle passed through needle guide into sella turcica. 

20-gauge spinal needle is passed through the 
guide and gently inserted through the floor of 
the sella turcica. The anteroposterior (AP) x
rays and lateral fluoroscopy of the route of 
the I8-gauge needle should show that it has 
reached the floor of the sella turcica without 
any deviation from its path (figure 28-3). 
Likewise, upon entry of the 20-gauge spinal 
needle into the sella turcica, AP x-rays should 
confirm that the needle has not deviated from 
its path toward the midline target. Once this 
has been confirmed, further advancement of 
the needle under lateral fluoroscopy will verify 
its approach to the target. Once the needle has 
reached the target, confirmatory AP and lateral 
x-rays are made (see figure 28-2). Only in rare 
cases has it been difficult for the I8-gauge and 
20-gauge needles to penetrate the appropriate 

bony pathway. In such cases, a small hole is 
drilled, using a Kirschner wire. The diameter of 
the Kirschner wire is just slightly larger than 
that of the spinal needle. 

Once the position of the needle at the target 
is confirmed, the stylet is withdrawn, and up to 
2 ml of absolute alcohol is deposited at the 
target. Injection under adequate fluoroscopic 
monitoring allows the surgeon to actually see 
the small air bubbles that have been entrapped 
within the needle entering the sella turcica. The 
pupils are checked after injection. Although it 
is believed that the alcohol stays within the sella 
turcica, rapid enlargement of the pituitary 
gland from the quantity of fluid injected can 
cause the pituitary to swell laterally and com
press the nerves to the extraocular muscles 
lying within the cavernous sinus. Upward ex-
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FIGURE 28-3. Left: Lateral view of needle at target. Right: Anterior-posterior view of needle at target. 

tension of the swelling may also occur, thereby 
compressing the optic chiasm. If there have 
been no pupillary changes or deviation of the 
eyes from the midline, the needle is withdrawn 
to a point approximately halfway between the 
initial target and the floor of the sella turcica, 
and a second injection of 1-2 ml of the abso
lute alcohol is made. Again, the pupils are 
checked. Providing there are no changes, the 
needle is again withdrawn to a point halfway 
between the second injection and the floor of 
the sella turcica and a third injection of 1-2 ml 
of absolute alcohol is made. The needle is then 
withdrawn to just above the floor of the sella 
turcica, and approximately 112 ml of alpha
ethyl cyanoacrylate (slow polymerizing) is in
jected through the needle as it is withdrawn 
through the floor of the sella turcica. This 
allows for sealing of the single hole made in the 
floor of the sella turcica. At this point, the 
needle is withdrawn through the needle guide, 
and the needle guide is then withdrawn from 
the nostril. If there is any evidence of bleeding 
from the nasal passage, the nasal passage used 
for the needle guide is packed with petrolatum
impregnated gauze. If there is no significant 
bleeding, no nasal packing is used. The patient 
is awakened, extubated, and followed carefully 
over the next 24-48 hours for the onset of 
diabetes insipidus. Patients are routinely placed 
on hydrocortisone supplementation. Diabetes 
insipidus that cannot be controlled by oral in
take is controlled with DDAVP (l-desamino-

cysteine-8-D-arginine vasopressin). Thyroid 
supplementation is also started several days 
into the postoperative period. 

Complications 
We have had only one CSF leak in our series of 
117 patients undergoing this procedure. In that 
patient, who was early in the series, the tumor 
had metastasized and invaded the floor of the 
sella. The CSF leak was sealed by an injection 
of alpha-ethyl cyanoacrylate into the sella 
turcica. Since then, with the routine use of 
alpha-ethyl cyanoacrylate, there have been no 
additional CSF leaks. Other complications 
have included six ocular nerve palsies, with 
four clearing completely. There were four pa
tients with bilateral or unilateral temporal field 
loss, all of whom had associated ocular nerve 
palsies. One of these cleared completely, and 
two cleared partially. It is interesting to note 
that all but one of the complications occurred 
in the first 40 patients. Only one ocular nerve 
palsy has occurred since the first 40 patients, 
and there have been no procedure-related 
deaths in the entire series. 

Results 
By 1978, Miles and his colleagues had per
formed chemical hypophysectomy on 122 pa
tients with all forms of cancer, 56% of which 
were cancer of either breast or prostate (19). 
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TABLE 28-1. Pain Relief Following Chemical Hypophysectomy in 110 Cancer Patients 

Type of No. of 
Cancer Patients 

Prostate 52 
Breast 32 
Lung, kidney, and other tumors 26 

Total 110 

Of the 122 patients, 42% obtained excellent 
pain relief, and an additional 33% (for a total 
of 75%) acquired sufficient relief to be able to 

discontinue narcotic analgesics. To achieve 
these results, 30% of patients required a second 
injection and 9% required a third injection. 
The mean duration of pain relief was between 
two and three months. Duration of pain relief 
did not correlate significantly with the type of 
cancer. The period of survival was not re
ported. Madrid had treated 329 patients with 
this technique by January 1978 [IS]. Patients 
with metastatic breast and prostate carcinoma 
constituted SO% of his cases. Of the total num
ber of patients, 67% had complete relief, and 
an additional 27% had partial relief. To realize 
these results, 25% of patients required a second 
injection, and 3% needed a third injection. No 
data were given correlating relief to tumor 
type, and no information was available on 
either duration of relief or postoperative sur
vival. Moricca's rate of success appears to be 
good, but details correlating tumor type to 
pain relief, the role of multiple injections, and 
duration of relief are not available [22]. 

To date, we have performed stereotactic chem
ical hypophysectomy on 110 cancer patients. 
Breast and prostate cancer account for 76% of 
the cases; lung, kidney, and other tumors con
stitute the remainder. Preoperatively, all pa
tients were unable to achieve acceptable pain 
control, despite large doses of parenteral narcot
ics. The results of chemical hypophysectomy 
are presented in table 2S-1. Good results were 
obtained in 85% of cases. This category repre
sents patients who reported either satisfactory 
pain control with no analgesics or the ability to 
achieve such control with nonnarcotic analge
sics or codeine. Seven patients (four with 
prostatic and three with mixed) cancers tran
siently obtained good pain relief (lasting at 
least one month) but later required cordotomy 

No. (%) with Good 
No. (%) of Patients Results Who Had 
with Good Results Transient Exacerbation 

44 (85) 13 (30) 
31 (97) 5 (16) 
19 (73) 5 (26) 
94 (85) 23 (24) 

(six patients) or reInjection of alcohol (one 
patient) to achieve longer-lasting pain relief. 
These seven patients are not included in the 
good result category. There were no significant 
differences (p > 0.1) in the response rates 
among the prostatic, breast, or mixed series. 
For most patients who could be followed care
fully, duration of relief was limited not by 
recurrence of pain but by death due to under
lying neoplastic disease. The mean postopera
tive survival was five months. The postopera
tive level of pain relief was not constant from 
day to day. Frequently, there were minor 
variations in the level of relief, necessitating 
nonnarcotic analgesics or codeine some days, 
whereas no drugs were required on other days. 
In 24% of the patients, there was occasional 
transient exacerbation of a more substantial 
nature, which would typically last one to five 
days before spontaneously remitting. In one
third of the patients involved, these exacerba
tions were multiple, occurring about once a 
month. The cause of the transient exacerbation 
is unknown, but it may be due to the develop
ment of new metastases or enlargement of 
already-present metastases. 

In summary, chemical hypophysectomy has 
produced relief from pain caused by both 
hormone-dependent and hormone-independent 
tumors. The number of useful published stud
ies is insufficient to permit rigid conclusions. 
Few reports have provided a definition of pain 
relief. Independent observers rarely have been 
used [17]. Although no systematic attempt has 
been made to provide detailed information on 
the type of pain that can be relieved by 
hypophysectomy, some investigators suspect 
that the pain most susceptible to relief is that 
from bone metastases [15]. In chemical hy
pophysectomy, the initial success rate appears 
slightly better than that reported following 
.mrgical hypophysectomy for breast and 
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prostate cancer. However, the duration of 
both relief and survival seem to be shorter fol
lowing chemical hypophysectomy. This may 
be explained by inadequate numbers of clinic 
reports. It may also be a reflection of far
advanced disease present at the time of neuro
surgical referral. 

Thalamic Pain 
In 1977, the technique of stereotactic chemical 
hypophysectomy was extended to include pain 
considered to be of thalamic or central origin 
[16]. This technique was one of several alterna
tives for pain management offered to our pa
tients with this pain syndrome. All seven pa
tients had been evaluated previously at other 
medical centers where the diagnosis of thalamic 
pain syndrome had been made and where both 
conservative and surgical management had 
been ineffective. All post-chemical hypophy
sectomy patients have been followed either in 
our outpatient neurosurgical clinic or by cor
respondence. Six of the seven patients had good 
relief at first, and one patient initially had what 
he considered to be 50070-60070 relief. Approx
imately six months after injection, one patient 
began to reexperience pain and was placed on 
tricyclic antidepressants and other medication 
without notable results. In considering a possi
ble repeat hypophysectomy, pituitary function 
studies were performed that revealed that there 
had been no return of pituitary function. No 
further therapy was offered. The patient who 
obtained only partial relief continued to have 
intermittent exacerbations that became almost 
as severe as the initial pain approxitnately four 
months after injection. Approximately six 
months after injection, he developed hydro
cephalus and was treated locally with an 
external ventriculostomy, which subsequently 
became infected, causing ventriculitis. He was 
treated and made an adequate recovery, again 
showing transient improvement followed by 
periodic exacerbation of his pain syndrome. 
His symptomatology was not entirely that of a 
thalamic pain syndrome because he also had 
signs of pontine involvement. The longest 
follow-ups have been approximately five years 
for two patients. Neither patient experienced 
recurrent symptoms. 

The mechanism of relief in chemical 
hypophysectomy seems as mysterious as that 

following trans sphenoidal hypophysectomy. 
Advocates of chemical hypophysectomy have 
proposed that the effect is due to concomitant 
hypothalamic injury and have suggested that 
this operation may be qualitatively different 
than trans sphenoidal hypophysectomy [15, 19, 
22]. 

Mechanism of Action: Pituitary 
The mechanism by which pain is relieved in 
either chemical or surgical hypophysectomy is 
unknown. Unlike either cingulotomy or sub
caudate frontal leucotomy, hypophysectomy 
does not produce relief primarily by allaying 
psychological suffering. Moreover, hypo
physectomy does not alter normal sensitivity 
to pinprick, or the appreciation of pain due to 
acute injury [22, 31]. This argues against the 
theory that pain relief may be related to 
changes in peripheral pain receptor sensitivity 
[19]. The successful use of chemical hypo
physectomy in patients with thalamic pain is 
additional evidence against such a theory. 

Humoral or neural modulation of central 
pain-inhibiting neurons is a more plausible 
mechanism of action. According to this prop
osition, pain relief may result from excitation 
of central pain-suppressor mechanisms by 
means of either a humoral agent distributed by 
the CSF [19, 32] or by a direct neural stimulus. 
Hypophysectomy, it is reasoned, either elimin
ates a hormone responsible for pain augment
ation produced by the pituitary or induces 
(possibly by elimination of feedback suppres
sion) a neural or humoral response, originating 
from the hypothalamus, which is responsible 
for pain suppression. 

It has long been recognized that oophorec
tomy [12], adrenalectomy, and orchiectomy 
yield prompt relief of pain usually within 
hours in some patients suffering from metastat
ic breast or prostate carcinoma. This relief be
gins long before objective remission; it may 
occur without objective remission, and relief 
seems to begin at about the same time as it 
does after hypophysectomy. These observa
tions imply that there is a mechanism of pain 
relief common to all four operations that is also 
distinct from pain relief attendant on tumor 
regression. Such a mechanism might be a 
hypothalamic pain-suppressing response acti
vated by the elimination of hormonal feedback. 

The foregoing raises the possibility that pain 
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relief after hypophysectomy may be more 
directly the result of stimulation of hypothalam
ic function rather than the elimination of 
pituitary function. There is additional support 
for this view. Several lines of evidence cast 
doubt on the notion that pain relief from 
hypophysectomy is directly related to the 
expected fall in levels of known pituitary 
hormones: 1. Pain relief occurs in cases of 
malignancies not known to be hormone
dependent [15, 18] and in patients with breast 
and prostate carcinoma that is unresponsive 
to hormone manipulation [11]. 2. Although 
there exists some minimal level of hypophyseal 
damage sufficient to produce pain relief, 
beyond this point, pain relief does not appear 
to be correlated with the completeness of abla
tion of known pituitary endocrine function [15, 
17, 19, 32, 34]. 3. Patients may derive relief 
despite failure to achieve an objective remission 
[5, 11]. 4. Pain relief may occur promptly fol
lowing oophorectomy [12], orchiectomy, or 
adrenalectomy, which would then increase the 
level of the appropriate pituitary trophic hor
mones. 5. Pain relief occurs after stalk section 
[13], a procedure which normally elevates pro
lactin blood levels [33]. 6. Pain relief occurs 
with administration of L-dopa [20], a proce
dure that normally stimulates human growth 
hormone secretion [3]. 

Mechanism of Action: 
Hypothalamus 
The belief that pain relief after hypophy
sectomy could be unrelated to the hypophysec
tomy led some investigators to look for con
comitant damage in other neural structures. 
Lipton provided evidence that alcohol injected 
into the sella extends up the pituitary stalk into 
the hypothalamus and third ventricle, where 
damage has been found on postmortem ex
amination [17]. Levin performed postmortem 
examinations in four cases of alcohol 
hypophysectomy for cancer pain [15]. These 
examinations revealed subependymal gliosis 
along the floor of the third ventricle, consider
able cell loss in the supraoptic and paraven
tricular nuclei and damage to the median emi
nence. Our further investigation of pathways 
of alcohol in chemical hypophysectomy re
vealed that the alcohol enters not only the 
pituitary stalk and third ventricle, but that the 
alcohol refluxes under pressure into the portal 

hypophyseal vascular system. The importance 
of the posteromedial hypothalamus in pain 
control has been emphasized by the work of 
Sano [28] and Fairman [4]. These investigators 
demonstrated that lesions in the posterior in
ferior peri-third ventricular area produced 
good relief in more than 70% of patients 
whose pain was due to malignant tumor. 

Despite the apparent success of posterome
dial hypothalamic lesions in relieving the pain 
of malignancy, good pain relief has also been 
reported in 70%-90% of patients following 
open transsphenoidal microsurgical hypophy
sectomy for metastatic prostate and breast can
cer [5, 11, 32], in which the likelihood of direct 
hypothalamic injury would be small. Daniel 
and Prichard examined the hypothalamus and 
pituitary stalk of 59 patients who had under
gone one of three pituitary ablative procedures: 
trans frontal pituitary stalk section, trans frontal 
hypophysectomy, or transsphenoidal hypo
physectomy [2]. They reported significant 
cell loss in both the supraoptic (SON) and 
paraventricular (PVN) nuclei due to retrograde 
degeneration. Other nuclei of the hypothala
mus, however, did not show any obvious post
operative abnormalities. Regardless of which 
operative procedure was used, the only hypo
thalamic abnormalities observed lay anteriorly. 

The relationship of anterior hypothalamic 
dysfunction to pain relief has not received 
extensive consideration in the literature. Our 
knowledge comes in part from studies examin
ing the relationship between diabetes insipidus 
and pain relief, such as Lipton's series, which 
found no correlation [17]. As previously men
tioned, we performed chemical hypophysec
tomy in seven patients with thalamic pain and 
six achieved good relief [16]. Our patients re
covered from diabetes insipidus within a year 
(three patients recovered within six months), 
yet pain relief persisted. The failure of pain 
relief to correlate with this aspect of anterior 
hypothalamic dysfunction contradicts earlier 
speculation [15] of such correlation in a study 
of 29 patients with cancer pain. The life expec
tancy of the patient population in that earlier 
study apparently was too short to permit 
observations on pain relief that persisted after 
recovery from diabetes insipidus. 

It would appear that overt hypothalamic 
damage, apart from retrograde cell loss in PVN 
and SON, may not be required to obtain 
prompt pain relief. Hypophysectomy, even 
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when anatomically [23] and endocrinologic ally 
[13, 15, 17] incomplete, seems to be sufficient. 
Therefore, we must ask whether chemical 
hypophysectomy is a unique neuroablative 
technique or simply a variant of other forms of 
hypophysectomy, all of which act by a similar 
mechanism. The success of stereotactic chemi
cal hypophysectomy on hormone-independent 
tumors may encourage the use of stereotactic 
thermal and cryohypophysectomy for tumors 
heretofore treated by open transsphenoidal 
hypophysectomy. The comparison of results 
could settle the question. 

Mechanism of Action: 
Endogenous Opiate 
Naloxone, a specific antagonist for morphine 
and its analogues, was administered in an 
attempt to restore pain in patients whose pain 
was relieved by hypophysectomy. The object 
was to determine whether hypophysectomy, 
like stimulation-induced analgesia [1, 8], pro
duces pain relief by augmenting endogenous 
opiate release. Thus far, the evidence does not 
favor an opioid-mediated mechanism, but this 
evidence is preliminary. In studies by Levin, 
naloxone failed to reverse the pain relief 
achieved by chemical hypophysectomy in 29 
patients with cancer and three with thalamic 
pain [15, 16]. In Miles's series of 12 patients 
who had undergone chemical hypophysectomy 
for cancer, eight failed to experience restora
tion of pain following administration of nalox
one [19]. Misfeldt administered naloxone to a 
patient following trans sphenoidal hypophy
sectomy for metastatic prostate and renal carci
noma [21]. Naloxone did not cause the pain to 
return. An extensive trial of naloxone testing 
after surgical hypophysectomy has not been 
published. In addition, there are several differ
ent classes of opiate receptors, each of which 
has varying affinity for naloxone [7], making 
naloxone studies difficult to interpret. Nalox
one insensitivity could be a reflection of lim
ited affinity rather than an argument for a 
nonopioid mechanism. Failure to demonstrate 
restoration of pain with naloxone may not rule 
out an opiate-mediated effect. 

However, studies in humans and rats offer 
additional evidence that opioid mechanisms 
may not serve an important role in this form of 
pain inhibition. Miles assayed met-enkephalin 
and beta-endorphin in human lumbar CSF be
fore, immediately after, and five hours after 

chemical hypophysectomy and failed to show 
elevation of either endogenous opiate [19]. 
Hypophysectomy in rats diminishes plasma 
levels of beta-endorphin [6, 9] and may either 
have no demonstrable effect on brain tissue 
beta-endorphin levels [9, 27] or may actually 
decrease the beta-endorphin content of medio
basal hypothalamus [34] and periventricular 
tissue [25]. 

Other Uses of Stereotactic 
Hypophysectomy Technique 
The stereotactic technique utilized in stereotac
tic chemical hypophysectomy can also be used 
to approach lesions that might lie in the su
prasellar area above the planum sphenoid ale or 
just behind the dorsum sellae. These lesions 
usually represent cystic masses, either cranio
pharyngiomas or dermoids, which need inter
mittent evacuation. We have had the opportu
nity to treat four patients by such method. 
Three patients had recurrent cystic cranio
pharyngiomas, having previously undergone 
craniotomy for therapy. Drainage procedures 
preceded radiotherapy, and in one case, two 
subsequent drainage procedures occurred dur
ing the course of radiotherapy. One patient 
presented with a dermoid cyst that had been 
treated with a craniotomy (a transsphenoidal 
approach) and then x-ray therapy (figures 28-
4 and 28-5). Despite the previous trans
sphenoidal surgery, no untoward problems or 
complications arose from the stereotactic pro
cedures. In all cases, water-soluble contrast 
material was injected into the cyst at the time 
of needle insertion to outline the cyst and 
document its collapse. 

Conclusion 
The technique of stereotactic chemical hypo
physectomy is accurate and technically simple. 
In the debilitated patient and in patients with 
conditions requiring ablation of the pituitary 
gland, this method of hypophysectomy should 
be considered. It should also be considered as a 
method of access to lesions in the suprasellar 
regIOn. 
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29. POSTEROMEDIAL 
HYPOTHALAMOTOMYFOR 

BEHAVIORAL DISTURBANCES AND 
INTRACTABLE PAIN 

Y oshiaki Mayanagi 

Keiji Sano 

The hypothalamus, a continuation of the cen
tral periaqueductal gray matter, comprises the 
center of the neuroendocrine system; it sur
rounds the third ventricle with groups of 
neurons anteriorly and central gray matter 
posteriorly. The periventricular fibers, the me
dial forebrain bundle, and the dorsal longitu
dinal fasciculus are important fiber tracts that 
pass through the region. Relevant to the third 
ventricle because of its location, the posterior 
hypothalamus lies between the midcommissur
al point and the posterior commissure, below 
the anterior commissure-posterior commissure 
(AC-PC) line and includes the area 5-6 mm 
from the midline. 

Stereotactic surgery directed at this level of 
the brain's longitudinal axis was reported first 
by Spiegel and Wycis [35]. To treat psychosis, 
they made a small lesion in the lateral hypotha
lamus, which they usually combined with dor
somedial thalamotomy. In 1962, Sano origi
nated a new stereotactic operation on the medial 
part of the posterior hypothalamus to amelio
rate certain behavioral disturbances, particu
larly those characterized by aggression or vio
lence; he named it posteromedialhypothalamot
omy [26]. Sano examined the close relationship 
between such behavioral disturbances and 
hypersympathetic autonomic reactions and 
proceeded to make a small coagulation lesion 
in the most sympathetic area of the diencepha
lon. Sixty cases of the same condition under
went surgery between the first successful op
eration in 1962 and 1977 [12, 13, 24, 25, 27-
31 ]. 

In 1971, Fairman reported the application of 
this technique for pain control [9]. He pro
duced small circumscribed coagulation lesions 
in the paraventricular nucleus of the hypothala
mus in 12 patients with intractable pain due to 
metastatic malignant tumors, expecting pain re
lief and reduction in tumor growth. The pain 
relief was dramatic in 10 patients; tumor 
growth was reduced in two; and appetite im
proved in six. No serious endocrine deficits 
occurred. In 1971 , Yoshioka, Y oshimasu, and 
others in our group performed stereotactic 
posteromedial hypo thalamotomy for relief of 
intractable pain in two patients with malignant 
tumors and obtained remarkable pain control 
[40]. Later, similar surgery was performed on 
28 patients with pain of various causes. This 
procedure gradually evolved into stimulation
produced analgesia (SPA) in the same region 
[14, 15]. Along with these clinical studies, 
several basic experimental studies were con
ducted to clarify the central mechanism of pain 
relief obtained with this procedure. This chap
ter examines the significance of the posterior 
hypothalamus in the treatment of both be
havioral disturbances and intractable pain, 
based on our experience with 100 cases over 
the past 20 years. 

Posteromedial Hypothalamotomy 
General endotracheal anesthesia was used in 
operations for behavioral disturbances and 
local anesthesia in procedures for intractable 
pain. Initially, Sano's stereotactic apparatus 

L.D. Lunsford (ed.) MODERN STEREOTACTIC NEUROSURGERY. Copyright © 1988. 
Martinus Nijhoff Publishing. Boston/Dordrecht/Lancaster. All rights reserved. 
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was used; since 1975, we have use(1 the Todd
Wells apparatus. A frontal burr hole was made, 
and a fine catheter was inserted into the ante
rior horn of the lateral ventricle, with the tip 
placed near the foramen of Monro. Ventricu
lography was performed with air or a small 
amount of a positive contrast agent. If the tip 
of the ventricular catheter entered the third 
ventricle easily, a small amount of cerebrospi
nal fluid (CSF) was taken for analysis. Using the 
AC and PC as a guide for measurement, we 
inserted a fine concentric bipolar electrode (1 
mm in outer diameter with an interpolar dis
tance of 0.5 mm) through a frontal burr hole 
into the target point in the posterior hypothal
amus. 

The target for behavioral disturbances was 2 
mm below the midcommissural point and 2 
mm lateral to the third ventricular wall; for 
intractable pain, various targets in the posterior 
hypothalamic area were selected. We moni
tored electroencephalograms (EEGs), electro
cardiograms, electromyograms of the neck 
muscles, blood pressure, and respiration. Elec
trical stimulation was performed with param
eters of 10-100 Hz and 10-20 V using square
wave pulses 1-2 msec wide. 

Responses caused by high-frequency stim
ulation of the target point can be summarized 
as follows: 

1. Autonomic responses, mainly sympathetic: 
Elevatlon of blood pressure 
Increase of pulse rate 
Respiratory suppression followed by hyper

pnea or tachypnea 
Mydriasis 
Flushing of the face 

2. Somatomotor responses: 
Rotatory movement (downward or inward) 

of the eye ball on the stimulated side 
Lateral flexion of the neck toward the 

stimulated side 
3. EEG responses: 

Diffuse slow-wave burst of 2-3 Hz (with 
light general anesthesia) 

Diffuse desynchronized low-voltage fast 
waves (with local anesthesia) 

4. Endocrinological responses: 
Elevated plasma levels of pituitary hor

mones, catecholamines, and nonesterified 
fatty acids (NEF As ) 

Elevation of CSF level of beta-endorphins 

Figure 29-1 shows typical responses to 
high-frequency stimulation, registered by an 
EEG and a polygraph. The area in which 
definite sympathetic responses were obtained 
forms a small "ergotropic triangle" on the 
lateral plane of the posterior hypothalamus: 
the triangle is formed by lines connecting the 
midcommissural point, the PC, and the 
mammillary body (figure 29-2). In the frontal 
plane, this area is 2-5 mm lateral to the wall of 
the third ventricle. 

Elevation of blood pressure was the most 
reliable response to confirm that the target 
point had been reached because it usually was 
elicited in the most narrow area of the pos
terior hypothalamus (as shown in figure 29-2). 
If the electrode tip was inserted more medially 
or laterally, the stimulation usually resulted in 
hypotension. These results suggested a three
layer organization of the posterior hypothala
mus from medial to lateral: a medial parasym
pathetic area, a middle sympathetic area, and a 
second, lateral parasympathetic area [29]. When 
surgery was performed with the patient awake 
and locally anesthetized, blood pressure rarely 
decreased. Instead, elevated blood pressure 
was elicited by stimulating a wide area of the 
posterior hypothalamus. In the awake state, 
patients reported a very unpleasant sensation 
during stimulation. Although weak stimulation 
produced a warm sensation throughout the 
body, strong stimulation resulted in a feeling of 
fear or horror accompanied by dizziness and a 
sensation of spinning. In patients with cancer 
pain, weak stimulation was followed by pain 
r~lief. After confirming the proper placement 
of the electrode at the target point by radio
logical and stimulation studies, electrocoagula
tion was performed with either the same bipo
lar stimulating electrode or a 1?-ewly inserted 
thermo control electrode (diameter of 2 mm:, 
exposed tip of 2 mm). The lesion was per
formed using high-frequency current of 2-4 W 
for 30 seconds at 70°e. The coagulation lesion 
was 3-4 mm in diameter; this size was con
firmed when autopsies were performed. 

If necessary, surgery on the contralateral side 
was performed two to three weeks later by 
the same technique. Except for a temporary 
somnolent state, no neurological deficits de
veloped postoperatively. Additional details of 
the operative procedure and the responses to 
stimulation are described elsewhere [29, 31]. 
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FIGURE 29-2. Summary of autonomic and somatomotor responses obtained by high frequency stimulation 
of the posterior hypothalamus. Blood pressure line indicates elevation of blood pressure upon stimulation, 
AC = anterior commissure; MB = mammillary body; 0 = mid commissural point; PC = posterior 
commissure; SN = substantia nigra; TH = thalamus (compare [29]). 

Behavioral Disturbances 

CLINICAL FEATURES 
Sixty patients underwent surgery between 1962 
and 1977. Prior to developing behavioral prob
lems, most of the patients had experienced 
epileptic seizures, usually associated with some 
degree of mental retardation. These features 
indicated that the behavioral disturbances in 
these patients were the result of organic cere
bral dysfunction. Pneumoencephalography 
often revealed diffuse ventricular enlargement, 
but porencephaly or focal abnormalities of the 
frontal lobes rarely were seen. The types of 
behavioral disturbances we treated can be clas
sified into three categories: (1) aggressive be
havior (usually against a particular member of 
the family or community, occasionally in the 
form of self-mutilation), (2) rage attacks 
(breaking objects, attacking any nearby per
son), (3) restless behavior (constant moving, 
running, jumping, leaping, or other hyperkinet
ic activity). Surgery was indicated only when 
the behavioral problem became so severe that 
isolating the patient was necessary to reduce 
the danger to other persons. 

RESULTS 
Of these 60 patients (44 males and 16 females), 
29 (22 males and 7 females) were less than 15 
years of age at the time of surgery. Two pa
tients underwent reoperation, and one opera
tive death occurred from hemorrhage. Follow
up studies in 1969, 1977, and 1985 yielded 
fairly consistent results. 

By 1985, follow-up extended between 8 and 
23 years. Thirteen patients (22%) had died: 
three of suicide; two of status epilepticus; two 
by accidental drowning; and one each of hepa
titis, pneumonia, renal failure, lung cancer, and 
hematological disease. One patient died of an 
unknown cause. Although no deaths were re
lated directly to the surgical intervention, we 
believe this high mortality rate is more likely 
related to the overall reduced life expectancy of 
these handicapped patients . The most recent 
assessment of the operation'S effect upon be
havioral disturbances and the current condition 
of 32 patients is summarized in table 29-1. 
Precise information on many aspects of their 
daily life was gathered from interviews with 
family members and health professionals who 
were involved in their care for a long time. 
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TABLE 29-1. Posterior Hypothalamotomy for Behavioral Disturbances: Patient Status at Follow-up 

Living With Family 
Effect on 
Behavioral Part-time Household Self-Care 
Disturbances Job Helping Only 

Excellent 3 8 1 
Good 2 4 0 
Fair 0 0 
Poor 0 0 1 

Total 5 13 2 
20 (63%) 

Sixteen patients (50%) showed excellent re
sults: in these patients, no violent or aggressive 
behavior occurred postoperatively, and the pa
tients became cooperative enough to establish 
familial and social adaptation. Ten patients 
(31 %) had good results; in these patients, no 
violent or aggressive behavior was noted, but 
the patients. remained easily excited. In total, 
the results in 26 patients (81 %) were consid
ered to be satisfactory. In four other patients, 
fair results were obtained; these patients exhib
ited aggressive behavior occasionally. Two 
patients had poor results with· no apparent 
-:linical improvement. 

The living condition of these patients varies, 
depending mainly upon both postoperative be
havioral problems and the degree of preexistent 
mental retardation or epileptic seizures. Twen
ty patients (63%) live with their families. Five 
patients were especially gratifying, as they were 
able to be employed, even though their part
time jobs failed to generate enough income for 
them to live independently. Nine patients 
(28%) stay at centers for the physically hand
icapped; however, five work at the occupation
al training section in the centers. Three patients 
(9%) remain admitted to psychiatric institu
tions because of their poor social adaptation 
and severe mental retardation. 

The results of this follow-up study are quite 
similar to the results of previous studies per
formed in 1969 and 1977. In 1977, 50% had 
excellent results and 34% had good results. 
The calming effects of the operation, once 
established, appear to be stable and consistent 
for as long as ten years. Long after surgery, 

Living in Hospitalized at 
Centers for the Psychiatric 
Handicapped Institution 

Vocational Unable 
Training to Work Total 

4 0 0 16 (50%) 
1 2 10 (31%) 

0 3 0 4 (13%) 
0 0 1 2 ( 6%) 
5 4 3 

9 (28%) 3 (9%) 32 (100%) 

special education and care are required to re
store the familial and social adaptation of these 
patients. Other authors have reported on small 
series of patients treated in this way [4, 6, 23, 
33,34, 36]. The results are similar to our study, 
with satisfactory clinical improvement in more 
than 80% of the patients. 

As a consequence of the operation, memory 
disturbances and decreased spontaneity were 
reported in a few patients. Intelligence quotient 
(IQ) scores usually improved postoperatively 
because the patients were able to concentrate 
better on the tasks. In some cases, the epileptic 
seizures were controlled more easily by anti
convulsants after the operation. We also noted 
a general tendency toward spontaneous remis
sion of seizures, probably in line with the natu
ral course of epilepsy. 

ENDOCRINOLOGICAL RESULTS 
Because the target for surgical intervention in 
this procedure is close to the neuroendocri
nological center of the hypothalamic-pituitary 
system, we carefully studied the effects of 
various pituitary hormones on the plasma levels. 
Although stimulation of the posterior hypo
thalamus may cause a temporary elevation of 
pituitary hormone levels, especially prolactin 
and luteinizing hormone, no significant changes 
were noted postoperatively [12, 13]. Several 
patients developed relatively low levels of urine 
ll-hydroxy-corticosteroid (ll-OHCS) and 17-
keto steroids (17-KS), but substitutional treat
ment was not required. Postoperative physical 
development curves could be made from the 
data of ten patients, all of whom had surgery 
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FIGURE 29-3. Physical development curves of 
pediatric patients after posteromedial hypothalamo
tomy. Each curve begins at the time of surgery. The 
solid and broken lines represent the standard 
Japanese development curve. 

during childhood. Although a few patients 
tended to gain weight after the operation, no 
serious developmental problems were found 
(figure 29-3). The appearance of secondary 
sexual characteristics was normal. Menarche 
occurred between ages ten and 13 in female 
patients. In seven patients, follow-up dynamic 
stimulation tests of pituitary hormone release 
were performed to measure growth hormone, 
ACTH, luteinizing hormone, follicle-stimu
lating hormone, thyroid-stimulating hormone, 
and prolactin levels. The results were within 
the normal range, indicating that the hormonal 
regulatory system was not impaired even after 
bilateral posteromedial hypothalamotomies. 
The plasma level of NEF A in these patients 
was relatively high in comparison with the nor
mal subjects. The stimulation of the posterior 
hypothalamus caused a temporary elevation of 

NEFA levels in the plasma. Postoperatively, 
the fasting level of NEF A returned to normal. 
These findings most likely are related to 
changes in sympathetic responses in these 
patients. The preoperative adrenaline test or 
Mecholyl test showed a state of sympathicoto
nia, which usually was normalized after the 
operation. 

DISCUSSION 
According to Hess, the diencephalon can be 
divided into two functional sectors, namely, 
the ergo tropic sector and the trophotropic 
sector [10]. Connected to these two sectors 
are two functional circuits, ergo tropic and 
trophotropic, which pass through the pros
encephalon. Although these two circuits may 
take the same anatomical pathways in the cen
tral nervous system, particularly in the limbic 
system or neocortical system, they seem to 
separate in parts of the diencephalon and the 
brain stem. Based upon our hypothesis that 
behavioral disturbances result from imbalance 
between these two functional systems (i.e., ex
aggeration of the ergotropic system), surgical 
intervention was directed at the most sym
pathetic zone, located in the posterior hypo
thalamus. The various autonomic responses 
obtained by electrically stimulating different 
areas of the posterior hypothalamus suggested 
that separation of these two functional circuits 
is most apparent there. Ban studied the func
tional organization· of the autonomic system in 
the diencephalon in rabbits; he proposed that 
the three-layer medial-to-Iateral organization 
of the hypothalamus extends from the pos
terior to the anterior regions [5]. Ban described 
the dorsal longitudinal fasciculus as the struc
ture most responsible for the sympathetic zone 
of the hypothalamus. 

T okizane and colleagues reported that the 
cat's hypothalamic region strongly activates the 
limbic system structures, that is, the archicor
tex is activated by the posterior hypothalamus, 
and the paleocortex by the anterior hypo
thalamus [38]. The posterior hypothalamus 
also exerts an influence on the neocortical sys
tem via the reticular formation. Consequently, 
posteromedial hypothalamotomy results in de
creased activation of the posterior hypothala
mus, the archicortex of the limbic system, and 
the neocortex. This profoundly influences 
emotional and behavioral mechanisms. 
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FIGURE 29-4. Lateral (left) and anteroposterior (right) view of electrode tracts and target points of 13 
posteromedial hypo thalamotomies for intractable pain (coagulation method). AC = anterior commissure; PC 
= posterior commissure; M = midcommissural point (left) and midline (right) (compare [13]). 

TABLE 29-2. Results of Posteromedial Hypothalamotomy for Intractable Pain 

Malignant pain" 
Benign painb 

Total 

18 

10 

'Survival period: 1-12 months (average = 4 months). 

Excellent 

11 

2 

bFollow-up period: 6 months to 6 years (average = 4 years, 2 months). 

Intractable Pain 

LESION TECHNIQUE 
Posteromedial hypo thalamotomy for pam 
control was performed first in 1971 and relied 
upon Fairman's initial experience [9]. Until 
1977, 28 patients with pain of different origins 
underwent surgery by this technique. Satisfac
tory pain relief was obtained after a unilateral 
operation in 20 patients; in eight patients, 
surgery on the other side was required two or 
three weeks later. Figure 29-4 shows the 
trajectories for electrode insertion and corre
sponding target points in 13 operations. In the 
last 11 cases, the electrode was inserted at a 
larger angle from the AC-PC line in order to 
place the tip more posteriorly than in the ear
lier cases. This change was designed to avoid 
potential damage to the mammillothalamic 
fibers. Despite posterior shifting of the target 
point, the same pain control was achieved. 

Good 

5 
3 

Poor 

o 
3 

Lost to Follow-up 

2 
2 

Table 29-2 summarizes the results of posterior 
hypothalamic coagulation in patients with in
tractable pain. In 18 patients with cancer pain, 
surgery controlled pain during the compara
tively short period of postoperative survival. 
Most of the patients were discharged so that 
they might spend the last several months of 
their lives at home. Some patients who sur
vived for extensive periods after surgery had 
recurrent pain shortly before death. We treated 
ten other patients with "benign" pain including 
some with anesthesia dolorosa due to brachial 
plexus injuries, causalgia, postherpetic neural
gia, and thalamic pain. The pain relief in these 
ten cases .was not as satisfactory as it was for 
cancer pam. 

Immediate postoperative improvement fre
quently was limited; pain recurred in about 
half of the patients. Two patients, however, did 
have remarkable pain relief lasting several years 
after surgery. 
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STIMULATION TECHNIQUE 
Prior to coagulation, patients often were aware 
of reduced spontaneous pain during trial stim
ulation designed to confirm the threshold for 
autonomic responses [14]. Subsequently, we 
studied the stimulation thresholds necessary to 
produce autonomic responses and to obtain 
pain relief (figure 29-5). This study indicated 
that less stimulation was required to reduce 
pain than to cause sympathetic responses. We 
were confronted with a paradoxical phe
nomenon: in the same posterior hypothalamic 
area, pain relief could be obtained by both 
stimulation and coagulation. Although the 
mechanism of this phenomenon remains un
clear, our observations suggested that the 
clinical application of SPA in the posterior 
hypothalamic region would enable us to obtain 

VI 

10 

5 

10 20 50 160 Hz 

FIGURE 29-5. Threshold stimulation for sympathe
tic responses (solid circle) and for pain reduction 
(open circle). Circles connected by lines indicate data 
from the same operation (compare [14]). 

pain relief without producing an electrocoagula
tion lesion. A commercially available deep
brain stimulation (DBS) apparatus (Medtronic, 
Inc., Minneapolis,MN) was utilized for the 
following cases. 

