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Preface 

Various textbooks on stereotactic neurosurgery have been published 
during the last few years (Riechert 1980, Schaltenbrand and Walker 1982, 
Spiegel 1982), all of them dealing with functional stereo tactics as the major 
subject in the field. Diagnostic and therapeutic stereotactic interventions are 
only briefly described, whereas localization techniques are not yet 
mentioned. 

Since 1980, however, an increasing number of reports has been published 
on CT guided and computer monitored stereotactic performances which 
enable the surgeon to combine diagnostic and therapeutic efforts in one 
session. 

With recent progress in scanning techniques, including high resolution 
CT, NMR, and PET imaging of the brain, it has become possible to study 
and localize any brain area of interest. With the concomitant advances in 
computer technology, 3-dimensional reconstruction of deep seated lesions 
in stereotactic space is possible and the way is open for combined surgery 
with stereotactic precision and computer guided open resection. This type of 
open surgery in stereotactic space is already being developed in some centers 
with the aid of microsurgical, fiberoptic, and laser beam instrumentation. 

With these advances stereotactic techniques will rapidly become in
tegrated into clinical neurosurgery. Stereotactics has become a metho
dology which enables the surgeon to attack deep seated and subcortical 
small tumors. Neurosurgeons may abandon therapeutic nihilism, still 
frequently seen in glioma treatment, in the near future when stereotactic 
resection will be feasible and remaining tumor cells may be killed by 
adjuvant treatment modalities still in development. 

This comprehensive guide to stereotactic principles, methodology, and 
possibilities is presented for use by general neurosurgeons who feel that 
stereotactics and computer aided surgery deserve clinical attention. 
Schematic drawings illustrate the principles of target positioning and 
calculation. 

Stereotactic instruments in current use, including CT and NMR guided 
instrumentation, are ,discussed. Many photo.graphs show the Leksell 
system, as this is the instrument in use in the author's department. 
Photographs of other instrumentation have kindly been presented to the 
author by various colleC:lgues with permission for publishing. References 
have been collected and updated to June 1, 1985. 

Tilburg, November 1985 D. Andries Bosch 
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Chapter 1 

Introduction 
Stereotactic neurosurgery was born in the mind of Robert Clarke, who 

in the early twentieth century (1906)-when he was convalescing from 
pneumonia in Egypt (Carpenter and Whittier 1952)-"used his genius to 
apply a simple principle out of its usual context", and gave the impetus to 
research into deep brain structures (Schurr and Merrington 1978). By that 
time clinical neurosurgery did not exist. Surgical neurology was performed 
by neurologists with some surgical training and consisted for a great deal of 
applied neurophysiology. It was, in fact, the ultimum refugium for 
neurologists to alleviate otherwise intractable disorders. Medical history 
describes three operations in which a burrhole was performed after 
localization of its site with the help of an "encephalometer". This instrument 
was constructed by Professor D. N. Zernov (Moscow 1892) and is the first 
apparatus based on mathematical principles that, after fixation on the skull, 
could be used for spatial orientation (Kandel and Schavinsky 1972). It was, 
however, employed mainly in surface topography for localization of the 
cranial sutures and cerebral sulci. Therefore it seems justified to state that 
the modern era of stereotaxy began in 1906 when Clarke and Horsley 
published work on a new method of brain research using a Cartesian 
tricoordinate system. 

I. Stereotaxy in Experimental Brain Research 

A. Clarke's Instrument 

The original idea to apply geometry to the study of the brain came to 
Clarke when he collaborated with Victor Horsley in experimental work on 
the function of the cerebellum. Horsley tried to destroy deep tracts and 
nuclei to discover their function and felt an inability to be sure about the 
positioning of his electrodes with which he made electrolytic lesions. He 
recognized the problem and Clarke's idea brought the solution. Of course, 
the composition of the brain had occupied the minds of many people for 
centuries and its fine structure necessitated the development of very precise 
ways of investigation. But to make use of the cranium as a pia([orm for 
localizing intracranial targets,to use it as a tool to a better understanding of 
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Fig. 1. Cartesian tricoordinate system for spatial orientation. P is given by: 
x = a mm anterior to zero, y = b mm superior to zero, z = c mm lateral to 
zero (to the left), XZ-plane is horizontal or axial plane, YZ-plane is frontal or 