Patients undergoing this surgical procedure 
were given local anesthesia. After obtaining 
satisfactory pain relief and sympathetic re
sponses by electrostimulation with a concentric 
bipolar electrode, a four-pole platinum-wire 
electrode was implanted. Accurate placement 
of the wire-electrode tip was confirmed, the 
wire was fixed to the skull and the wound was 
sutured, leaving the end of the wires on the 
epicranium. Repetition of the test stimulation 
during the first postoperative week enabled us 
to select the most effective pair of electrodes. 
General anesthesia was given for the second 
operation, which allowed us to lead the wires 
under the skin to the right anterior chest re
gion. The total system was internalized sub
cutaneously after the wires were connected to a 
receiving apparatus. To initiate stimulation, a 
coil from the external-stimulation apparatus 
was placed over the receiver to send signals 
from outside. Because analgesia produced by 
10-60 minutes of stimulation usually lasted for 
several hours, intermittent stimulation several 
times a day provided satisfactory pain relief. 

Posterior hypothalamic SPA was used for 
nine patients (Table 29-3). It was most effec
tive in a 57-year-old woman who developed 
lumbosacral arachnoiditis after lumbar disc 
surgery. Hypothalamic SPA was performed to 
reduce pain that recurred two years after an 
open thoracic cordotomy. Effective control of 
severe left lower extremity pain was maintained 
during the next four years. Five patients had 
cancer pam; satisfactory pain relief was 

TABLE 29-3. Results of Deep Brain Posterior Hypothalamic Stimulation for Chronic Pain' 

Condition 

Malignant pain b 

ArachnoiditisC 

Myelopathy 
Thalamic pain 

' N = 9. 

Total Cases 

5 

1 

2 

b Survival period, 3 -7 months (average, 5 months). 
'Four-year follow-up period. 

Results 

Excellent Good 

3 2 

Poor 

1 

2 
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FIGURE 29-6. Tracts and placements of indwelling pair electrodes for intractable pain (stimulation method). 
Solid circles are effective cases; open circles, noneffective cases. AC = anterior commissure; M = midline; PC 
= posterior commissure. 

obtained during the average five-month surviv
al period. Both patients with thalamic pain 
failed to have pain relief; in fact, the pain was 
increased by electrical stimulation. In one case 
of spinal pain, relief was insufficient. Figure 
29-6 shows the trajectories and positions of 
the bipolar stimulating electrodes. The final 
placement of the electrodes did not differ signif
icantly between patients with effective and 
patients with ineffective relief. Based on 
these results, we concluded that the posterior 
hypothalamic stimulation is effective for pain 
originating from the peripheral nervous sys
tem, but it is not effective for pain resulting 
from destruction of the afferent nerve path
ways (deafferentation pain). 

BETA-ENDORPHIN MEASUREMENT 
Pain research in the 1970s was enhanced by the 
discovery of endogenous brain opiates. Pain 
relief by acute or chronic electrical stimulation 
of the periaqueductal gray matter has been de
scribed [20, 21]. Various investigators reported 
that these opiate substances are released into 
the spinal or ventricular fluid during brain stim
ulation [2, 11]. We also studied the changes 

in the beta-endorphin level of the third ven
tricular fluid in patients undergoing hypo
thalamotomy [37]. In six patients, beta
endorphins in third ventricular fluid had risen 
from undetectable levels to 300-1,300 pg/ml; 
analgesic effects and increases in blood pressure 
were noted (figure 29-7). When gradual weak 
DBS was not associated with blood pressure 
increase, beta-endorphin elevation was found 
in only half of the trials. Further details of the 
study are described in a previous report. 

Richardson described the successful reduc
tion of pain after stimulation of the beta
endophin pathway in humans; this area in
cludes the anterior hypothalamus, the arcuate 
area around the third ventricle, and the 
mesencephalic raphe nuclei [20]. He found the 
posterior hypothalamus to be the most favor
able region to stimulate, producing few nega
tive side effects such as autonomic responses. 
Our experience is quite similar to Richard
son's. Further studies are required to clarify 
the relationship between analgesic effects and 
opiate substances such as beta-endorphins. In 
clinical studies, the concentration of these sub
stances in CSF should be used as an indirect 
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FIGURE 29-7. Effects of stimulation (S) and 
coagulation (C) in the posterior hypothalamus on 
immunoreactive beta-endorphin values in third ven
tricular fluid. ND = nondetectable level. (Compare 
[37].) 

indicator; it still is not clear how accurately the 
movement of these substances in the brain tis
sue is reflected in the surrounding fluid. 

In the posterior hypothalamic pain-control 
system, analgesia is the result of either electri
cal stimulation or coagulation lesion produc
tion. SPA has been found to be effective 
whether in the thalamus, mesencephalon, cen
tral gray matter, posterior hypothalamus, or 
internal capsule. All these structures are adja
cent to the ascending pain pathway, which sug
gests that SPA may be dependent upon the 
negative feedback system inherent in the pain
transmitting system. 

EXPERIMENTAL STUDIES 
The posterior hypothalamus plays an impor
tant role in the pain-control mechanism of the 
central nervous system. Dafny reported that 
many neurons in the posterior hypothalamus 
of the cat respond to various modalities of 
sensory stimulation [8]. Currently, the spino
thalamic tract and the spino-reticulo-thalamic 
pathway are recognized as the two major pain
transmitting systems; only the branches of these 

pathways are believed to reach to the posterior 
hypothalamus. Yamada and Otani proposed a 
third important ascending pain system [41]. 
This tract originates at different levels of the 
spinal cord, separates from the paleospinotha
lamic tract, and enters the central gray sub
stance at the level of the hypoglossal nucleus, 
the nucleus coeruleus, the quadrigeminal plate 
and the nucleus of Darkshevitch. They named 
this system the spinoperiventricular fiber sys
tem or the spinohypothalamic fiber system, be
cause the rostral end of this system reaches the 
periventricular gray substance of the posterior 
hypothalamus. If this spinohypothalamic fiber 
system proves to be an important pain-trans
mitting system, the posterior hypothalamus 
will be acknowledged as the most important 
segment of the ascending pain pathway. 

Since Reynolds' report was published [19], 
experimental studies have described the 
analgesic system of the central gray matter. A 
descending inhibitory pain system has been 
defined, but the role of the posterior hypo
thalamus has been less well detailed [3, 16]. 
Carstens reported that medial hypothalamic 
stimulation inhibited posterior horn neuron re
sponses to noxious skin heating in the cat [7]. 
Using this same experimental cat model, Wata
nabe and co-workers compared the effects of 
conditioned stimulation of the posterior hypo
thalamus and the periaqueductal gray matter 
(PAG) [39]. In 12 cats, 36 neurons of the pos
terior horn of the lumbar spinal cord were iden
tified and found to respond to thermal and 
mechanical stimulation of the leg; 29 (80%) of 
these neurons were suppressed equally by con
ditioned stimulation of the posterior hypotha
lamus or the (PAG). The remaining neurons 
were affected more strongly by PAG stimula
tion than by posterior hypothalamic stimula
tion. Twenty-four neurons responded to tactile 
stimulation or joint movements; none of these 
neurons were inhibited by stimulation of ei
ther the PAG or the posterior hypothalamus. 
Thalamic stimulation did not produce inhibi
tory activity. 

Recently, Satoh and his associates infused an 
analgesic drug (cyclazocine) into the dorsal 
hypothalamus in rats to study its descending 
inhibitory effect on the posterior spinal horn 
neurons [32]. The inhibitory effect was re
versed by naloxone. 

The medial forebrain bundle and the dorsal 
longitudinal fasciculus may be the main de-
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scending pain control pathways from the 
diencephalon to the mesencephalon and to 
the spinal cord; opiate-activated systems and 
monoamine-activated systems are interwined 
[1, 17, 18]. A direct downward pathway from 
the hypothalamus to the spinal cord has been 
confirmed also. 

Summary 
Our experience with approximately 100 
stereotactic operations involving the posterior 
hypothalamus suggests that this small region 
has many complex arid important functions, 
related to autonomic, emotional, and pain 
sensation. The development of stereotactic 
brain surgery ena,bled us to approach this 
deepest structure of the brain. Besides the clin
ical benefits in the fields of behavioral dis
turbances and intractable pain, posteromedial 
hypothalamotomy has given us the rare oppor
tunity to understand many neuronal mecha
nisms involving this particular region. The dis
tribution of sympathetic and parasympathetic 
zones in the human hypothalamus is now 
clearer. The close relationship between the 
emotional and autonomic functions has been 
demonstrated. Clinical observations during 
pain surgery helped to define the role of the 
posterior hypothalamus in both the pain
transmitting and the pain-controlling systems. 
Questions about the integration of many func
tional systems in the posterior hypothalamus 
are still unanswered. We plan further investiga
tions into neuronal organization of the pos
terior hypothalamus and the role of various 
neurotransmitters in the hypothalamus. 
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30. TRANSPLANTATION 
TO THE BRAIN 

Erik-Olof Backlund 

This chapter is a brief presentation of the en
counter between a fast-growing research field, 
transplantation to the mammalian central ner
vous system (eNS), and stereotactic brain 
surgery. The author deliberately has confined 
this discussion to recent efforts designed to 
develop a new type of surgical therapy for 
patients with Parkinson's disease. 

It is generally agreed that parkinsonian pa
tients with tremor as the predominant symp
tom are those most suitable for stereotactic 
thalamotomy. When rigidity or hypokinesia 
dominate the clinical picture, thalamotomy is 
less rewarding and thus less commonly indi
cated. To date, patients in these latter cate
gories have relied on medication only. In 
recent years, L-dopa and dopamine agonists 
have become the preferred medications. 
However, results from a wide range of animal 
experimentation now have opened new per
spectives. 

For many years, rats with 6-hydroxy
dopamine (6-0HDA)-induced selective nigro
striatal degeneration have been used as a model 
for experimental studies of movement dis
orders [24]. The pathological motor behavior 
of such animals is stereotyped, can be mea
sured quantitatively [25], and shows typical 
changes after pharmacological provocation. 
Interestingly, transplantation of monoamine
producing grafts to the striatum of these an
imals counteracts their pathological movement 
patterns [19]. This animal model has been ex
plored extensively, and various types of grafted 
tissue have been studied, including homolo
gous fetal substantia nigra, autologous adrenal 
medulla, and, recently, suspensions of heterolo
gous fetal substantia nigra cells, derived from 
aborted human fetuses. 

Despite these experiments, the mechanisms 

behind the observed effects on the motor sys
tem remain obscure. It is clear that such grafts 
do not influence the neuronal interplay in the 
recipient area by developing authentic neuronal 
connections or by synapse formation. His
tochemical preparations show a wide halo of 
catecholamines around the transplanted tissue 
and this halo greatly exceeds the size of the 
graft, itself. This "internalized" monoamine 
supply seems to be sufficiently great to explain 
some of the rewarding effects observed. 

The spectacular discovery of the specific nox
ious effect of (N -methyl-4-phenyl-l ,2,3,6-
tetrahydropyridine) MPTP upon the nigro
striatal system in humans and other primates 
[10] led to experiments in monkeys similar to 
those described with rats. After the administra
tion of MPTP, monkeys exhibited symptoms 
typical of parkinsonism [4]. These animals 
were "cured" after substantia nigra tissue from 
fetuses of the same species was transplanted to 
the striatum of the recipient [21]. 

Rationale for Clinical Trials 
Prior to primate experiments, Olson, in 1970, 
showed that adrenal medullary chromaffin cells 
in rodents were transformed into neuron-like 
cells after transplantation to brain tissue [16]; 
subsequently, Olson described a tendency of 
such cells to innervate the recipient area [18]. 
Moreover, the pathological motor behavior of 
animals with 6-0HDA-induced lesions was 
counteracted by the transplantation of either 
catecholamine-producing neural tissue or cells 
from the adrenal medulla [17, 23]. Even adult 
(nonfetal) tissue could be used for successful 
grafting [16]. These findings stimulated our 
ultimate initiation of a clinical project. For a 
neurosurgeon familiar with thalamotomy as 

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

389 



390 III. FUNCTIONAL NEUROSURGERY 

a tremor-alleviating operation, it was logical 
to consider these results when designing a 
stereotactic operation for patients with rigidity 
and hypokinesia. In 1979, the author initiated 
and originally reported the first clinical study of 
transplantation to the brain based on these 
principles [2]. We chose to use the patient's 
own catecholamine-producing tissue (adrenal 
medulla or sympathetic ganglion). After uni.;. 
lateral transplantation of autologous adrenal 
medulla to the caudate nucleus, in two initial 
cases, subtle but short-lasting improvement was 
shown, providing an impetus for continuation 
of the project [3]. 

Because it is beyond the scope of this 
chapter to discuss extensively the theoretical 
grounds of brain transplantation, the reader is 
referred to excellent reviews in the rapidly 
growing literature [6, 14, 20]. This chapter is 
intended to provide technical aspects of the 
surgical procedure. 

Target Selection 
In the animals with 6-0HDA-induced lesions, 
the transplanted cells were introduced most 
often into the central area of striatum. In 
rodents, this nuclear complex is dominated 
by the head of the caudate nucleus. Thus, this 
structure also was chosen arbitrarily as the 
target site for the first human operations. Sub
sequent postmortem studies of brains from 
other Parkinson's disease patients indicate that 
the putamen is more depleted of dopamine 
than is the caudate nucleus [15]. Further, when 
positron emission tomography studies were 
performed with dopamine-receptor ligands in 
normal patients, the putamen was found to 
have the highest density of dopamine receptors 
(as compared with the rest of the striatum); the 
opposite seems to be the rule in parkinsonian 
patients [5]. 

Systemically administered L-dopa probably 
reaches all regions of the CNS. In normal 
patients, it is likely that areas rich in dopa
minergic terminals, such as the putamen, 
synthesize dopamine from L-dopa given orally. 
Thus, we reasoned that the putamen would be 
a more suitable recipient region for dopamine
producing grafts than the caudate nucleus. 

We used the van Buren and Borke stereotac
tic atlas [26] to select target coordinates. The 
caudate target was 10 mm from the midline, 10 
mm anterior to the anterior commissure, and 

10 mm above the horizontal intercommissural 
plane. Two targets were chosen for putaminal 
implantation: one located 20 mm from the 
midline,S mm anterior to the anterior commis
sure and 5 mm above the intercommissural 
plane; the other in the same horizontal plane 
but at the level of the anterior commissure (in 
the anteroposterior direction) and 25 mm from 
the midline. 

Graft Preparation 
Because cells of the human adrenal medulla are 
very difficult to dissociate, we prepared grafts 
that were composed of a number of 1-mm 
medullary fragments and that were carefully 
dissected from the adrenal cortex. Under nor
mal conditions, the adrenal cortex stimulates 
monoamine synthesis in the medulla to pro
duce adrenaline. In contrast, in cortex-free 
medullary fragments, adrenaline production is 
inhibited in favor of a greater production of 
noradrenaline and possibly dopamine. A spe
cially designed cannula was developed to intro
duce the graft fragments into the brain. The 
cannula tip accommodates a 2 X 15-mm steel 
spiral, used to hold the graft (figure 30-1). 
Although we use this spiral additionally as a 
radiographic marker, a transplant also can be 
introduced easily without this holder/marker. 

Operative Procedure 
The operation begins at the computed 
tomography (CT) laboratory with the applica
tion of the stereotactic frame under local anes
thesia. CT stereotactic localization [11] is 
performed with the thin-slice technique and 
reformatted imaging [8] and the anterior and 
posterior commissures are identified. The 
anterior limb of the internal capsule, usually 
quite distinct on CT images, serves as a further 
reference structure for the identification of 
striatal anatomy (figure 30-2). After the coor
dinates are calculated, general anesthesia is in
duced and (part of) one of the patient's adrenal 
glands is removed. The graft, prepared as pre
viously described, then is introduced into the 
predetermined target(s) in the brain via a burr 
hole placed in the bregma region. 

Future Aspects 
Experience from the first clinical trials has pro
vided guidelines for further improvements in 
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FIGURE 30-1. The small steel spiral holders harboring the adrenal medullary tissue fragments is placed in the 
transplantation cannula. The whole preparation procedure is performed under completely sterile conditions, 
under an operation microscope; the suprarenal gland specimens are irrigated/cooled continuously with 
Ringer's solution mixed with serum from the patient. 

B 

FIGURE 30-2. Coordinates for a target in the putamen are determined by stereotactic CT (Leksell technique). 
The origin of the scanner's grid and the center of the stereotactic frame coincide, making the measurements 
very simple (A). Causing small artifacts on the image, the spiral marker is seen in the predetermined position 
on a postoperative CT image (B). 
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the operative technique. It is possible to moni
tor the local neurohumoral effects of the graft 
in the recipient area. This can be done using a 
microdialysis probe [28], as elegantly demon
strated in recent animal experiments [27]. In our 
initial patients who had transplantations, the 
rewarding effects were fairly short-lived, 
perhaps related to limited survival of the trans
planted cells or to glial scar formation. Recent 
experimental evidence suggests that nerve 
growth factor or gangliosides should be admin
istered after transplantation [1, 23]. Such fac
tors could be delivered either by a microdialy
sis probe or by an implanted pump for long
term therapy [7]. 

Stereotactic technique allows the neuro
surgeon the option of performing the entire 
transplantation procedure under local anesthe
sia if the adrenalectomy technique is rede
signed, or if other graft sources are used. If one 
s willing to sacrifice the elegance of the autol

ogous donor approach, well-defined catechol-
amine-producing cell lines would be potential 
sources [9]. The brain is considered an im
munologically "privileged site," with .reduced 
host-graft reactions; it remains to be clarified 
whether immunosuppression will be manda
tory if nonautologous transplants. are used. If 
the patient ",ere awake during the entire 
transplantation procedure, sophisticated peri
operative electrophysiological and biochem
ical exploration of the target region could be 
performed. 

Monoamine-producing brain tissue (substan
tia nigra) from aborted human fetuses is a 
tempting alternative source of transplantable 
tissue. However, the serious ethical implica
tions must be analyzed thoroughly before this 
method is chosen [12, 13]. Nonetheless, some 
hospitals already have obtained approval from 
their ethics committees. An unbiased decision 
in this crucial question is especially difficult to 
make; intriguing ongoing animal experiments 
have revealed that human fetal neuroblasts have 
remarkable vitality and plasticity in the host 
(rat) brain and effectively counteract 6-
OHDA-induced motor dysfunction [22]. 

Conclusion 
When the first transplantation to a pa
tient's brain was performed, an essentially new 

therapeutic modality was founded. In addition 
to Parkinson's disease, other classic problems 
in the clinical neurosciences are now subjects 
for concentrated research related to trans
plantation to the eNS: spinal cord injury, 
Alzheimer's disease, and Huntington's chorea, 
among others. Joint efforts by basic neuro
biologists and modern neurosurgeons doubt
lessly will open new therapeutic prospects dur
ing the ensuing years. 
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Electrical stimulation of brain structures in an 
attempt to produce analgesia in humans was 
first reported by Heath in 1954 [6] and by Pool 
and co-workers in 1956 [15]. Acute thalam
ic stimulation was reported to suppress the 
aversive properties of pain in patients with fa
cial postherpetic neuralgia [26] and in patients 
with anesthesia dolorosa [9]. Based upon the 
hypothesis that chronic stimulation of dener
vated thalamic neurons would suppress deaf
ferentation pain, further clinical trials of deep 
brain stimulation (DBS) for pain relief were 
undertaken. Hosobuchi, Adams, and co
workers [9] in the United States and Mazars 
and colleagues [12] in Europe published the 
first reports on the relief of deafferentation 
pain with chronic electrical stimulation of sen
sory thalamic nuclei. The technique of DBS for 
chronic pain was expanded after the observa
tion that central gray matter stimulation in 
animals initiated the release of endogenous 
opioid peptides and resulted in analgesia [2, 13, 
17]. Soon thereafter, Hosobuchi and associates 
and Richardson and Akil [19, 20] reported that 
chronic pain in humans was believed by long
term electrical stimulation of the periaqueductal 
gray matter. 

Since these initial reports, several groups 
have confirmed the observation that electrical 
stimulation of sensory thalamic nuclei or 
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endorphin-containing areas such as the peri
aqueductal gray matter (PAG) or periventricular 
gray matter (PVG) can relieve chronic pain. 
Only recently, however, has the efficacy of 
DBS for specific pain states or its long-term 
effectiveness been reported [3, 7, 12, 14, 16, 18, 
19,23-25,27]. At the University of California, 
San Francisco, between 1972 and 1984, approx
imately 300 patients underwent placement of 
deep-brain-stimulating electrodes in an attempt 
to relieve chronic pain. We report here the 
initial and long-term results and complications 
of 304 operations performed on 141 of these 
patients, all of whom were operated on by Dr. 
Adams. This study represents both the largest 
reported series of such patients and the longest 
duration of follow-up. 

Theoretical and Technical Concerns 
On the basis of its character and response to 
pharmacological intervention, chronic pain can 
be categorized as either deafferentation or 
nociceptive in nature. Nociceptive pain arises 
from the interaction of painful stimulation with 
peripheral nociceptors, which then activates an 
intact central nociceptive system. Nociceptive 
pain is often described as sharp or aching in 
character. Common nociceptive states seen by 
the neurosurgeon are chronic low back pain, 
including some cases of the postsurgical "failed 
low back syndrome," and pain caused by the 
invasion of cancer. Nociceptive pain is often 
responsive to opiate analgesics. 

Deafferentation pain, on the other hand, is 
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defined as pain that follows damage to the ner
vous system. The resultant degeneration of 
nerve cells and fibers presumably leads to loss 
of input to central pain pathways. Through a 
mechanism that is not well understood, this 
deafferentation can result in profound pain. 
The site of injury can occur at virtually any 
level of the peripheral or central nervous sys
tem. Causes include damage to peripheral 
nerves, resulting in painful peripheral neurop
athies; damage to the spinal cord, causing para
plegic pain; and damage to the brain in cere
brovascular accidents, which can then produce 
a "thalamic pain syndrome." Deafferentation 
pain is often described as burning or aching in 
character; clinical signs of deafferentation pain 
include allodynia, hyperpathia, and hyper
algesia. These pain states are typically un
responsive to opiates and to pharmacological 
therapy, although some success has been had 
with tricyclic antidepressants. 

Based on the concept that there are distinct 
mechanisms responsible for deafferentation and 
nociceptive pain, two separate areas of the 
brain have been used as sites for electrical brain 
stimulation. Stimulation of sensory thalamic 
nuclei has been used most often in treating 
deafferentation pain states because of the pre
viously described effects of acute sensory 
thalamic stimulation on facial postherpetic 
neuralgia pain [26] and anesthesia dolorosa [1, 
9]. As there is a clear representation of the body 
within the nucleus ventralis posterolateralis 
(VPL) and of the face within the nucleus 
ventralis posteromedialis (VPM), stimulation is 
administered within that area that represents the 
part of the body where the pain is felt. Ap
propriate electrode placement is confirmed by 
test stimulation in the operating room. 

Although the mechanism of sensory thalamic 
stimulation-induced pain suppression is not 
fully clear, it appears that this stimulation is 
inhibitory and prevents the pathological spread 
of painful stimuli. Gerhart and co-workers [5] 
demonstrated that the inhibitory effect of tha
lamic stimulation upon lamina-I neurons was 
eliminated by bilateral lesions of the dorso
lateral funiculi and the ventral part of the ipsi
lateral lateral funiculus. They concluded that 
thalamic stimulation may exert its analgesic 
effect either via a thalamocortical-corticofugal 
pathway or by antidromic stimulation of spi
nothalamic tract neurons. We believe that 
when sensory thalamic stimulation suppresses 

deafferentation pain, it may do so by activation 
of this nonopioid descending inhibitory sys
tem. 

At about the time of the empirical observa 
tion that. deafferentation pain was relieved by 
sensory thalamic stimulation, animal studies 
were performed that revealed that electrical 
stimulation of the mesencephalic central gray 
matter in rats could produce acute analgesia 
[13, 17]. Soon thereafter came the discovery of 
endogenous opioid peptides [10] and the 
observation that naloxone, a specific opiate 
antagonist, could at least partially block analge
sia induced by PVG stimulation [2]. It was 
postulated that electrical stimulation of the 
PVG resulted in activation of an endogenous 
opioid system, which produced analgesia. 
Although it has since been attempted for all 
chronic pain states, stimulation of the PVG or 
the adjacent PAG would theoretically be most 
effective in those pain states that are responsive 
to exogenous opiates. Thus, for nociceptive 
pain states, stimulation of brain regions that 
contain and release endorphins is preferred. 

As might be expected with any chronic pain 
problem, the clinical picture is seldom as clear 
as its theoretical construct. Thus, many pa
tients present with pain syndromes that appear 
to possess features of both deafferentation and 
nociceptive pain. Attempts are then made to 
implant electrodes into both the PVG/PAG 
and sensory thalamic systems. Although in the 
past, chronic stimulation was limited to a single 
electrode, the advent of multichannel systems 
has made it possible to simultaneously provide 
activation of both systems. 

Despite the described indications for the dif
ferential stimulation of sensory thalamic or 
PAG/PVG sites for deafferentation or nocicep
tive pain, respectively, we did not always 
adhere to these indications in this study. Dur
ing the early years of the study, several other 
stimulation sites were tested; most commonly 
tested was the internal capsule when thalamic 
stimulation produced no acute response. These 
sites were ultimately abandoned due to the 
greater efficacy of sensory thalamic or PAGI 
PVG stimulation. For a short time after the 
discovery of the analgesic potential of PAGI 
PVG stimulation, PAG/PVG sites were stimu
lated for all pain syndromes. Again, PAG/PVG 
stimulation for deafferentation pain was later 
abandoned as it became clear that sensory tha
lamic stimulation was more effective. 
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TABLE 31-1. Preoperative Status of Patients with Deafferentation Pain States 

No. of 
Patients Mean Pain Mean Prior 

Diagnosis (N = 84) Mean Age (years) Duration (months) Operations 

Thalamic pain 25 54.4 39.8 0 
Peripheral neuropathy 16 47.9 71.1 3.9 
Anesthesia dolorosa 12 52.3 102.9 2.8 
Paraplegia pain 11 50.1 95.9 2.3 
Postcordotomy dysesthesia 5 55.8 100.6 0.4 
Phantom limb pain 5 58.6 142.6 2.2 
Thoracic neuralgia 4 50.3 49.8 2.5 
Miscellaneous 6 48.2 87.7 2.8 

TABLE 31-2. Preoperative Status of Patients with Nociceptive Pain States 

No. of 
Patients Mean Pain Mean Prior 

Diagnosis (N = 57) Mean Age (years) Duration (months) Operations 

Cancer pain 6 
Low back and skeletal pain 51 

Materials and Methods 

PATIENT CHARACTERISTICS AND 
SELECTION 

41.0 
50.9 

From 1972 unul 1984, 141 patients with chron
ic pain underwent implantation of DBS elec
trodes. A total of 304 surgical procedures were 
performed on these patients. All patients had 
severe, chronic intractable pain, and all other 
available medical and surgical therapies had 
failed them. The patients had experienced their 
pain for an average of 65 months prior to DBS. 

Eighty-four patients suffered from deaffer
entation pain syndromes. These included 
thalamic pain (25 patients), painful peripheral 
neuropathies (16), facial anesthesia dolorosa 
(12), paraplegic pain (11), postcordotomy 
dysesthesia (5), phantom limb pain (5), and 
thoracic neuralgias (4). Peripheral neuropathies 
were secondary to prior operation (6 patients), 
ischemia (3), trauma (3), degenerative neuro
logical illness (2), and diabetes (1). Table 31-1 
summarizes the preoperative status of these 
chronic pain patients by their specific diagno
sis. The mean age of these patients was 52 

35.5 0.8 
153.6 4.4 

years. The incidence by sex was roughly equal, 
although some pain states clearly were associ
ated with a sexual predominance. Nine of 12 
patients with facial anesthesia dolorosa, for ex
ample, were female, whereas all five of the 
patients with phantom limb pain were male. 
The interval between the onset of pain and the 
first DBS trial ranged from 40 months for 
those patients with thalamic pain syndrome 
(reflecting the fact that there is no other effec
tive treatment for this difficult pain syndrome) 
to 143 months for the patients with phantom 
limb pain. A similar variation in the number of 
prior pain-directed surgical procedures was 
noted: no patient with thalamic pain had had 
prior surgery, but patients with peripheral 
neuropathies had undergone an average of 3.9 
prior pain-directed procedures. 

Fifty-seven patients underwent DBS for 
nociceptive pain states; their preoperative sta
tus is detailed in Table 31-2. Most of these 
patients (51) were treated for chronic low back 
and skeletal pain, including patients with the 
failed low back syndrome. Six patients were 
treated for pain secondary to invasive cancers. 
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The mean age of those with low back and 
skeletal pain was 51 years; the patients with 
pain from invasive cancer were, on the whole, 
much younger (mean 41 years). The duration 
of pain prior to DBS reflected the chronicity of 
the primary disease; cancer pain patients had 
suffered their pain for a mean of 36 months 
prior to surgery, whereas those with low back 
pain had had their pain for a mean of 154 
months. Although prior surgical approach had 
been attempted on only one cancer patient, 
those with low back pain, in addition to ex
hausting medical therapies, had undergone an 
average of 4.4 prior surgical procedures 
directed at their pain. These procedures in
cluded repeat laminectomy, fusion, and scar 
resection as well as attempts at spinal dorsal 
column stimulation. 

Screening tests were not consistent over the 
12-year span. Many patients underwent both 
morphine intravenous infusions and provoca
tive naloxone testing. This latter test has been 
well-described elsewhere [4, 8]. The results 
were not used to determine whether or not the 
procedure should be attempted, but rather they 
were used in combination with the patient's 
clinical presentation to delineate the appropri
ate target for stimulation. Those who re
sponded well to low doses of morphine and 
had reversal of pain relief with naloxone were 
felt to be candidates for PVG/PAG stimula
tion. Patients whose pain was unresponsive to 
morphine and whose clinical syndrome was 
compatible with deafferentation pain under
went sensory thalamic stimulation. 

Although formal neuropsychiatric evaluation 
was performed in selected patients, it was not 
used routinely. Patients with gross psychiatric 
illness or with intellectual handicaps that 
would prevent them from being able to comply 
with testing or self-stimulation procedures 
were excluded. Patients with more subtle 
psychiatric problems, including reactive de
pression, anxiety, and somatization, were not 
necessarily excluded from surgery; there is 
some evidence to suggest that these disorders 
do not negatively effect surgical outcome [22]. 

SURGICAL PROCEDURE 
Local anesthesia was administered to patients 
undergoing electrode implantation. After ap
plication of the Leksell stereotactic frame, one 
or more parasagittal frontal burr holes were 
placed. A ventricular cannula was advanced 

into the lateral ventricle, and contrast/air ven
triculography was performed. 

The target coordinates were then calculated 
using coordinates from the Schaltenbrand and 
Bailey human stereotactic atlas [21]. For facial 
deafferentation pain, electrodes were directed 
at the VPM, with initial coordinates 8 mm 
posterior to, 8 mm lateral to, and 1-3 mm 
above the midpoint of the anterior commissure
posterior commissure (AC-PC) line. For ex
tremity deafferentation pain, VPL electrodes 
were initially placed 9 mm posterior to, 10-12 
mm lateral to and 2-5 mm above the mid-AC
PC line. A 1-mm diameter monopolar electrode 
was first used to stimulate the target point. The 
electrode position was adjusted until paras
thesias were obtained within the region of pain. 
The temporary electrode was then removed and 
a four-pole platinum electrode introduced at 
these final coordinates. Test stimulation was 
then repeated to confirm electrode placement. 

For PVG/PAG stimulation, four-pole plati
num electrodes were implanted directly, with 
the most distal pole 1 mm caudal to and 1 mm 
below the posterior commissure and 2-3 mm 
lateral to the lateral wall of the third ventricle. 
Proper electrode location was indicated when 
stimulation with 5-6 rnA produced a sensation 
of bodily warmth, oscillopsia, loss of upward 
gaze, or pain relief. Bilateral PAG/PVG elec
trodes were placed in several patients; both 
sensory thalamic and PVG/PAG electrodes 
were placed in the patients with mixed 
nociceptivel deafferentation pain. For testing, 
electrode leads were externalized through a 
separate stab wound. 

All possible bipolar combinations of the four 
poles of the electrode were surveyed in the 
immediate postoperative period. Over the fol
lowing several days, we performed stimulation 
trials of the most promising electrode pairs, 
varying the length, pulse interval, frequency, 
and intensity of stimulation. Stimulation of 
PAG/PVG was at a low frequency (10 Hz ± 5 
Hz), whereas the frequency of sensory thalam
ic stimulation varied (20-100 Hz). The volt
age threshold for PAG/PVG stimulation was 
usually 1-5 V; a higher threshold (3-8 V) was 
noted for VPMNPL stimulation. Both stan
dard continuous and ramped voltage stimula
tion were tested. Patients rated their pain on a 
subjective scale (0-10) before, during, and after 
stimulation. At the end of this trial period, 
ranging from one to several days, the elec-
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TABLE 31-3. Initial and Long-Term Results of Deep Brain Stimulation for Deafferentation Pain States 

No. of 
Diagnosis Patients 

Thalamic pain 25 
Peripheral neuropathy 16 
Anesthesia dolorosa 12 
Paraplegia pain 11 
Postcordotomy dysesthesia 5 
Phantom limb pain 5 
Thoracic neuralgia 4 
Miscellaneous 6 

Total 84 

trodes were either removed, cut of at the scalp, 
or the most effective combination was internal
ized. Internalization was accomplished by 
attaching the electrode to a receiver implanted 
subcutaneously in the chest wall in the region 
of the pectoral muscles. The patients could 
then initiate their own stimulation using an 
inductive transmitter with an antenna overlying 
the subcutaneous receiver. 

FOLLOW-UP AND DATA EVALUATION 
Initial follow-up was performed by the pri
mary surgeon within six weeks of operation. 
At this time, "initial success" was established 
if the patients were using their stimulators at 
regular intervals and reported that they were 
obtaining pain relief. Although the use of such 
an operational definition is not very restrictive, 
it may help to eliminate inaccuracies such as 
those introduced by surgeon's bias and pa
tient's dishonesty with respect to their intake 
of analgesic medications. Thus, initial failure 
was designated as occurring in all patients who 
either did not have a response sufficient to 
warrant internalization of the electrode or did 
not report regular use and pain relief at their 
first follow-up. 

Although most patients returned for medical 
follow-up with the primary surgeon, for the 
purposes of this study, the last follow-up, 
upon which our results are based, was obtained 
by a clinician (a neurosurgeon or neurosurgical 
nurse specialist) other than the operating 
surgeon. A 10-page questionnaire was com
pleted either by consultation with the patient 
or, (rarely) if the patient was unavailable, from 
the patient's medical record, In all possible 

No. of No. of 
Patients with Patients with 
Initial Success (%) Long-Term Success (%) 

14 (56) 6 (24) 
11 (69) 8 (50) 
8 (67) 2 (17) 
4 (36) 0 
3 (60) 2 (40) 
4 (80) 1 (20) 
3 (75) 1 (25) 
4 (67) 4 (67) 

51 (61%) 24 (29%) 

cases, direct or telephone contact was made for 
follow-up; if no such contact was made, the 
patient was grouped as "lost to follow-up." 
Follow-up ranged from two years to 14 years 
(mean 6.8 years). Long-term success was oper
ationally defined as continued regular use of 
the stimulator with reported pain relief from 
stimulation. 

Initial and Long-Term Results 
The results of DBS for patients with deaffer
entation pain syndromes are detailed in Table 
31-3. 

THALAMIC PAIN SYNDROME 
Patients with thalamic pain syndrome (25) 
usually underwent placement of sensory thalam
ic electrodes. Of the 14 implanted VPL elec
trodes, nine (64%) produced sufficient analge
sia to be internalized. Of the 11 VPL electrodes 
that produced appropriate paresthesias in the 
operating room, nine (82%) were implanted. 
Internal capsule electrodes were implanted in 
six patients; two of these produced appropriate 
paresthesias, and one of these was internalized. 
Three patients had PAG/PVG electrodes im
planted; although two of the three produced 
intraoperative oscillopsia with high-voltage stim
ulation, none produced sufficient analgesia to 
warrant internalization. The overall initial suc
cess rate was 56%. Six patients (24%) have 
continued to obtain pain relief on long-term 
follow-up. 

In four patients, we were unable to induce 
paresthesias in the area of pain. This failure 
may have resulted from the degeneration of 
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thalamic target cells secondary to the central 
nervous system lesion that itself was responsible 
for the patient's pain. 

PERIPHERAL NEUROPATHY 
Eight patients (of 16) with painful peripheral 
neuropathies underwent placement of sensory 
thalamic electrodes; six electrodes (75 %) were 
internalized. Thirteen PAG/PVG electrodes 
were implanted, most in patients with postop
erative sciatic neuropathies combined with low 
back pain; five patients (39%) underwent inter
nalization of their electrodes. The overall initial 
success rate was 69%; at follow-up, eight pa
tients (50%) had persistent pain relief with sti
mulation. 

ANESTHESIA DOLOROSA 
Of 12 patients with anesthesia dolorosa, nine 
patients underwent placement of sensory thala
mic electrodes. Seven electrodes produced in
traoperative paresthesias in the area of pain; six 
of these were internalized. Seven P AG/PVG 
electrodes were implanted, but only two (29%) 
were internalized. As in some patients with 
thalamic pain syndrome, three of these patients 
were thought to have loss of target cells as both 
a cause of their pain and an explanation for the 
inability to induce paresthesias. Although the 
initial success rate was high (67%), only two 
patients continued to use their stimulators at 
follow-up (18%). 

PARAPLEGIA PAIN 
Fourteen electrodes were implanted in 11 pa
tients with pain secondary to spinal cord in
jury; these included seven sensory thalamic and 
seven PAG/PVG electrodes. Two each of these 
electrodes were internalized (36%). No pa
tients obtained persistent pain relief with DBS. 

POSTCORDOTOMY DYSESTHESIAS 
Six sensory thalamic and two PAG/PVG elec
trodes were implanted in these five patients. 
Two VPL electrodes and one PAG/PVG elec
trode were internalized; three patients (60%) 
had overall initial success. One patient had 
spontaneous pain resolution that was not 
thought to be related to the DBS, and two 
patients continue to obta.in pain relief with self
stimulation. 

PHANTOM· LIMB PAIN 
Five sensory thalamic and two PAG/PVC; elec
trodes were implanted in the five patients with 

phantom limb pain. Four of the thalamic elec
trodes were internalized; none of the PAGI 
PVG electrodes afforded pain relief. Despite 
the initially high success rate (80%), only one 
patient (20%) has had persistent pain relief 
with chronic stimulation. 

THORACIC NEURALGIAS 
All of these patients (four) underwent place
ment of PAG/PVG electrodes only; three 
(75%) obtained initial pain relief. Follow-up 
examination found one patient continuing to 
use self-stimulation for pain relief. 

MISCELLANEOUS DEAFFERENTA nON 
PAIN SYNDROMES 
Various other pain syndromes treated with 
DBS included two cases of atypical facial pain 
and one case each of postherpetic neuralgia, 
brachial plexus avulsion, deafferentation 
perineal pain, and extremity pain secondary to 
Friedreich's ataxia. Three sensory thalamic 
electrodes were implanted; one evoked pares
thesias in the area of pain and was internalized. 
Four PAG/PVG electrodes were implanted, 
and three subsequently were internalized. All 
patients in whom electrodes were internalized 
(67%) have had persistent pain relief and con
tinue to use stimulation. 

Nociceptive Pain States 
The initial and long-term success rates for pa
tients with nociceptive pain states are listed in 
Table 31-4. 

CANCER PAIN 
In six patients with pain secondary to the inva
sion of cancer, three sensory thalamic elec
trodes and five PAG/PVG electrodes were im
planted. One VPL electrode and two PAGI 
PVG electrodes were internalized (initial suc
cess rate = 50%). Two patients continued to 
have profound pain relief until their deaths. 

LOW BACK AND SKELETAL PAIN 
Forty-seven PAG/PVG electrodes were im
planted in 51 patients; 28 of these provided 
sufficient pain relief and were internalized. 
One of six sensory thalamic electrodes also was 
internalized. The overall initial success rate was 
57%. Within a mean follow-u'p period of 6.8 
years, 32% of all patients maintained self
stimulation and obtained relief from their 
chronic pain. 
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TABLE 31-4. Initial and Long-Term Results of Deep Brain Stimulation for Nociceptive Pain States 

No. of Patients with Patients with 
Diagnosis Patients Initial Success (%) Long-Term Success (%) 

Cancer pain 6 3 (50) 2 (33) 
Low back and skeletal pain 51 29 (57) 16 (31) 

Total 57 32 (56) 18 (32) 

TABLE 31-5. Major Complications of Deep Brain Stimulation for Chronic Pain in 141 Patients 

Complication 

Infection 
Erosion of hardware 
Foreign body reaction 
Intracranial hemorrhage 

Intracerebral 
Epidural 
Periventricular 

Psychosis 

• 1 death. 

Complications of Therapy 
The major complications of DBS for chronic 
pain in this series of 141 patients are listed in 
Table 31-5. 

INTRACRANIAL HEMORRHAGE 
The most significant complication was intra
cranial hemorrhage, which occurred in five 
patients (3.5%). Although this complication is 
common to all stereotactic surgery, two in
tracerebral hematomas produced upon the re
moval of electrodes were unique to stimulation 
procedures. There were three cases of intra
cerebral hemorrhage and one case each of 
epidural and periventricular hematomas; one 
patient died, two were left with a significant 
neurological deficit, and two had complete re
solution of their deficits. 

INFECTION 
As with the implantation of any foreign body, 
the occurrence of infection is a major concern 
with DBS. A total of 23 infections occurred in 
17 patients (12.1%). Almost exclusively, the 
site of infection was a skin wound, including 
17 scalp wounds through which the electrode 
was implanted, three chest wall wounds 
through which the receiver was inserted, and 
one neck wound through which the wire con-

No. of 
Occurrences Frequency (%) 

17 
10 
7 
5 
3" 
1 
1 
3 

12.1 
7.1 
5.0 
3.5 

2.1 

TABLE 31-6. Infectious Complications of 
Deep Brain Stimulation for Chronic Pain: 
Causative Organisms in 20 .Cultured Infections 

Staphylococcus epidermidis 
Staphylococcus aureus 
Propionibacterium acnes 
Enterobacter cloacae 
Group B streptococci 
Micrococcus species 

9 
6 
2 

1 
1 

necting the electrode to the receiver was 
passed. Two cases of stitch abscess ;·werealso 
noted. In contrast to these 2~ local infections, 
only one case of meningitis occurred (0.7%). 

There was a fairly even division between 
infections occurring soon after electrode im
plantation (less than 30 days after, 12 cases) 
and those occurring late (more than 30 days, 10 
cases). No correlation between the time of ex
ternalization of the electrode for testing and 
the time of infection was detected. 

The causative organisms of these infections, 
listed in table 31-6, were as expected given the 
sites of infection. Of the 20 cultured infections, 
15 were caused by staphylococcal species (nine 
Staphylococcus epidermidis and six Staphylococ
cus aureus). Two infections were caused by 
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Propionibacterium acnes and one infection each 
was caused by group B streptococci, Micrococ
cus, and Enterobacter cloacae. 

Several modes of therapy were undertaken to 
cure these infections. Because several patients 
had excellent pain relief, we made several 
attempts to cure infection without electrode 
removal. The use of antibiotics alone failed in 
all but one case, that being a minor wound 
infection with Staphylococcus epidermidis. 
Antibiotics combined with local debridement 
successfully treated the two stitch abscesses but 
failed all six times that they were used for more 
serious infections. Use of antibiotics combined 
with the total removal of hardware was suc
cessful in all 11 cases. We cured eight infections 
by combining parenteral antibiotics with the 
removal of a unilateral electrode, leaving in 
place other electrodes and hardware. Thus, re
moval of all hardware is not necessary, and 
functioning electrodes not near the site of in
fection can be spared. 

EROSION 
With bulky hardware implanted underneath a 
scalp already thinned by previous surgery, the 
risk of skin breakdown becomes significant. 
Erosion of the scalp without infection occurred 
in 10 patients (7.1 %) over the 14 years of 
study. Five patients had nonfunctioning DBS 
systems removed, and in five patients, success
ful reimplantation of the hardware and reclo
sure of the wound was accomplished without 
antibiotic therapy and without further com
plication. 

FOREIGN BODY REACTIONS 
Five patients (3.5%) experienced a total of 
seven episodes of foreign body reaction stimu
lated by the presence of their hardware. This 
reaction was characterized by local pain, in
flammation, and erythema, with occasional 
systemic generalization of an immunological 
reaction. Marked eosinophilia was noted in 
peripheral blood smears. One patient spon
taneously resolved these symptoms, and four 
required the complete removal of their DBS 
systems. 

MECHANICAL COMPLICATIONS 
Although mechanical problems were once a 
major cause of failure of neurostimulation pro
cedures, technical innovations over the 14 years 
of this study have significantly decreased their 

incidence. Migration of the electrode, resulting 
in failure of stimulation to provide pain relief, 
occurred 20 times in 14 patients (9.9%). After 
the original electrodes were redesigned, this 
complication essentially was eliminated. Cur
rent leakage into soft tissues, usually resulting 
from fractures in electrical insulation, occurred 
14 times in 12 patients (8.5%). There were six 
additional cases of hardware failure (4.3%), 
which were corrected by replacement of spe
cific components. 

PSYCHIATRIC ILLNESS 
Three patients (2.1 %) had psychotic reactions 
after DBS implantation. Prolonged psychiatric 
hospitalization was required for two patients; 
unreported polypharmacy abuse both prior to 
and during hospitalization was implicated in 
both cases. One patient had no such history, 
but the postsurgical psychotic symptoms 
nonetheless occurred. 

MINOR COMPLICATIONS AND SIDE 
EFFECTS OF THERAPY 
Minor complications were defined as results 
that either were undetected by the patient or 
were considered insignificant; also included 
were those complications that resolved by the 
time of discharge from the hospital. Side effects 
were considered to be results that were un
pleasant for the patient but were expected and 
time-limited phenomena related to the surgery. 

Headaches were the most common of these 
problems, occurring in 72 patients (51.5%). In 
most cases, headaches resulted directly from 
the cranial surgery and resolved by the time of 
discharge. Eight patients, however, had persis
tent headaches requiring further analgesic ther
apy for varying periods. 

Side effects of air/contrast ventriculography 
and PAG/PVG stimulation were also frequent. 
These included diplopia (14.2%), nausea 
(10.6%), vertical gaze palsies (9.9%), blurred 
vision (9.2%), horizontal nystagmus (4.3%), 
and persistent oscillopsia (3.5%). With refine
ment of stimulation parameters, these symp
toms almost invariably resolved completely by 
the time of discharge. 

The complications of therapy are listed in 
table 31-7. Those occurring more than 5% of 
the time included temporary and completely 
resolving hemiparesis or monoparesis (8.5%), 
confusion (7.8%), lethargy (6.4%), dysphagia 
(5.7%), and local pain with stimulation (5.0%). 



31. DEEP BRAIN STIMULATION FOR CHRONIC PAIN 4Q3 

TABLE 31-7. Complications of Deep Brain Stimulation for Chronic Pain: Minor or Resolved at Discharge 

Complication 

Hemiparesis or monoparesis 
Confusion 
Lethargy 
Dysphasia 
Persistent headache 
Local pain 
Seizures 
Urinary incontinence 
Cranial nerve palsies 
Ptosis 
Urinary retention 
Bronchospasm 
Hypesthesia (facial or hemi-body) 
Hallucinations 
Photophobia 
Memory loss 
Hypotension 
Facial pain 
Hypertension 
Shortness of breath 
Dysphoria 
Thrombophlebitis 
Stimulation-induced sleep 

A particularly peculiar complication occurred 
in one patient: upon the initiation of stimula
tion, the patient immediately fell asleep. Thus, 
despite excellent pain relief, the system was 
unusable for this patient. 

Discussion and Conclusions 
The relief of chronic pain and the treatment of 
the patient with chronic intractable pain are 
major challenges. The neurosurgeon is often 
consulted after nonsurgical therapies (pharma
cotherapy, psychiatric intervention, physical 
therapy, transcutaneous nerve stimulation, 
acupuncture, and biofeedback) have been 
exhausted. When conventional surgical 
approaches to pain have been rejected or have 
failed, patients have been referred for consid
eration of DBS in a last-ditch attempt to con
trol their chronic pain. This selection process 
results in a group of the most difficult pain 
patients, those in whom the success rate of 
many prior therapies has been zero. It is in 

No. of Patients Frequency (%) 

12 8.5 
11 7.8 
9 6.4 
8 5.7 
8 5.7 
7 5.0 
6 4.3 
5 3.5 
5 3.5 
4 2.8 
4 2.8 
2 1.4 
2 1.4 
2 1.4 
2 1.4 
2 1.4 
2 1.4 
2 1.4 
1 0.7 

0.7 
0.7 
0.7 
0.7 

light of this patient population that the efficacy 
of DBS for chronic pain must be assessed. 

The overall initial success rate, that is, the 
number of patients who had sufficient relief to 
warrant electrode internalization and who 
obtained good pain relief at their first out
patient examination, was approximately 59%. 
After an average of 6.8 years, 31 % of all pa
tients in whom electrodes were implanted were 
still using their stimulators regularly for pain 
relief. This figure represents a long-term suc
cess rate of nearly 52% of those patients in 
whom electrodes were internalized. 

Some types of pain appear to be more re
sponsive to this mode of treatment than others. 
Peripheral neuropathies, including painful 
postoperative sciatic neuropathy and diabetic 
and ischemic neuropathies, are quite respon
sive, with initial and long-term success rates of 
69% and 50%, respectively. Other syndromes, 
such as anesthesia dolorosa or pain arising 
from spinal cord injury and paraplegia, are 
very unresponsive to DBS, and have long-term 
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success rates of only 18% and 0%, respective
ly. Patients with other types of pain have in
termediate response rates as detailed in tables 
31-3 and 31-4. Based on these findings, we 
now only rarely consider DBS for some of 
these pain problems, most notably paraplegia 
pain and facial anesthesia dolorosa. 

The advent of other neurosurgical techniques 
for the treatment of chronic pain has also 
limited our application of this technique. For 
example, the installation of epidural or in
trathecal opiates for the treatment of pain from 
cancer invasion has been so successful that we 
no longer consider DBS for these patients. 

The overall incidence of serious complica
tions in our series, including infections, in
tracranial hemorrhage, and unexplained psy
chosis, was 16.3%. Serious infections were 
treated effectively with the removal of the in
fected electrode. In those patients with multi
ple electrodes, the noninfected electrodes could 
be maintained. Erosion of the hardware with
out accompanying infection was easily treated 
by wound revision only. The potential for in
fection increases during the period in which 
wires are externalized for electrode testing. 
New multichannel transmitter systems are ca
pable of transcutaneous multipolar stimulation 
surveys and thus allow for internalization of 
the entire DBS system in one procedure, which 
should decrease the incidence of this complica
tion. 

Intracranial bleeding was seen in five pa
tients; two patients recovered without se
quelae, two were significantly debilitated, and 
one died. Two of these hemorrhages occurred 
after removal of the electrodes. Because of this, 
the intracranial portion of the electrodes was 
not removed in later patients unless absolutely 
necessary. 

The persistent postimplantation headaches 
that occurred appeared to have a str~ng vascu
lar component; they were predominantly uni
lateral and throbbing in nature and were riot 
correlated with the presence or absence of stim
ulation. Interestingly, many of these patients 
responded to the intravenous infusion of 
dihydroergotamine, an ergot derivative used 
for the treatment of acute migraine headaches. 
These patients have been maintained on anti
migraine medications, which has provided 
good relief of their headache pain. 

Several investigators have reported the 
results of their long-term experience using DBS 

for chronic intractable pain [3, 12, 14, 16, 
18, 19,23,25-7]. Comparison of these data is 
difficult because the definition of success or 
failure is not consistent and because cases are 
not always clearly reported with respect to spe
cific pain syndromes and stimulation sites. 
Tables 31-8 and 31-9 summarize the long-term 
results of DBS for deafferentation and nocicep
tive pain states, respectively; the data have been 
normalized for purposes of comparison. Suc
cessful cases were those in which pain relief 
was reported to be good or excellent or greater 
than 50% of the baseline pain rating. If these 
were not specifically reported, the authors' 
own criteria of success or failure were em
ployed. 

Eleven studies reported on 628 patients who 
underwent implantation of deep-brain elec
trodes for deafferentation pain states. There 
was no consistent use of sensory thalamic or 
PVG electrodes for deafferentation pain states; 
three studies used exclusively VPL electrodes, 
and two used exclusively PAG/PVG elec
trodes. The remaining six studies used com
binations of the two stimulation sites. The 
range of follow-up time was reported in nine 
studies and the mean follow-up time in five. 
The shortest follow-up period was one month 
and the longest was 168 months; mean follow
up times ranged from 10-80 months. Initial 
success rates, reported in seven of these studies, 
ranged from 29% to 82%. The overall long
term success rate was 47% (296/628). 

Table 31-9 summarizes the results of DBS 
reported for 337 patients with nociceptive pain. 
PAG/PVG electrodes were used exclusively in 
three of nine studies; both VPL and PAG/ 
PVG electrodes were used in five. Mazars and 
co-workers [12] reported their experience with 
only sensory thalamic stimulation for nocicep
tive pain in 22 patients; no patients obtained 
satisfactory pain relief. Initial success rates, 
available for five of the remaining studies, 
ranged from 40% to 98%. The overall long
term success rate was 60% (2011337). 

The results of the authors' study suggest a 
somewhat lower efficacy of DBS for chronic 
pain, with long-term success rates of 30% for 
deafferentation pain and 32% for nociceptive 
pain states. In patients for whom electrodes 
were initially successful, long-term success 
rates were 49% (deafferentation pain) and 57% 
(nociceptive pain). The reason for the discrep
ancy between this report and others is un-
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TABLE 31-8. Results of Deep Brain Stimulation for Deafferentation Pain 

Follow-up 
No. of Initial Long-Term Mean (range) 

Author Year Patients Success (%) Success (%) in months Electrodes 

Adams 1986 84 56 (67) 25 (30) 80 (14-168) VPLlIC/PVG 

Hosobuchi 1986 76 52 (68) 44 (58) (14-168) VPLlPVG 

Siegfried 1985 96 67 (70) 49 (51) (9-56) VPL 

Young 1985 17 14 (82) 10 (59) 20 (2-60) VPLlPVG 

Plotkin 1982 18 10 (56) (6-42) VPLlPVG 

Dieckmann 1982 41 31 (76) 9 (22) (6-54) VPLlPVG 

Turnbull 1980 18 14 (78) 13 (72) 10 (1-47) VPL 

Ray 1980 9 7 (78) 14 (1-33) PVG 

Mazars 1979 99 83 (84) VPL 

Meyerson'~ 1979 160 47 (29) 42 (26) VPLlIC/PVG 

Richardson 1977 10 4 (40) 18 (1-46) PVG 

Total 628 296 (47%) 

* International Cooperative Study includes 56 patients operated upon by Hosobuchi or Adams; compare [24]. 
VPL = sensory thalamic electrodes; PVG = periaqueductal or periventricular gray electrodes; IC = internal capsule electrodes. 

TABLE 31-9. Results of Deep Brain Stimulation for Nociceptive Pain 

Follow-up 
No. of Initial Long-Term Mean (range) Placement of 

Author Year Patients Success (%) Success (%) in months Electrodes 

Adams 1986 57 32 (56) 22 (32) 80 (24-168) PVGIVPL 
Hosobuchi 1986 65 64 (98) 50 (77) (24-168) PVGIVPL 
Young 1985 31 29 (94) 25 (81) 20 (2-60) PVGIVPL 
Plotkin 1982 42 34 (81) (6-42) PVG 
Dieckmann 1982 5 2 (40) 1 (20) (6-54) PVGIVPL 
Ray 1980 19 14 (74) 14 PVG 
Meyerson" 1979 76 50 (66) 41 (54) PVGIVPL 
Mazars 1977 22 VPL 
Richardson 1977 20 14 (70) 18 (1-46) PVG 

Total 337 201 (60%) 

• International Cooperative Study includes 56 patients operated upon by Hosobuchi or Adams; compare [24]. 
VPL = sensory thalamic electrodes; PVG = periaqueductal or periventricular gray electrodes. 

clear. However, our study differs from some 
others in that our patients were followed by 
someone other than the primary operating 
surgeon, and follow-up lasted considerably 
longer. We believe that our study provides a 
more objective evaluation of surgical response 
and a longer period of follow-up; these fea
tures explain why our success rate of this pro
cedure is somewhat lower. In addition, during 
the evolution of our study, very broad patient 
selection criteria were employed. As there 

appear to be several categories of patients who 
do not respond well, including those with 
some specific pain states, those with psychiatric 
problems, and those involved in litigation, 
more careful screening of patients may lead to 
greater long-term success rates. 

Analysis of our study reveals several impor
tant predictors of success with this procedure. 
Therapy for all patients with thalamic pain 
syndrome, for example, produced a long-term 
success rate of 24% (6/25). In patients with 
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thalamic pain syndrome in whom the sensory 
thalamus was stimulated, the success rate was 
42.8% (6/14). If consideration is limited to pa
tients in whom intraoperative sensory thalamic 
stimulation produced paresthesias within the 
area of pain, the long-term success rate further 
increases to 54.5% (6/11). This last figure may 
more accurately reflect the current potential of 
DBS for the treatment of chronic deafferenta
tion pain. 

Based on our experience, there are several 
factors that might lead to even better surgical 
results in the future. These include proper 
patient selection criteria, careful selection of 
stimulation targets based on the nature of the 
pain syndrome, and accurate electrode place
ment using the results of intraoperative stim
ulation as a guide. There may be a role for 
magnetic resonance imaging coupled with 
stereotactic procedures; not only would this 
provide greater anatomical detail than other 
stereotactic techniques, but the possible side 
effects of air/contrast ventriculography might 
be avoided. 

Also of possible importance to the future use 
of DBS for chronic pain are advances in the use 
of intraoperative electrophysiological tech
niques. Somatosensory evoked potentials can be 
used to more accurately position subcortical 
electrodes in those thalamic subnuclei subserv
ing specific body regions. This technique may 
be particularly valuable in anxious or poorly 
compliant patients as well as those with prior 
infarction in whom the isolation of specific 
target cells is difficult. 

Several technical advances may also further 
decrease surgical morbidity. Improvement in 
electrode design has already led to a significant 
decrease in the number of electrode migrations 
necessitating reoperation. The advent of mul
tichannel stimulation systems has made possi
ble the immediate internalization and in situ 
testing of deep-brain-stimulating electrodes, 
thus minimizing the risk of infection. Smaller 
and lighter hardware may prevent irritation, 
minimize foreign body reactions, and make the 
systems more comfortable for patients. Im
proved design of hardware connectors and 
insulation materials may also lessen the possi
bility of hardware failure and current leakage. 

In light of our results, we believe that DBS 
should be considered in those patients with 
chronic severe pain who have failed to achieve 
pain relief with other modes of therapy. Our 

success rate has improved considerably over 
the past few years; from this experience we 
believe that careful patient selection and opera
tion by neurosurgeons experienced with thif 
technique are two critical variables for the suc
cessful application of this procedure to pain 
patients. We continue to believe that there are 
patients in whom DBS can have a significant 
impact on chronic pain problems. 
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32. DEEP BRAIN STIMULATION FOR 
THE TREATMENT OF 
MOTOR DISORDERS 

Jean Siegfried 

G. L. Rea 

Since the 1950s, electrical stimulation of deep 
brain structures has been used to localize the 
thalamic nuclei during stereotactic surgery for 
extrapyramidal movement disorders [19]. More 
recent evidence suggests that chronic deep 
brain stimulation effectively relieves the symp
toms of some motor disorders. However, be
cause this use of deep brain stimulation is cur
rently a surgical procedure with an unknown 
mechanism of action and no clear clinical 
guidelines, its use should be examined rigor
ously [20]. This chapter reviews the literature 
regarding deep brain stimulation for movement 
disorders, presents the experience of the Uni
versity of Zurich with thalamic stimulation, 
and examines the theories regarding the mode 
of action of this procedure. Its use and indica
tions also are reexamined. 

Literature Review 
Hassler and colleagues (1960) reported the 
effects of stimulating various deep-brain struc
tures during stereotactic surgery [12]. They 
found that stimulating the basal parts of the 
ventral lateral nucleus (VL) of the thalamus 
caused some increase in tremor amplitudes fol
lowed by a pause. This increase in amplitude 
depended upon the phase of the tremor when 
the stimulation occurred. Even when not pres
ent, tremor may be evoked by a stimulus rate 
of 4-8 impulses per second. Stimulating the 
medial part of the oral ventral nucleus during 
cases of torsion dystonia frequently leads to 
slow torsion movements of the head, shoulder, 
and arm. Stimulation of the pallidum with 
higher frequencies primarily reduces the in-

tensity of tremor and may even lead to com
plete arrest of tremor and to synergy of 
flexion. In patients with athetosis and torsion 
dystonia, stimulation with low frequencies (4-
8 per sec) during spontaneously occurring ab
normal movements elicits the typical hyper
kinetic pattern in the contralateral extremities. 
Higher stimulus frequencies and strengths can 
augment or suppress an existing spontaneous 
hyperkinesia. 

The first modern study of chronic therapeu
tic deep brain stimulation in human movement 
disorders appeared in several articles by Bech
tereva and colleagues between 1972 and 1975 
[2-4]. They reported that chronic stimulation 
had favorable effe~ts in patients who had trem
or associated with Parkinson's disease, Wil
son's disease, and dystonia musculorum defor
mans. Unfortunately, information regarding 
the number of patients, the techniques for elec
trode placement, and the proposed target was 
not divulged. 

Mundinger was the first to describe in detail 
beneficial effects on abnormal motor behavior 
when chronic stimulation was performed in 
specified deep. areas, such as the thalamus, 
pulvinar, and dentate nucleus [15]. In a 1982 
review of patients with dystonia, spasticity, 
and spasmodic torticollis, Mundinger empha
sized the importance of stimulation-induced 
paresthesias overlying the affected area and of a 
programmed pattern of stimulation to select 
the optimal parameters for each patient [16]. 
He found that seven of eight cases improved; 
improvement was greater in patients with 
hemispasticity and infantile cerebral paresis and 
less in patients with torsion dystonias. 
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Brice and McLellan initially treated three 
female patients with multiple sclerosis; all had 
severe intention tremor when the subthalamic 
area was stimulated (20 mm behind the ante
rior commissure, 6-8 mm below the inter
commissural plane, and 10 mm from the mid
line) [5]. Good results were obtained in two 
patients with the use of stimulation parameters 
of 75-100 Hz, square wave pulses of 0.5-1 
rnA and 200-400 m sec duration. In an attempt 
to decrease the total time of stimulation, the 
transmitter was controlled by a switching de
vice triggered by electromyography (EM G) 
signals in the deltoid muscle of the appropriate 
arm. Although these investigators postulated 
some initial "thalamotomy effect" on the 
abnormal movements (resulting from the 
trauma of electrode placement), the long-term 
improvement in two patients was ascribed to 
stimulation. 

The sensory thalamic ventral posterolateral 
nucleus (VPL) was stimulated by Mazars and 
associates to alleviate deafferentation pain; they 
found that stimulation also controlled associ
ated abnormal movements [14]. They stressed 
the significance of stimulation-induced pares
thesias affecting the involved portion of the 
body. Both pain and abnormal movements 
ceased after one to three minutes of stimulation 
but returned 6-28 hours' later. Mazars and 
co-workers also attempted stimulation in pa
tients with Parkinson's disease, congt;nital 
choreoathetosis, Wilson's disease, and action 
tremor, but without success. These authors 
concluded that for stimulation to be successful, 
the dyskinesias had to be associated with sen
sory deafferentation and that stimulation acted 
as a substitute for sensory information deliv
ered to VPL. 

Cooper has reported the largest series of 
patients with involuntary movement disorders 
treated by deep stimulation [6, 7]. In a group 
of 49 patients with movement disorders of var
ious types and causes, he stimulated the pos
terior thalamus, internal capsule, and zona 
incerta; 27 were improved. This method 
appeared to be most effective in patients with 
spasticity secondary to cerebral palsy. Thalam
ic somatosensory responses were recorded to 
aid in electrode placement and to obtain opti
mal stimulation parameters. 

The thalamic area surrounding the ventral 
intermedial nucleus (V.i.m.), the centromedian 
nucleus (CM), and the parafascicular nucleus 
(PF) was stimulated in nine patients by Andy 

[1]. The motor problems in these patients con
sisted of congenital, traumatic, or parkinsonian 
tremor; torticollis; and facial spasm. He re
ported the results in six patients as good to 
excellent and in three patients (with parkin
sonian tremor) as fair to good. 

This review of the literature indicates that 
thalamic and subthalamic stimulation can 
favorably affect patients with various disorders 
of motor control. However, the areas stimu
lated, the types of motor disorders treated, and 
the results in each type of disorder all have 
varied. These factors, plus the lack of a solid 
physiological explanation for the reported 
efficacy, made us quite reluctant to use this 
technique, even though it has been used for 
pain control at the University of Zurich since 
1977. Despite these misgivings, observations 
of patient responses to stimulation during 
stereotactic procedures convinced us that the 
primary sensory nucleus of the thalamus plays 
an important role in motor behavior [21]. 

Patient Population 
Four patients had thalamic pain syndrome and 
associated severe dyskinetic movements, and 
two patients had deafferentation pain with 
associated severe spasticity after traumatic para
plegia. All six underwent surgery primarily 
for treatment of deafferentation pain. The four 
patients with thalamic pain following cerebral 
infarction had unilateral electrodes placed in 
the VPL nucleus of the thalamus (3 mm ante
rior to the posterior commissure, 1-2 mm be
low the intercommissural line, and 13 mm 
from the midline). Bilateral electrodes were 
placed 3 mm more laterally in the paraplegic 
patients. We used an electrode of a flexible 
monopolar design (Avery) with a central rigid 
stylet. Its helical shape provides high resistance 
to fatigue fracture and allows it to "move" 
with the brain. It is fixed in place by a specially 
designed titanium screw that also provides a 
watertight seal of the burr hole [18]. For each 
patient, the electrode was connected to a per
cutaneous extension. When pain was controlled 
sufficiently, a programmable totally implanted 
system (ITREL®-Medtronic) was placed sub
cutaneously in the upper thorax region. 

Results 
In all four patients with thalamic pain syn
drome, stimulation with impulses of 1-2 rnA, 
200 m sec, and 33 Hz yielded satisfactory areas 
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of paresthesia and almost instantly suppressed 
involuntary movements. Suppression of the 
dyskinesias was complete, but they reappeared 
after one to two minutes when the stimulation 

. was stopped. The implants then were pro
grammed to stimulate for one of every two 
minutes. With this technique, complete relief of 
involuntary movements has lasted for one to 
two. years of follow-up. 

In the patients who had pain following para
plegia, the results were similar. There was vir
tually immediate control of pain and clonus 
with bilateral stimulation.· After stimulation 
was discontinued, the clonus reappeared within 
two to three minutes. These bilateral systems 
also were programmed for one minute of stim
ulation every two minutes. Relief has en
dured for these patients. 

Discussion 
Although both the literature and our experi
ence indicate that deep brain stimulation can 
alleviate some motor symptoms, the mecha
nism of its action remains unknown. Two broad 
theories exist: that stimulation inhibits sensory 
activity, or that stimulation supplies or aug
ments sensory activity. Although these theories 
admittedly ignore some of the complexities in
volved, they do provide a simple beginning 
upon which to base further information. 

Cooper (1982) [6J and Andy (1983) [IJ 
ascribed the beneficial effects of thalamic stim
ulation to a functional ablation of the dis
charging systems. Cooper supported this argu
ment with early experimental work and theo
rized that motor symptoms may be the result 
of an inhibitory-facilitory imbalance. He stated 
that lesions or stimulation in the posterior VL 
suppress a posterior VL sensory funnel and 
lessen the imbalance. 

Mazars [14J, Cooper [8J, and the present 
authors favor the theory that stimulation sup
plies decreased or no "sensory input" to the 
thalamus. The thalamus in turn relays input to 
the motor cortex; alternatively, stimulation in
put may pass directly to the motor cortex. The 
importance of the VL and especially VPL input 
to the motor cortex is indicated by the fact that 
70% of all thalamocortical connections are 
from the VPL, and 95% are from oral and 
caudal parts of the VL and the oral part of the 
VPL [17]. The physiological importance of the 
thalamus as a receiver of information from the 
basal ganglia and a projector of revised in-

formation onto the motor and premotor cortex 
has been emphasized by others [9-11, 13J. 
This physiologically demonstrated capability of 
thalamic output to modify motor behavior has 
two well-known clinical correlates in patients 
with movement disorders: the inability of 
athetotic patients to control their movements 
without the help of sensory input and the 
"geste antagoniste" phenomenon, which occurs 
when a patient is able to modify torticollis 
by lightly placing an index finger on the chin. 

Although recent physiological data and 
clinical corelations are intriguing, no solid 
rationale for thalamic stimulation in movement 
disorders has been developed to date. Thus, 
surgeons must be quite cautious in proposing 
such procedures and must review carefully the 
available literature to assess which patients 
might benefit and what methods and sites of 
stimulation should be used. 

The most uniformly successful results are in 
patients who suffer sensory loss and deaffer
entation pain in addition to abnormal motor 
behavior. Those patients without sensory loss 
have shown a more varied response. It also 
appears that tremor, spasticity, and dystonic 
movements tend to respond somewhat more 
consistently than other abnormal movements. 
One should also be wary of using the proce
dure in patients with diseases such as multiple 
sclerosis, which can fluctuate, making evalua
tion virtually impossible. The ideal patient 
would have a sensory and motor abnormality 
due to a fixed deficit and would be clinically 
disturbed by tremor and/or spasticity. Regard
less of whether a patient fits this description, 
the specific symptom altered (tremor, spastic
ity, dystonia, total function) and the extent of 
the effect must be examined closely. 

According to available anatomical physio
logical, and most consistent clinical data, the 
site of stimulation is the primary sensory nu
cleus, VPL. Tasker has indicated that V.i.m. 
might also have some stimulation efficacy [22]. 
It is essential to elicit paresthesias that include 
the site of motor disability. Failure to achieve 
appropriate paresthesias may reflect an un
avoidable failure in technique rather than a fail
ure in the general concept of deep brain stim
ulation. 

Conclusion 
Although deep brain stimulation has been 
proven efficacious in both our small group of 
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patients and in limited other clinical reports, 
many questions remain. In this chapter, we 
have tried to address these questions, but at 
this time, we remain very cautious in our eval
uation. Although we do not doubt the poten
tial efficacy of thalamic stimulation for motor 
disorders, we are concerned that the safety and 
ease of the procedure coupled with the lack of 
alternative treatments could lead to its use in 
patients with little hope for improvement, and 
thus it could lose its credibility as a treatment 
in appropriate patients. 
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33. EPILEPSY: DEEP BRAIN 
ELECTRODES 

David W. Roberts 

Electroencephalographic recording from sub
cortical structures has been performed since the 
1930s. Because it is useful in a variety of 
laboratory and clinical settings, this technique 
is valued in the investigation of the epileptic 
patient. 

In the evaluation of seizure disorders, scalp 
electroencephalography has an established di
agnostic role; this role has been extended to 
defining potentially resectable pathology in the 
surgical candidate. There are obvious limita
tions to scalp recording, however. Among 
these are the attenuation of the signal by bone 
and scalp, the presence of artifacts, and the 
inability to record adequately the electrical 
activity of certain important regions. Record
ing from electrodes placed directly into the 
brain significantly reduces these difficulties, 
providing greater sensitivity in the region of 
interest. Such recording also has limitations 
and disadvantages, the most obvious of which 
are the greater difficulty of electrode placement 
and the increased risks imposed on the patient. 
Only through a full appreciation of these 
strengths and weaknesses can depth recording 
be most judiciously and optimally employed. 

Historical Background 
Within a few years of Hans Berger's 1929 re
port of electroencephalogram (EEG) usage [7], 
the laboratory technique of recording from sub
cortical structures was widely practiced [8, 22, 
33, 46, 50]. Foerster's cerebellar electrocorti
cographic investigations [21] also were per
formed at this time, but it was not until the late 
1940s that repeated investigations with depth 
electrodes were carried out in the clinical set
ting [10, 25, 42, 50, 52]. 

Early studies of seizure disorders involved 
acute exploration of the basal ganglia or thala-

mus and were oriented more toward general 
neurophysiological inquiry than surgical plan
ning [33]. The subsequent refinement of chron
ic depth recording paralleled progress in the 
clinical neurosurgical fields 'of psychosurgery 
and epilepsy surgery. In seeking to understand 
the electrical phenomena associated with 
psychopathological states, several researchers 
established a method for more routine use of 
the modality [9, 15, 16, 26, 27, 33, 41, 51]. 
With the rapidly expanding interest in cortical 
resection and temporal lobectomy for intract
able epilepsy, that method found a more secure 
application and was advanced by a number of 
investigators [3, 7, 12, 15, 16, 28]. 

The logical integration of this technique with 
stereotaxy addressed the requirement for preci
sion in electrode placement and reached elegant 
execution in the stereoelectroencephalographic 
investigations of Talairach and Bancaud [4, 47, 
48]. Depth recording is evolving in step with 
stereotactic surgery, particularly with the in
corporation of multiple-imaging modalities and 
computer capabilities, as illustrated by the 
work of Olivier [35]. 

Indications 
Given both the individualized nature of each 
seizure disorder and the number of indepen
dent epilepsy centers, it is not surprising that 
no current consensus exists for specific indica
tions for depth electrode investigation. Several 
general principles are widely acknowledged 
however. Foremost among these is that the 
technique should be reserved for patients who 
are being seriously considered for operative in
tervention. Associated risks are not warranted 
in others. Surgical candidacy, of course, implies 
medical intractability, acceptable anesthetic and 
surgical risk, and potential benefit from surgi-
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FIGURE 33-1. Eight-contact depth electrode (manufactured by the PMT Corporation, Hopkins, MN); 2-mm 
contacts are separated by 3-mm intervals; the outer diameter is 1 mm. 

cal treatment. By determining the type, site, or 
extent of surgical treatment, depth electrode 
study should be used to aid either patient selec
tion or operative planning. The strongest 
rationale for using a supplemental invasive pro
cedure such as depth recording to identify and 
localize the epileptogenic focus exists when 
noninvasive studies provide insufficient or 
inconsistent information. Examples include 
clinical situations in which (1) scalp (and sphe
noidal or nasopharyngeal) EEG fails to demon
strate either ictal or interictal epileptiform 
activity, and other evidence strongly implicates 
a seizure disorder; (2) scalp and basal EEGs 
demonstrate bilateral epileptiform activity; (3) 
scalp and basal EEGs demonstrate both tem
poral and frontal epileptiform activity; (4) scalp 
and basal EEG information conflicts with 
knowledge derived from clinical seizure man
ifestations, neurological examination, psycho
metric testing, or studies other than EEG; and 
(5) interictal and ictal EEG data are inconsis
tent. (DW King, American Epilepsy Society 
Annual Course, New York, NY, December 1, 
1985.) 

The confidence in and reliance upon in
formation obtained without depth recording 
varies considerably among epilepsy centers. 
Although some reports support frequent use of 
invasive recordings [14, 44, 45], others contend 
that it is possible to extract more information 
than conventionally believed from noninvasive 
studies [34]. Specific indications remain the 
judgment of the individual epilepsy team. 

Materials and Methods 

ELECTRODES 
Early investigators employed reusable, rigid, 
multicontact probes, but concern about trans
missible disease prompted the adoption of 
tresses consisting of thin wire strands [33]. The 
majority of investigators currently use flexible, 
multicontact electrodes [17] and restrict them 
to a single use. A number of electrodes are 
available commercially (figures 33-1, 33-2), 
although many institutions prefer to make their 
own. Typical electrodes have 4 to 18 contact 
points, 2-10 mm apart. 
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FIGURE 33-2. Six-contact depth electrode (manufactured by Rochester Electro-Medical, Minneapolis, MN); 
3-mm contacts are separated by 9-mm intervals; the outer diameter is 1 mm. 

INSERTION TECHNIQUE 
A recent survey by Engel indicated that 91 % 
of centers using depth electrodes placed them 
stereotactically, and 31% used computed 
tomography (CT) guidance [17]. Probe deliv
ery is dictated largely by probe design. The. 
most common techniques are insertion and 
withdrawal of a central stylet; use of an inser
tion instrument, the tip of which attaches to a 
small loop at the end of the electrode (leaving it 
behind as it is withdrawn); and use of a double 
cannula through which the electrode can be 
positioned before the outer cannula is with
drawn. 

ARRAY 
The type of electrode array must be suited to 
the goal of the depth electrode study. An array 
used to identify laterality in a patient with 
bilateral anterior temporal lobe activity on a 
scalp EEG may well differ from one used to 
tailor the extent of hippocampal or temporal 
lobe resection in a patient with already
established laterality. Engel found that 83% of 
centers implanted symmetrical arrays and 
approximately equal numbers used radial and 
orthogonal approaches [17]. 

One standard approach for temporal lobe 

investigation was described by Flanigin [20] 
and Joseph Smith (personal communication, 
February 24, 1986). Electrodes are inserted 
through parasagittal frontal burr holes and 
placed bilaterally into the amygdala and hippo
campus; mesial frontal lobe placement is used 
when necessary. A modified Todd-Wells frame 
is used, and coordinates (standard X and Y) are 
generated from conventional film, the bottom 
of the sella turcica serving as a reference land
mark. The lateral (standard Z) coordinate is 
generated from a CT scan (usually 20 mm from 
the midline for the amygdala and 25 mm from 
the midline for the hippocampal target, which is 
20 mm posterior to the amygdala). 