coronal plane, XY -plane is sagittal plane 

brain function, is to the merit of Clarke. He realized also that there is no 
constant relationship between the skull and the intracranial structures and 
that the only way to find out where to place a needle tip in a given internal 
part was to construct a map on which every target could be related to three 
"zero planes", perpendicular to each other. Herewith Clarke introduced a 
Cartesian coordinate system with which calculations could be made and any 
point could be described by its coordinates x, y and z (Fig. 1). Clarke's 
original apparatus was made in 1905 by Mr. J. Swift in London and 
consisted of a frame of brass which was applied to the head of the animal by 
means of rods attached to plugs inserted into the external auditory meati 
and adjustable bars which rest on the nose and orbital margins. It was fixed 
to the skull by pins which were screwed in laterally. The electrode was 
supported by another bar that could be moved in three planes at right angles 
to each other. With knowledge of the various types of stereotactic apparatus 
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available today, it is remarkable to see how its simplicity in construction has 
been preserved and only refined in these up to date instruments. Based on 
his instrument Clarke (and Henderson 1911, 1914 and 1920) published 
stereotactic maps of sections of the brain of the cat and monkey. Once 
again, one is struck by the timeless value of a good idea! 

B. Clarke's Idea 

Although the stereotactic techniques were only applied in experimental 
brain research during the following years (1907-1947), as stereotaxy was 
intended for standardizing lesions in various structures to study the 
topographical and nosological composition of the brain, Clarke already 
anticipated in 1920 the therapeutic possibilities of his invention in human 
neurosurgery. He thought his instrument would enable brain tumors to be 
treated by electrical means or by the implantation of radium, and that it 
might be possible to relieve pain by coagulating tracts within the brain 
through a 5mm hole in the skull (Jefferson 1957). Inspired by Clarke's 
animal device, A. T. Mussen, who collaborated with Horsley and Clarke, 
designed the first stereotactic apparatus for use on humans. This instrument 
was built by an instrument maker in London in 1918 (Picard et al. 1983), but 
never used "because at that time no one was interested in it" (quote from a 
letter by Mussen to his son in 1971). 

II. Stereotaxy in Man 
The stereotactic method developed by Horsley and Clarke received little 

attention until E. A. Spiegel, who had had contact with Clarke shortly 
before his death in 1926, to ask permission to construct another apparatus 
by Mr. Swift for use in Vienna, emigrated to the United States and joined H. 
T. Wycis. In 1947 Spiegel (et al.) reported the first human stereotactic 
operation. So after forty years the big step from animals to man was taken, 
and within some years a "hausse" could be noticed in the development of 
stereotactic devices for application in man (Spiegel and Wycis, Leksell, 
Riechert, Talairach). In the early years of stereotaxy in man, however, a 
stereotactic map of human brain anatomy was not available. The first atlas 
of the human brain for stereotactic surgery was edited by Spiegel and Wycis 
in 1952, in which the posterior commissure was used as a single intracerebral 
reference point in combination with several external cranial references. In 
the beginning of the era of stereotactic neurosurgery the main interests lay in 
functional surgery. Since brain surgery for tumors and other space 
occupying lesions had a high mortality rate in these years and was-if at 
all-performed with one goal in mind, to treat by extirpation or bulk 
resection, it is evident that the profit of stereotactic techniques was not 
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realized by the surgeons. The link between experimental and human 
stereotactic surgery was laid by the neurologists, who studied the effects of 
different ablations and destructions of parts of the brain to alleviate 
otherwise intractable syndromes. So first of all attention was paid to 
stereotactic possibilities in the treatment of convulsive disorders, intractable 
pain, hyperkinesias and parkinsonism. Even psychosurgical interventions 
were extensively studied and tried out. The first attempts to treat peatients 
with stereotactic operations were made in cases of intractable pain. Instead 
of the formerly used leucotomy (Moniz 1936) or even cortical extirpations 
to manage pain, stereotactic destruction of targets deep inside the brain 
were performed with the help of guided instruments. This meant a great 
progress in surgical possibilities and a significant reduction in mortality, due 
to the precise localization of the targets with the help of a ventriculography 
that gave the reference points needed (posterior commissure and sagittal 
plane). 