An alternative approach to the temporal lobe 
was reported by Dennis Spencer (meeting of the 
American Association of Neurological Sur
geons [AANS], Boston, MA, 1981). Explo
ration along the longitudinal axis of the 
temporal lobe is provided by an additional 
electrode placed from an occipital entry site. In 
this manner, recording along the major length 
of the hippocampus allows detection of the 
posterior hippocampus focus . The typical array 
for this technique consists of three electrodes 
per hemisphere, each directed towards the 
same reference landmark, 20-25 mm lateral to 
the tip of the posterior clinoid process (approx-
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imating the junction of the amygdala and the 
hippocampus). The frontal electrodes are in
serted 1 cm from the midline and pass anterior 
to the cingulate and through the subcallosal 
gyri. The middle temporal electrodes enter 25 
mm from the midline and 10 mm anterior to 
the coronal suture. The posterior electrodes 
described previously enter within 1 cm of the 
lambdoid suture, 20-25 mm from the midline, 
and are angled 3° medially (Dennis Spencer, 
personal communication, February 23, 1986). 

The most extensive explorations thus far are 
those of the Talairach stereoelectroencepha
lography school [4, 11, 32, 40, 47, 48]. Incor
porating multiple neuroradiological studies (in
cluding pneumoencephalography and angiogra
phy) into a common stereotactic system, these 
investigators perform highly individualized ex
plorations to delimit the epileptogenic and re
lated areas as thoroughly as possible. Although 
not restricted to orthogonal approaches, the 
T alairach stereotactic frame facilitates the inser
tion of mult;ple electrodes, which most often 
are inserted laterally. 

A similar approach, updated to incorporate 
CT, magnetic resonance imaging (MRI), and 
digital subtraction angiography, was developed 
by Olivier and colleagues [35-37]. Their local
ization process has moved .away from CT
generated coordinates to a technique in which 
angiographic localization of the medial tempo
ral lobe structures (primarily the anterior cho
roidal artery) determines a plane of interest; a 
corresponding MRI plane is then obtained. 
Laterally inserted electrodes record from the 
amygdala, 22-24 mm from the midline; from 
the anterior hippocampus, 12 mm posterior to 
the amygdala electrode and 24-25 mm from 
the midline; and from the hippocampus, 24 
mm posterior to the amygdala electrode and 
25-26 mm from the midline. Additional elec
trodes are placed in an array designed for the 
individual patient's requirements. 

OPERATIVE PROCEDURE 
The surgical technique of electrode placement 
varies as much as the arrays employed. For 
illustrative purposes, the procedure used at 
Dartmouth-Hitchcock Medical Center will be 
described. We have used symmetrical ;trrays 
similar to those of Flanigan [20] and Dennis 
Spencer (personal communication, February 
23, 1986; data presented at AANS meeting, 
Boston, MA, 1981). These arrays were mod-

ified for a special group of patients to allow 
recording from medial caIlosal radiations 
[38] (figure 33-3). The CT-adapted Leksell 
stereotactic system (AB Elekta Instrument, 
Stockholm, Sweden) has been used for all 
patients. Semiflexible four- and six-contact 
single-use electrodes (figure 33-2) have proven 
reliable. 

The stereotactic frame is affixed to the head, 
and coordinates for electrode placement are 
generated on a GE 8800 CT scanner (General 
Electric Medical Systems, Milwaukee, WI). 
Unenhanced fine scans through the temporal 
and inferior frontal lobes are sufficient to target 
the amygdala and fronto-orbital cortex. Antero
posterior and lateral coordinates in the plane 
of the CT image are well-defined; the lateral 
coordinate for the amygdala electrode generally 
lies 20-24 mm from the midline. We have 
generated that coordinate from CT informa
tion, acknowledging that the resolution in the 
axis of the images is not perfect (and that 
Olivier has achieved better accuracy [35, 36]). 

From the CT suite, the patient is brought to 
the operating room and placed in either a 
supine position for frontal and lateral trajec
tories or a sitting position for occipital 
approaches. Following repreparation of the 
scalp and frame, the scalp is infiltrated with 1 % 
lidocaine, and the stereotactic arc and probe 
guide are positioned for the first electrode. 
Frontal and anterior temporal electrodes usual
ly are placed through separate entry sites, 
approximately 2.5 cm from the midline and 
anterior to the coronal suture. The occipital 
entry sites approximate those used by Spencer. 
Through a 3-mm incision, a small craniotomy 
is made with an air-powered drill and a 3/16-
inch Steinmann pin through the bushing guides 
of the stereotactic frame. The dura is coagu
lated and perforated with the central stylet of a 
Backlund biopsy needle (AB Elekta Instru
ment, Stockholm, Sweden). A cut-off, 14-
gauge intravenous catheter (Becton, Dickinson 
& Co., Rutherford, NJ) is placed over the 
stylet for insulation of all but the tip. 

A modified outer cannula of a Backlund 
biopsy needle is inserted with the original cen
tral stylet to the target coordinates. The cannu
la is cut away on one side, allowing insertion of 
electrodes already soldered to connectors. The 
stylet then is withdrawn, and the electrode is 
advanced the length of the needle. The connec
tor end of the electrode is brought through the 
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FIGURE 33-3. Symmetrical array of temporal and frontal electrodes. Additional electrodes in the callosal 
radiations were placed in this patient who was being considered for a corpus callosum section. 

side cut, and then the outer cannula is with
drawn, leaving the electrode properly posi
tioned. A single suture closes the incision and 
secures the electrode. This sequence is repeated 
for each electrode. 

Recording and evaluation of electrode place-

ment take place the same day; actual depth 
recording usually is begun the following day. 
We leave electrodes in place from several days 
to a week and a half and often continue depth 
recording throughout subsequent seizure 
surgery and the initial postoperative period 
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I 

I 

FIGURE 33-4. Eight-contact strip electrode (manufactured by PMT Corporation, Hoskins, MN). The ex
posed contact surface is 4 mm in diameter; contact centers are 10 mm apart. 

without experiencing difficulty. Others have 
reported recording for as long as six weeks 
[20]. Electrodes are removed on the neurosur
gical ward. 

SUBDURAL AND EPIDURAL RECORDING 
Subdural placement of multicontact probes has 
been advocated by Lueders [30, 31], Lesser 
[29], Rosenbaum [39], and Wyler [53]; epidural 
placement has been reported by Goldring [23, 
24]. Although distinct from depth electrodes 
placed intraparenchymally, electrode strips and 
grids warrant mention by virtue of their degree 
of invasiveness and their similar purpose. 

Large grid arrays, which require formal 
craniotomy for placement, provide broad 
sampling over considerable cortical surfaces, 
particularly over the convexities and along the 
base. Although less satisfactory than depth 
electrodes in recording subcortical activity, 
they are superior in recording from the cortical 
territory they overlie. In addition, physio
logical mapping through evoked responses or 
stimulation can be obtained as an aid in the 
planning of resective surgery, and can at least 

partially replace mapping and electrocorticog
raphy at the time of resection. 

Multicontact electrode strips (figure 33-4) 
can be placed through either burr holes [39, 53] 
or a larger craniotomy and do not require 
stereotactic technique. Their advantage over 
depth electrodes lies in their preservation of 
parenchymal integrity and their ability to 
monitor a region of the convexity or basal 
cortex. They achieve the latter less well than 
grids, but they suffice when lateralization 
rather than precise localization is the goal, and 
their insertion is easier. 

Results 
Given the intuitively apparent advantages of 
depth recording, a number of centers advo
cated the practice early on. Initial comparisons 
with noninvasive electroencephalography sup
ported the superiority of depth studies, citing 
both its ability to detect activity absent on the 
scalp (or additional foci) and its greater preci
sion in lateralizing abnormal activity projected 
bilaterally on noninvasive recording [1, 2, 6, 
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13, 14, 44]. Figure 33-5, a recording of con
current scalp and depth recording, illustrates 
this heightened sensitivity. 

A review of surgical series at centers using 
depth recording and those using only noninva
sive studies reveals a comparable range of suc
cess in seizure improvement for both groups. 
Although this might appear to contradict the 
popular opinion that results can be improved 
when such additional EEG information is 
available, a review of such series by Susan 
Spencer suggests that the two groups see dif
ferent patient populations [44]. Based on data 
extracted from those reports, she calculates that 
depth electrode investigation could have en
abled an additional 36% of patients to benefit 
from seizure surgery (by identifying a resect
able epileptogenic focus not detected by scalp 
EEG). Depth electrode studies also could have 
demonstrated a different or additional focus in 
an additional 18% of patients and thus spared 
them an unsuccessful operation. A subsequent 
report from Yale University confirmed the 
value of depth recording. Depth studies of 16 
patients with nonlocalizing scalp EEGs found 
three to have a definable focus; depth studies 
of 15 patients with abnormalities localized by 
scalp EEG found three to have multiple foci; 
in four other patients, a different localization 
was demonstrated by that technique [45]. 
Spencer's earlier finding of poorer surgical re
sults in patients whose posterior hippocampal 
focus was not resected remains significant and 
provocative (data presented at AANS meeting, 
Boston, MA, 1981). 

Engel and colleagues correlated the results of 
14 preoperative studies that included scalp and 
depth EEGs as well as various tests of func
tional deficits [19]. They found that the most 
reliable criterion for localization of epileptic 
foci was depth· recording at the site of ictal 
onset. Interestingly, tests of focal functional 
deficits, such as thiopental-induced fast activ
ity, intracarotid amobarbital testing, and posi
tron emission tomography (PET) scanning, 
frequently provided confirmatory evidence of 
the seizure focus. 

The goal of collecting sufficient data from 
noninvasive testing to avoid depth implanta
tion remains attractive. Engel points out that 
patients whose scalp recording and other 
noninvasive tests are consistent in localization 
may not require depth studies [19]. Although 

ictal EEG information may fail to localize or 
may be misleading because of rapid propaga
tion properties, functional tests, when results 
are abnormal, may be more reliable. This fun
damental observation has stimulted enthusiasm 
for metabolic studies by PET [17-19]. The 
varying enthusiasm for depth recording corres
ponds to the degree of confidence in extracting 
reliable information from noninvasive studies. 
OJ em ann contended that sufficient data usually 
are present without depth recording [34]. 

In addition to the benefits derived from 
depth recording, it is critical to consider the 
associated complications. Van Buren recently 
collected such information from 13 centers 
with a combined experience of 2,674 implanta
tions. These centers reported no mortality, 10 
infections, five hemorrhages with permanent 
deficits, five hemorrhages without permanent 
deficits, and two cases of Jakob-Creutzfeldt 
transmission [49]. Another eight centers with 
245 implantations of subdural or epidural strips 
had one infection and one contusion without 
deficits; nine centers reported 288 implanta
tions of subdural or epidural grids with three 
infections, one hemorrhage witho_ut deficits, 
one aseptic necrosis of the bone falp, four in
stances of increased intracranial pressure, and 
one case of hemiparesis [49]. Individual centers 
report complications ranging from 1%-8%, 
with the most frequent and serious morbidity 
related to hemorrhage and infection [20, 32, 
40]. 

Conclusions 
Since the earliest reports of depth electrode 
recording, the frequent ability of the technique 
to provide valuable localizing information has 
been demonstrated repeatedly. At the same 
time, the technology for depth implantation, 
recording, and analysis has improved signi
ficantly in terms of both accuracy and safety. 
As an increasing number of neurosurgical de
partments acquire stereotactic capability, the 
ability to surgically implant depth electrodes is 
becoming widespread. The associated electro
encephalographic and epilepsy resources, an 
essential part of the exercise, are almost cer
tainly less prevalent. The technological ad
vances that have facilitated depth recording have 
also improved or developed complementary 
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studies, and the increasing ease of using im
planted electrodes has been balanced by the 
growing contributions of the noninvasive stud
ies. PET [17-19] magnetoencephalography 
[5], and newer mathematical methods of scalp 
EEG analysis that may reliably localize deep 
abnormalities [43] continue to evolve and 
potentially decrease dependence on depth 
EEG. 

Whether and how to use depth electrodes 
remain a decision of the individual epilepsy 
team. Despite their variation in protocols, most 
centers would agree that at least some epileptic 
patients benefit from the investigation. The 
details of how the technique is used must 
depend on each center's resources, experience, 
and judgment. 
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34. STEREOTACTIC CT ATLASES 

Tyrone L. Hardy 

Computed tomography (CT) is well estab
lished as a valuable diagnostic and investigative 
imaging device and has revolutionized the eval
uation and treatment of neurological condi
tions. The increasing applications and use of 
CT technology with stereotactic and functional 
neurosurgery are readily evidenced by the 
many articles dealing with this subject in pub
lished proceedings of stereotactic and function
al neurosurgical societies [3, 17]. Advancing 
computer technology has been the basis upon 
which CT scanning technology has developed; 
this same technology is supporting the de
velopment of the newer digital angiographic 
and nuclear magnetic resonance (NMR) imag
ing systems. 

The increased resolution afforded by CT and 
NMR scanning systems allows direct iden
tification of brain structures that could only be 
inferred from conventional roentgenological 
techniques. Stereotactic surgery, being primari
ly a procedure performed without the aid of 
direct visualization, is dependent on sophisti
cated imaging techniques for its accurate execu
tion. Therefore, it necessarily follows that as 
computer and imaging technology improve, so 
do the possibilities of stereotactic surgery. This 
chapter is primarily concerned with the use of 
computer-graphics techniques and CT scan
ning for generating composite CT brain-scan/ 
atlas-map images to better aid the stereotactic 
neurosurgeon in localizing subcortical struc
tures. 

Historical Background 
In the early 1970s, we developed a computer 
system that could display digitized diencephal-

The author wishes to thank our project engineer and 
director, John McGuffin, and our engineers and sys
tems programmers, Karl Kortkamp, Clark Tamp
sett, Mike Collier, and Kevin Stroup, for their tire
less efforts in the development of this system. 

ic brain maps to the neurosurgeon during 
stereotactic thalamotomy for dyskinesias [4, 
20, 21]. The software program for the system 
operated in a computer with a graphics display 
terminal that could be taken to the operating 
suite for interactive use by the neurosurgeon. 
The system had several important features: 

1. It could display scaled digitized dien
cephalic maps (figures 34-1, 34-2), which 
could be adjusted to the size of the patient's 
diencephalon as determined from measure
ments (e.g., intercommissural distance, thala
mic height, and third-ventricular width) taken 
from a stereotactic contrast encephalogram 
(figures 34-3, 34-4). Because the target posi
tion for diencephalic subnuclear structures 
generally is determined by proportional extra
polation from standardized atlas maps [18, 19], 
this particular feature allowed the atlas maps to 
be expanded or contracted to more closely fit a 
given patient's diencephalic measurements, 
thus increasing the accuracy of target size 
determination. The problems resulting from 
diencephalic anatomical differences were there
by considerably diminished. 

2. The system corrected the complex three
dimensional geometric problems inherent in a 
precise stereotactic technique and presented an 
on-line graphic display of the position of 
stereotactic probes and electrodes super
imposed on cross-sections of the human thala
mus. This particular feature is important be
cause the stereotactic technique is principally a 
blind surgical procedure reliant upon a coor
dinate system for anatomical localization of 
subcortical structures. Therefore, it is difficult 
for stereotactic surgeons to conceptualize the 
location of surgical probes inserted into deep 
brain structures; they must imagine the loca
tion of the probe while taking into account its 
forward and lateral angles, its distance from the 

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

B 

FIGURE 34-1. Sagittal (A), frontal (B), and horizontal (C) maps of the diencephalon (digitized from the 
Schaltenbrand and Bailey Atlas [18]). The probe is directed at a target structure and has its electrode (tip 
indicated by asterisk) projecting from its end. The dashed lines indicate the portion of the probe and/or 
electrode extending beyond the plane of the displayed map. 
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FIGURE 34-1. (cont.) 

target, and the direction of any electrode ex
tending from the probe (in cases in which 
curved exploratory electrodes are used). Mis
alignment of the stereotactic frame on the pa
tient's head (i.e., collateral displacement and 
tilt, rotational and skew angulation) compound 
the potential for error in correctly placing the 
surgical probe [4, 5, 8,21]. The software func
tions of the computer system corrected for 
these many variables and, by graphic simula
tion, helped the surgeon accurately envision 
the position of a probe or an electrode with 
respect to various subdivisions of the thalamus. 

3. The system was able to store and selec
tively display the position of various coded 
electrophysiological responses found during 
exploratory diencephalic stimulation and re
cording (figures 34-5, 34-6). This capability 
was important because data gathered fiom var
ious electrophysiological methods (e.g., ex
ploratory stimulation and recording about the 
intended target site) could be stored in a disc
based file that could display selected response 
points from a large group of patients on a 
digitized map background. Data displayed in 
this manner aided in the more precise deter
mination of nuclear zones and in the elec-

.. 1 

trophysiological mapping of the diencephalon 
[4, 6, 7]. 

Computer-Assisted Stereotactic 
Surgery (CASS) System 
Development and Modifications 
With the capabilities just described, we found 
the computer to be a useful adjunct to our 
stereotactic operative technique, as have other 
authors with similar techniques [1, 2]. Conse
quently, since its development, there have been 
numerous modifications of the original system 
[8-11 J. These modifications have been con
cerned mainly with increasing the system's 
portability, improving its graphics capability, 
and adapting the system for use with the newer 
imaging technologies of CT and NMR scans. 

The original system was designed to run on a 
Digital Equipment Corporation (Albuquerque, 
NM) PDP-12 computer with software written 
in assembly-level language. This system was 
very large and could not be taken into the 
operating room. The graphics display terminal, 
which could be taken separately into the oper
ating room, had to be interfaced with the com
puter by long coaxial linkages. This method 
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FIGURE 34-2. Example of two sagittal diencephalic maps demonstrating the computer's ability to change the 
size of the maps displayed. Map A has an "exaggerated" intercommissural distance (leD) of 40 mm and a 
"normal" thalamic height of 19 mm. Map B has an "exaggerated" leD of 40 mm and an unusually small 
thalamic height of 10 mm (maps from Schaltenbrand and Bailey Atlas [18]). By comparison, the sagittal map 
in figure 34-3 has an leD of 23 mm and a thalamic height of 19 mm. 
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FIGURE 34-5. Computer maps on frontal (A) and 
sagittal (B) diencephalic map sections show the posi
tion of coded responses to light touch-evoked unit 
cellular responses found. during microelectrode ex
ploratory recordings. Map sections are from the 
Schaltenbrand and Bailey Atlas [18]). There are a 
total of 168 units obtained from 130 patients. Re
sponses are plotted according to their true spatial 
coordinates with respect to a common midcom
missural point (MCP) (see [7]). F - 9.0 = 9 mm 
posterior to MCP. S - 15.0 = 15 mm lateral tv 
mid-third ventricle. 

AU MOTOR RESPONSES IN THE INTERNAL 
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FIGURE 34-6. Horizontal diencephalic map from 
the Schaltenbrand and Bailey Atlas [18] at H + 2.0 
(2 mm above the intercommissural plane) showing 
the position in 130 stereotactic procedures of 420 
motor responses to exploratory stimulation in the 
posterior limb of the internal capsule. MCP is mid
commissural plane (Reprinted with permission from 
Applied Neurophysiol 42:160-170, 1979.) 

of operation was cumbersome but necessary, 
given the hardware constraints inherent in the 
computer design. When the considerably smaller 
and portable newer type of PDP-ll MINC 
computer was developed by Digital Equipment 
Corporation, we undertook the very extensive 
project of converting the software programs 
for the original system to run in Fortran on 
this smaller computer system, which we called 
CASS (computer-assisted stereotactic surgery). 
Some additional enhancements to the original 
computer software also were developed [8, 9]. 
As computer design has advanced we have in
tegrated increasingly smaller and more sophis
ticated computer hardware systems for our use 
[10, 11]. 

The stereotactic brain maps of the dien
cephalon, with architectonics by R. Hassler 
[12], were digitized for use with the original 
system from the earlier Schaltenbrand and 
Bailey stereotaxic atlas [18]. Software routines 
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FIGURE 34-7. Sagittal diencephalic and brain-stem map. The tip of a stimulating electrode lies at the 
periaqueductal area (digitized from the Schaltenbrand an.d Wahren Atlas [19]) (see figure 34-14B). DBS = 
deep brain stimulation, simulation of a product from Medtronic, Inc. (Minneapolis, MN). 

for modifying the computer displays of the 
brain maps were necessary to correct for de
ficiencies in anatomical sectioning (the hori
zontal sections vary 8° from the intercom
missural plane) and for variations in the sizes 
of the atlas maps (the frontal maps were con
siderably smaller than the horizontal maps). 
The coordinate system for the digitized atlas 
map sections were based, as those of the anato
mical atlas maps, on a brain coordinate system 
constructed about the third ventricular core; 
that is, an intercommissural line bisected by a 
midcommissural line and a horizontal line 
representing the basal plane of the brain. 

The brain stem and cerebellar maps of the 
newer Schaltenbrand and Wahren atlas [19] 
afforded an opportunity to expand our compu
ter mapping capabilities to include these rhom
bencephalic structures (figure 34-7) [9]. Incor
porating these maps into our computer system 
required the development of a coordinate sys
tem that would allow the simultaneous display 
of diencephalic architectonics and the remain
ing brain stem and cerebellum (figure 34-8). 
Allowance was also required for variations in 
the angle of the junction of the diencephalon 

with the lower brain stem. For example, the 
angle of intersection will be closer to 90° in 
a patient with a brachycephalic brain in 
which brain-stem angulation is perpendicularly 
oriented. Both coordinate systems can be 
moved independently of each other; the size of 
the brain maps, including the brain-stem 
length, can be readily varied to match the pa
tient's anatomical dimensions as determined 
from contrast ventriculograms, CT, or NMR 
scans. As noted in figure 34-8, this was 
accomplished by developing a method of in
tersecting an upper (diencephalic) coordinate 
system constructed about the third ventricular 
core, with a lower coordinate system con
structed about the fourth ventricle. Adjust
ments for differences in brain-stem sizes were 
achieved by a software subroutine that could 
be prompted to expand or contract the digi
tized maps. 

In recent years, advancing computer technol
ogy has resulted in the development of high
resolution, color-graphics raster display moni
tors that can interface with small computer 
systems. With improvements in this technol
ogy, it became possible to modify our comput-
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FIGURE 34-8. Upper and lower coordinate systems, modified from Schaltenbrand and Wahren [19] for use in 
the computer program. The upper origin is the midintercommissural point; the lower origin is the intersection 
of a perpendicular line from the apex of the fourth ventricle on a line tangent to the floor of the aqueduct and 
fourth ventricle. The upper and lower coordinate systems intersect along the X axis, which is an extension of 
the intercommissuralline (lower Y-axis intercept). The angle formed by this intersection varies according to a 
patient's brain-stem angulation. 

er system so that it could use such a monitor 
IO display CT images and benefit from the 
addition of color graphics. The result was our 
first portable CT-CASS system [10, 11], which 
could store, manipulate, and selectively display 
CT images in the operating room independent 
of the CT scanner. Our previously digitized 
atlas maps also could be superimposed on CT 
sections of the diencephalon. This method of 
graphic operative simulation could serve as a 
valuable guide for using CT data in performing 
functional neurosurgery. The advantage of the 
CT -CASS system is that it avoids the extreme 
expense of a CT -dedicated stereotactic system 
or the cumbersome and cost-inefficient use 
of a nondedicated CT scanner for performing 
stereotactic surgery. As opposed to these 
CT -controlled stereotactic techniques, most 
stereotactic surgeons are inclined by circum
stance to use a CT -guided method in which 
preoperative CT data is taken to the operating 
room for use during surgery. Our efforts, 
therefore, have been focused on improving this 
CT -CASS system, which is an enhanced CT
guided technique. 

Hardware 

The present hardware system (Medical In
strumentation and Diagnostics Corporation, 
MITDO, Albuquerque, NM) is based on the 
Motorola (Phoenix, AZ) 68000 Microprocessor 
(figure 34-9) and functions on a VME BUS at 
a clock rate of approximately 12.S MHz. The 
system has a hard-disc drive sufficient in stor
age size to hold 20 CT (or NMR) images. A . 
specially interfaced imaging board in the com-. 
puter allows CT (or NMR) images to be 
directly loaded into the computer's memory 
for subsequent hard-disc storage. Digital image 
processing of up to 12 "bit planes" of graphics 
overlay is possible. A 19-inch color video 
monitor is used for image display and graphics. 
The monitor · has a touch screen for ease of 
cursor functions and software menu manipula
tion. The system also has a SI/4-inch floppy
disc drive and a hard-copy unit. This hardware 
system is small, portable, and has sufficient 
memory and speed to efficiently execute soft
ware commands. CT or NMR images from any 
scanner can be captured by the system. This 
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FIGURE 34-9. CASS system design. 

particular feature is a considerable improve
ment over our previous system, which had to 
be programmed separately for each type of 
scanner [10]. 

Software Environment 
CT (NMR)-CASS is written in Fortran under 
the Unix System V operating sy;s,tem (Bell 
Laboratories, Blue Bell, PA). The sOftware en
vironment is structured on a multiple modular 
bi-divisional foundation, which consists of a 
division for CTINMR-image enhanhement and 
manipulation and a division for graphics and 
user-specific functions. Each division can be 
entered via the main menu. Specific. menus for 
divisional subroutines then can be selected for 
desired functions. The division for CT/NMR
image enhancement and manipulation includes 
modular software subroutines for (1) image 
capture, storage, and archiving; (2) pixel analy
sis for an entire image or user-defined areas of 
interest; (3) ~oom and pan functions; (4) con
trasting and filtering images with functions for 
smoothing, sharpening, Laplacian, and pseudo
coloring; and (5) image editing. 

The division for graphics and user-specific 
functions contains software modular sub
routines that control (1) the manipulation and 
swapping of 110 diencephalic and brain-stem 

cr 
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OR 

CPU AND 

GRAPHICS 

.... 
UNIT 

1 

OTH~:R 

IMHACING 
UMITS 

KEYBOARD 

atlas maps in frontal, sagittai, and horizontal 
sections; (2) the manipulation of various 
probes and electrodes; (3) alphanumeric func
tions for demographic data and for coding, 
storing, and selectively displaying the position 
of various electrophysiological response points; 
and (4) measurement functions for determining 
stereotactic coordinates and other user-specific 
calculations. 

The software routines are organized on a 
12-bit plane (212) hardware overlay format 
(figure 34-10) for graphic simulation and com
posite image display. Each bit plane has been 
assigned specific software functions. CT INMR 
images, for example, require eight bit planes 
(28) to display the standard 256 X 256 gray
scale matrix of the average scanner. This par
ticular feature is analogous to stacked transpar
ent cellophane planes upon which different 
data or images can be written. The information 
on these planes is overlaid and, therefore, 
viewed as a composite picture on the video 
monitor. Software routines allow data on each 
plane to be manipulated separately. Thus, this 
particular hardware-software format allows 
the independent manipulation of CT INMR 
images, brain maps, probes, electrodes, coor
dinate and map measurements, and coded 
physiological data points to produce various 
c()mposite images for operative simulation 
during surgery. 
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FIGURE 34-10. Computer graphics "bit-plane" for
mat for composite image formation. Each horizontal 
line represents a "bit-plane." There are a total of 12 
planes overlaid upon each other, each with a desig
nated function. 

Operation of CT-CASS 
Most stereotactic surgeons regard the nucleus 
ventralis intermedius (V.i.m.) of the thalamus 
as the anatomical target site of choice for lesion 
production to treat dyskinesias. Others prefer 
to extend the lesion slightly into the dorsal 
subthalamic H-fields of Forel. The total target 
is small, approximately 6 X 4 X 4 mm. It is 
bounded by areas with important anatomical 
functions, e.g., motor fibers in the internal cap
sule laterally, the sensory nucleus posteriorly, 
the mammillothalamic bundle medially, and 
the subthalamic nucleus inferiorly. Therefore, 
lesion localization must be accurate; lesions 
should not extend into these surrounding areas. 
CT -scanning localization allows direct imaging 
of this target area, which could only be inferred 
from contrast encephalographic techniques. 
Although current CT -scanning technology 
cannot discern specific thalamic nuclei, it can 
demonstrate the thalamocapsular border that is 
the lateral limit of a thalamic lesion in V.i.m. 

In our CT-guided technique, the base frame 
of the Leksell stereotactic instrument [13, 14] is 
attached to the patient's head, and then con
tiguous, small-increment CT images are taken 
in the region of the thalamus. For adequate 
reformatting purposes, CT images taken in 1.5-
mm increments, approximately in the area 

20-30 mm above the posterior clinoid process, 
generally will include both anterior and pos
terior commissures. Once images through the 
commissures are obtained, the thickness of the 
images can be increased. This will reduce scan
ning time and decrease the radiation dose to 
the patient. The area of smaller contiguous cuts 
then can be bracketed (above and below) by 
4-5 mm slices. These scans then are used to 
obtain a reformatted midsagittal CT scan 
(figure 34-11). 

The anterior and posterior commissures are 
identified on the midsagittal image, from which 
a reformatted horizontal CT image (figure 34-
12) next is obtained. Latchaw and co-workers 
described a somewhat similar technique [15]. 
An image at this level is along the intercom
missural plane and represents the maximal 
depth along the Z ordinate. (A probe placed 
much below this level could damage the sub
thalamic nucleus.) This and any other image 
parallel to the intercommissural plane can be 
stored in the CT-CASS computer. The patient 
and the computer then can be transported to 
the operating room for surgery, leaving the CT 
scanner for its regular use. 

In the operating room, the computer sys
tem's software division for image enhancement 
and manipulation can be used to identify and 
further clarify the thalamocapsular border, 
which is the lateral bound~ry of the intended 
target area of V.i.m. for dyskinesia. In this 
regard, the computer's software routines for 
pixel analysis can sharpen the CT image, and, 
if desired, white matter and gray matter can 
be color-coded separately for even greater 
contrast (see figure 34-14A). The software 
routines for diencephalic map manipulation can 
be used next to create composite CT scan/map 
overlay images (figure 34-13) that will show 
the relative position of thalamic nuclear divi
sions. Measurement subroutines allow tentative 
determination of the target coordinates. 

The mediolateral X ordinate and the 
anterior-posterior Y ordinate of the chosen 
target site can be determined very accurately 
by CT measurements. Z-ordinate determina
tions are not so accurate because they are 
dependent on scan-slice thickness. To avoid 
damage to the subthalamic nucleus, care must 
be taken to ensure that the depth of a 
stereotactic probe tip does not extend along the 
Z ordinate more than 1 mm below the inter
commissural plane. 
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FIGURE 34-11. Reformatted sagittal CT image. A line runs through the anterior and posterior commissures. 

After the coordinate measurements for the 
intended target site are determined, a trajectory 
for the stereotactic probe can be simulated for 
evaluation and manipulation prior to actual 
placement in the target area. The position of 
the probe that was determined by CT measure
ments can be confirmed in the operating suite 
by use of standard anterior-po-sterior and later
al roentgenograms; its position should corresp
ond to the same frame coordinates. If desired, 
the position of the anterior and posterior com
missures can be constructed on the lateral 
roentgenogram. This is also a way to verify the 
probe's position (Z ordinate) in relation to the 
intercommissural plane. 

Although the use of coordinate measure
ments derived by CT -CASSto localize a par
ticular target structure greatly aids in increasing 
the accuracy of the CT stereotactic technique 
for functional neurosurgery, it is important to 
remember that it does not completely eliminate 

error. The position of the diencephalic struc
ture in any particular diseased brain cannot be 
exactly predicted by the surgeon [16]. The need 
for a neurophysiological test to confirm that a 
probe or an electrode is positioned in the pro
posed theraeutic target site long has been 
recognized as a necessary step in stereotactic 
surgery for dyskinesias. We use an exploratory 
stimulation and recording technique to confirm 
the limits of the target area before placing a 
therapeutic lesion [4, 6, 7]. 

The Future 
The primary emphasis of our research and de
velopment has been directed towards produc
ing a small, compact, and portable operating
room computer system that the stereotactic 
surgeon can use for both functional and mor
phological procedures. As currently designed, 
the system also can be used for tumor biopsies 
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FIGURE 34-12. Reformatted horizontal CT image through the anterior and posterior commissures. 

FIGURE 34-13. Magnified view of thalamic region (figure 34-12) with computer-graphic overlay of brain 
map. 
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FIGURE 34-14. (A) Patient with cystic tumor in left deep central region. Biopsy probe's trajectory is 
simulated in red. Computer can be set to pseudocolor white matter in blue and gray matter in yellow. (Patient 
of Dr. L. Dade Lunsford, University of Pittsburgh School of Medicine.) (B) Midsagittal NMR image with 
digitized diencephalic and brain-stem maps (green) and graticules (yellow) superimposed on scan section. For 
demonstration purposes, probe (red) is directed toward the red nucleus . 

[11] (figure 34-141\) and, with appropriate 
user-specific software routines, could be used 
to guide and simulate radioisotope implanta
tions. With improvements in NMR-compatible 
stereotactic instruments, we plan to develop 
the system further to make use of this imaging 
technology. We now are able to superimpose 

diencephalic and brain stem maps on NMR 
sections (figure 34-14B). In the future, with 
increasing NMR resolution and contrast, the 
superimposition of these maps may not be 
necessary. The pixel-analysis capability of this 
computer system allows for an increase in con
trast by either pseudocoloring and/or decreas-
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ing or increasing the apparent density of cer
tain pixels. With increased NMR contrast this 
feature may enable discernment of major tha
lamic subdivisions. Similar techniques can be 
applied now to CT images for increased con
trasting. 

Efficient, high-speed, vector-processor hard
ware that can handle very large data bases has 
been developed for small computer systems. 
With this technology, we are in the process of 
developing a hardware-software adjunct to our 
computer system that will permit three
dimensional, real-time image processing. This 
feature would bring an additional perspective 
to stereotactic imaging. 

Given the system's capabilities of storing im
ages displayed on any cathode-ray-tube screen, 
there are plans to develop software routines 
that will permit the superimposition of images 
from various sources (e.g., isotope brain scan
ning, CT scanning, NMR, digital angiography, 
stereotactic' atlases, and ventriculography); this 
should result in more complete imaging in
formation. Thus, data from many sources can 
be compared or combined to plan or execute a 
stereotactic operative procedure. 
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The goal of functional stereotactic surgery is to 
stimulate or ablate selected targets in the brain. 
The usual targets are subcortical nuclei and 
white matter tracts. To accomplish this goal, 
the three-dimensional coordinates of the target 
sites must be precisely determined. The tradi
tional tool for this purpose has been the 
stereotactic atlas. 

The application of computed tomography 
(CT) has led to a resurgence of interest in 
stereotactic surgery, creating a need for 
stereotactic atlases that take advantage of mod
ern computer and neuro-imaging technology. 
This chapter reviews efforts to create comput
erized neuroanatomic databases and presents 
an experimental system for generating three
dimensional stereotactic atlases. 

Conventional Stereotactic Atlases 
In experimental animals such as the rhesus 
monkey and the cat, it is possible to determine 
the coordinates of neuroanatomical targets by 
reference to bony landmarks [22]. Stereotactic 
atlases for these animals have used a rectangu
lar coordinate system based on a horizontal 
plane passing through the external auditory 
meatus and the inferior margins of the orbits, a 
vertical plane passing through the auditory 

This work is supported by the National Library of 
Medicine grant Neuro-Imaging Expert System SRC 
1 RO 1 LM04431-01. 

meatus, and a midsagittal plane passing 
through the sagittal suture [8]. These standards 
cannot be applied to humans, however, because 
there is more variety among human brains than 
there is among the brains of laboratory ani
mals. Spiegel and Wycis found a range of 16 mm 
in the distance between the pineal gland and 
the vertical interaural plane in humans [33]. 
Studies by Schaltenbrand and Wahren showed 
a 15-mm range for the distance from the mid
commissural point to the vertical interaural 
plane [32] .. · This variety led to a search for 
stereotactic reference points based on intra
cranial structures. 

In 1955, Talairach proposed that a line 
drawn from the anterior commissure to the 
posterior commissure (AC-PC line) might 
serve this purpose [35]. The AC-PC line is 
readily dete,rmined from ventriculograms, and 
its length shows minimal variation. The ante
rior commissure is also intimately related to 
stereotactic targets such as the putamen, the 
globus pallid us, the amygdala, and the anterior 
temporal lobe. In a study of 26 human brains, 
Talairach found the AC-PC line to average 
25.5 mm in length, with a range of 23-28.5 
mm. These figures were confirmed by Schal
tenbrand and Wahren in a study of 31 human 
brains [32]. A variety of atlases for human 
stereotaxis constructed over the past three de
cades have used the AC-PC line as a reference. 
These include the atlases of T alairach, Van 
Buren and Maccubin, Andrew and Watkins, 
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and Schaltenbrand and Bailey [2, 31, 36, 41]. 
One of the most popular recent atlases is that 
of Schaltenbrand and Wahren, which has a 
coordinate system based on three orthogonal 
planes that pass through the midpoint (mid
commissural point) of the AC-PC line [32]. 

Atlases based on the AC-PC line have been 
effective for determining the coordinates of 
targets in the thalamus and basal ganglia that 
are in close proximity to the midline and the 
anterior or posterior commissures. Unfortu
nately, accuracy diminishes as a function of 
distance from the line. This effect is significant 
enough that the AC-PC line cannot be used to 
locate targets in the hypothalamus or the pos
terior fossa; other intracranial references, such 
as the outline of the anterior third ventricle or 
the position of the floor of the fourth ventricle, 
must be employed [1, 32]. 

The most significant deficiency in current 
stereotactic atlases is that the coordinates for 
neuroanatomical structures are based on a 
small number of specimens. The extensive 
variation of the thalamus and basal ganglia has 
been shown by numerous investigators [7, 25, 
41]. Attempts to compensate or correct for these 
differences have had limited success because of 
the complex, nonlinear nature of the variation. 
It is also known that aging and ventricular size 
can markedly affect coordinate location. 

Computerized Neuroanatomic 
Databases 
With the advent of CT scans came the capacity 
to directly visualize pathological lesions and lo
cate them in three-dimensional space. More
over, many normal intracraniallandmaks could 
be seen, such as the third ventricle and the 
internal capsule. These new capabilities spurred 
intense efforts to adapt stereotaxis to CT scan
ning. Older stereotactic frames (Leksell, Todd
Wells, Riechert-Mundinger) were modified for 
use in the CT scanner. New frames (e.g., 
Brown-Roberts-Wells) were designed specif
ically for CT use [6, 10, 16, 26]. The possibil
ity of applying the principles of magnetic 
resonance imaging (MRI) to stereotaxis has 
also been- explored. In theory, many subcorti
cal nuclei of interest to the functional stereotac
tic surgeon can be seen on MRI scans. Major 
problems related to image distortion and 
accuracy remain, however. 

Despite the advances {n neuro-imaging, 
nuclei important for functional stereotactic 
surgery, such as the nucleus ventralis lateralis 
of the thalamus, cannot be visualized directly. 
Such regions can be differentiated from sur
rounding structures only by detailed micro
scopic studies of their architectonics. Their 
locations can be determined only by reference 
to stereotactic atlases or by direct neurophys
iological recordings with micro electrodes [12, 
13, 25, 37]. These problems have led to an 
interest in developing computer-resident atlases 
for functional CT stereotaxis. There also has 
been an interest in developing methods to com
pensate for anatomical variation, based on the 
identification of landmarks with fixed rela
tionships to functional targets. 