A. Functional Stereo tactics 

This development opened the way to treat by applying the same method 
other disorders, such as Parkinson's disease, the hyperkinesias and 
convulsive syndromes; these being illnesses in which open neurosurgical 
ablations were carried out formerly with considerable side-effects. During 
the two decennia after the introduction of stereotactic techniques in 
neurological surgery (1947-1967) clinical research flourished in this field 
and functional neurosurgery became closely related to stereotactic neuro
surgery. After Hassler had published in 1955 (a--c) his results dealing with 
stimulation and coagulation in the human thalamus, this target became the 
lesion site of choice for the alleviation of various types of movement 
disorders. Spiegel and Wycis and also Cooper in America, Talairach and 
Guiot in France, Riechert and Mundinger in Germany and Leksell in 
Sweden brought their results with thalamic surgery over large groups of 
patients to the attention of everybody interested in neurological diseases 
and introduced improvements in stereotactic instrumentation and in the 
mapping of deep brain structures. Their results proved to be the most 
satisfactory in Parkinson's disease (tremor and rigidity) and in the various 
pain syndromes. New developments in neuropharmacology, which led to 
the introduction of dopamine drugs for the treatment of parkinsonism by 
Cotzias (et al. 1969) meant, however, a considerable drag on further 
progress of stereotactics in functional neurosurgery. 

B. Mass Lesions Stereotactics 

The next leap forward-surprisingly enough originally thought of by 
Clarke in 1921-was made by the further progress in clinical neurosurgery. 
Mortality rate and complications after craniotomies decreased markedly by 
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modern anesthesia, brain edema protection, and technical advances in 
instrumentation. Therefore neurosurgeons also became interested in deep 
seated brain lesions. Diagnostic possibilities increased surprisingly with the 
introduction of computerized tomography (Hounsfield et al. 1973) and even 
small lesions inside the brain could be detected. Neurosurgeons felt the need 
to discover and disclose the lesion's nature and had to decide again and 
again between exploration (including approaches with the microscope) and 
a biopsy through a burrhole. Stereotactic instruments could make a biopsy 
procedure a safe and reliable performance. Neuropathological investigation 
of the tissue specimen could give insight into the nature of the lesion and 
thus in the prognosis of the illness. In case of brain tumor the increasing 
number of treatment modalities made histological diagnosis imperative 
once and for all. Therefore, in otherwise inaccessible lesions of the brain 
stereotactically guided biopsy instruments came into use. Pioneers in 
stereotactic surgery (Leksell and Backlund in Stockholm; Riechert and 
Mundinger in Freiburg) utilized their talents to develop the necessary 
equipment and performed the first stereotactic biopsies. Herewith a 
technical solution was given to the problem of histological diagnosis in any 
case of neuroradiologically demonstrated brain lesion. In recent years 
histological diagnosis is becoming even more important, as radiation 
therapy and chemotherapy can offer substantial improvement in various 
types of brain malignancies. Today, stereotactic biopsy is more and more 
widely performed, and it is generally believed that, in the near future, this 
type of surgery can no longer be neglected in the treatment of tumor 
patients. Progress in neuro-oncology, which is a rapidly expanding field of 
interest and research, offers increasing possibilities for diagnostic and 
sometimes therapeutic stereotactic procedures. Possibilities, which are 
available to the neurosurgeon who has had a basic training in them. 
Moreover, in up to 10% of the cases suspected to have a tumor, stereotactic 
biopsy reveals the lesion to be no tumor at all, but a vascular or infectious 
disease, which should be treated in an appropriate way: especially the 
increasing group of immunocompromized patients shows a tendency to 
opportunistic infections (after cancer treatment or organ transplantation). 

C. Stereotactic Localization 

The newest branch of stereotactic neurosurgery is formed by the 
localization stereotactics. The indication is given by small subcortical 
lesions, which could be treated perfectly by microsurgical means, but are not 
easily found. In the first place small arteriovenous malformations and 
hematomas, but also small tumors and abscesses, can be reached safely and 
without lesioning overlying brain tissue after stereotactic localization. 
Moreover, the shortest trajectory can be calculated and a minimal exposure 
of brain can be used. In this field of stereo tactics the area of interest is 



6 Chapter 1: Introduction 

Fig. 2. Stereotactic surgery within the CT scanner (Leksell instrument) 

Fig. 3. Stereotactic biopsy of a brain stem tumor with CT-guidance 

marked (eventually with the help of intraoperative angiography) by the tip 
of a small silastic tube that is introduced along the preferential trajectory. 
With minimal damage to the brain and therefore even in as vital cortical 
areas as the parietal lobe, surgical intervention becomes acceptable. In case 
of deep seated small lesions stereotactic localization is the first step to 
adequate treatment, modalities for which are being developed nowadays 
with the use of isotope implantation, neurosurgical endoscopic designs with 
fiberoptically transmitted laser instrumentation and various types of 
external stereotactic irradiation (Apuzzo and Sabshin 1983, Edwards et al. 
1983, Backlund 1979). 