Lunsford and colleagues developed a meth
od for reformatting CT images to define the 
AC-PC line so that the Leksell stereotactic 
frame coordinates could be related to Schalten
brand and Wahren's atlas [27]. Olivier and Ber
trand reported the use of a digitized Schalten
brand atlas that could be scaled according to 
the length of the AC-PC line [5]. Hardy ap
plied rectangular normalizing transformations 
to digitized structures from stereotaxic atlases 
and superimposed them on CT images [15]. 
Using a digitized atlas, Giorgi developed a three
dimensional display system that was capable of 
showing arbitrary views of subcortical nuclei 
and proposed probe tracts [11]. Kall and co
workers also devised a means for reformatting 
CT images in the axial plane of the Schalten
brand and Wahren stereotactic atlas [24]. Their 
interactive user package allows the surgeon to 
outline structures of interest, such as the thala
mus, in these reformatted images. Nuclear sub
groups inside these structures are scaled in 
proportion to the relationship between their 
CT outlines and their outlines in the stereotac
tic atlas. This is accomplished with a system of 
polar coordinates originating at the center of 
gravity of the respective outlines. Utilities also 
are provided to label parent structures and sub
regions. The target coordinates determined by 
this system agree closely with targets calculated 
on the basis of ventriculography and micro
electrode recordings. 

Advances in Computer Graphics 
Revolutionary advances have been made in 
computer graphics over the last few years. 
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VLSI technology has made high-resolution im
age processing computationally and economi
cally feasible. Hardware advances have been 
paralleled by software advances. Efficient 
algorithms have been developed for most 
common graphics operations. These include 
procedures for translating, scaling, and rotating 
objects in two- and three-dimensional space; 
procedures for hidden surface elimination and 
shading; and user-friendly interactive systems 
based on window packages [9, 14, 23, 29, 39]. 
Industry-wide graphics standards such as the 
ACM SIGGRAPH Core Standard have also 
emerged. 

Increasingly powerful computers have 
prompted numerous investigators to apply these 
techniques to the digital data from CT and 
MRI scans. Sungroff and Greenberg developed 
an interactive system that uses splines to gener
ate three-dimensional images from CT scans 
[34]. Vries developed a similar system to dis
play three-dimensional images of neuroana
tomical structures from stereotactic atlases [42]. 
Herman and his co-workers have created ex
tensive three-dimensional imaging packages 
based on boundary detection principles for use 
with commercial CT and MRI scanners [3, 4, 
17-21, 38]. Meagher has developed a three
dimensional image-processing system based on 
hierarchical representation of images; this sys
tem is much faster than conventional tech
niques in performing graphical operations on 
CT data [28]. The principle of hierarchical 
representation has been combined with parallel 
processing in the Phoenix system to produce a 
CT graphics system that can rapidly manipulate 
solid three-dimensional objects. 

Radiologic Automated 
Diagnosis (RAD) 
For the past several years, the authors of this 
chapter have been involved in an effort to pro
duce a system for the automated diagnosis 
of CT scans (RAD). Our approach involves 
comparing normalized three-dimensional 
neuroanatomic models with objects of interest 
that have been automatically extracted from 
CT images. As part of this effort, a series of 
programs has been developed for manipulat
ing and displaying three-dimensional images. 
From these programs, an experimental image
processing system has been assembled that 

generates three-dimensional images from CT 
scans and stereotactic atlases. The RAD 
graphics system combines hierarchical data
representation techniqu~s with homogeneous 
coordinate transformatibns. The system can 
normalize atlas components to individual CT 
scans, and it can correct for CT-scan obliquity. 
Three-dimensional atlas components can be 
stretched interactively in the X, Y, and Z axes. 
The user can construct three-dimensional im
ages of arbitrarily combined atlas and CT com
ponents. These composite images can be ro
tated, scaled, and translated in three dimensions 
under user control. Three-dimensional repre
sentation of subcortical structures can also be 
mapped onto arbitrary two-dimensional CT 
projections in the axial, coronal, or sagittal 
planes. The system can be used to display 
targets and trajectories in stereotactic surgery. 
It can also be used for modeling neurosurgical 
procedures; for teaching neuroanatomy; and as 
a component in automated systems for classify
ing, diagnosing, and archiving neuro-images. 

The Rad Graphics System 
The representation of material objects in a 
manner that allows display and interpretation 
by computers requires substantial storage and 
processing resources. To reduce these require
ments, RAD uses a data-representation techni
que known as "octree encoding." A CT image 
in the form of a threedimensional array of 
Hounsfield numbers is converted into a binary 
image by thresholding. A large parent cube 
serves as the bounding volume for this image. 
The image is then divided recursively into 
octants, forming a tree of order eight (octree). 
The process terminates when the "leaves" of 
the tree areej-ther completely full or complete
ly empty (figure 35-1). 

The computational advantages of octrees for 
image representation are significant. Transla
tion, scaling, and hidden surface elimination 
can be performed without the need for 
multiplication or division. Rotation in 90° 
increments can be accomplished by merely 
traversing the octree in a different order. Paral
lel traversal of two objects in octree format 
produces the logical AND or the logical OR of 
the objects in three-dimensional space. Indi
vidual octants also can be processed indepen
dently in parallel, providing the potential for 
real-time image manipulation. 

Image files, generated from a General Elec-
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FIGURE 35-1. Diagram of octree encoding process. 

tric 9800 CT scanner, are extracted from tape 
and converted into 512 X 512 arrays of Houns
field numbers (figure 35-2). These arrays are 
averaged and interpolated to produce a 256 X 

256 X 256 cube of 16-bit numbers. Arbitrary 
two-dimensional images in the axial, coronal, 
or sagittal planes can be obtained from this 
data structure with the ORTHO and CTVIEW 
routines. Octree data structures are generated 
from this cube with the recursive routines in 
OCTAGEN. Recursion stops when a "daugh
ter" octant is entirely full or entirely empty. If 
this has not occurred by the time the octree is 
eight levels deep, the pixels are forced to be full 
or empty. 

Octrees are created for each appropriate 
threshold range (bone, cerebrospinal fluid, 
white matter, etc.). Although average values for 
these ranges are known, individualized ranges 
can be obtained prior to octree generation by 
manually thresholding with CTVIEW. 

The octree data structures are the basis for 
the remaining operations. The XFRM routine 

[Ge 98Ool
L 

_ _ _ _ 

l2ap~ 

((view ) .... --_-1 

FIGURE 35-2. Organization of the RAD system us
ing GE 9800 CT scanner (General Electric, Medical 
Systems, Milwaukee, WI). 

is used to translate, scale, and rotate the octree 
objects and to perform hidden surface elimina
tion. The output of this routine is a 256 X 256 
array of 16-bit numbers that represent the dis
tance from the surface of the view plane to the 
object at each point (z-buHer). The SHADER 
routine uses this z-buffer data to generate 
pseudo three-dimensional shading. The z
buffer is interpreted as a contour map, and 
imaginary light vectors are bounced off its sur
face. The intensity of reflected light is calcu
lated by the laws of geometrical optics. The 
distance information is contained in the low
order byte of the 16-bit numbers in the z
buffer. The upper byte is used to index into 
alternate color maps to permit multicolor 
pseudo three-dimensional shading. Color map 
indexing is controlled by the STOA and ATOS 
routines. Three-dimensional frontal, lateral, 
and cutaway axial views of the skull can be 
generated by RAD from a routine diagnostic 
CT scan (figure 35-3). 

Composite images are generated with the 



35. COMPUTERIZED THREE-DIMENSIONAL STEREOTACTIC ATLASES 445 

A 

FIGURE 35-3. Three dimensional frontal (A), lateral (B), and axial (C) views of the skull. The lower images 
were obtained at 3-mm intervals, the upper images at IO-mm intervals. The ring artifact seen in the lateral 
view was produced by the coarseness of IO-mm images. The cutaway axial view reveals the detail that is 
possible with 3-mm images. Finer CT scanning would further improve the resolution. 

LOGICAL_OR and LOGICAL_AND rou
tines. These programs perform a parallel traver
sal of two objects in octree format to produce a 
third octree object that is the logical OR or 
logical AND of the original two objects. 

Currently, the RAD system is written in the 
C programming language, and has the capacity 
to interface with artificial intelligence (AI) 
modules in Common Lisp language. The octree 
generation routines currently run on both a 
VA 11/780 computer and a Sun Microsystems. 
Workstation':', the output device is the Sun, 
which is also the input device for the genera
tion of atlas figures. The windows environ
ment, which is the control mechanism for the 
RAD modules, is implemented in C via calls to 

,;. Sun Microsystems Inc" Mountain View, CA 

the Sun View windows system [40]. This sys
tem is patterned after the Xerox Cedar window 
environment, which was the model for the 
familiar Macintosh computer windows. 

Three-Dimensional 
Neuroanatomic Databases 
The ability to manipulate and display three
dimensional brain models requires a computer
resident neuroanatomic database. The RAD 
system can be used to generate such databases 
from three different sources: conventional 
stereotactic atlases, CT scans displayed on 
video monitors, or interactive editorial opera
tions on existing three-dimensional structures. 

Digitized outlines of structures from stereo
tactic atlases are obtained by placing atlas 
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C 
FIGURE 35-3. (cont.) 

plates on a tablet known as a bitpad (HIPAD). 
The borders of the objects of interest are traced 
with a special input device. The position of the 
device on the surface of the plate is sensed by a 
grid of wire embedded in the bitpad. Figure 
35-4 shows a flow chart of the program ele
ments used to create three-dimensional outlines 
from these tracings. 

Digitized outlines of objects in CT scans are 
obtained from appropriate CT images displayed 
on a video monitor. CT images in the axial, 
coronal, or sagittal planes are obtained by 
applying .the ORTHO program to the inter-

polated three-dimensional CT cube. The bor
ders of these objects are interactively traced 
with a mouse. 

The method for performing interactive 
editorial operations on three-dimensional ob
jects is the same as for tracing operations on 
CT scans. The only difference is that the im
ages on the video monitor are two-dimensional 
back projections of three-dimensional objects. 
The method used to generate these back pro
jections is described in the next section. 

A database management program known as 
FM facilitates interactive database operations 
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FIGURE 35-4. Flow chart of the program elements 
used to create three-dimensional outlines. 

by performing a series of bookkeeping opera
tions. This program keeps track of the atlas or 
CT projections used for tracing objects as well 
as the image numbers. It permits the interactive 
user to generate outlines in arbitrary order for 
any object at any time. It also provides a means 
for editing, replacing, or expanding existing 
sets of outlines. 

Three-dimensional images are generated 
from two-dimensional outlines with the pro
gram called POLYHEDRON. A stack of two
dimensional outlines derived {rom an object are 
sorted by depth into ascending order. A pro
cess of linear interpolation is invoked to create 
a uniform series of outlines at 1-mm intervals 
from the bottom of the object to the top. The 
application of area scan conversion to the 
members of this stack generates a list of the X, 
Y, and Z coordinates for all the points inside 
the object [9, 29]. 

The list of three-dimensional X, Y, and Z 
coordinates thus generated is converted to 
octree format by the program called ATLAS. 
This program contains a function that takes the 
X, Y, and Z coordinate values for an arbitrary 
point in three-dimensional space and returns 
the octree representation for that point at 1-
mm resolution. The resulting octree is then 
compacted by condensing terminal nodes that 
have components of equal value. The final re
sult is an octree representation of the object 
that is identical in form to the octree repre
sentation used for the CT scan. All of the 
octree transformation operations used on CT 
scans can be used on these objects including 
scaling, translation, and rotation, as well as the 
logical OR and logical AND operations. The 
result of these operations on a database of 

A 

B 

FIGURE 35-5. Thalamic outlines traced from axial 
plates using the bitpad. The mirror image of the 
thalamus was obtained by reflecting the thalamic 
database about the Y axis. The final image was cre
ated by generating right and left three-dimensional 
thalamic images in octree format and then logical
ly "~Ring" the result (A). A similar process has 
applied to axial, coronal, and sagittal plates of 
the caudate nucleus, thalamus, globus pallid us, and 
putamen to obtain the composite ganglionic mass 
(B). 

thalamic outlines obtained from the Schalten
brand and Wahren Atlas is shown in figure 
35-5. 

Normalization of Atlas and CT 
components 
In the RAD system, the three-dimensional rep
resentations of atlas and CT components are 
identical; therefore atlas and CT components 
could be combined, given a suitable method for 
normalization. This has been accomplished in 
RAD by combining octree encoding with 
homogenous coordinate transformation and a 
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reference system based on the AC-PC line [9, 
29, 30, 35]. 

The problem of normalization can be broken 
down into three parts. The first involves trans
forming the original interactively derived out
lines into a standard projection. An outline of a 
structure such as the thalamus can be derived 
from a variety of projections, including sagittal, 
axial, and coronal views. The outline can also be 
taken from atlas Rlates or CT scans at different 
levels of magnification. In the database, how
ever, the three-dimensional representation of 
the thalamus should be the same, regardless of 
origin. The second part involves relating com
ponents in a neuroanatomic database to struc
tures in patient CT scans. This requires the 
establishment of stable reference points that are 
invariant from patient to patient and that can 
be related to the database. The third part in
volves correction in three dimensions for the 
obliquity of CT scans, which results from 
imperfect alignment at the time of scanning. 

Mathematically, normalization involves the 
application of a sequence of translations, scal
ing, and rotations to a set of three-dimensional 
coordinates. Although these operations could 
be performed in octree format, they are awk
ward to program. This is particularly true for 
rotations at angles that are not multiples of 90°. 

In computer graphics, the most widely used 
method for three-dimensional manipulation is 
homogeneous coordinate transformation [9, 29, 
30]. Basically, this involves mapping the coor
dinates into the next (higher) dimension. Com
plex sequences of translations, scalings, and 
rotations can then be carried out as matrix 
multiplications. A single transform matrix rep
resenting a transform sequence of arbitrary 
length and complexity is obtained. The applica
tion of such a transform to the coordinates of a 
structure results in a transformed set of points 
that is easily mapped back to the original 
dimension. 

Homogeneous coordinate transformations 
have excellent qualities for programming nor
malization sequences, but they are consider
ably slower than octree transforms. The data 
sets of three-dimensional objects in neuro
anatomic databases, however, are much smaller 
than the data sets of three-dimensIonal CT 
scans. If structures from the neuroanatomic 
database were normalized with respect to CT 
scans, rather than the CT scans being normalized 
with respect to neuroanatomy, the loss of speed 

associated with homogeneous coordinate op
erations would be minimized. 

The ideal time to use homogeneous coordi
nate transformations is in the ATLAS program, 
just before the use of the function that converts 
the X, Y, and Z coordinates of points to octree 
format. The octree data structure then reflects 
the entire sequence of normalization opera
tions, which permits stereotactic atlas compo
nents to be combined in three dimensions with 
CT scans. 

To normalize for the various orientations of 
the stereotactic atlas plates or CT scan projec
tions that are used to generate the neuroana
tomic database, the axial view as seen from the 
top was defined as the standard view. Defining 
the orientation of the atlas plates for the 
ATLAS program (i.e., axial, coronal, sagittal) 
automatically generates the transform matrix 
for conversion to the standard view. 

The normalization of structures from the 
neuroanatomic database to CT scans is based 
on the AC-PC line. The general principles in
volved are presented in the introduction to this 
chapter. To determine the AC-PC line, the 
midline sagittal CT image is obtained from the 
interpolated three-dimensional CT scan with 
the ORTHO program. This view is displayed 
on the video monitor and a mouse is used to 
mark the position of the anterior and posterior 
commissures. The midpoint of the AC-PC line 
determines the origin of the X and Y coordi
nates. The Z coordinate is determined by the 
image selected to represent the midline in the 
sagittal plane. Figure 35-6 shows the AC-PC 
line ascertained in this fashion from a CT scan. 
The transform matrix necessary to normalize 
the neuroanatomic database with respect to 
the origin of the X, Y, and Z coordinate system 
in the CT scan is automatically created when 
the AC-PC line is marked. 

Correction for obliquity involves the deter
mination of an orientation vector in the sagit
tal, coronal, and axial planes. In the case of the 
sagittal view, the orientation of the AC-PC 
line is used. When the Schaltenbrand and 
Wahren atlas is used, an additional correction 
of 7° is made to compensate for the inclination 
of the axial plates in that atlas. The orientation 
vector for the coronal plane is determined by 
using the ORTHO program to obtain a coro
nal view showing the third ventricle. With the 
mouse, the bottom and the top of the ventricle 
are marked. The line connecting these two 
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FIGURE 35-6. Three-dimensional image of the normalized basal ganglia projected onto a cutaway frontal 
view of the skull. 

points is the coronal orientation vector. The 
axial orientation vector is obtained in a similar 
fashion by selection of an axial view that con
tains the third ventricle and the aqueduct of 
Sylvius. A point connecting the anterior third 
ventricle to the aqueduct constitutes the 
orientation vector. Information from these 
three is sufficient to calculate the obliquity cor
rection matrix. 

It is also possible to interactively manipulate 
the transform matrices. The X, Y, and Z axes 
can, he scaled independently to expand or con
tract a three-dimensional object. The scaling 
parameters in the transform matrices also can 
be given negative valufs, which creates a mirror 
image of an object about the axis in question. 
When all orientation, normalization, correc
tion, and interactive parameters have been 

selected, a final transform matrix is calculated 
by matrix multiplication. 

Applications to CT Stereotaxis 
The graphics capabilities of RAD c,!n be 
applied to CT stereotaxis in several different 
ways. Using the logical OR and normalization 
routines, three-dimensional images of target 
structures such as the thalamus can be viewed 
relative to their external landmarks (see figure 
35- 6). 

One of the most important features of the 
RAD system is its ability to use back pro
jection to superimpose outlines of three
dimensional objects into the sagittal, coronal, 
or axial planes of arbitrary CT images. This 
permits direct comparison of the normalized 
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FIGURE 35-7. Back projection outline of a thalamus from the Schaltenbrand and Wahren Atlas in an axial CT 
scan. The outline compares favorably with the real thalamus on the opposite side. 

models of brain structures in the neuroanatom
ic database and their real counterparts as seen 
on CT scans (figure 35-7). Figure 35-8 further 
illustrates back projections of ganglionic struc
tures. The nuclear subgroups of neuroanatom
ical structures such as the thalamus also are 
contained in the database; therefore, it is possi
ble to display targets for functional stereotactic 
surgery that are not directly visible in CT 
images (figure 35-9). 

Because direct comparisons of structures 
visible by CT and their models in the 

neuroanatomic database are possible, scaling 
factors for the X, Y, and Z axes can be derived 
also. These scaling factors can be used to 
generate corrected three-dimensional models. 
If the same correction parameters are employed 
throughout the neuroanatomic database, all 
structures and their subnuclei are propor
tionately transformed. 

Because the normalized coordinates of any 
structure in the database are known, the system 
can directly provide the target coordinates for 
any type of stereotactic frame. The user need 
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A 

FIGURE 35-8. Back projections of ganglionic structures in axial (A), coronal (B), and parasagittal (C) planes. 
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A 

FIGURE 35-9. Back-projected nucleus ventralis lateral is in axial (A), coronal (B), and parasagittal (C) planes. 
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only interactively supply the translation and 
rotation parameters for the transform matrix 
necessary to convert the target coordinates into 
frame coordinates. 
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36. STEREOTACTIC BRAGG PEAK 
PROTON BEAM THERAPY 

Raymond N. Kjellberg 

Masamitsu Abe 

Stereotactic Bragg peak proton beam therapy 
has been performed in more than 2,000 proce
dures during the past 25 years at the Harvard 
Cyclotron Unit. This technique was developed 
as particle beam surgery, in which the terminal 
energy peak of protons (Bragg peak) is directed 
to an intracranial target by the stereotactic 
method. Proton beams are not electromagnetic 
radiation but share with it the ability to induce 
ionization in biologic systems. There is no exit 
dose of radiation beyond the target. The dose 
(rad) of a single beam is two to four times 
greater than the path dose at the Bragg peak 
[6]. The Bragg peak of the proton beam is 
biologically more effective than are the plateau 
portion of the proton beam, cobalt-60 rays, or 
roentgen rays at the same physical dose [7, 13]. 
If a number of such beams are converged upon 
a brain target, the dose within the target may 
be many times greater than the dose along any 
path. For example, if 12 proton beams from 
different directions are focused upon a pitu
itary tumor, the dose within the tumor is more 
than 25 times as great as any path dose. 

Preparatory Radiographic Studies 

Marker films: Anteroposterior (AP), lateral, and 
base-view roentgenograms are taken orthogonal
ly to correct for the magnification of the films and 
to measure the thickness of bone and soft tissue 
for angiograms and other conventional radio
grams. Plastic strips (metric scales) with lead 
spots at 10-mm intervals are used as markers. 
These are placed parallel to Reid's base line, 
coronally vertical to Reid's plane, and para
sagittally parallel to the midplane, so that the 
plane of each marker passes through the ther
apeutic target. The thickness of bone and the 

amount of soft tissue (brain and skin) between 
the surface and the target center can be mea
sured along the course of proton beam paths. 

The path length through soft tissue is 4 % 
shorter than through a water phantom. Passing 
through bone, the penetration is shortened 
according to the equation arrived at by ex
perimentally determined figures [9]. The values 
for soft-tissue and bone shortening of the beam 
path are recorded on a worksheet. These values 
are critical to the placement of the Bragg peak 
at the intended site. For arteriovenous mal
formations (A VM) of the brain, three-vessel 
angiography is performed in the position just 
described for marker films. 

Computed tomography (CT) scans: Recon
structed CT scans are used primarily to de
tect tumors and some vascular abnormalities 
that angiograms fail to locate. Thin images of 
the sellar region are necessary for reconstruc
tion of pituitary adenomas. Thin slices around 
the lesion and all slices from the first cervical 
vertebra to the top of the head are required for 
fine para-axial sagittal reconstruction of other 
tumors. The site of the lesion in the para-axial 
sagittal image is transposed to the midline 
sagittal image so that a lesion can be located in 
the lateral view. 

Magnetic resonance imaging: MRI currently 
is used for vascular abnormalities that cannot 
be located with angiography. Lateral parasagit
tal images are used in the same way as recon
structed CT scans. 

Poly tomographic cisternography (with met
rizamide) and CT scans are performed for 
pituitary adenomas to establish the position of 
the diaphragma sellae, the optic nerves, and the 
optic chiasm. 

Digital subtraction angiography of the caver-
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FIGURE 36-1. The dose (Krad) plotted against proton beam diameter can be used to determine the relative 
risk of brain necrosis. The safe dose for normal brain is below the first percentile. 

nous portion of the internal carotid artery is 
performed for pituitary adenomas to determine 
the width of the contents of the sella turcica. 

Isoeffective Dose Parameters 
The biological effect of a single session of pro
ton beam therapy cannot be evaluated by the 
dose parameters ordinarily employed in con
ventional fractionated roentgen-ray therapy. 
We have used the following parameters when 
planning the dose delivery [1]. 

SINGLE VERSUS FRACTIONATED 
RADIATION 
Radiation delivered in a short interval requires 
a significantly lower dose to produce the effect 
achieved by radiation administered over a long 
period. Strandqvist proposed this principle in 
relation to radiation of skin tumors with roent
gen rays [12], and Lindgren later applied it to 
brain necrosis [10]. According to Lindgren's 
curve, radiation delivered over 30 days should 
be kept below 4,500 rad to avoid brain necro
sis; but if delivered in a single session, it must 
be kept below 1,200 rad. This effect is also 
important in determining the dose for a patient 
who has had previous radiation therapy. 

THE RADIUS OF VOLUME IRRADIATED 
Small volumes require proportionately larger 
radiation doses than large volumes. Data from 
'several sources support this principle. The term 
isoeffective dose is used to recognize this differ
ence from the physical dose as measured in 
rads. When plotted as log radius versus log 
dose, doses that cause brain necrosis over a 
range (from about 0.02-S0-mm radii) approxi
mate straight lines (figure 36-1). We use the 
segment between beams 7 mm in diameter and 
beams 100 mm in diameter as a guide to treat
ment. The data points in this figure were estab
lished from our measurements in experimental 
animals and in humans [1, 7, 11]. For example, 
7-mm beams produce necrosis over a range of 
5,000-15,000 rad. Fifty-millimeter beams pro
duce necrosis over a range of 1,050-10,000 rad. 
A one percentile line is established between 
5,000 rad for a 7-mm beam to 1,050 rad for 
50-mm beam. A 99 percentile line is established 
between 15,000 rad for a 7-mm beam and 10,000 
rad for a 50-mm beam. Other percentile 
lines between these two extremes also have 
been determined. As individual patients vary 
substantially in their sensitivity to necrosis, 
safe practices require the radiation dose to nor
mal brain to be sufficiently below the one per
centile isoeffective dose line. A dose high 
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FIGURE 36-2. Stereotactic instrument developed for use with the Harvard 160-MeV proton beam unit. 

enough to produce central necrosis should be 
administered to pituitary tumors and certain 
other benign tumors. 

RELATIVE BIOLOGICAL EFFECTIVENESS 
The relative biological effectiveness (RBE) of 
Bragg peak has not been clearly determined. 
Although in practice, we have considered the 
RBE to be 1.0, a recent experimental study 
reported proton beam RBE values to be 1.09-
1.32, compared with cobalt-60 rays [13). 

Stereotactic Instrument 
The stereotactic device currently used is of the 
senior author's design, based on some features 
of the Leksell device. It has a vertical axis of 
rotation and a right angle intersecting the 
horizontal axis of rotation. The patient's head is 
held firmly in the stereotactic instrument by 
skeletal fixation (figure 36-2). The head can 
be moved vertically, horizontally, and laterally 
to superimpose the therapeutic target center 
exactly on the intersection of the vertical and 
horizontal axes of rotation. 

In the calibration of the stereotactic instru
ment with respect to the Bragg peak of the 
proton beam, the Bragg peak is superimposed 

on the intersection of the axes. The radiogra
phy apparatus is aligned via superimposed 
cross hairs and proton beam spot to ensure 
p!,ecise orthogonal films in the AP and lateral 
VIews. 

Cyclotron Proton Beam 
The proton beam is generated at the 160-MeV 
Harvard cyclotron. The beam is extracted, 
focused, directed, and then absorbed to leave a 
12-cm working range. Three brass collimators 
make the rays of the beam nearly parallel 
(figure 36-3). The beam passes through a vari
able water absorber that, when applied to the 
side of the head, automatically compensates for 
individual portal paths. 

Stereotactic Procedure 
Local anesthesia is used except in young chil
dren. It is infiltrated into the skin of the exter
nal auditory canals and into the sites of the 
drill-rod skeletal fixation. 

On the circular head frame, ear bars and four 
drills are mounted (figure 36-4). Ear bars are 
introduced into the external auditory canals for 
stabilization. Drill-rod mounts are aligned to 
the maxillary eminences and occipital cranium. 
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FIGURE 36-3. The proton beam generated by the cyclotron is focused, dIrected, and absorbed to leave a 
12-cm working range. 

FIGURE 36-4. The stereotactic instrument is attached to the head by steel pins. 
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PITUITARY ADENOMA - DOSE DETE RMINATION 

20 
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FIGURE 36-5. Dose determination used for secretory and nonsecretory pituitary tumors depending upon 
beam size selected. 

The skin is punctured, and the drill rods passed 
2-3 mm into the bone. The ear bars then are 
removed, and the head frame is attached to the 
overhead-mounted stereotactic instrument. 

TARGET DETERMINATION 
With the patient positioned in the stereotactic 
instrument, an initial pair of AP and lateral 
roentgenograms are taken. The patient's head is 
moved vertically, horizontally, and laterally to 
bring the intracranial target in correct relation 
to the proton beam spot and the cross hairs of 
the horizontal axis of rotation. A second pair 
of roentgenograms is obtained to confirm 
target alignment accuracy. 

Proton Therapy 
Beam diameters from 7 - 50 mm are selected 
and modified to conform to the size and shape 
of the target volume. Isoeffective doses used 
for various beam diameters are shown in figure 
36-1. The one-percentile level for ionization 
injury to normal brain varies from 5,000 rad 
for 7-mm beams to 1,050 rad for 50-mm 
beams; we depend on the linear relationship 
between the logarithm of the beam diameter 
and the logarithm of the dose. The beam size, 

central dose, target-edge dose, and dose dis
tribution are determined with the aid of the 
chart in figure 36-1. 

The entire proton beam procedure is con
ducted in a single session lasting normally 
about 90 minutes. Patients are discharged the 
day after treatment with instructions for life
time follow-up. 

Arrangement of Proton Beam and 
Practical Indications 

PITUITARY ADENOMAS 
Figure 36-5 shows the usual dose ranges for 
various diagnostic categories of pituitary ade
nomas and the corresponding beam diameters 
used [4]. Acromegaly and Cushing's disease 
require the largest isoeffective dose. To some 
extent, the degree of hyperfunction influences 
dosage: higher doses are chosen for greater 
hormonal hyperfunction. Central doses are 
often selected to produce ablative effects of 
radionecrosis. However, lower doses may be 
used to arrest tumor growth. The dose that will 
be delivered to the edge of the target or to 
nearby structures is calculable. 

When 12 beams (portals) are used on both 
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EXAMPLE OF PROTON RADIATION DOSE 
AND DISTRIBUTION IN THE CORONAL PLANE 

PITUITARY TARGET DOSE 7000 RADS 
( 12 m m B EAM - 12 PORT ALS) 

300 NO RADIATION 

FIGURE 36-6. Example of proton (Bragg peak) 
radiation dose and distribution in the coronal plane 
of a patient receiving 7,000 rad to the pituitary fossa. 

sides of the head, the target dose can be 20 to 
25 times greater than a path dose (figure 36-6). 
Figure 36-7 shows an isodose curve for a 
pituitary target. The beam spot is situated to 
keep the optic nerve dose below 600 rad. 

An intrasellar adenoma is the best candidate 
for stereotactic Bragg peak radiotherapy be
cause a radiation dose sufficient to destroy the 
lesion can be used without risk of radiation 
damage of the optic nerves. Adenomas with 
suprasellar or lateral extensions cannot be given 
enough radiation to be ablated because of the 
high risk of optic-nerve damage or oculomotor 
disturbance. The treatment usually recom
mended for these lesions is a debulking proce
dure (surgical resection) followed by proton 
therapy or conventional radiation therapy. In 
selected patients, relatively low-dose proton 
therapy can suppress tumor growth without 
inducing tumor necrosis. 

ARTERIOVENOUS MALFORMATIONS AND 
VASCULAR ABNORMALITIES 
Vascular abnormalities we have treated include 
venous angiomas, cavernous angiomas, and 
angiographically occult vascular malformations 
[2, 3]. The A VM volume to be irradiated is 
established from angiograms. We seek to iden-

7 mm beam - 5.5 mm overshool 
12 podo l s 

mm 
16 

12 

8 

4 

FIGURE 36-7. An isodose curve on a pituitary target. The center of the gland receives 15.6 Krad. The carotid 
arteries and portions of the cavernous sinus receive 1.2 Krad. 
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tify the "small vessel" component of the A VM 
as the target volume. CT scans and MRI also 
are used to locate vascular abnormalities. 

Necrosis of the brain must be avoided in 
neurologically active regions. The radiation 
dose should be high enough to be effective on 
abnormal blood vessels but also low enough to 
spare brain that may surround the A VM. The 
isoeffective dose diagram shown in figure 36-1 
helps in predetermining the radiation dose to 
an AVM. We currently choose a dose just be
low the 0.7 percentile isoeffective dose line, 
which means that the risk of radiation necrosis 
can be expected to be below 0.7%. 

The Bragg peak is about 10 mm wide. 
Laminated beams are delivered to a lesion 
wider than 10 mm in the AP view to achieve 
homogeneous dose distribution. For large 
AVMs, a beam profile up to 105 mm is tailored 
and milled to the shape of the lesion. 

Most of the patients selected for this therapy 
are considered unsuitable for open microsur
gical excision or embolization. Physicians and 
patients may elect the comparatively low-risk 
alternative of proton therapy. 

SELECTED BENIGN TUMORS 
Proton beam treatment may be performed on 
meningiomas, acoustic neuromas, cranio
pharyngiomas, hemangioblastomas, or chor
domas when attempts at open excision have 
failed or when initial open excision is con
sidered unsuitable. Comparatively low doses of 
radiation can induce growth arrest and in some 
instances tumor regression. Higher doses deli
vered to the center of the tumor will induce 
radionecrosis in the central core of the tumor, 
but this inert radionecrotic mass may swell and 
require excision by craniotomy. 

Results 
Our experience with stereotactic Bragg peak 
proton beam therapy includes more than 2,000 
produres in the categories shown in table 36-l. 
Most have been performed for pituitary adeno
mas and A VM of the brain. 

PITUITARY ADENOMAS 
Most patients with acromegaly begin to exhibit 
reversal of clinical features and reduction of 
growth hormone three to six months after 
therapy [8]. Clinical change and decrease in 
growth hormone are progressive thereafter. 
Cure (human growth hormone 5 ng/ml) 

TABLE 36-1. Lesions Treated by 
Stereotactic Bragg Peak Proton Beam 
Therapy at the Harvard Cyclotron Unit* 

Lesion No. of Cas~§ 

Pituitary adenomas (N = 1,025) 
Acromegaly 551 
Cushing's disease 163 
Nelson's disease 33 
Prolactinoma 123 
Thyrotropin = secreting adenoma 1 
N onfunctioning adenoma 154 

Vascular disease (N = 777) 
Arteriovenous malformation 749 
Vascular abnormality 28 

Other benign tumors (N = 59) 
Meningiomas 20 
Acoustic neuromas 17 
Craniopharyngiomas 5 
Hemangioblastomas 4 
Chordomas 3 
Miscellaneous sellar tumors 10 

Malignant Tumors 33 
Normal pituitary suppression 219 
Others 5 

Total 2,118 

* Through 111/86. 

occurred in 28% of our patients after two years, 
in 75% after 5 years, and in 93% after 20 years. 

Patients with Cushing'S disease respond 
similarly to patients with acromegaly [5]. Cure 
occurred in 55% of our patients after two 
years, in 80% after 5 years, and in 90% by 
20 years. 

No patient died as a result of therapy. Visual 
field disturbance occurred in 1.57% of patients 
with acromegaly and in one patient with Cush
ing's disease. Transient diplopia developed in a 
small number of treated patients. Hypopitui
tarism resulted from proton therapy in about 
10% of patients with pituitary tumors. One 
acromegalic patient developed a brain sarcoma 
years after proton therapy. Recurrence of 
hyperfunction was nearly never seen and the 
therapy to date appears to be lifetime effective. 

ARTERIOVENOUS MALFORMATIONS 
No results occur immediately after treatment; 
effects require up to two years to develop [2]. 
In 841 patients studied by life-table analysis, the 
20-year survival rate was 95%; most deaths 
from hemorrhage occurred within 2 years after 
therapy ("incubation interval"). Nonlethal 
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hemorrhages after treatment rarely caused 
neurological deficits (1 %). The complication 
rate fell to 0.5% in the last 800 patients we 
treated. Seizures, progressive neurological de
ficits, or headaches mayor may not be improved. 
However, patients with these initial symptoms 
appear to be well protected from subsequent 
lethal hemorrhage after the two-year incuba
tion period. Angiography showed reduction of 
A VM ranging from total obliteration (20%) to 
no obliteration (13%). In 56% of the remaining 
patients studied, the malformations were re
duced by 50% or more. We believe that the 
prevention of lethal hemorrhage results from 
thickening of the abnormal vessel wall and sub
sequent narrowing or occlusion of vessellumi
na by subintimal proliferation of collagen and 
hyalin. 

Hospital stays varied from three to seven 
days for work-up and treatment. Patients were 
seen by staff the day after treatment and were 
free to return to work and other activities im
mediately thereafter. Patients were directed to 
contact their regular doctors for an annual 
follow-up for the rest of their lives. 

Proton therapy is relatively safe; it appears 
to yield lifelong effective outcomes and is cost
effective. Short durations of hospitalization and 
treatment, absence of convalescent periods, and 
low complication rates contribute to the low 
costs associated with stereotactic Bragg peak 
proton beam therapy. 

Patients from 50 countries have undergone 
proton beam therapy. Members of the medical 
and nuclear science communities are engaged in 
developing state-of-the-art accelerators to make 
this service more widely available. 
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37. ADAPTATION OF LINEAR 
ACCELERATORS TO 

STEREOTACTIC SYSTEMS 

Arun-Angelo Patil 

The "gamma knife" technique of radiosurgery 
has been used extensively in Sweden since its 
initial development by Leksell and co-workers 
[5,7,9, 14]. In this technique, which essential
ly is the stereotactic direction of external-beam 
radiation therapy, the target is placed at the 
center of a system toward which multiple 
radiation sources are directed. This results in a 
cumulative radiation dose at the focal point 
with only minimal radiation at the periphery. 
Such focused radiation permits delivery of very 
high doses of radiation at the target without 
undesirable effects on the surrounding tissue. 
Because the focal destruction of the target is 
similar to a surgical lesion, this technique has 
been called a "radiation knife." It has been 
used clinically for the treatment of malignant 
and benign tumors, including acoustic neuro
mas and pituitary tumors; for functional 
neurosurgery; and in the treatment of vascular 
lesions, including arteriovenous malformations 
(AVM). The results have been very encourag
ing in terms of the safety of the procedure and 
the control of the primary disease. 

Linear accelerators have the unique capabil
ity of rotating along an arc and delivering 
radiation to the center of the arc, also known 
as the isocenter (figure 37-1). It is possible to 
vary the radiation dose from 0.5 to 5 rad per 
degree of rotation [2]. The table can be rotated 
around an axis which passes through this 
isocenter. Thus, multiple arcs of radiation can 
be directed toward the isocenter by rotating 
the table around this axis. If the target is placed 
precisely and firmly at the isocenter, an effect 
similar to gamma knife technique can be pro
duced. Such precise placement of the target 
requires the use of a stereotactic system. With 
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FIGURE 37-1. The concept of arc radiation at the 
isocenter. 

the introduction of computed tomography 
(CT) stereotaxis, this procedure has been sim
plified further, although few reports on this 
technique have been presented or published [1, 
2, 11-14]. 

Heifetz and colleagues conducted a study to 
determine whether it was possible to utilize 
conventional radiation therapy equipment to 
achieve the same results as the gamma knife 
[2]. Beams of 1 X 1 cm and 0.5 X 0.5 cm were 
used. Film density was measured using Kodak 
XV-A film in a phantom. The film was ex
posed in the phantom at a source-to-surface 
distance of 100 cm perpendicular to the radia
tion beam. Relative machine output and iso-
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dose contours were determined from these film 
densitometer readings and from an Uptronix p 
1000 rotating-drum film scanner. The isodose 
lines indicated that the dose was well restricted 
to a narrow field of 6.5 mm at the central area, 
using a beam of 1 X 1 cm. Field overlap can 
occur near the focus but can be greatly reduced 
when a beam 5 mm in diameter is used. In this 
chapter, various adaptations of linear accelera
tors are described along with a detailed de
scription of such an adaptation to the Patil 
stereotactic system [10-12]. Clinical experience 
with this technique is presented. 

The System 
The Patil stereotactic system (Terhorst Tech
rtologies, Inc., 615 Burdick Expressway, 
Minot, ND 58701) is described in detail in 
chapter 8. Except for the base platform, the 
head holder, and one of the vertical bars carry
ing the circular attachments, the components of 
the system are removed for linear accelerator 
adaptation (figure 37-2, A). The movable 
vertical bar is mounted on the side of the base 
platform and can slide along its length. The 
movable circular attachment is mounted on the 
vertical bar and can be adjusted vertically 
(figure 37-2, B). The vertical movement of 
the circular attachment is calibrated in milli
meters, with the zero starting point at the top 
of the base platform. A millimeter scale is fitted 
from side to side on the top surface of the base 
platform. The center marker (one edge of the 
groove in the middle of the base platform) 
serves as the zero starting point (figure 37-2, 
C). The base platform carries a head holder 
with four chromium-plated brass head pins and 
has easily detachable screws to secure it to the 
top surface of both the CT table attachment 
and the linear accelerator table. 

TECHNIQUE 
The system is affixed to the top of the CT 
table, perfectly parallel to its length, by means 
of the table attachment. The patient's head is 
held in the head holder with the head pins. 
With the CT gantry vertical, scans are obtained 
in the area of interest. On the CT picture con
t~ining the image of the target, the cursor is 
used to measure the X coordinate (the distance 
between the target and the center marker on 
the base platform (figure 37-3, A) and the Y 
coordinate (the distance between the target and 

the top surface of the base platform, figure 
37-3, B). The vertical bar is moved along 
the length of the base platform to align the 
vertical cross marker on the circular attachment 
with the laser positioning light of the scanner; 
this indicates the CT plane of the target (see 
figure 37-2, A). This also brings the middle 
of the circular attachment into the CT plane of 
the target and adjusts the Z coordinate (the 
distance between the target and the base im
age). The circular attachment is then moved to 
a height equal to the Y coordinate distance. 

With the patient's head in the head holder, 
the system is lifted from the table attachment 
of the CT table and moved to the linear 
accelerator room. There, the system and the 
patient are placed on the linear accelerator table. 
The base platform is attached to the table, per
fectly parallel to its length, with screws that pass 
from the base platform to the accelerator table. 
The lateral laser cross-marker of the accelerator 
is aligned with the cross-marker of the circular 
attachment on the stereotactic system (see 
figure 37-2, B) by moving the table in the 
appropriate direction. This aligns the Z and Y 
coordinates of the isocenter of the accelerator 
with those of the target. The X coordinate is 
aligned next by moving the table from side to 
side in order to align the vertical marker of the 
accelerator with the point on the scale of the 
base platform indicating the X coordinate (see 
figure 37 -2C). The target is now at the isocenter. 

Next, the table is rotated 90°, and arc radia
tion is delivered. The table is rotated in 18° 
increments around an axis that passes through 
the isocenter. At each position, additional 
radiation is administered from the arc. There 
are 11 possible table positions, the final posi
tion being 270° (figure 37-4, A). At 180° ± 
20°, the arc can be completely rotated (see 
figure 37-1). However, at 90° and at 270°, only 
half arcs are possible (figure 37-4, Band 
C). Arcs are designed to permit certain areas 
of the brain to be excluded from the radiation 
beam. For example, in the case of a third ven
tricular tumor, we have used an initial arc posi
tion just above the orbit to avoid irradiating 
the lens and the optic nerve. 

The sizes of the photon radiation beams 
should be equal to the average diameter of the 
tumor, which is determined using CT images. 
The selected target is at the center of the tumor. 
Among all the axial images on which the target 
is visible, the middle image is chosen. An 
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A 

B 

FIGURE 37-2. The Z coordinate is adjusted by aligning the laser positioning light of the scanner with the 
vertical mark on the circular attachment (arrow) (A). The laser positioning light of the linear accelerator is 
aligned with that of the cross mark on the circular attachment, (B). The vertical marker of the accelerator is 
aligned with the point on the scale on the top of the base platform marking the X coordinate (large arrow) 
(C). 
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c 

FIGURE 37-2. (cant.) 

optimal rotational arc dose rate is computed 
for each patient depending on the geometry of 
the tumor. In cases of an oblong-shaped 
tumor, two targets can be planned in order to 
cover the entire lesion. The depth of tissue for 
each arc of radiation that must be passed is 
measured directly on the CT console by using 
the cursor. 

Accurary Testing 
Before clinical trials were performed, the device 
was tested for accuracy. A therJIlolucent dosi
meter (TLD) was placed at the center of a plastic 
block and was used as a target. Several TLD 
chips were placed around the target at various 
distances. Using the previously described tech
nique (600 rad were delivered with a 1-cm 
photon beam through a Mevatron 74 (Siemen's 
Aktiengesellschaft, Medical Engineering Group, 
Erlangen, Federal Republic of Germany) at an 
energy level of 10 MeV. As Table 37-1 demon
strates, the radiation was concentrated mainly 
within the 1-cm target zone and the surround
ing area received only a fraction of the amount 
delivered to the target. 

Patients 
Our initial experience consisted of seven pa
tients with deeply seated malignant intracranial 
tumors (four metastatic, three primary) and 
one patient with a thalamic A VM. An average 
dose of 5,500 rad was delivered at one sitting. 
The patients with malignant tumors also were 
treated with fractionated conventional external
beam radiation to an additional dose of 3,000 
rad over a period of three to three and one-half 
weeks. 

Results 
Within 24 hours, a definite reduction in tumor 
contrast enhancement was seen by CT scan
ning, followed by progressive decrease in the 
size of all but one tumor over the next four to 
five weeks (figures 37-5, 37-6). None of the 
patients developed any immediate side effects 
from this single-sitting large dose of radiation. 
Notably, in the postradiation CT scan, no evi
dence of significant swelling of the surrounding 
brain structure was detected. After a one-year 
follow-up of cases with malignant tumors, one 
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A 

B 

FIGURE 37-3. X coordinate (perpendicular distance of target from the midline center marker) (A). Y 
coordinate (perpendicular distance of the target from the top surface of the base platform) (B). 

patient needed surgery because of continued 
tumor growth. In another case, after significant 
initial shrinkage, regrowth of the tumor oc
curred approximately eight months after radia
tiOI1 treatment. In the rest of the cases, there was 
no increased growth of the tumors before the 

patients died from their primary lesions outside 
the nervous system. In one case of primary 
brain tumor, the patient died from lung cancer. 
Our one patient with a thalamic A VM showed 
a slight decrease in size of the A VM six months 
after receiving radiation. 
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FIGURE 37-4. Various table positions are possible 
(A). Extent of the arc at the 900 table position (B). 
Extent of the arc at the 2700 table position (C). 

Other Stereotactic Adaptations to 
Linear Accelerators 
Greitz, Steiner and associates (see Chapter 39) 
have adapted the Leksell stereotactic frame de
vice to the linear accelerator. Instead of deliver
ing radiation at one sitting, they have elected 
to use multiple radiation sessions. Initially, a 
mold of the patient's head is made. This allows 
identical head positioning at each session with
out the need to repeat the stereotactic pro
cedure. 

Colombo and colleagues have reported 
adapting a linear accelerator to the Riechert 
stereotactic system [1]. These investigators 
have used specialized computer programs to 
calculate the stereotactic coordinates from CT 
images. At the CT console, the CT coordinates 
of the selected target and of three radiopaque 
reference points (e.g., bony landmarks, cal
cified pineal gland, or artificially placed radio
opaque markers) are identified. These points 
are also identified on stereoradiographs, and 
then the coordinates are calculated geometrical
ly. The coordinates, the reference points, and 
the CT coordinates of the target are entered 
into a computer that calculates the coordinates 
of the target in stereotactic space. The comput
er also reconstruc~s the tumor volume. Aft~r 
centering the target within the stereotaxic 
sphere, an extracranial ruler is used to measure 
the depth of radiation and to determine the 
isodose curves. Then, using a phantom and the 
coordinates obtained, the tumor is set at the 
isocenter of the accelerator. Multiple arcs of 
radiation are delivered according to the pre
viously described technique. Radiation is deliv
ered in two sittings, eight to ten days apart. 
Twenty-two patients were treated in this man
ner, and no undesirable effects were seen. Six 
patients were followed up for at least six 
months; four of these patients showed signif
icant decrease in tumor size. 

A.. semi-stereotactic irradiation for A VM has 
been described by Zeilstra [14], who molded an 
individual head-fixation device for each patient. 
Exact localization of the target was obtained 
using angiography and CT scans. Conventional 
radiotherapy (total dose of 50 Gy) was delivered 
in 25 sessions. Excellent shrinkage of the lesion 
was observed in 10 out of the 20 cases followed 
for 15 months. In the remaining 10, no shrink
age was seen. In none of these 20 cases were 
undesirable effects produced. 
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TABLE 37-1. Stereotactic Irradiation Using a Linear Accelerator (1 cm Photon Beam) 

Average Radiation Percentage of Total 
Distance from Target Received Radiation Receiver':· 

At target 1.06 p.,C 100 
4mm 0.883 p.,C 93.5 
1.5cm 68.6 TIC 6 
2cm 27.6 TIC 2.6 
3cm 14.3 TIC 1.35 
4cm 8.3 TIC 0.8 

"Target received 100% of dose.1]C = nanocoulomb; J.LC = microcoulomb. 

A B 

FIGURE 37-5. Malignant astrocytoma in the temporal lobe before radiation (A). Eight weeks following the 
initial focal radiation. The tumor mass shows significant reduction (B). 

Precautions 
The following factors are mandatory during 
stereotactic linear accelerator treatment: (1) 
accurate coordinate determination; (2) transfer 
of the patient without movement of the head in 

relationship to the base platform of the linear 
accelerator table; (3) firm fixation of the head 
to the stereotactic system; (4) perfect parallel 
alignment of the base platform to the CT table 
during measurement of the coordinates and to 
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A B 

FIGURE 37-6. Metastatic pineal tumor before radiation (A). Significant reduction in tumor mass is seen three 
weeks after radiation (B). 

the accelerator table during alignment of the 
coordinates; (5) avoiding drift of the accelera
tor and/or CT table that could change the 
coordinates. (The tables should be watched, 
and if such drifts are seen, a leveling screw 
should be incorporated in the stereotactic sys
tem.); (6) frequent checks for accuracy of the 
positioning lights of both the scanner and 
accelerator; and (7) the accuracy of the 
accelerator beam around the isocenter should 
be confirmed. The current accuracy of most 
accelerators is believed to be ±2 mm2, which 
means that the radiation point at the isocenter 
could vary by 2 mm. 

Advantages 
1. Although radiosurgery using the gamma 

knife system has proven to be effective and 

safe, it requires special instrumentation that 
is expensive and totally dedicated to this 
procedure. In contrast, linear accelerators 
and CT scanners are becoming standard in 
most major hospitals, are used for many 
other procedures, and can be easily adapted 
with minimal cost. 

2. This radiosurgical technique is noninvasive 
and can obviate the need for surgical inter
vention in carefully selected cases. 

3. The total radiation dose can be delivered 
in a short time. 

4. Radiation can be precisely focused; thus, 
irradiation of the entire brain can be 
avoided. 

Indications for Use 
Direct surgical excision is the best form of 
treatment in most intracranial lesions. When 
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lesions are either surgically inaccessible or 
dangerous to approach, or when the patient 
declines surgical excision, radiosurgical treat
ment is a good alternative. In general, the pro
cedure can be used for deep malignant primary 
tumors, single metastatic tumors, deep A VM, 
and deep benign tumors. Radiosurgery can also 
be used for pituitary tumors and acoustic 
neuromas if the patient rejects direct surgery. 
With the technique described in this chapter, 
the side of the head can be marked by a cross, 
using a skin marker to indicate the Z and Y 
coordinates; the forehead is marked by a line 
to indicate the X coordinate. These marks are 
then aligned with the three coordinates of the 
isocenter to focus the radiation beam during 
conventional radiation therapy. 

Comments 
The concept of radiosurgery in the treatment 
of intracranial lesions has been employed in the 
past with the use of multiple sources of gamma 
radiation [6, 7, 9, 13] or with heavy particle 
proton radiation [3-5, 8]. Both techniques 
have been found to be effective but have been 
used in only a few selected centers due to the 
complexity of the techniques and the high cost 
of the systems. Because it can rotate to deliver 
radiation at the isocenter, the linear accelerator 
can produce similar effects and is available in 
many more medical centers. 

The critical part of the procedure is the pre
cise placement of the isocenter. In the system 
that we have described, fixation of the head in 
the stereotactic system is maintained during 
measurements of the coordinates on the scan
ner table, and fixation remains during the 
transfer of the patient to the linear accelerator 
table and during radiation. The use of metal 
pins for skeletal fixation of the head guarantees 
absolute immobility of the head in the stereo
tactic system. Alignment of the target at the 
isocenter is easily accomplished with the use of 
the positioning light afforded by the linear 
accelerator. This alignment is further simplified 
because the Patil stereotactic system uses 
the circular attachment as the external marker, 
making the alignment of the Z and Y coordin
ates simple [10-13]. 

As demonstrated by Heifetz and co-workers 
[2] radiation is better localized if the beam is 
small. Therefore, we have preferred not to use 
a beam larger than 3 em. In cases of oblong 

tumors, it is better to use two target points 
than to increase the size of the beam to 
minimize the radiation reaching surrounding 
normal brain structures. Using incomplete arcs, 
this system prevents critical areas surrounding 
the tumor from receiving radiation. 

With this technique it is possible to obtain 
radiosurgical "debulking" of intracranial 
lesions. Malignant and deep-seated tumors 
receive, additionally, a small dose of conven
tional radiation, a treatment that may eliminate 
open surgical debulking. In large lesions, the 
necrotic part of the tumor may not get 
absorbed after irradiation and may cause mass 
lesions that require open surgical debulking. As 
our study dealt mainly with patients having 
malignant tumors, long-term follow-up is lim
ited. Good short-term results have been re
ported by Colombo and colleagues [1] using 
the Riechert stereotactic frame. 

Conventional radiotherapy uses fractionated 
radiation doses spread over a period of four to 
six weeks to avoid swelling and other side 
effects. Despite the high dose we delivered at a 
single sitting, the surrounding brain received 
only a fraction of radiation, and no swelling of 
the brain was seen. Those who have used the 
gamma knife technique [6, 7, 9, 13] have deliv
ered radiation in doses up to 15,000 rad at one 
sitting. We have given an average of 5,500 rad 
for focal radiation, primarily because tumors 
were large and malignant and needed additional 
whole-brain radiation. In the case of smaller, 
benign lesions, higher doses of radiation can be 
used, providing the size of the beam is small 
and accuracy of the isocenter can be assured. 
Such lesions could include acoustic neuromas 
and deep-seated A VM. This form of treatment 
might not be suitable for tumors that have a 
large necrotic center, mainly because the max
imum effect of this radiation is at the center. 
Although in the current report, the number of 
cases is small and follow-up relatively short, 
further evaluation of this technique for deep 
malignant tumors is worthwhile. 
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Stereotactic radiosurgery with the "gamma 
knife" was used for the first time in the treat
ment of acoustic neurinomas in 1969 [5, 7]. At 
that time, -Very little was known about the 
radiosensitivity of neurinomas to either frac
tionated or single high-dose irradiation. The 
radiosensitivity of adjacent structures such as 
cranial nerves, the brain stem, the cerebellum, 
and blood vessels also was unknown. 

In the first 20 patients, pneumoencepha
lography, metrizamide cisternography, or com
puted tomography (CT) were used to outline 
the intracranial part of the tumor [11]. This 
information was then transferred onto plain 
stereotactic skull radiographs using the internal 
auditory canal and porus as aiming points. In 
1976, the development of a stereotactic CT sys
tem enabled direct coordinate determination 
using the CT display and software [1, 8]. 

The whole procedure gradually has become 
more accurate with improvements in CT tech
nology, dose planning, and stereotactic tech
nique. More than 180 patients have been treated 
with radiosurgery. This experience has greatly 
expanded our knowledge about the response of 
both the tumor and the adjacent structures to 
single high-dose radiation. 

Localizing Procedure 
A standard CT -adapted Leksell stereotactic 
frame is attached to an aluminium ring that is 
fixed to the skull under local anesthesia with 
four pointed screws (figure 38-1). Alternative
ly, a stereotactic frame especially designed for 

radiosurgery is used. The patient is scanned 
with the frame attached to the scanner table. 
The tumor is visualized after intravenous or 
intrathecal contrast injection using metrizamide 
or iohexol. Air CT cisternography is less prac
tical because the head has to be moved to posi
tions not optimal for the stereotactic system. 
The tumor is mapped carefully with multiple 
thin-slice (10S-mm) CT scans 'performed to 
visualize the entire volume, including the intra
canalicular portion of the tumor. The rela
tionship of important surrounding structures 
such as cranial nerves 5, 7, and 8 and the brain 
stem are defined, as is the site of the tumor 
within the skull. 

Irradiation Parameters 
When planning the irradiation procedure, one 
should aim for a single homogeneous and 
selective high dose to the tumor. With the col
limator options available, a spherical intracra
nial tumor volume with a diameter equal to or 
less than 18 mm is treated with the head in one 
position within the radiosurgical unit. Larger 
tumors are treated by several irradiations 
between which the head is repositioned. The 
intracanalicular portion is irradiated separately. 
Tumors with a diameter exceeding 30 mm 
generally are not treated because increasingly 
inhomogeneous dose distribution eliminates 
the desirable selectivity that radiosurgery pro
vides. The approximately spherical dose dis
tribution can be modified in size and shape by 
changing the set of secondary (inner) collima-
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A 

B 

FIGURE 38-1. The stereotactic radiosurgical coordinate frame is adapted for radiographic localization and 
head fixation in an acoustic neurinoma patient. The two vertical and the 45° diagonal aluminum bars (A) are 
coordinate indicators, which are displayed as fiducials on the CT picture. According to the coordinate values a 
pair of holes are drilled in acrylic plates fixed on each side of the aluminum ring (B). Bearings put into these 
holes fit to trunions in the gamma knife collimator helmet. 
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tors and by plugging any combination of the 
collimators within the set. 

The tumor periphery should coincide with 
90% to 50% of the central dose in order to 
achieve the steepest possible dose gradient at 
the border of the tumor. The exact location of 
the gradient in relation to the tumor is depen
dent on the size and shape of the tumor. 

The radiosensitivity ot the critical structures 
closely surrounding the tumor will primarily 
determine the highest tolerable dose to the 
tumor periphery. Empirically, this dose was 
found to be 18-25 Gy. The 18-Gy dose is 
delivered to the periphery of the largest tumor. 
Some other factors such as the patient's age and 
coexistent vascular disease might implicate a 
lower tolerance of adjacent structures. The 
maximum dose within the tqmor will usually 
range from 22-50 Gy. 

The exact location of certain critical struc
tures (facial and cochlear nerves, smaller arte
rial branches) cannot be determined from the 
radiographic studies. The risk of radiation
induced damage to these structures is conse
quently lowest when the dose distribution 
throughout the whole tumor is as homo
geneous as possible. 

Dose Planning 
The distribution of the radiation dose absorbed 
within and around the tumor is calculated in 
three dimensions. The calculation is primarily 
based on the preliminary locations of the irra
diation foci selected during the localizing pro
cedure. Dose distributions are summarized 
from each individual irradiation and presented 
as isodose curves in planes of the stereotactic 
frame. If the same magnification is used, these 
isodose curves can be superimposed onto the 
tumor as defined on the hard-copy CT scan 
film. If the dose distribution is unsatisfactory, 
the locations of the radiation foci are modified 
until tumor volume is covered in an acceptable 
way. 

Irradiation Procedure 
After the radiographic localizing procedure is 
finished, the stereotactic frame is removed 
from the aluminum ring and the patient is posi
tioned in the gamma knife unit according to 
the calculated X, Y, and Z coordinates. After 
the first irradiation is completed, a new irradia-

tion begins with a new focus position within the 
head. This sequence is repeated until all irra
diations prescribed by the dose plan are per
formed. The whole treatment including the 
localizing procedure usually takes four to six 
hours. The patient often is discharged a few 
hours after the irradiation. 

Results 
This chapter is based on our experiences with 
110 patients (115 acoustic neurinomas) who 
were treated, with stereotactic radiosurgery at 
the Karolinska Hospital, Stockholm between 
1969 and 1984. Adequate radiological, audio
logical, and clinical follow-up evaluations were 
available in these cases. An additional 16 pa
tients were treated during this same period but 
were not included in this series because of 
insufficient data. 

RADIOLOGY 
. Several examples of the response to 
radiosurgery are demonstrated by CT images in 
figure 38-2 through figure 38-4. In 60% of 
the cases, a loss of intravenous contrast en
hancement developed in the center of the 
tumor and spread gradually to the periphery. 
This process occurred usually from six to 24 
months after the irradiation and persisted for 
several months to years. Usually, however, the 
residual tumor regained at least some of its 
contrast-enhancing property over the next one 
to two years. This was accompanied by a more 
or less pronounced tumor shrinkage. 

In six patients the tumors actually increased 
in size during the time of loss of enhancement, 
possibly indicating some radiation-induced 
swelling. These patients subsequently had 
permanent shrinkage of their neurinomas and 
did not require further treatment. 

Changes in the tumor contrast enhancement 
pattern did not necessarily indicate decrease in 
tumor size. Some patients exhibited marked 
shrinkage of their neurinomas without en
hancement changes (see figure 38-2). 

Decrease of tumor size or no change was 
found in 86% of these cases. Decrease of 
tumor size was a slightly more frequent finding 
than no change (table 38-1). Eighty-four per
cent of patients treated between 1969 and 1981 
showed arrest of growth or shrinkage in com
parison to 88% of patients who were irradiated 
between 1982 and 1984 (table 38-2). The latter 
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FIGURE 38-2. CT of acoustic neurinoma before (A), 14 (B), and 25 (C) months after stereotactic 
radiosurgery. A gradual decrease of the 'tumor size is seen. No obvious change in the CT attenuation pattern 
followed intravenous contrast administration. 

group had the benefit of homogeneous 
dosimetry; the performance of the stereotactic 
procedure in this group also corresponded well 
to our current routine. Ninety-one percent 
of unilateral tumors responded to the radio
surgery; 67% of tumors associated with neuro
fibromatosis (all bilateral except for one) 
responded well (table 38-3). 

FACIAL NERVE FUNCTION 
Facial weakness, usually mild but in a few cases 
severe, developed in 15% of all patients (9% 
during the period of 1982 to 1983, 3 % in the 
period of 1983 to 1984 ). We noted a marked 
correlation between the maximum dose of 
radiation to the tumor and the appearance of 
facial weakness: no patient who received less 
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FIGURE 38-3. CT of acoustic neurinoma before (A), 5 (B), 18 (C), and 48 (D) months after stereotactic 
radiosurgery. At 5 months, reduction in intravenous contrast enhancement was noted. At 18 months, the CT 
scan showed an increase in tumor size and even more contrast staining. At 48 months, definite shrinkage of 
the tumor is seen. The tumor no longer protruded into the cistern. 

than 27 Gy developed weakness and only one 
who received 27-30 Gy did so. When facial 
weakness developed, the dose was usually 40 
Gy or more. 

The onset of facial palsy always appeared 
with a latency period of four to 15 (usually six 
to nine) months after radiosurgery. Facial 
nerve function improved within a few months 
in mild cases and within six months in more 
severely affected patients in whom electromyo
gram (EMG) studies showed signs of total or 
subtotal denervation. 

The facial weakness was transitory in all pa
tients. In the densely paretic cases, synkinesis 
appeared during the process of reinnervation as 
seen in equally severe cases of Bell's palsy. 

HEARING 
Sixty-four patients were evaluated fully prior 
to radiosurgery; in these patients adequate 
follow-up data were available, and all had hear
ing thresholds better than 90 dB pure tone 
averages (PTA, 0.5, 1.0,2.0 kHz) before treat
ment. Fifty-four patients had unilateral tumors. 



486 IV. STEREOTACTIC RADIOSURGERY 

FIGURE 38-4. CT scan of a patient with bilateral acoustic neurinomas. The right-sided tumor was removed 
earlier via suboccipital surgery. The left-sided tumor was examined before (A), 5 (B), and 18 (C) months after 
stereotactic radiosurgery. Loss of contrast enhancement (B) and subsequent shrinkage (C) were seen. 

Ten patients had bilateral tumors, and one pa· 
tient was treated on both sides, a total of 65 
"ears. " 

One patient with bilateral neurinomas ex
perienced sudden deafness within 24 hours of 
the irradiation. Corticosteroids were adminis-

One year after radiosurgery, 26% of the pa
tients had no change in hearing, defined as a 
change in PTA of less than 5 dB and a discrim
ination score equal to the value before treat
ment at a significance level of 5% (table 38-4) 
[3]. Two patients had significant improvement 
in hearing, which was verified by tone 
threshold and speech audiometry tests. Com
plete deafness (PTA;,: 90 dB) 'was found in 
20% of patients. All other patients showed a 
deterioration of hearing thresholds and/or loss 
in the discrimination scores. 

TABLE 38-1. Change of Tumor 
Size after Radiosurgery in 110 Cases 
(115 Tumors), 1969-1984a 

Change of Size 

Decrease 
No change 
Increase 

No. of Tumors (%) 

51 (44) 
48 (42) 
16(14) 

• Follow-up period, 0.5-12.8 years (mean 4.0 years). 

TABLE 38-2. Change of Tumor Size After Radiosurgery, 1969-1981 and 1982-1984 

Period 

1969-1981 (57 tumors) 

1982-1984 (58 tumors) 

Change of Size 

Decrease 
No change 
Increase 
Decrease 
No change 
Increase 

• Decrease after initial increase of 3 tumors, decrease after re-irradiation of 2 tumors. 
b No change after initial increase of 1 tumor; no change after re-irradiation of 1 tumor. 
C Decrease after initial increase of 2 tumors. 
d No change after re-irradiation of 1 tumor. 

No. of Tumors (%,) 

29a (51) 
19b (33) 
9 (16) 

22c (38) 
29d (50) 

7 (12) 
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tered but had no appreciable effect. With this 
exception, postoperative hearing in patients 
with bilateral tumors followed the same general 
course as noted in patients with unilateral 
tumors. 

Over the subsequent years further deteriora
tion of hearing was seen in most cases. We 
defined limited hearing loss of 20 dB PTA or 
less from the preoperative value as "preserved 
hearing": 56% at one year, 54% at two years, 
and 28% at six years had preserved hearing 
after radiosurgery. Speech discrimination 
scores usually decreased as pure tone thresh
olds declined, although rarely improvement 
of discrimination scores paralleled a more 
"cochlear" profile that was noted in the au
diometric test battery. Our most successful pa
tient in this series showed a discrimination 
score of 85 % ten years after radiosurgery. 

TRIGEMINAL NERVE FUNCTION 
Overall 18% of the patients developed mild 
facial hypesthesia (9% during the period 1982 
to 1984). As similarly noted in those patients 
who developed facial palsies, a latency period 
of six to nine months preceded the onset of 
trigeminal symptoms. The trigeminal motor 
division was involved very rarely, as checked 
clinically and by EMG. Several patients already 

had some facial numbness before the treatment, 
indicating pressure by the tumor on the 
trigeminal nerve root. 

Complete or partial return of trigeminal 
function was noted in the mildly affected cases 
within several months or sometimes more than 
one year after treatment. Early in the series, 
five patients developed severe permanent facial 
anesthesia; in some of these patients, treatment 
was complicated further by the development of 
deafferentation pain. All tumors in these latter 
cases had received a high maximum dose of 
50-100 Gy. 

LONG-TERM CONSIDERATIONS 
Twenty tumors had definite radiographic signs 
of subsequent growth; four responded favor
ably to re-irradiation and 11 were removed 
using standard microsurgical technique. Radia
tion-induced changes were verified histologi
cally within the central part of most of these 
tumors. Five tumors so far have not required 
further treatment. 

Cerebrospinal fluid (CSF) shunt operations 
were performed in 10% of the patients. In 
most of these cases the hydrocephalus was be
lieved to be communicating in nature. It was 
sometimes evident at the time of the tumor 
diagnosis, whereas in other cases, it developed 

TABLE 38-3. Change of Tumor Size After Radiosurgery: Unilateral and Neurofibromatosis tumors 

Type 

Unilateral (91 tumors) 

Neurofibromatosis (24 tumors) 

Change of Size 

Decrease 
No change 
Increase 
Decrease 
No change 
Increase 

No. of Tumors (%) 

45 (49) 
38 (42) 

8 (9) 

6 (25) 
10 (42) 

8 (33) 

TABLE 38-4. Audiologic Findings One Year After Radiosurgery 

Change of Hearinga 

No Change Deterioration Deafness 

No. Percent No. Percent No. Percent Total No. 

Unilateral tumors 13 (24) 29 (54) 12 (22) 54 
Bilateral (neurofibromatosis) 

tumors 4 (36) 6 (55) (9) 11 

, For definition, see text. 
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one to two years after irradiation. These patients 
uniformly had markedly elevated (up to fifteen
fold) CSF protein measurements. Peritumoral 
edema developed in 5% of patients, usually six 
to 12 months after irradiation. The degree of 
edema formation varied from a thin rim in the 
cerebellum adjacent to the tumor to involve
ment of most of the cerebellar hemisphere. 
These patients developed varying degrees of 
balance problems as well as trigeminal symp
toms, possibly indicating a radiation-induced 
disturbance of the circulation of the anterior 
inferior cerebellar artery (AICA) branches. 
Corticosteroids provided little relief of this 
edema [4]. Usually gradual improvement 
occurred within six to 12 months. No mortal
ity related to the radio surgical treatment was 
noted in this series. 

Discussion 
Acoustic neurinomas generally are regarded as 
poorly responsive to radiation therapy. This 
assumption seems to be based more on the 
availability of satisfactory alternative surgical 
treatments; very little real experience or 
knowledge about the radiosensitivity of this 
kind of tumor exists. Newman and co-workers 
reported no tumor "recurrences" in 15 patients 
who underwent subtotal removal of acoustic 
neurinomas followed by 42-50 Gy of fraction
ated irradiation [10]. Doses below 32 Gy failed 
to control growth. This report suggests that 
acoustic neurinomas in fact are responsive to 
radiation doses similar to those used in the 
management of malignant intracranial tumors. 

Based on our present knowledge, acoustic 
tumors are treated with a minimum single dose 
of radiation of approximately 20 Gy. To mini
mize the risk of radiation-induced cranial nerve 
disturbances, the maximum dose to the tumor 
should not ~xceed 30 Gy. A 20-Gy dose will 
inhibit further tumor growth in more than 
90% of the unilateral cases and in 67% of the 
bilateral tumors. 

In this study we treated several patients with 
bilateral tumors generally considered too large 
for radio surgical treatment. These patients 
were accepted for irradiation as a last resort in 
an attempt to preserve hearing. We believe that 
if patients are selected with strict size criteria, 
arrest of growth will be achieved in a higher 
percentage of these bilateral tumors. 

Linthicum noted a different relationship be-

tween the seventh and eighth nerves and the 
tumor tissue in unilateral as opposed to bilater
al tumors [9]. In unilateral tumors, the nerves 
are located on the surface of the tumor; in 
bilateral tumors, the nerves frequently are di
vided and extend through the tumor tissue 
itself. Because the center of the tumor will 
always receive the highest radiation dose in 
radiosurgery, in bilateral tumors an excessive 
central dose should be avoided in order to pre
serve hearing. This feature was exemplified by 
the patient with bilateral tumors who experi
enced sudden deafness within 24 hours of 
irradiation. 

In this series most patients had slow de
terioration of hearing. This hearing loss may 
reflect a gradual impairment of the cochlear 
nerve and the cochlear system induced most 
likely by vascular insufficiency. During the 15-
year period within which patients in this study 
were treated major improvements in radio
logical imaging techniques and in dosimetry 
occurred. These advances ultimately may im
prove the prospects of hearing preservation in 
future patients. 

Our results regarding hearing compare well 
with the results obtained after microsurgical 
tumor removal. We believe that the slow· de
terioration of hearing after stereotactic radio
surgery is definitely preferable to immediate 
deafness, since the patient will have time to 
adapt to the deafness. 

Successful radiosurgical treatment of an 
acoustic neurinoma cannot be defined in the 
same way as standard surgical results. The ideal 
microsurgical result (total tumor removal, nor
mal facial nerve activity, and no complications 
[2]) does not apply to radiosurgery since the 
tumor itself is not removed. Gradual and even
tually permanent tumor regression must be re
garded as a successful or even ideal radiosurgical 
result, especially if hearing also is preserved. 
Without radiosurgery, the likelihood of spon
taneous permanent· shrinkage of acoustic 
tumors is very low. We regard preservation of 
facial nerve function as a major benefit of 
radiosurgery. The incidence of facial paresis 
after radiosurgery now is only 3% and it is 
always transient. 

In certain patients, the growth rate of an 
acoustic tumor can be established before treat
ment [6]. Several patients in the present series 
had serial CT scans prior to stereotactic radio
surgery. Conceivably if the pre irradiation 
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tumor growth rate is unknown, lack of tumor 
regression after radiosurgery may reflect only 
the normal behavior of a specific tumor: a few 
small acoustic tumors show no signs of growth 
for years, even without treatment. However, 
recent evidence indicates that the vast majority 
of untreated tumors show growth when studied 
for one or more years [5]. We believe that 
tumors that remain "unchanged in size" [11] 
one or more years after radiosurgery should be 
regarded together with those of "decreased 
size" as having had "successful treatment." 

As seen in figures 38-3 and 38-4, an in
crease in tumor size is occasionally noted 
approximately one year after treatment and 
probably represents either true radionecrosis or 
at least a reaction to the irradiation within the 
tumor. Tumor regression usually occurs later 
in the course. A minimal follow-up period of 
two years is required before the final result of 
stereotactic radiosurgery can be assessed. 
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Stereotactic radiosurgery for arteriovenous 
malformations (A VM) of the brain was intro
duced by Steiner in 1970 at the Karolinska 
Institute. However, the concept of radio
surgery was coined by Leksell in 1951, when 
he first described his technique for the irra
diation of a sharply delimited intracranial 
target with stereotactically directed narrow 
beams of ionizing radiation [7]. Today, radio
surgery can be defined as single-session irra
diation of a predetermined target volume, caus
ing destruction or a desired biological effect in 
this tissue volume without damage to sur
rounding tissue. 

The early experimental radiosurgical opera
tions were performed with protons accelerated 
in a synchrocyclotron, but this was abandoned 
for clinical purposes because it was an imprac
tical and expensive tool. The linear acceler
ator then was considered as an instrument 
for stereotactic radiosurgery, but it could not 
meet the requirements for precision and ease of 
handling. Subsequently the cobalt-60 gamma 
unit was designed [8]. The radiation field of the 
gamma unit and the target remain fixed 
throughout the radiosurgical procedure. The 
design avoids moving parts, which ensures 
constant accuracy during the procedure and 
eliminates focusing errors. The multiple radi
ation sources guarantee a sharply circum
scribed field of irradiation. Equipment failure 
does not occur, and service is therefore mini
mal. In contrast to more complicated equip
ment such as the linear accelerator, the gamma 
unit is operated easily by the neurosurgeon and 
one assistant and thus has become a true sur-

gical tool. Localization of the target for radio
surgery demands basic knowledge of stereo
tactic techniques that is easily obtained. The 
ability to use this device enables the neuro
surgeon to choose between microsurgical and 
radiosurgical techniques to provide the most 
favorable therapy for a patient with an A VM. 

Treatment Strategies for AVM 
The choice of therapeutic strategy in the treat
ment of a cerebral A VM primarily should take 
into account the medical history and the clini
cal condition of the patient and the information 
available from neuroradiological studies. The 
risks projected because of the natural history of 
the malformation should be weighed against 
the risks inherent in the available treatment 
modalities. From our own studies and those of 
others, it is known that A VM patients pre
senting with a subarachnoid or intracerebral 
hemorrhage run a 2% -6% risk of rebleeding 
every year, whereas the risk of hemorrhage 
from an A VM that has never ruptured is only 
1 % per year [3, 4]. The interval between initial 
and later hemorrhages is unpredictable for 
A VM, and not clustered during the early 
period as with aneurysms. Therefore, surgical 
removal of an A VM in the acute stage has not 
been advocated, except for patients with volu
minous hematomas. In recent years, micro
surgical techniques have greatly lowered the 
mortality and morbidity in surgical removal of 
A VM, even when operations are performed in 
eloquent areas of the brain. Selective catheter
ization of feeding arteries and embolization cur-
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rently are being developed as an additional 
technique that certainly has a place in the ther
apeutic arsenal. However, at the present time, 
microsurgical removal and radiosurgety are the 
only methods available that are curative in the 
majority of patients. 

It is a truism that therapies short of total 
removal are not satisfactory in eliminating the 
risk of new hemorrhages. The neurosurgeon 
confronted with the therapeutic decision
making should thus compare the expected re
sults of microsurgical or intravascular interven
tion with the morbidity of radiosurgery and 
the natural history of A VM following radio
surgical treatment. With such considerations, 
we have formulated and applied a general treat
ment strategy for A VM in our institution. 
Microsurgical removal is advocated for small 
and large ruptured A VM in noneloquent areas 
of the brain. (A small AVM is here defined as 
one that can be treated optimally by radio
surgery. At the present time, this corresponds 
to a diameter of approximately 30 mm.) Small 
ruptured A VM in eloquent areas and non
ruptured A VM in all locations are best treated 
by radiosurgery. Large malformations present 
a treatment problem regardless of the treatment 
modality. In 28 cases, we have tried stereotactic 
radiotherapy (i.e., fractionated radiation) using 
the linear accelerator, but the results are dis
couraging [5]. Recently, a number of patients 
with remnants of A VM following emboliza
tion were examined, and some were suitable 
for stereotactic radiosurgery. In other cases, 
although the density of abnormal vessels de
creased, the volume of the A VM did not de
crease following embolization, and the A VM 
still was too large for an optimal radiosurgical 
attack. However, the potential of primary 
embolization followed by radiosurgery for 
large A VM should be investigated in close co
operation with interested neuroradiologists. 

Radiosurgical Treatment Strategies 
In 1970, when Steiner first attempted radio sur
gical treatment of A VM, radiotherapy had been 
used as a last therapeutic resort by several 
physicians but was considered ineffective and 
was largely abandoned [6]. The effects of radi
ation on the vascular walls had been studied by 
several investigators (for review, see [9]), but 
the effects and dosage requirements of single
dose gamma irradiation were not well known. 

Thus, the successful treatment of the first two 
patients greatly influenced which treatment 
strategies were adopted. 

According to accepted neurosurgical princi
ples, the cluster of pathological vessels was 
considered the prime target for the radiation. 
However, the first person considered for 
radiosurgery was chosen because convention
al surgery was a great risk. The patient had a 
rather large A VM, and with the small colli
mators available in the first gamma unit, it was 
not possible to cover the cluster of pathological 
vessels. Instead, the two terminal branches of 
the artery feeding the A VM in the medial part 
of the left occipital lobe were included within a 
single radiation field, and 50 Gy were delivered 
over about half an hour. The malformation 
could no longer be visualized on the arterio
gram made 19 months later. This remarkable 
result indicated that "gamma ligation" of feed
ing arteries, in contrast to surgical ligation, 
could be an effective treatment. Although it is 
difficult to surgically ligate all feeding arteries, 
including those deeply located, all feeders can, 
at least theoretically, be reached by the radio
surgical beams. Feeding artery irradiation is an 
attractive concept, because it implies that the 
field of radiation covers only the arterial feed
ers and the radiation field can be kept at a 
minimum by using the smallest collimators 
available (4 or 8 mm). Unfortunately, the pro
cedure has not been easy to develop, because 
feeding arteries are often multiple and widely 
dispersed around the cluster of pathological 
vessels. Furthermore, for accurate determina
tion of the stereotactic coordinates of a feeding 
artery, the same point on the artery must be 
identified in at least two projections, which is 
often very difficult on an ordinary arteriogram. 
Digital angiography and multiple projections 
may be the future solution to this localization 
problem. 