ITI. Stereotactic Methodology 

The advent of computed axial tomography has not only provided new 
insights into intracranial disease, but has also instigated a true revival of the 
neurosurgeon's interest in the utilization of stereo tactics. CT guided 
stereotaxy with calculation of stereotactic coordinates from the computed 
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tomographic scan (Gildenberg et al. 1982) has been available for some years 
and forms an integrated part of already existing stereotactic instruments 
(Leksell and Jernberg 1980, Mundinger et al. 1978 a, b), or has led to the 
construction of new stereotactic systems (Brown et al. 1981, Kelly et al. 
1982 a, b). Devices for CT guidance may be divided into two groups: those 
with which the operation is performed within the scanner (Figs. 2 and 3) and 

Fig. 4. CT scanning with stereotactic instrument fixed to the skull. Positive contrast 
is seen in the ventricles and around the brainstem for better visualization of the 

target 

those that allow the translation of scanning data to the operating room (Fig. 
4). With this instrumentation any intracranial point can now be reached 
with great accuracy (error is less than 1 mm). The stereotactic method 
therefore is a safe and rapid tool in the management and evaluation of mass 
lesions. By this method novel areas of interest can be explored, high risk 
craniotomies can be avoided and hospitalization periods can be reduced. 
Also by obtaining a tissue diagnosis the further strategy in the treatment of 
the individual patient can be planned better and subsequent craniotomy will 
be reserved for cases which benefit by open surgery. Stereotactic technique 
that originally has been presented as a method has matured to a 
methodology, a way of thinking and of treating the neurosurgical patient. 
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IV. Integration of Stereotactics in Clinical Neurosurgery 
Precision resection of intracerebral mass lesions (vascular malforma

tions and tumors) can be achieved with computer monitored instruments 
within a stereotactic system. With the help of computer graphics a three
dimensional reconstruction of the lesion in relation to the instrument's 
coordinate system can be made with continuous monitoring of instrument 
positions as to the target area. Stereotactic craniotomy (Kelly et al. 1983) 
stands for stereotactic localization of the target followed by craniotomy 
within the stereotactic apparatus, which enables the surgeon to aim his 
instruments (biopsy forceps, laser beam, microscope) stereotactically and to 
resect or vaporize the lesion with intraoperative computer monitoring. In 
the management of deep seated lesions a stereotactic retractor can be used, 
which is attached to the instrument. Although the benefit is questionable in 
the treatment of malignancies, the impressive technical facilities offered by 
the computerized stereotactic method are obvious. With high resolution 
scanning and the early detection of mass lesions there is no doubt, that in the 
near future stereotactics will be integrated into clinical neurosurgery as an 
important, if not sometimes essential, surgical adjuvant. 



Chapter 2 

Stereotactic Principles 

I. Development 

Development of stereotactic principles in neurosurgery wouldn't have 
been possible if the brain wasn't soft in consistency and easy to penetrate
with the exclusion of vessels and meninges-without serious dysfunctions 
developing. Nevertheless many neurologists think puncture is hazardous 
and forget the ample evidence, derived from numerous stereotactic 
interventions, that puncture with guided (instead of free-hand) instruments 
of small diameter (preferably less than 4 rom) and with a blunt tip eliminates 
any real danger. The author has punctured once in case of emergency with a 
blunt, guided, 2 rom needle through the mesencephalon, pons and medulla 
to reach an intramedullary hematoma; after the evacuation functions 
restored and the patient recovered without any vital dysfunction. On the 
other hand, stereotactic techniques could only be developed due to the fact 
that the skull forms a firm envelope for its contents. The bone of the skull 
convexity provides the foundation for any stereotactic equipment and 
makes it possible to construct an apparatus that can be fixed to the skull 
with screws. This enables the neurosurgeon to introduce any stereotactic 
instrument that is supported by a bar, which is connected to the apparatus, 
just by sliding the guided instrument (needle, forceps, electrode) slowly 
through a burrhole into the brain. Penetration of surrounding brain 
structures by this guided technique is made even less dangerous by the high 
number of degrees 6f' freedom that a modern apparatus possesses. So, after 
calculations have been made and the coordinates established, the instru
ment bar is adjusted in such a way that the tract towards the target is the 
preferable one (the shortest or the safest) according to the surgeon's 
OpInIOn. 

ll. Definition 

Stereotaxis means a spatial (i.e. three-dimensional) arrangement, that is: 
fixing any point in space by application of mathematical principles. To 
apply these principles to the study of the brain, as is.Clarke's invention, it is 
necessary to introduce a reference system that is generally accepted and 
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extremely reliable. In the early days of stereotactic surgery Horsley and 
Clarke used a system of skull landmarks for the determination of the target. 
They were aware of the fact that there is no constant relationship between 
the skull landmarks and the intracerebral structures (except for the sella 
turcica and its contents). Nevertheless they used in their instrument as 
reference points the external auditory meati and the orbital margins. By 
now, these landmarks are only used as temporary ftxation points during the 
adjustment of the instrument, before it is ftxed with screws to the skull. A 
fundamental modifIcation was brought into practice by Spiegel and Wycis 
(1947) with the use of intracerebral reference structures. It is their merit to 
have introduced the most reliable structure for the geometrical localization 
ofthe target, namely the third ventricle. They recommended that operations 
on selected areas of the thalamus would be preferable to the standard 
leucotomy operations (Egas Moniz 1936) in the treatment of psychic 
disorders. To reach their-selected-thalamic nucleus there was a strong 
need for precise localization, and their reference to the contours of the third 
ventricle has proven to be very reliable. Unwanted side-effects, which 
brought Moniz' psychosurgery into disrepute, were not seen with their 
stereotactic technique, in spite of the fact that Spiegel and Wycis didn't yet 
have a map of normal (standardized) brain anatomy during the ftrst years of 
surgery on man. 

III. Stereotactic Atlasses 

In 1952 the ftrst atlas of the human brain for stereotactic surgery was 
edited (Spiegel and Wycis 1952), in which the posterior commissure was 
used as a single intracerebral reference point with several external cranial 
landmarks (the interaural plane which runs through both external auditory 
meati and is perpendicular to the so-called line of Frankfort). Talairach (et 
al. 1957) pointed out the necessity for at least two intracerebral reference 
points: the anterior and the posterior commissure (AC and PC). He 
demonstrated that the line connecting AC and PC has a very variable 
position relative to the formerly accepted and commonly used skull 
landmarks. For example, the angle between the AC-PC-line and the line of 
Frankfort (which runs through the lower orbital edge and the midportion of 
the upper margin of the external meatus) varies from 11.5 to 18.5 degrees 
(Van Manen 1967), as shown in Fig. 5. In this ftgure both the system of axes 
according to Spiegel and Wycis and its variability regarding the AC-PC
line are demonstrated. In his atlas, Talairach (et al. 1957) related deep brain 
structures to the AC-PC-line and two perpendiculars erected on it through 
these points (Fig. 6). Herewith, he introduced a system of axes that lies 
completely intracerebral, which implies the least variation in the topograph
ical anatomy of the basal ganglia, thalamic nuclei and mesencephalic tracts 
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Fig. 5. System of axes according to Spiegel and Wycis (posterior commissure and 
interaural plane), with variability between intercommissural line and line of 
Frankfort. The distance between pineal gland and interaural plane also varies 

considerably (4-20 mm). Lateral view 

Fig. 6. Intracerebral reference points according to Talairach: anterior and posterior 
commissure (AC and PC) with perpendiculars erected on the line AC- PC 