The second radiosurgical case was a small 
A VM in the r.ight basal ganglia. It was possible 
to include almost the entire cluster of patholog
ical vessels within a field of 50 Gy. One year 
later, the malformation could no longer be 
visualized by arteriography. "Total coverage" 
since has proven to be the most reliable radio
surgical treatment strategy for A VM. How
ever, in larger A VM, "total coverage" often 
is impossible to achieve with a single field 
of irradiation, even with our largest available 
collimator (14 mm), and the use of overlapping 
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fields is necessary. By the summation, the 
maximum dose to the tissue then may exceed 
the individual target doses and can jeopardize 
the integrity of functioning brain. It is also 
likely that the risk of radionecrosis in the sur
rounding brain exceeds the increase of the 
volume irradiated. Therefore, rather than using 
several fields of radiation, we occasionally have 
used a strategy of "partial coverage." In these 
situations, the priority is to enclose the area 
where feeding arteries enter with an optimal 
dose. 

Encouraged by the good results in the group 
of patients treated by total coverage, we recent
ly have ventured to treat even large A VM with 
up to six overlapping fields of irradiation in 
a single-stage procedure for total coverage. 
To minimize the risk for radionecrosis, the 
dose has been kept considerably lower than 
what has hitherto been considered optimal. 
This "low-dose total coverage" strategy should 
yield some success, which, however, probably 
will not match our current results. The low 
incidence of radiologically proved obliteration 
in Kjellberg's series (20%) is due to the use of 
low doses. 

Procedure 
Radiosurgery requires that the field of irradia
tion is delivered with great precision. It is 
therefore crucial that the orientation of the 
patient's head in relation to the stereotactic 
frame is maintained precisely throughout the 
localization procedure and that the spatial 
relationship between the target and the fixation 
points of the head in the collimator helmet is 
not disrupted during the irradiation. 

The entire procedure is carried out in one 
day and does not need repetition if successful. 
Local anesthesia is used while fastening the 
stereotactic frame on the head, except in 
children, who may require general anesthesia. 
Sedatives and analgesics occasionally are 
needed. 

DOSE PLANNING AND TARGET 
LOCALIZA nON 
Dosimetry can be planned using the available 
diagnostic angiograms. The dose distribution in 
the target area is influenced by the size and 
shape of the patient's skull and by the target 
location. The measurements of the medio
lateral, anterosuperior and anteroposterior radii 

of the approximately elliptical skull are entered 
into a minicomputer along with the distance of 
the target from the midpoint of the skull. Until 
a more sophisticated program became available, 
a computer used this information to produce 
isodose curves in the lateral, frontal, and axial 
planes through the intended focal point (figure 
39-1) [1]. The isodose curves were printed on 
transparent paper, which was placed on lateral 
and frontal films of a stereotactic angiogram 
showing the full extent of the malformation. 
The focal point of the gamma beams was 
selected so that the periphery of the malfor
mation coincided with the steepest isodose gra
dient, that is, the 50%-90% isodose curves. 
The gamma ray focus then was marked on the 
arteriogram, and the respective coordinates 
were read from the projections of the frame on 
the film. Next, the true stereotactic coordinates 
were calculated graphically or with a computer, 
as previously described [2]. With our new 
computer program, dosimetry is planned 
directly from a rapid serial angiography per
formed while a conventional Leksell stereo
tactic frame is on the patient's head. The 
stereotactic coordinates of the midpoint of the 
skull and the target are determined as before, 
and these values are processed by the mini
computer. Empirically, a minimum dose of 20-
25 Gy to the malformation provides the best 
prospect for obliteration, and the target dose is 
determined accordingly. The new program 
allows the surgeon to select the desired 
peripheral dose to the A VM, and the computer 
will suggest focal points and collimators for 
multiple targets to achieve that peripheral dose. 
The transparent paper with the isodose curves 
then can be placed on lateral and frontal films 
showing the full extent of the malformation, so 
that accurate target placement can be con
firmed. To avoid human error, it is preferable 
that two individuals each obtain separate co
ordinate determinations. A larger malformation 
needs a larger target dose if the minimal dose is 
to reach the periphery. A large target dose or a 
high dose in an overlapping area of two or 
more radiation fields can increase the risk of 
unwanted radionecrosis; therefore the dose de
livered to the periphery of the A VM should be 
limited. The risk of radionecrosis with a given 
target dose presumably increases with the total 
volume irradiated. Nevertheless, in nine cases, 
the target dose to a single field with the largest 
collimator (14 mm) reached 100 Gy with no 
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FIGURE 39-2. Leksell stereotactic frame in position for fixation of metal sockets on Orthoplast® helmet. 

untoward effects. However, to emphasize the 
biological factors involved, radionecrosis 
occurred in a few cases in which the target dose 
in a single 14-mm field was only 50 Gy. 

The standard Leksell frame does not fit into 
the collimator helmet of our gamma unit and, 
therefore, cannot be used to suspend the pa
tient's head during treatment. This problem has 
been circumvented by using the standard frame 
for placement of bearings (sockets), at the cor
rect Y and Z coordinates, on a metal ring or 
plastic helmet previously fixed to the skull 
(figure 39-3). The collimator helmet axis rods, 
which point to the focal spot of the gamma 
beams, are pushed into these sockets to sus
pend the head during treatment. The helmet is 
formed around the patient's head by using a 
commercially available plastic material::' which 
is· soft and pliable when warm, and hard and 
rigid at room temperature. To prevent rotation 
of the helmet, it usually is anchored to the skull 
by two metal plates previously screwed into the 

Orthoplast® Uohnson & Johnson Products, Inc., New Brunswick, NJ] 

outer table of the skull while the patient is under 
local anesthesia. The axis rods are used to 
position the target point at the center of the 
collimator helmet, using the X coordinate 
determined from the angiogram. However, the 
X coordinate must be adjusted for the possible 
difference in distance between the midpoint of 
the frame and the midpoint between the 
bottoms of the bearings. This is easily done by 
measuring the distance from the outer edge of 
the frame to the bottom of the respective socket 
using the device shown in figure 39-3. Alter
natively, a frontal projection with the sockets in 
place can be used to calculate the distance 
between the midpoint of the frame and mid
point between the bottoms of the bearings; this 
measurement then is used for adjusting the X 
coordinate. 

The thermoplastic helmet has been used for 
the majority of A VM treatments and has 
proven reliable. However, a new fixation de
vice for the Leksell stereotactic system has 
been developed and is used in the new gener
ation gamma units. The new system incorpo-
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FIGURE 39-3. Close-up of device for application of metal sockets on plastic helmet. Note scale for measuring 
distance from frame edge to socket bottom. (Full description in text.) 

FIGURE 39-4. Base instrument for stereotactic target localization and fixation of patient in the gamma unit. 
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FIGURE 39-5. Leksell stereotactic frame attached to base instrument for stereotactic angiography. 

rates the standard instrument and a base instru
ment. The base instrument (figure 39-4) is a 
rectangular, ring-like construction compatible 
with all modern imaging techniques. This 
structure is fixer to the skull, encircling the 
lower aspect of the face anteriorly and the up
per cervical spine posteriorly. Fixation of, the 
base instrument is provided by four fiberglass 
posts, each of which is anchored by a pin to a 
shallow drill hole in the skull. The standard 
Leksell stereotactic frame can be fastened to 
the upper surface of the base instrument via 
four metal or plastic screws (figure 39-5). On 
completion of target localization, the standard 
frame is removed, and adjustable side arms are 
set to the appropriate Y and Z coordinates, one 
on each side of the base ring. The base instru
ment is capable of providing spatial orientation 
by itself when the axis rods are connected to 
the sockets of the side arms. Because the mid
point between the side arms is also the mid
point of the frame coordinate system, the X 
coordinate determined can be used directly to 
position the patient correctly in the inner colli
mator helmet. After the irradiation shield of 

the gamma unit is opened, the operating table 
holding the patient slides into the unit. The 
inner helmet interconnects with the outer colli
mator helmet. The irradiation time is deter
mined by the age of the cobalt sources and, to 
some extent, by the position of the malfor
mation. In 1987, the dose rate was about 0.7 
Gy/minute, or one-fourth of the original dose 
rate. Following irradiation, the helmet or other 
fixation device is removed, and the patient is 
returned to the ward. Discharge is deferred 
until the next day to monitor bleeding from the 
point of introduction of the angiography cathe
ters in the femoral artery. There usually are no 
subjective complaints at the time of discharge, 
and the patient can resume normal activities 
immediately. A few patients have complained 
of nausea the day after treatment, and one 
patient with a brain-stem A VM had transient 
diplopia. 

Follow-Up 
Complete obliteration seems to be the only 
safeguard against hemorrhage from an AVM; 
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FIGURE 39-6. Arteriograms showing A VM in the frontal (A) and lateral (C) projections before radiosurgical 
treatment and one year after treatment (B and D). 
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FIGURE 39-6. (cont.) 
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therefore, arterial angiography is necessary to 
confirm the effects of the radiosurgical treat
ment. In the beginning of the radiosurgical era, 
the first angiographic study often was done less 
than one year after treatment. However, in 
seven patients, arteriography performed within 
three months of treatment failed to reveal any 
obliteration, and in 18 patients studied within 
six months, only three obliterated A VM were 
seen. On the other hand, among 104 patients 
examined one year after radiosurgery, 39 were 
rid of their malformations. In consideration of 
the low benefit of early angiography and the 
relative risks involved, we now routinely rec
ommend that the first follow-up angiography 
be performed one year after treatment. Digital 
subtraction angiography is an alternative for a 
follow-up study, but even if this indicates that 
the malformation was obliterated, we still re
commend conventional serial arteriography for 
definite proof of a successful result. When the 
malformation is seen clearly on computed 
tomography (CT) or magnetic resonance imag
ing (MRI) scans, these imaging techniques, of 
course, offer an attractive primary imaging 
procedure for follow-up. In most cases, the 
arteriogram will show a definite effect of the 
radiosurgical treatment, but in only 40% of the 
optimally treated patients will complete oblit
eration be proved. In the other patients, a 
second postoperative arteriographic study is 
recommended two years after treatment. By 
then, the end result usually can be observed, 
but in a few patients, obliteration may be sub
total, and a third arteriogram then may be war
ranted after an additional year. Occasionally, 
the arteriograms performed at both one and 
two years will show minimal or no decrease of 
the A VM. In such cases, additional radiation or 
alternative treatment should be considered. 

The angiographic criteria for an acceptable 
result are not yet fully elucidated. Until now, 
we have considered a result satisfactory only 
when the arteriogram has shown a normal 
circulation time, complete absence of patholog
ical vessels in the former nidus of the malfor
mation, and the disappearance or normaliz
ation of draining veins from the area. 
Although other, less satisfactory, results may 
be of some benefit to the patient, we contend 
that the criteria mentioned should be met be
fore the malformation can be called obliterated 
and the patient declared cured. 

Of course, the patient also should be moni-

tored postoperatively for any undue effects of 
the radiosurgical treatment. Radiation-induced 
edema, delayed radiation necrosis, and obliter
ation of normal vessels (one case only) are the 
negative effects we have encountered so far. 
Any significant edema usually occurs within a 
few months. In some cases the edema resolves 
spontaneously, but in others, it heralds delayed 
radiation necrosis. Empirically, a CT scan per
formed six months after treatment will disclose 
any edema or early radionecrosis of importance 
while the process still can be influenced by 
steroid therapy. Therefore, we recommend that 
a CT scan be performed six months after radio
surgery as the first postoperative follow-up 
study. MRI shows postradiation-induced 
edema even better. Delayed radiation-induced 
necrosis is diagnosed using contrast-enhanced 
CT, on which this type of lesion appears as a 
central, low-attenuation area encircled by a 
contrast-enhanced high-density rim. 

Patient Population and Results 
Since the inception of radiosurgery, nearly 600 
A VM have been treated by this method in 
Stockholm and 90 at Clinic a del Sol in Buenos 
Aires. With the increased acceptance of the 
method, the number of patients treated every 
year in Stockholm has risen to approximately 
100 per year, which is our present capacity for 
stereotactic angiography but is insufficient for 
the increasing demand. By 1982, 137 patients 
had been treated, and by 1985, the total had 
reached 332. Experiences with these cases form 
the backbone of our current body of radiosur
gical knowledge. Patients of all ages have been 
treated, but the majority have been young. 
Men and women are represented in equal 
proportions. The patient population is biased, 
not only by our own treatment strategies, but 
also by biases of the referring physicians. Of 
course, the proportion of small A VM is large. 
Only a small portion of A VM were larger than 
30 mm in their largest diameter. It should come 
as no surprise that many of the malformations 
were located in areas difficult to access by 
surgery (table 39-1). The reason why more 
than 90% of the patients were referred after 
suffering a subarachnoid hemorrhage is less 
readily apparent, as our general treatment 
strategy for A VM encourages microsurgical 
removal of ruptured A VM whenever feasible. In 
contrast, only 4% of our patients presented 
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TABLE 39-1. Anatomical Site 
of 250 Arteriovenous 
Malformations Treated by Radiosurgery 

Site No. of Cases 

Thalamus and basal ganglia 56 
Periventricular 51 
Brain-stem cisterns 43 

Occipital lobe 22 
Sylvian fissure, insula 16 
Corpus callosum 15 
Parietal lobe 13 
Cerebellum 9 
Frontal lobe 8 
Brain stem 7 
Temporal lobe 7 

Dura 3 

with epilepsy, which has been the main present
ing feature in some other series of patients. It 
may be that subarachnoid hemorrhage, being a 
more dramatic and serious symptom, more 
easily prompts a physician to refer a patient 
abroad. 

At an early stage, we concluded that better 
results were achieved when the entire malfor
mation could be irradiated with an optimal 
dose. Consequently, a large majority of patients 
received at least 20-25 Gy of radiation designed 
to treat the entire volume. Of the 248 patients 
treated before 1984, the treatment specifi
cations placed 188 in this group. For complete 
coverage, it was necessary to use more than 
one field in 49 patients, even with the 14-mm 
collimator. In 43 patients, two fields were 
needed; in five patients, three fields; and in one 
patient, four fields. 

The angiographic findings in a typical patient 
treated by complete coverage before, and one 
year after, treatment are illustrated in figure 
39-6. The patient was a woman who was in 
good health until the age of 32, when she 
suffered a subarachnoid hemorrhage without 
consequent neurological deficits. The cerebral 
arteriogram (figure 39-6A, C) revealed an 
A VM in the quadrigeminal cistern fed by the 
left posterior cerebral and left anterior choroi
dal arteries. The size of the malformation was 10 
X 15 X 10 mm. Two months after the hemor
rhage, the patient was in excellent condition 
and the treatment was carried out. Due to the 
small size of the malformation it was possible 

to cover it completely within the 50% isodose 
line, using one field and the 8-mm collimator. 
The target dose selected was 50 Gy, and the 
whole malformation thus received at least 25 
Gy. The follow-up arteriogram performed one 
year after treatment revealed complete obliter
ation of the malformation (figure 39-6B, D). It 
should be emphasized that obliteration was 
accomplished without occlusion or disturbance 
of flow in the normal brain vessels. An arterio
gram also was performed in this patient 67 
months after treatment. The findings were still 
normal, and there were no signs of recanali
zation of the malformation or negative effects 
on the normal vessels. 

Another example is given in Figure 39-7. 
The patient was a 47-year-old man who, for 17 
years, had been suffering from headache and 
seizures, but never had a subarachnoid hemor
rhage and was neurologically intact. The pre
operative left carotid arteriogram showed the 
full extent of the malformation (figure 39-7 A, 
C), which was fed by the left peri callosal and 
callosomarginal arteries. This malformation 
could have been removed safely by micro
surgical techniques, but in light of the fact that 
the patient never had a hemorrhage, radio
surgical treatment was preferred. Also, using 
the 8-mm collimator, this malformation could 
be covered completely with an effective dose. 
The target dose in this case was 100 Gy. An 
arteriogram performed five months after the 
treatment showed a decrease of the malfor
mation; the A VM did not appear at all on the 
next study, performed 27 months after treat
ment (figure 39-7B, D). Thus, the occlusion of 
the malformation occurred sometime between 
five and 27 months after treatment. In this case, 
a decrease and normalization of the caliber of 
the main feeding artery was obvious in the 
lateral projection of the carotid arteriogram 
(figure 39-7D). 

The angiographic results after treatment of 
an A VM with complete coverage has been 
consistent throughout the years, as shown in 
table 39-2. This table summarizes the results 
from two previous reports and the accumulated 
results in 159 more recent patients for whom 
adequate angiographic follow-up studies are 
available. Satisfactory results, that is, complete 
obliteration of the pathological vessels, were 
obtained in approximately 80% of patients, 
whereas lack of effect was found in only 1 %-
5%. 
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FIGURE 39-7. Left carotid arteriograms before (A and C) and after (B and D) radiosurgical treatment. 
Complete obliteration of A VM is demonstrated 27 months after treatment (B and D). 
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FIGURE 39-7. (cont.) 



504 IV. STEREOTACTIC RADIOSURGERY 

The percentage of malformations obliterated 
after incomplete coverage was much less satis
factory. However, in some cases, the malfor
mation decreased to the extent that it could be 
completely covered in a second attempt. There
fore, some malformations recently were treated 
a second time, and the results are promising. 

Irradiation of only the feeding arteries was 
tried in four of the patients treated before 1984. 
In one patient, the malformation was obliter
ated, in one it decreased, in one it was un
affected, and one patient has not been available 
for follow-up. With better imaging of cerebral 
vessels now possible, feeding artery irradiation 
deserves further trials. 

The effect of radiosurgery on clinical symp
toms is difficult to evaluate, as most of the 
patients were treated during a period after 
hemorrhage, when natural improvement was 
still to be expected. In recent follow-up 

FIGURE 39-8. Contrast-enhanced CT image shows 
radionecrosis in right cerebral hemisphere. 

TABLE 39-2. Results of Radiosurgical Treatment 

Year of Report No. of Cases 

1984 63 
1985 104 
1987 159 

questionnaires pertammg to the clinical out
come, information was obtained about 239 of 
247 patients (97%), and this is now being 
analyzed. Preliminary findings indicate that the 
risk of rebleed following radiosurgery is not 
abolished until the malformation is completely 
obliterated and that recurrent hemorrhage or 
radionecrosis is the cause of new deficits fol
lowing treatment. The first clinical sign of 
radionecrosis is headache occuring three to six 
months after treatment. The CT scan at this 
time reveals a low-density area with contrast 
enhancement at the location of the radiation 
field (figure 39-9). In five patients, the radio
necrosis was accompanied by hemiparesis, 
but all five remain ambulatory. Improvement 
directly related to the radiosurgical treatment 
was more difficult to ascertain, but headache 
improved in many patients. In some patients, a 
seizure disorder was cured, but there were also 
a few cases in which seizures occurred only 
after treatment. The patients with radionecrosis 
and those with epilepsy soon will be scruti
nized more carefully and findings will be pre
sented in separate reports. 

Problems and Prospects 
In selected patients with A VM, the over
all results of stereotactic radiosurgery with the 
Leksell gamma unit are better, and compli
cations are fewer, than with any other method 
of therapy so far described. However, only 
a fraction (maybe 30%) of A VM current
ly can be treated by radiosurgery. Most A VM 
are too large to be included completely within 
a radiation field without jeopardizing adjacent 
normal brain tissue. In addition, being dose
dependent, the risk is lessened by lowering the 
dose, but most likdy, the chances of obliter
ating the malformation also will decrease. 
However, perhaps at a higher dose level the 
risk of radionecrosis parallels the likelihood of 

Percent Percent 
Obliterated Unaffected 

84.1 4.7 
86.5 1.9 
79.2 1.3 
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obliteration. If this is so, malformations with 
larger volumes should respond to proportion
ately lower doses; unfortunately, there is little 
evidence to substantiate such a proposition at 
this time. However, Kjellberg claims that a 
small dose (10 Gy) to a large malformation 
may protect the patient from rebleeding by 
strengthening the vascular walls, even though 
the malformation is not obliterated. This 
claim has not been corroborated in our results. 

Another approach to the large malforma
tions has been tried in our institution: In 28 
patients, stereotactic radiotherapy was attempt
ed by using a linear accelerator to deliver 42 
Gy in fractionated doses over a six-week 
period. The results have been dismal [5]. 
Further development is needed before we can 
treat effectively the larger malformations with 
radiosurgery. First, we need to find out more 
about the relationship between a high single 
dose, volume, and necrosis in the normal hu
man brain; next, to define what is the mini
mum effective therapeutic dose. Then, attempts 
should be made to lower this minimum effec
tive dose by using adjuvant agents to sensitize 
the vascular walls of the malformation. A bet
ter understanding of the reaction of normal 
vascular walls to single-dose ionizing radiation 
would be valuable in this context. Such studies 
are under way. 

A special problem is presented by malforma
tions in close proximity to eloquent areas, such 
as the brain stem, where even minute radio
necrosis may be unforgiving. Up to now, some 
such malformations may have been given un
necessarily low and therefore nonoptimal doses 
simply because of ignorance about the radio
sensitivity of the various brain structures. It 
also should be emphasized that the steep iso
dose gradients characteristic of the gamma unit 
must be exploited at these sites to spare struc
tures seemingly more vulnerable than others, 
such as the cranial nerves. 

The major threat to the patient after 
radiosurgical treatment is not the negative 
effects of the radiation itself, but the risk of 
rebleeding during the one- to three-year latency 
period of obliteration. Therefore, we have tried 
various ways of decreasing this latency period. 
In one series of patients, the radiosurgical treat-

ment was supplemented by infusions of fresh 
frozen plasma was infused to promote throm
bosis of the malformation, but no obvious 
latency decrease was noted. In another attempt, 
50 patients were assigned randomly to a control 
group or to a group receiving a two-week 
course of postoperative treatment with tran
examic acid, again, in an effort to promote rapid 
A VM thrombosis. This adjuvant treatment also 
failed to achieve its purpose. It is our hope that 
in our search for vascular-wall sensitizers for 
the large A VM we also will find an agent to 
expedite the obliteration process. 
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Brown-Roberts-Wells (BRW) 

system biopsies, 141-142 
micro electrode technique in 

Parkinson's disease, 309-311 
trigeminal tractotomy and 

nucleotomy, 287 
CASS, see Computer-assisted 

stereotactic surgery (CASS) 
system 

Caudate nucleus 
microrecording techniques with, 

320 
transplantation experiments to, 390 

Causalgia, and mesencephalotomy, 
270 

CCNU, with brachytherapy, 241 
Central nervous sytem (CNS) tumors 

classification of, 130-131 
endoscopy of, 185, 193-194 
tumor markers for, 131 
see also specific tumors 

Central pain syndrome, thalaIJlOtomy 
for, 271 

Centromedian (CM) nucleus 
deep brain stimulation (DBS) of, 

410,411 
pain and pathways in, 269 
thalamotomy targets in, 271-272, 

276 
Cerebellum 

atlases of, 432 
head trauma and, 341 
mass lesions in, 156 
stereotactic evacuation of 

hemorrhages within, 217, 220, 
221,224,225 

Cerebral palsy, 328 
Cerebrospinal fluid (CSF) 

chemical hypophysectomy for pain 
relief and, 365-366 

intracavitary irradiation fluid 
leakage and, 231, 232 

INDEX 

posteromedial hypothalamotomy 
and, 378 

radiousurgery for acoustic 
neurinoma and, 487-488 

spinal surgery anesthesia and, 281 
Cerebrum, mass lesions in, 156 
Cervical cordotomy, 284 
Cesium-137 irradiation, 246 
Chemical hypophysectomy, 365-373 

complications with, 368 
endogenous opiates and, 372 
hypothalamic pain mechanism and, 

371-372 
operative technique in, 366-368 
pain relief with, 365-366 
pituitary pain mechanism and, 370-

371 
results with, 368-370 
thalamic pain and, 370 

Chemotherapy 
brachytherapy combined with, 241 
stereotactic techniques with, 10 

Chordoma, proton beam therapy for, 
469 

Choroid plexis papilloma, 214 
Choreoathetotic movements 

movement disorders with, 342 
selective thalamotomy for, 328 

Classification systems, for central 
nervous system (CNS) tumors, 
130-131 

Cingulotomy 
depression and, 9, 353 
Laitinen system with, 109 

Clonazepam, in posttraumatic 
movement disorders, 342 

Coagulation, see Electrocoagulation 
Cobalt-60 irradiation, 245, 246, 491 
Cochlear nuclei, and pontine 

spinothalamic tractotomy, 291, 
292 

Colloid cysts of third ventricle, 207-
215 

clinical summary of, 207 - 209 
computed tomography (CT) 

appearance of, 207, 214 
craniotomy for removal of, 211-

212,215 
differential diagnosis in, 214 
endoscopy with, 215 
failure of stereotactic aspiration in, 

215 
freehand puncture and catheter 

aspiration technique for, 215 
hydrocephalus with, 208 
preoperative assessment of, 211 
results of treatment of, 211-214 
stereotactic aspiration as initial 

procedure for, 208-209, 209-
210,211 

surgical approach to, 207, 209-211 
Comprehensive Psychopathological 

Rating Scale (CPRS), 360-362 
Computed tomography (CT) 

acoustic neurinoma with, 481, 483 
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anterior internal caps ulotomy with, 
355,356,357,359,362 

arteriovenous malformations 
(AVM) on, 500 

atlases based in, 6, 7, 434 
atlases used with, 432, 433 
biopsy techniques with, 137, 149, 

247 
brachytherapy with, 235-236 
Bragg peak proton beam therapy 

with, 463-464 
colloid cysts of third ventricle with, 

207,209,211,214,215 
coordinate system nomenclature 

with, 90 
Curietherapy with, 246-247 
deep brain electroencephalography 

with, 415, 416 
endoscopy with, 185, 191 
hematoma evacuation with, 220, 

221-223 
Hitchcock system with, 47, 56-60 
intracerebral hemorrhage on, 217 
intracavitary irradiation with, 230 
Laitinen system with, 100-107 
Leksell system with, 27, 30, 31-35, 

147, 149 
linear accelerator adaptations with, 

471 
MRI localization techniques 

combined with, 143 
methods for use of data from, 79 
microrecording techniques with, 

315-317 
operating room installation of, 147 
Patil system with, 117-124 
positron emission tomography 

(PET) techniques with, 195, 197 
posttraumatic movement disorder 

surgery and, 342, 343, 348, 350 
pulvinotomy with, 272, 276 
radiologic automated diagnosis 

(RAD) with, 450-451 
Riechert-Mundinger system with, 

13-24 
robotic system for neurosurgery 

and, 260, 261-262, 264 
target localization with, 149, 154-

155 
thalamotomy with, 272 
Todd-Wells system with, 79-80, 

82, 86 
transplantation to brain and, 390 
volumetric stereotaxis with, 169, 

172,175,177,178,183 
Computed tomograpic (CT) 

stereotactic surgery, 259 
coordinates used in, 8 
functional procedures with, 9 
indications for use of, 9 
limitations of, 259-260 
localizer device in, 8-9 
methods for using, 79 

Computer-assisted stereotactic 
surgery (CASS) system 
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biopsies with, 436 
coordinate system for, 432, 435 
development of, 427-433 
exploratory simulation and 

recording technique with, 436 
future for, 436-439 
hardware with, 433-434 
operation of, 434-435 
portable system with, 433 
software with, 434 

Computer programs, see Software 
Contrast media, 7 - 8 

see also specific names 
Coordinate systems, nomenclature in, 

90 
Cordotomy 

chemical hypophysectomy followed 
by, 369 

percutaneous, 285, 286 
Corpus callosum, mass lesions in, 156 
Corticospinal tract 

electrical stimulation of, 281 
spinothalamic tractotomy and, 282 

Craniopharyngioma 
brachytherapy for, 235 
combination therapy for, 229 
Curietherapy for, 245 
incidence and location of, 229 
intracavitary irradiation for, 160-

163 
Leksell system for radiosurgery in, 

27 
proton beam therapy for, 469 
solid, 229, 232 
third ventricular, 214 
see also Cystic craniopharyngioma 

Craniotomy 
biopsies using, compared with 

stereotaxis, 131 132 
Brown-Roberts-Wells (BRW) 

system for brain tumor biopsies 
using, 138, 141, 142 

colloid cysts of third ventricle with, 
211-212,215 

Hitchcock system with, 60 
Todd-Wells system for, 95 
volumetric stereotaxis with, 175-

176 
CSF, see Cerebrospinal fluid 
CT, see Computed tomography (CT) 
Curietherapy,245-254 

astrocytomas treated with, 248-
249,253 

complications with, 252 
CT and MRI planning for, 247 
early work with, 245-246 
follow-up examinations with, 251-

252 
freehand radiation grid in, 246 
high-dose afterloaded, 252-253 
implantation techniques with, 246, 

247 
indications for, at University of 

Freiburg, 21 
isotopes used in, 247-248 

INDEX 

location of tumors and, 251 
mass lesions and, 246-247 
procedures preceding, 251 
results using, 248-252 
Riechert-Mundinger system with, 

16,21,23 
survival probability with, 252, 253 
tumor volume and, 254 
see also Brachytherapy, Interstitial 

irradiation, Intracavitary 
irradiation, and specific 
radioisotopes 

Cushing's disease, and proton beam 
therapy, 467, 469 

Cyclazocine, and pain mechanism, 
386 

Cystic craniopharyngioma 
chemical hypophysectomy for, 372 
combination therapy for, 229 
indwelling catheters for, 229 
intracavitary irradiation of, 229-

232 
Leksell system for radiosurgery of, 

27 
Cysticercosis, 214 
Cysts, third ventricular, 214 

Databases 
atlases and, 442, 445-448 
volumetric stereotaxis with, 172 

Deafferentation pain 
deep brain stimulation (DBS) for, 

398,399-400,404-405,410,411 
electrical stimulation for, 276 
mechanism of, 395-596 
pontine spinothalamic tractotomy 

for, 293 
pulvinotomy for, 272, 274 
thalamotomy for, 271 
trigeminal tractotomy and 

nucleotomy in, 288 
Deanfness, with radiosurgery for 

acoustic neurinoma, 486-487 
Deep brain stimulation, 395-412 

complications with, 401-403, 404-
405 

early work with, 395, 409 
follow-up and data evaluation with, 

399 
for anesthesia dolorosa, 400, 403 
for cancer pain, 400 
for chronic pain, 395-406 
for deafferentation pain, 398, 399-

400,404-405,410,411 
for motor disorders, 409-412 
for nociceptive pain, 397-398, 400, 

404-405 
for peripheral neuropathy, 400, 403 
for thalamic pain syndrome, 399-

400 
literature review of, 409-410 
mechanism of action in, 411 
patient characteristics and selection 

for, 397-398, 410 

predicting success with, 405-406 
results with, 399-400, 410-411 
side effects of, 402 
surgical procedure for, 398-399 
target localization for, 398 
technical advance in, 406 
theoretical and technical concerns 

in, 395-396 
Depth electroencephalography for 

epilepsy, 413-423 
complications with, 420 
early work with, 413 
electrodes used in, 414, 415-416, 

418 
indications for use of, 413-414 
multicontact electrode strips in, 

418 
noninvasive electroencephalography 

compared with, 418-420 
results with, 418-420 
subdural and epidural, 418 
surgical procedure for, 415, 416-

418 
target localization for, 417-418 

Dementia 
biopsy technique and, 163 
dopamine and, 334 

Dentatotomy, with Laitinen system, 
109 

Deprenyl, in Parkinson's disease, 335 
Depression, psychosurgery for, 9, 

353, 355 
Dermoid cyst 

chemical hypophysectomy for, 372 
MRI of, 373 

Diencephalon 
atlases of, 425-427, 431-432, 434, 

438 
behavioral disturbances and, 382 

Digital angiography 
deep brain electroencephalography 

(DBS) and, 416 
stereotactic CT atlases with, 425 
Todd-Wells system with, 89 

Dopamine 
Parkinson's disease pathology and, 

334 
Parkinson's disease treatment and, 

335 
Dorsal longitudinal fasciculus, and 

pain control, 377, 386-387 
Dorsomedial (DM) nucleus 

pain and pathways in, 269 
thalamotomy targets in, 271 

Dysarthria, in posttraumatic 
movement disorders, 341-342, 
343, 348, 350 

Dysesthesias 
deep brain stimulation (DBS) for 

postcordotomy, 397, 400 
mesencephalotomy and, 270 
trigeminal tractotomy and 

nucleotomy for, 288 
Dystonia musculorum deformans 

ablative stereotactic surgery in, 9 



deep brain stimulation (DBS) for, 
409,410 

selective thalamotomy for, 328 

EEG, see Electroencephalography 
(EEG) 

Electrical stimulation for movement 
disorders 

advantages of, 329-330 
case history with tremor and, 309-

311 
complications with, 311-312 
CT techniques with, 315-317 
contraindications for, 297-298 
data processing for target selection 

in, 301-305 
early work with, 298 
intraoperative physiological studies 

in, 318-316 
kinesthetic cells and, 306-308 
Leksell system in, 300, 315, 317-

318,326 
lesion production in, 305-306, 

326-328 
microelectrode instrumentation in, 

301 
motion picture or videotape 

recording in, 315 
operative techniques in, 317-326 
Parkinson's disease treatment with, 

297-338 
patient evaluation for, 315, 337, 338 
patient preparation for, 317-318 
posttraumatic movement disorder 

surgery with, 346 
preoperative assessment for, 315-

317 
radiological localization with 

Leksell frame in, 300-301 
recording technique development 

in, 299-300 
results with, 311-312, 328-329 
rigidity and, 328 
side effects with, 328-329 
surgical target in, 298-299, 336-

337 
tactile cells and, 306 
thalamotomy for, 297-338 
tremor and, 326-328 
voluntary cells and, 308 

Electrical stimulation development of 
devices for, 9-10 

spinal cord, 281 
see also Deep brain stimulation 

Electrocoagulation 
facial neuralgia treatment with, 269 
Laitinen system with, 109 
myelotomy with, 289, 290-291 
Riechert-Mundinger system with, 

22 
thalamotomy and, 272 

Electroencephalography (EEG) 
anterior internal capsulotomy with, 

360 

INDEX 

Curietherapy with, 247 
depth electroencephalography 

compared with noninvasive, 418-
420 

posteromedial hypo thalamotomy 
and,378 

seizure disorders with, 413 
see also Depth 

electroencephalography 
Electromyography 

deep brain stimulation (DBS) and, 
410 

kinesthetic cells on, 307 
microelectrode technique with, 

301-302,305,315 
Endoscopy, 185-194 

Brown-Roberts-Wells (BRW) 
system for, 73-75 

colloid cysts of third ventricle with, 
215 

instrumentation in, 185-187 
localization of tumors with, 191-

193 
magnification programs with, 191 
optical system in, 187-191 
Riechert-Mundinger system for, 

191 
robotic system for, 263 
software programs with, 193 
surface contour of tumor visualized 

with,193 
Epidertnoid cysts, 252 
Epilepsy 

ablative stereotactic surgery for, 9 
anterior internal capsulotomy and, 

360 
behavioral disturbances with, 380 
Riechert-Mundinger system for, 23 
see also Depth 

electroencephalography for 
epilepsy 

Extrapyramidal disorders 
head trauma and, 341 
Riechert-Mundinger system for, 22, 

23 
University Hospital, Freiburg, 

West Germany, experience with, 
22,23 

Facial nerve function, in radiosurgery 
for acoustic neurinoma, 484-485, 
488 

Facial pain 
mesencephalotomy for, 269 
pontine spinothalamic tractotomy 

for, 292 
trigeminal tractotomy and 

nucleotomy for, 288 
Fasciculus cuneatus 

electrical stimulation of, 281 
spinothalamic tractotomy and, 282 

Fasciculus gracilis, electrical 
stimulation of, 281 

Fibrillary astrocytoma 

511 

Curietherapy for, 248, 253 
volumetric stereotaxis of, 177-178 

Fluorine-18-fluorodeoxyglucose 
(F-18-FDG),204 

Follicle-stimulating hormone, and 
posteromedial 
hypothalamotomy, 382 

Foramen of Monro 
anterior internal capsulotomy and, 

355 
atlases for surgery and, 259 
colloid cysts of third ventricle with 

mass of, 208 
radiography in stereotactic surgery 

and,7 
Forel's field 

ablative stereotactic surgery in, 9 
epilepsy treatment and, 9 
posttraumatic movement disorder 

surgery and, 345 
Frankfort plane, 4 
Frontal lobotomy 

early work in, 355 
facial neuralgia treatment by, 269 
fiber connections in, 353-354 
psychiatric syndromes and, 353-

355 
target regions for, 354 

Frontal lobe syndrome, 353 
Functional neurosurgery, 267-459 

indications for, 9 
mass lesions and, 147 
Patil system for, 121 
Riechert-Mundinger system for, 

17-18,22-23 
see also specific procedures 

Gallium-68-EDTA, with positron 
emission tomography (PET), 195, 
196-197, 203, 204 

Gamma knife techniques, 471, 481 
cystic craniopharyngiomas with, 

232 
linear accelerator adaptations 

compared with, 471-472, 478, 
479 

Germinoma, biopsies of, 131, 151 
Glial fibrillary acidic protein (GFAP), 

as tumor marker, 131 
Glioblastoma 

biopsies in, 141, 149 
Curietherapy for, 249 
interstitial brachytherapy for, 160 
volumetric stereotaxis of, 177 

Glioblastoma multiforme, 
brachytherapy for, 240 

Glima 
biopsies in, 131, 133, 149, 156 
brachytherapy for, 160,235,236-

241 
classification and grading of, 203-

204 
complications of stereotactic 

surgery for, 163 
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corpus callosum and, 156 
glial fibrillary acidic protein 

(GFAP) in, 131 
intracavitary irradiation for, 163, 

231 
lymphoma, similarities to, 151 
metastatic tumor, similarities to, 

151 
positron emission tomography 

(PET) in, 195,203-204 
reactive gliosis differentiated from, 

133 
third ventricular, 214 
volumetric stereotaxis of, 173 

Globus pallidus 
ablative stereotactic surgery in, 9 
electrical stimulation of, 409 
Parkinson's disease and, 334, 335, 

336 
posttraumatic movement disorder 

surgery and, 344 
Glossopharyngeal pain, and 

trigeminal tractotomy, 287 
ll-C-D-glucose, with positron 

emission tomography (PET), 195, 
196-197,203 

Gold-198 irradiation, with gliomas, 
236 

Grading system, for central nervous 
system (CNS) tumors, 130-131 

Growth hormone, and posteromedial 
hypothalamotomy,382 

Head trauma 
neurological disease after, 341 
tremor and, 326-328 
see also Post~raumatic movement 

disorders 
Hearing function, with radiosurgery 

for acoustic neurinoma, 485-487, 
488 

Hematoma, intracerebral 
anterior internal capsulotomy and, 

360 
arteriovenous malformations with, 

360 
as complication of stereotactic 

surgery, 163 
balloon-tip catheter for 

postoperative tamponade in 223, 
225 

choice of treatment method for, 221 
complications of surgery for, 223 
diagnosis of, 220 
evolution of stereotactic 

instruments for, 217-220 
indications for evacuation of, 220-

221 
Leksell system for, 44 
pneumocephalus after surgery for, 

223 
results of surgery for, 223-226 
robotic system for surgery for, 264 
stereotactic surgery for evacuation 

of, 10,217-226 

INDEX 

technical considerations in, 221-
223 

timing of surgery for, 221 
volume estimation of, 220-221 

Hemangioblastoma, proton beam 
therapy for, 469 

Hemiballismus, posttraumatic, 342, 
348 

Hemorrhage 
arteriovenous malformations and, 

491 
as complication of stereotactic 

surgery, 163 
biopsy and risk for, 139 
CT appearance of, 217 
classification systems for, 217 
deep brain stimulation and, 401, 

404 
depth electroencephalography and, 

420 
lobar, 220, 224 
mortality rate for, 217 
volumetric stereotaxis in surgical 

planning and, 181 
High-dose afterloaded brachy

Curietherapy,252-253 
Hitchcock stereotactic system, 47-61 

components of, 47-53 
CT scan interface device (SCID) 

with, 52, 60 
conventional radiography with, 47, 

53-56 
L-grid with, 48-49 
open stereotactic surgery with, 60 
spinothalamic tractotomy and, 286 
stereo CT scanning with, 56-60 

Homovanillic acid, and Parkinson's 
disease, 334 

Horizontal plane, 4, 6 
Horsley-Clarke apparatus 

clinical use of, 259 
development of, 4-5 

Hydrocephalus 
colloid cysts of third ventricle with, 

207,208,211,215 
radiosurgery for acoustic 

neurinoma and, 487-488 
thalamic pain syndrome with, 370 

11-Hydroxycorticosteroid (11-
OHCS), and posterom$dial 
hypothalamotomy,381 

6-Hydroxydopamine (6-0HDA), and 
movement disorders, 389, 390, 
392 

Hydroxyurea, with brachytherapy, 
241 

Hypophysectomy 
chemical, see Chemical 

hypophysectomy 
Laitinen system with stereo guide 

for, 100 
Hypothalamotomy 

behavioral disturbances and, 380-
382 

beta-endorphin levels in, 385-386 
blood pressure elevation in, 378 

early work with, 377 
endocrinological results with, 381-

382 
ergotropic triangle in, 378 
experimental studies with, 386-387 
Laitinen system for, 105, 109 
pain relief with, 383-387 
physical development curves after, 

381-382 
posteromedial, 377-387 
results with, 380-381, 383 
stimulation responses in, 378 
stimulation technique in, 384-385 
surgical technique in, 377-378, 383 
target areas for, 378 

Hypothalamus 
beta-endorphin content of, 372, 

385-386 
fiber connections in, 377 
intracavitary irradiation injury to, 

231 
pain mechanism in, 371-372, 385-

386 
stimulation-produced analgesia 

(SPA) for pain and, 377 

Immunohistochemical techniques 
tumor markers with, 131 

Implants 
irradiation, see Brachytherapy, 

Curietherapy, Interstitial 
irradiation, intracavitary 
irradiation, and specific 
radioisotopes 

stimulating devices, see Electrical 
stimulation 

Infection 
deep brain stimulation and, 401-

402 
depth electroencephalography and, 

420 
intention tremor 

ablative stereotactic surgery in, 9 
deep brain stimulation (DBS) and, 

410 
movement disorders with, 342 
Riechert-Mundinger system for, 23 

Interlocking arc stereotactic systems, 
5,6 

Interstitial brachytherapy, see 
Brachytherapy 

Interstitial irradiation 
advantages of, 245 
Brown-Roberts-Wells (BRW) 

system for, 73-75 
for astrocytomas, 157-163 
for glioblastomas, 160 
for malignant gliomas, 160 
for mass lesions, 157-163 
Leksell system for, 44, 160 
Patil system for, 122 
Todd-Wells system for, 93, 95 
volumetric stereotaxis with, 169 
see also Brachytherapy 

Intracavitary irradiation 



advantages of, 245 
complications with, 231 
for cystic craniopharyngiomas, 

229-232 
for mass lesions, 160-163 
mortality and morbidity with, 231 
results with, 230 

Intracranial pressure (ICP) 
monitoring, with hematoma 
evacuacion,220,221,223 

Intralaminar nucleus 
pain and pathways in, 269 
thalamotomy targets in, 271 

Intraventricular lesions, volumetric 
stereotaxis of, 182 

Iodine-125 irradiation 
Curietherapy with, 246, 247-248, 

252 
dose delivered with, 238-239 
implantation technique for, 237, 

246 
malignant glioma brachytherapy 

with,236-241 
mass lesions treated with, 160 
results with, 239-241 
Riechert-Mundinger system for, 21 
survival probability with, 252 

Iodophenylundecanoate 
(Pantopaque),7-8 

Iridium-192 irradiation 
brachytherapy with, 235, 236 
Curietherapy with, 246, 247-248, 

252 
Riechert-Mundinger system for, 21 
survival probability with, 252 

Irradiation, see Interstitial irradiation; 
Radiotherapy (radioisotope 
therapy) 

Isotopes, see Brachytherapy, 
Interstitial 

irradiation, Intracavitary 
irradiation, Radiotherapy 
(radioisotope therapy), and specific 

radioisotopes 

Jakob-Creutzfeldt disease, 341, 420 

17-Ketosteroids and posteromedial 
hypothalamotomy, 381 

Kinesthetic cells, and microelectrode 
stimulation, 306-308, 324 

Laitinen stereotactic system, 99-116 
angiography with, 112-113 
CT IMRI adapter with, 100-105 
CT technique with, 105-107 
contrast ventriculography with, 

100 
irradiation with linear accelerators 

with,113-115 
location of brain tumors.with, 115-

116 
MRI technique with, 107-108 

INDEX 

stereoguide in, 99-100 
surgery with radiography using, 

108-109 
surgery without radiography using, 

109-112 . 
Language disturbance, after 

microrecording stimulation, 329 
Lasers 

Brown-Roberts-Wells (BRW) 
system biopsies with, 141 

Laitinen system with, 113 
robotic system combined with, 264 
Todd-Wells system for, 93 
volumetric stereotaxis with, 171 
see also specific laser systems 

L-dopa 
Parkinson's disease and, 334, 335 
tremor response to, 297 

Leg pain, and myelotomy, 289 
Leksell stereotactic system, 27-46 

accessories used with, 42-44 
acoustic neurinoma with, 481 
advantages of, 45-46 
approaches to target with, 36-42 
atlases with, 435, 442 
brachytherapy with, 237 
Bragg peak proton beam therapy 

based in design of, 465 
care of, 44-45 
colloid cysts of third ventricle 

treated using, 209, 210 
coordinate frame application with, 

29-30 
deep brain stimulation with, 398 
depth electroencephalography with, 

416 
diagnostic surgery results with, 

149-157 
diagnostic surgery technique with, 

147-149 
early work with, 27 
frontal lobotomy with, 355 
general descripcion of, 27-29 
grid feature of, 35 
intracavitary irradiation with, 230 
linear accelerator adaptations to, 

476 
MRI with, 35-36 
mass lesion diagnosis and treatment 

with,145-167 
microelectrode technique in 

Parkinson's disease with, 300, 
315,317-318,326 

operating room dedicated terminal 
with,35 

positron emission tomography 
(PET) with, 198 

principle of, 27 
radiosurgery with, 481, 495-497 
software techniques with, 33-35 
sterilization process with, 44-45 
target localization with 

conventional radiography using, 
30-31 

target localization with CT using, 
31-35 
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Lewy bodies, in Parkinson's disease, 
334 

Limbic system 
behavioral mechanisms of, 382 
leucotomy in, 353 
organization of, 354 

Limitans nucleus 
mesencephalotomy technique and, 

270 
pain and pathways in, 269 

Linear accelerator adaptacions, 471-
479 

accuracy testing in, 474 
advantages of, 478 
arc radiation concept with, 471 
beam size in, 479 
components of, 472 
dosage in, 479 
gamma knife compared with, 471-

472,478,479 
indications for use of, 478-479 
Laitinen system with, 113-115 
Leksell frame with, 476 
patient selection for, 474 
precautions with, 477-478 
results with, 474-475 
Riechert system with, 476 
target alignment in, 472, 479 
technique for, 472-474 

Lisuride, in Parkinson's disease, 335 
Lobar hemorrhages, stereotactic 

evacuation of, 220, 221, 224, 225 
Localization, see Target localization 
Locus ceruleus, in Parkinson's 

disease, 334 
Low back pain, and deep brain 

stimulation, 397, 400, 403 
Lung cancer metastasis 

chemical hypophysectomy for pain 
relief in, 369 

trigeminal tractotomy and 
nucleotomy for pain in, 287 

volumetric stereotaxis and, 180 
Luteinizing hormone, and 

posteromedial 
hypothalamotomy, 381, 382 

Lymphomas 
biopsies of, 151, 156 
CT appearance of, 151 

Magnetic resonance imaging (MRI) 
anterior internal capsulotomy with, 

356,357,359,362 
arteriovenous malformations 

(A VM) on, 500 . 
atlases with, 425, 432, 434, 438-

439,442,443 
biopsy techniques with, 137, 143, 

247 
Bragg peak proton beam therapy 

with,463 
colloid cysts of third ventricle with, 

207,214 
CT localization techniques 

combined with, 143 
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coordinate system nomenclature 
with,90 

Curietherapy with, 246-247 
depth electroencephalography and, 

416 
dermoid cyst on, 373 
endoscopy with, 185, 191 
Hitchcock system with, 47 
Laitinen system with, 100-105, 

107-108 
Leksell system with, 27, 30, 35-36 
Patil system with, 121, 122, 124 
pulvinotomy with, 276 
Riechert-Mundinger system with, 

13, 16-17 
target localization with, 143 
Todd-Wells system with, 86 
volumetric stereotaxis with, 169, 

172,175,177,178, 183 
Mass lesions 

brain metastasis evaluation and, 
151,163-167 

diagnostic surgery results in, 149-
157 

diagnostic surgery techniques in, 
147-149 

histological diagnosis problems in, 
157 

indications for stereotactic surgery 
in, 145-146 

interstitial brachytherapy for, 157-
163 

intracavitary irradiation for, 160-
163 

intraoperative CT imaging of, 149 
Leksell system with, 145-167 
midbrain, 156 
operating room setup and, 146-147 
pontine, 156 
postoperative complications in, 163 
procedures and techniques in, 147-

157 
radiological technique for, 149 
serial biopsies of, 149 
stereotactic biopsy of, 10, 145-146 
therapeutic surgery for, 157 
see also specific lesions 

Medial forebrain bundle, and pain 
control, 377, 386-387 

Medial geniculate, and microelectrode 
technique, 309 

Medial lemniscus, and microelectrode 
technique, 309 

Meningioma, 252 
biopsies of, 131, 142 
positron emission tomography 

(PET) in, 203 
proton beam therapy for, 469 
third ventricular, 214 

Mental retardation, 380 
Mesencephalon, with stimulation

produced analgesia (SPA) for 
pain, 386 

Mesencephalotomy, 269-270, 294 
coordinates for, 269 
early work with, 269-270 

INDEX 

results with, 276 
side effects of, 270 

Mesulergine, in Parkinson's disease, 
335 

Metastatic cancer 
biopsy diagnosis with, 141-142 
brachytherapy for, 239 
chemical hypophysectomy for pain 

in, 365, 368, 369 
CT scan appearance of, 151 
glial neoplasm, similarities to, 151 
mass tumor differentiation from, 

151,163-167 
posteromedial hypothalamotomy 

for, 377 
tumor markers for, 131 
volumetric stereotaxis of, 179-181 
see also specific types of cancer 

Met-enkephalin, and pain mechanism, 
372 

Methionine, with positron emission 
tomography (PET), 195, 196-
197,199-201,203,204 

MPTP (N-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine), and 
parkinsonian syndrome, 333, 389 

Metrizamide 
midbrain biopsies with, 156 
posttraumatic movement disorder 

surgery and, 343-344 
Microelectrode stimulation, see 

Electrical stimulation headings 
Midbrain 

ablative stereotactic surgery in, 9 
Curietherapy for lesions of, 251 
mass lesions in, 156 
stereotactic surgical technique in, 

156-157 
Midsagittal plane, 4 
Mixed glioma 

Leksell system with, 43 
positron emission tomography 

(PET) in, 203 
Monoamine oxidase (MAO) 

inhibitors 
Parkinson's disease and, 335 
posttraumatic movement disorders 

and,342 
Monoclonal antibodies, as central 

nervous system (CNS) tumor 
markers, 131 

Motor neuron disease, 341 
Movement disorders 

ablative stereotactic surgery in, 9 
posttraumatic, 341-351 
thalamotomy and micro recording 

stimulation for, 315-330 
transplantation to the brain for, 389 
see also specific disorders 

MRI, see Magnetic resonance imaging 
(MRI) 

Multiple sclerosis, 336 
deep brain stimulation (DBS) in, 

410,411 
Myelotomy, 288-291 

cervical, 289 

coagulation in, 290-291 
early work in, 288 
leg pain and, 289 
pain treatment with, 288 
results with, 291 
target localization for, 289 
technique for, 289-291 

Myoclonus, posttraumatic, 342 

Naloxone, and pain mechanism, 372, 
386,396,398 

Neodymium YAG laser, 141 
Neuralgias 

mesencephalotomy for, 269 
pulvinotomy for, 272 
thalamotomy for, 271 
see also specific neuralgias 

Neuroepithelial tumors, biopsies of, 
131, 151-152 

Neurofibromatosis, with 
radiosurgery,484 

Neuroma 
linear accelerator adaptations for, 

479 
proton beam therapy for, 469 

Nociceptive pain 
deep brain stimulation (DBS) for, 

397-398,400,404-405 
mechanism of, 395 

Nuclear magnetic resonance (NMR) 
see Magnetic resonance imaging 
(MRI) 

Nucleus ventralis intermedius (V.i.m.) 
atlases and, 435 
CT appearance of, 315-317 
electrical activity, recording of, 

320-324 
kinesthetic neurons of, 324 
microelectrode techniques and, 298, 

299,300,303,304,311,324-326, 
410 

movement disorders and, 328 
Parkinson's disease surgery in, 335 
posttraumatic movement disorder 

surgery and, 345 
trauma or cerebrovascular accidents 

and tremor and, 326-328 
voluntary cells in, 308 

Nucleus ventralis posterolateralis 
(VPL) 

deep brain stimulation (DBS) and, 
398,410,411 

pain and pathways in, 269, 396 
thalamotomy targets in, 271 

Nucleus ventralis posteromedialis 
(VPM) 

deep brain stimulation (DBS) and, 
398 

pain and pathways in, 269, 396 
thalamotomy targets in, 271 

Obsessive-compulsive behavior, and 
psychosurgery, 9,353,355, 362 

Octree recording, 443-445 



Oligodendroglioma 
biopsies of, 133 
Curietherapy for, 249 
positron emission tomography 

(PET) in, 203 
volumetric stereotaxis of, 177 

Opiates, and pain mechanism, 372 
Oropharyngeal cancer 

trigeminal tractotomy and 
nucleotomy for, 287, 288 

Pain 
ablative stereotactic surgery in, 9 
chemical hypophysectomy for, 

365-366 
early work with, 269 
electrical stimulation for, 9-10, 

272,276 
experimental studies with, 386-387 
hypothalamic mechanism for, 371-

372 
implantable stimulating devices for, 

10 
mesencephalotomy for, 269-270 
myelotomy with, 288, 289, 291 
pituitary mechanism for, 370-371 
pontine spinothalamic tractotomy 

for, 291, 292, 293 
posteromedial hypothalamotomy 

for, 377, 383-387 
Riechert-Mundinger system for, 23 
spinothalamic tractotomy for, 285 
stimulation-produced analgesia 

(SPA) for, 377, 384-385, 386 
thalamic mechanism for, 370 
thalamotomy for, 271-276 
trigeminal tractotomy and 

nucleotomy for, 286, 288 
see also specific disorders 

Palladium-l06 irradiation, 245 
Pallidum, see Globus pallidus 
Pantopaque (iodophenylundecanoate), 

7-8 
Parafascicular nucleus 

deep brain stimulation (DBS) of, 
410 

pain and pathways in, 269 
thalamotomy targets in, 271 

Paraplegia pain, and deep brain 
stimulation (DBS), 397, 400, 403, 
410,411 

Paraventricular nucleus (PVN), and 
pain, 371 

Parkinson's disease and parkinsonism 
ablative stereotactic surgery in, 9 
alternatives to surgery in, 388 
deep brain stimulation (DBS) for, 

409,410 
disability scale in, 334 
early surgical treatment of, 335-336 
etiology of, 333, 341 
incidence of, 333 
kinesthetic cells in, 307-308 
Laitinen system with surgery for, 

109 

INDEX 

medical therapy for, 335, 337 
MPTP (N-methyl-4-phenyl-

1,2,3,6-tetrahydropyridine) 
experiments with, 333, 389 

micro electrode stimulation and 
microelectrode in, 297 -312 

natural history of, 334-335 
pathology of, 333-334 
patient selection for surgery in, 337, 

338 
Riechert-Mundinger system for, 23, 

336 
rigidity in, 297 
surgical technique for, 336-337 
targets for surgery in, 336-337 
transplantation to the brain for, 389 
University of Zurich experience 

with, 336-337 
Pati! stereotactic system, 117-124 

clinical experience with, 122 
components and description of, 

117-119 
functional neurosurgery with, 121 
indications for use of, 121-122 
linear accelerator adaptations to, 

472 
MRI (NMR) scanning and, 121, 124 
principles of, 117 
results using, 123 
technique for using, 119-121 
trajectory determination in, 119 

Pelvic pain, and myelotomy, 289 
Pergolide, in Parkinson's disease, 335 
Periaqueductal gray matter (PAG) 

deep brain stimulation (DBS) in, 
395,398,399-400,402 

implantable stimulating devices in, 
10 

pain mechanism and, 386 
Peripheral neuropathy, and deep brain 

stimulation (DBS), 397, 400, 403 
Periventricular gray matter (PVG), 

377 
deep brain stimulation (DBS) in, 

395, 399-400, 402 
implantable stimulating devices in, 

10 
PET, see Positron emission 

tomography (PET) 
Phantom limb pain 

deep brain stimulation (DBS) for, 
397,400 

mesencephalotomy for, 270 
pulvinotomy for, 272 

Phobic disorders, and anterior 
internal capsulotomy, 355, 362 

Phosphorus-32 intracavitary 
irradiation, 245 

complications with, 231 
cystic craniopharyngioma and, 

230-232 
mass lesions and, 162 

Photon intracavitary irradiation, 232 
Pick's disease, 341 
Pilocytic astrocytoma 

biopsies of, 131, 133 

Curietherapy for, 248-249, 253 
volumetric stereotaxis of, 178 

Pineal gland 
atlases and, 441 
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radiography in stereotactic surgery 
and, 7 

Pituitary adenoma, 214 
brachytherapy for, 235 
Bragg peak proton beam therapy 

for, 467 -468, 469 
Curietherapy for, 245 
linear accelerator adaptations for, 

479 
Pituitary gland 

chemical hypophysectomy for pain 
relief and, 365 - 366 

pain mechanism and, 370-371 
posteromedial hypothalamotomy 

and, 381 
Pneumoencephalography, 7 

acoustic neurinoma with, 481 
anterior internal caps ulotomy with, 

356 
depth electroencephalography and, 

416 
Leksell system with, 27 

Pneumocephalus, after hematoma 
evacuation, 223 

Polar coordinate principle, 13-15 
Pons 

Curietherapy for lesions of, 251 
mass lesions in, 156 
stereotactic evacuation of 

hemorrhages within, 221 
stereotactic surgery complications 

in, 163 
stereotactic surgical technique in, 

156-157 
thalamic pain syndrome and, 370 
volumetric stereotaxis of, 173 

Pontine spinothalamic tractotomy, 
291-294 

atlas coordinates in, 294 
results with, 292-294 
target localization for, 291-292 
technique for, 291-292 

Positron emission tomography (PET), 
195-205 

astrocytomas and, 203 
biopsy with, 197, 198-202 
blood-brain barrier and, 202 
brachytherapy combined with, 241 
CT techniques with, 195 
depth electroencephalography with, 

420 
diagnostic localization frame in, 196 
head fixation in, 195-197 
mechanism of methionine 

accumulation in, 202 
results using, 202 - 203 
target calculation with, 198-202 
tracers used in, 195, 196-197 

Posterior column homunculus, 280-
281 

Posteromedial hypothalamotomy, 
377-387 
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behavioral disturbances and, 380~ 
382 

beta-endorphin measurement with, 
385-386 

blood pressure elevation in, 378 
early work with, 377 
endocrinolocial results with, 381-

382 
ergo tropic triangle in, 378 
experimental studies with, 386-387 
pain relief with, 383-387 
physical development curves after, 

381-382 
results with, 380-381, 383 
stimulation responses in, 378 
stimulation technique with, 384-

385 
surgical technique for, 377-378, 

383 
target areas for, 378 

Postherpetic neuralgia 
pulvinotomy for, 272 
trigeminal tractotomy and 

nucleotomy for, 288 
Posttraumatic movement disorders, 

341-351 
ablative stereotactic surgery in, 9 
incidence of, 341 . 
medical management of, 342 
physiological target selection for, 

344-346 
posttraumatic myoclonus and, 342 
preoperative evaluation in, 342-343 
radiographic target selection for, 

344-346 
results of surgery for, 348-350 
surgical indications with, 342 
surgical lesion placement in, 347-

348 
syndrome in, 341-342 
ventriculography in, 343-344 

Procarbazine, with brachytherapy, 
241 

Programs, see Software 
Prolactin, and posteromedial 

hypo thalamotomy, 381, 382 
N -prophylnoraprophine, and 

Parkinson's disease, 335 
Propranolol, in posttraumatic 

movement disorders, 342 
Prostate cancer metastasis, and 

chemical hypophysectomy, 365, 
368,369 

Proton beam therapy, see Bragg peak 
proton beam therapy 

Psychosurgery 
early work with, 377 
seizure disorders and, 413 
stereotactic techniques in, 9, 353 
target regions in, 353 
see also specific techniques and 

specific disorders 
Psychotic reactions, after deep brain 

stimulation (DBS), 402 
Pulvinar nuCleus 

INDEX 

deep brain stimulation (DBS) of, 
409 

pain and pathways in, 269 
thalamotomy targets in, 271, 272, 

276 
Pulvinotomy, 272-276 

coordinates for, 269 
results with, 276 
side effects in, 272 
target sites for, 272, 276 

Quintothalamic tract 
mesencephalotomy and, 269, 270 
pain mechanism and, 269 
pontine spinothalamic tractotomy 

and, 291,292 

Radiography, conventional 
arteriovenous malformations 

(A VM) with, 476 
contrast media in, 7-8 
distance and magnification in, 8 
Hitchcock system with, 47, 53-56 
Laitinen system with, 108-109 
Leksell system with, 30-31 
stereotactic surgery requirements 

for, 7-8 
Radiologic Automated Diagnosis 

(RAD) 
applications of, 450-458 
development of, 443 
graphics system in, 443-445 
normalization process with, 448-

450 
Radiosurgery, 463-505 

acoustic neurinomas with, 481-489 
anterior internal capsulotomy with, 

359,360 
arteriovenous malformations 

(AVM) with, 491-505 
Bragg peak proton beam therapy in, 

463-470 
dose planning in, 483, 488, 493-497 
facial nerve function and, 484-485 
follow-up after, 497-500 
growth rate of tumor in, 488-489 
hearing and, 485-487 
irradiation parameters with, 481-

483 
irradiation procedure for, 483 
latency period of obliteration of 

arteriovenous malformations and, 
505 

Leksell system in, 27, 495-497 
linear accelerator adaptations for, 

471-479 
long-term considerations in, 487-

488 
procedure in,493-497 
results with, 483-484, 501-504 
target localization with, 481, 493-

497 
trigeminal nerve function and, 487 

Radiotherapy (conventional external) 

brachytherapy combined with, 241 
dosage in, 235 

Radiotherapy (radioisotope therapy) 
atlases in, 438 
biopsy diagnosis before, 141 
indications for, at University of 

Freiburg,20 
Laitinen system for, 113-115 
Riechert-Mundinger system for, 21 
stereotactic techniques for, 10 
see also Brachytherapy, 

Curietherapy, Interstitial 
irradiation, intracavitary 
irradiation, and specific 
radioisotopes 

Radium implantation, with 
parenchymal tumors, 235 

Reactive gliosis, 133 
Recording electrodes in epilepsy, 9 
Respiratory system 

pontine spinothalamic tractotomy 
and, 293 

spinothalamic tractotomy and, 284-
285,286 

Reticulotomy, rostral mesencephalic, 
270 

Rhenium-186 intracavitary irradiation 
complications with, 231 
cystic craniopharyngioma and, 

230-232 
leakage of, 231, 232 
mortality and morbidity with, 231 

Rhizotomy, pain after, 269 
Rhombenecephalic structures, atlases 

of, 432 
Riechert stereotactic· system 

biopsies with, 129 
linear accelerator adaptations to, 

476 
Riechert -Mundinger stereotactic 

system, 13-24 
accuracy of, 16 
CT with, 16 
coordinates in, 13 
endoscopy with, 191 
equipment used in, 13 
fixation modes in, 13, 16 
functional therapy with, 22-23 
grid feature of, 19 
indications for use of, 17-18 
MRI with, 16-17 
nonfunctional neurosurgery with, 

18-21 
operative technique with, 18-23 
Parkinson's disease surgery with, 

336 
polar coordinate principle in, 13-15 
radiotherapeutic techniques with, 

21,230 
theory behind, 13-16 
tumor size determination in, 19 
University Hospital, Freiburg, 

West Germany, experience with, 
22,23 

ventriculography with, 22 



Rigidity 
early surgical treatment of, 336 
L-dopa and, 335 
microelectrode stimulation and, 

279,311,328 
transplantation to the brain and, 

389 
Robotic system for neurosurgery, 

259-265 
advantages of, 263-264 
biopsy technique with, 262-263 
definition of robot in, 260 
general description of, 260 
other systems combined with. 264 
selection of system in, 260-262 
surgical techniques using, 262-263 
trajectory selection with, 262, 264-

265 
Roentgenography, see Radiography, 

conventional 

Sano's stereotactic hypothalamotomy 
procedure, 377 

Sarcomas, tumor markers for, 131 
Scan interface device (SCID), in 

Hitchcock system, 53 
Schizophrenia, and psychosurgery, 

355 
Seizure disorders, 413 
Sella turcica 

chemical hypophysectomy for pain 
relief and, 365-366 

depth electroencephalography and, 
415 

Septum pellucidum, 
noncommunicating cyst of, 214 

Serial biopsies 
Backlund spiral instrument in, 152-

153 
complications with, 130 
mass lesions with, 149 
positron emission tomography 

(PET) in, 202 
sample processing in, 129-130 
volumetric stereotaxis with, 169 

Slow viral infections, and biopsies, 
167 

Software 
atlases with, 425-427, 431-432, 

434 
brachytherapy with, 237 
Brown-Roberts-Wells (BR W) 

system with, 76, 237 
coordinate system nomenclature 

with, 90 
endoscopy with, 191, 193 
Leksell system with, 33-35 
microelectrode technique with, 

301-305 
Todd-Wells system with, 89-90, 95 

Spasmodic torticollis 
ablative stereotactic surgery in, 9 
deep brain stimulation and, 409 

Spiegel-Wycis apparatus,S 

INDEX 

Spinal surgery 
advantages of, 281-282 
anesthesia in, 281' 
approaches in, 279-280 
contraindications for, 281-282 
early work in, 279 
fixation for, 279 
homunculi in, 280-281 
implantable stimulating devices 

with, 9-10, 281 
myelotomy in, 288-291 
pontine spinothalamic tractotomy 

in, 291-294 
positions of spinal cord tracts and, 

280-281 
spinothalamic tractotomy in, 282-

286 
target localization in, 279, 280 
trigeminal tractotomy and 

nucleotomy in, 286-288 
Spinohypothalamic fiber system, and 

pain mechanism, 386 
Spinoperiventricular fiber system, and 

pain mechanism, 386 
Spinothalamic homunculus, 280-281 
Spinothalamic tract 

electrical stimulation of, 281, 324 
mesencephalotomy and, 270 
pontine tractotomy and, 291-294 
pain mechanism and, 269 

Spinothalamic tractotomy, 282-286 
respiratory capacity and, 284-285, 

286 
results with, 285-286 
special considerations in, 284-285 
target localization in, 282-284 
technique for, 282 

Stereoencephalotomy,5 
Stereotactic surgery 

atlases used with, 6-7 
Cartesian coordinate system in, 3-4 
categories of apparatus for, 5-6 
choice of instrument in, 45-46 
coordinate system nomenclature in, 

90 
definition of, 3 
development of apparatus for, 4-5 
first use of, 4 
general concepts of, 3-10 
indications for, 9-10,145-146 
intraoperative biopsy diagnosis in, 

132-133 
radiograhic requirements for, 7-8 
reference planes in, 4 
safety of, 146 
use of term, 10 
volumetric stereotaxis in planning 

for, 172-173 
Stereotaxic, use of term, 10 
Sterilization 

biopsy techniques and, 167 
Hitchcock system and, 47-48 
leksell system and, 44-45 

Stimulation-produced analgesia (SPA) 
for pain, 377, 384-385, 386 
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Stimulation techniques, see Electrical 
stimulation headings 

Stroke 
intracerebral hemorrhage and, 217, 

220 
microrecording techniques for, 328 
thalamotomy for pain after, 271, 

276 
Subacute tractotomy, 353 
Substantia innominata 

Parkinson's disease and, 334 
subacute tractotomy and, 353 

Substantia nigra 
Parkinson's disease and, 333 
transplantation experiments with, 

392 
Supraoptic nucleus (SON), and pain, 

371 

Tactile cells, and microelectrode 
stimulation, 306 

T alairach apparatus, 6 
brachytherapy with, 235 
depth electroencephalography and, 

413,416 
Target localization 

atlases and, 435, 436 
Brown-Roberts-Wells (BRW) 

system with, 65-68, 75, 139-
140,237 

coordinate system nomenclature 
with, 90 

CT combined with MRI in, 143 
CT stereotactic surgery and, 8-9, 

149,154-155 
endoscopy and, 191-193 
for anterior internal capsulotomy, 

355-356 
for arteriovenous malformation 

(AVM) radiosurgery, 493-497 
for brachytherapy, 237 
for Bragg peak proton beam 

therapy, 467 
for deep brain stimulation (DBS), 

398 
for frontal lobotomy, 354 
for interstitial and intracavitary 

radiosotope treatments, 245 
for myelotomy, 289 
for posteromedial 

hypothalamotomy,378 
for pulvinotomy, 272, 276 
for spinal surgery, 279, 280 
for spinothalamic tractotomy, 282-

284 
for thalamotomy, 271 
for trigeminal tractotomy and 

nucleotomy,286 
Laitinen system and, 105-107, 108, 

109, 113, 115-116 
Leksell system and, 30-36 
linear accelerator adaptations and, 

479 
MRI for, 143 
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micro electrode technique in 
Parkinson's disease and, 300-
301,336-337 

Patil system and, 119 
positron emission tomography 

(PET) techniques with, 196, 197-
202 

posttraumatic movement disorder 
surgery and, 344-348 

psychiatric surgery and, 353 
Todd-Wells system and, 84, 95-96 
vascular structures and, 13 7 
ventriculography for, 259 

Technetium-99m, with intracavitary 
irradiation of mass lesions, 162 

Temporal lobe, and depth 
electroencephalography (DBS), 
415, 

Teratoid tumor, third ventricular, 214 
Thalamic pain 

chemical hypophysectomy for, 370 
Thalamic lesions 

volumetric stereotaxis in, 172-173 
Thalamotomy 

centromedian, 271-272 
coordinates for, 269 
early work with, 269, 271 
electrical stimulation compared 

with, 272, 276 
for central pain syndrome, 271 
Laitinen system for, 105 
mass lesions and, 147 
pain control with, 269, 271-276 
Parkinson's disease micro electrode 

stimulation and, 297-338 
posteromedial hypothalamotomy 

and,377 
posttraumatic movement disorders 

and,342 
pulvinar, 272-276 
results with, 276 
side effects of, 271, 272 
target localization for, 271, 272, 276 

Thalamus 
ablative stereotactic surgery in, 9 
atlas coordinates and, 442 
deafferentation pain and, 396 
deep brain stimulation (DBS) in, 

395,399-400,409-411 
mass lesions in, 156 
micro electrode technique and, 299-

300 
pain and pathways in, 269 
seizure disorders and, 413 
stereotactic evacuation of 

hemorrhages within, 217, 220, 
221,225 

stimulation-produced analgesia 
(SPA) for pain and, 386 

Thermocoagulation, see 
Electrocoagulation 

Thyroid-stimulating hormone, and 
posteromedial 
hypothalamotomy, 382 

Todd-Wells system, 6,79-86 

INDEX 

chemical hypophysectomy with, 
366 

CT scanning with, 82, 86 
depth electroencephalography with, 

415 
digital angiography (DA) with, 89 
early work with, 80 
head holder modifications of, 82-

85 
instrument components of, 81-82 
localization system with, 84, 95-96 
MRI scanning with, 86 
operating room setup of, 89 
overview of, 80-81 
posteromedial hypothalamotomy 

with,378 
posttraumatic movement disorder 

surgery with, 343 
procedural aspects of, 86-92 
procedures performed with, 94-95 
recent modifications of, 92-94 
software for data input with, 89-

90,95 
spinal surgery with, 279 
volumetric stereotaxis with, 92, 169, 

170 
Torsion dystonia, and deep brain 

stimulation (DBS), 409 
Torticollis 

ablative stereotactic surgery in, 9 
deep brain stimulation in, 409, 410, 

411 
Translational stereotactic systems,S 
Transplantation to brain, 389-392 

clinical trials of, 389-390 
future aspects of, 390-392 
graft preparation in, 390 
neurohumoral effects of, 

monitoring, 392 
operative procedure in, 290 
target selection in, 390 
tissue sources in, 392 

Tremor 
ablative stereotactic surgery in, 9 
cell types with, 300 
deep brain stimulation (DBS) for, 

410 
early surgical treatment of, 335-336 
kinesthetic cells in, 307-308 
Laitinen system with surgery for, 

109 
L-dopa and, 297 
microelectrode stimulation for, 297 
movement disorder microelectrode 

lesions and, 326, 328 
natural history of, 334 
transplantation to the brain for, 389 
trauma or cerebrovascular accidents 

causing, 326-328 
Trigeminal neuralgia 

thalamotomy and, 271 
trigeminal tractotomy and 

nucleotomy for, 288 
Trigeminal tract 

electrical stimulation of, 281 

pontine spinothalamic tractotomy 
and, 291,292 

radiosurgery for acoustic 
neurinoma and, 487 

Trigeminal tractotomy and 
nucleotomy, 286-288 

case reports of, 287 
results with, 287-288 
targets in, 286 
technique in, 286 

Tryptophan, in posttraumatic 
movement disorders, 342 

Tuberous sclerosis, 214 
Tumor localization, see Target 

localization 
Tumor markers, with central nervous 

system (CNS) tumors, 131 

Ultrasonography 
Brown-Roberts-Wells (BRW) 

system biopsies with, 140-141 
robotic system combined with, 264 

Urokinase, in hematoma evacuation, 
219,221-223,225 

Vascular structures 
target localization and, 13 7 
volumetric stereotaxis in surgical 

planning and, 172, 181-182 
Ventral oral anterior (VOA) nucleus 

Parkinson's disease surgery in, 335 
posttraumatic movement disorder 

surgery and, 345 
Ventral oral posterior (VOP) nucleus 

microelectrode stimulation and, 
299,308 

Parkinson's disease surgery in, 335 
Posttraumatic movement disorder 

surgery and, 345 
Ventral posterolateral (VPL) nucleus 

deep brain stimulation (DBS) and, 
398,410,411 

pain and pathways in, 269, 396 
thalamotomy targets in, 271 

Ventral posteromedial (VPM) nucleus 
deep brain stimulation (DBS) and, 

398 
pain and pathways in, 269, 396 
thalamotomy targets in, 271 

Ventral tegmental area, and 
Parkinson's disease, 334 

Ventricular lesions 
colloid cysts of, 207-215 
volumetric stereotaxis of, 182 

Ventriculography, 7 
atlases and, 432 
colloid cysts of third ventricle 

surgery with, 211, 212 
deep brain stimulation (DBS) and, 

402 
Hitchcock system with, 55 
Laitinen system with, 100 



microelectrode technique with, 298, 
317 

pontine spinothalamic tractotomy 
with,291 

posteromedial hypo thalamotomy 
with,378 

posttraumatic movement disorder 
surgery with, 343-344 

Riechert-Mundinger system with, 
22 

target localization with, 259 
Todd-Wells system with, 95 

Ventrocaudal (VC) nucleus 
microelectrode techniques and, 301, 

303,304,311,326,329 
tactile cells in, 306 
trauma or cerebrovascular accidents 

and tremor and, 328 
Ventrolateral (VL) nucleus 

deep brain stimulation (DBS) of, 
409,411 

microrecording techniques and, 
320,328 

Parkinson's disease surgery in, 335 
posttraumatic movement disorder 

surgery and, 345 
Vestibular nuclei, and pontine 

spinothalamic tractotomy, 291, 
292 

INDEX 

Vestibulothalamic tract, and 
microelectrode technique, 299 

Videotape recording, in movement 
disorders, 315 

Vincristine, with brachytherapy, 241 
Viral infections, and biopsies, 167 
Volume stereotaxis, 169-183 

astrocytomas and, 177-179 
craniotomy results with, 175-176 
Curietherapy with, 254 
database acquisition in, 172 
deep tumors and, 173-175 
definition of intracranial, 169 
development of system for, 169-

170 
glial tumors with, 176-177 
instrumentation in, 170-172 
intracavitary irradiation and, 230 
intraventricular lesions and, 182 
large lesions and, 182 
metastatic tumors and, 179-181 
monitoring intracranial shifts 

during surgery with, 173 
stereotactic evacuation of 

hemorrhages and, 220-221 
superficial lesions and, 173 
surgical planning and, 172-173 
surgical procedure and, 173-175 
technetium-99m for, 162 

Todd-Wells system for, 92, 169, 
170 

519 

tumor volume interpolation in, 172 
vascular malformations with, 181-

182 
Voluntary cells, and microelectrode 

stimulation, 308 

Wilson's disease, and deep brain 
stimulation (DBS), 409, 410 

World Health Organization (WHO) 
classification of central nervous 
system (CNS) tumors, 130-131 

Xanthogranuloma, third ventricular, 
214 

Yttrium-90 intracavitary irradiation, 
245,246 

complications with, 231 
cystic craniopharyngioma with, 

230-232 
leakage of, 231 
mass lesions with, 162 
mortality and morbidity with, 231 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