(intercommissuralline). Lateral view 
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as to the system of reference. Two years later, the atlas of the human brain 
by Schaltenbrand and Bailey (1959) simplified this system by taking as axes 
the AC-PC-line, lying in the median (sagittal) plane, and a perpendicular 
erected on it in the middle point between the two commissures. This middle 
point is the zero point of their system of axes (Fig. 7). The system of 
Schaltenbrand and Bailey became the most employed among neurosur
geons all over the world and is generally accepted as very reliable. It should 
be pointed out here that so far only intracerebral structures are described 
which serve supratentorial targets: the basal ganglia, thalamus, hypo
thalamus and mesencephalon. More recently, stereotaxy has started to 
involve also the rhombencephalon (i.e. the brainstem and the cerebellum), 
and therefore in the second edition of Schaltenbrand and Bailey's Atlas 
(Schaltenbrand and Wahren 1977) sections of the brainstem and cerebellum 
are also included. In 1978 Afshar, Watkins and Yap published an Atlas of 
the Human Brainstem and Cerebellar Nuclei, in which as infratentorial 
references were used the fourth ventricle floor plane and a perpendicular 
erected on it that runs through the fastigium, in combination with the 
sagittal (median) plane. Another important atlas was published by Emmers 
and Tasker in 1975 on the human thalamus, which gives extensive 
information on patients responses to electrical stimuli. All these Stereotactic 
Atlasses give microscopical sections of "normal" brains, cut in three 
different (X, Y and Z) planes. They give a better understanding of the 
topographical anatomy of deep brain structures and place them into a 
Cartesian system of axes, which enables the neurophysiologist and the 
neurosurgeon to find them with the aid of stereotactic principles. In this 
way, it is made possible to determine any target of interest (for example: the 
ventrolateral nucleus of the thalamus in cases of parkinsonian tremor) by 
the calculation of its coordinates x, y and z. 

IV. Invisible and Visible Targets 
Later on, these target points, which represent nuclei or fiber tracts, were 

called the invisible targets to distinguish them from the targets formed by 
pathological lesions. In case of such lesions, which are visualized by CT 
scanning and angiography, the target is visible. This means that nearly 
always a visible target is present in patients who undergo a biopsy: a 
situation, in which no intracerebral reference system of axes is needed to 
calculate its position. To underline this important difference in the 
stereotactic management of invisible and visible targets, it is necessary to 
discuss briefly the main points of distinction. In the stereotactic deter
mination of an invisible target the surgeon makes use of two completely 
unrelated Cartesian systems: first the system of axes, which is erected in the 
cerebrum to determine the position of the target in relation with these axes. 
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Fig. 7. Intracerebral reference points according to Schaltenbrand and Bailey: AC 
and PC with a perpendicular erected on the middle point of the intercommissural 
line. Middle point is zero point of system of axes. a) Anteroposterior view. b) 

Lateral view 
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This system of axes should be the same as the system used in the stereotactic 
atlas that informs the surgeon about the position of the target of interest 
(Figs. 6 and 7 in combination with respectively the Atlas of Talairach or of 
Schaltenbrand and Wahren). 

This manoeuvre makes the target visible, because by then the target can be 
indicated on the X-ray pictures which already show the erected system of 
axes. Secondly, the system of axes that is embodied by the stereotactic 
instrument; this is illustrated in Fig. 8 a and b for the lateral and 
anteroposterior projection. The relation of the target of interest to this 
second system of axes is of course the actual coordinate setting for the 
planned stereotactic intervention. 

In the determination of a visible target the surgeon makes use of only the 
latter system of axes, because the target of interest is present on the X-ray 
pictures or can be easily transferred to them from the already available 
radiological films. Fig. 9 a and b show the coordinate setting for a deep 
seated left temporal tumor. 

v. Preparation of the Stereotactic Intervention 

A. The Positioning of the Target with X-ray Pictures 

1. The Invisible Target 

The positioning of the invisible target with help of X-ray pictures is done 
with a ventriculography, which fills the ventricles, and especially the third 
ventricle, with contrast. X-ray pictures are taken in a lateral and ante
roposterior projection, strictly perpendicular to each other. In this way the 
lateral X-ray picture (Fig. 10) will show the line AC-PC, which lies in both 
the inter-commissural and the midsagittal plane of the brain, and the central 
perpendicular line, which lies in the so-called mid-commissural or frontal 
plane. The coordinates x and y of any target point can be read from a 
stereotactic atlas that uses the same reference planes, as does the Atlas of 
Schaltenbrand and Wahren (1977), and marked on this X-ray picture. On 
the anteroposterior picture the midsagittal plane can be drawn and the third 
coordinate z can be marked relative to this plane to the left or the right (Fig. 
11). Marking on both X-ray pictures is done after proportional correction 
for X-ray magnification. In case the AC-PC distance in the patient is 
markedly greater than in the standardized brain atlasses (25 mm), an extra 

. b· d d· b h c: AC-PC patient l' 
correctIOn may e mtro uce gIven y t e lactor AC-PC atlas ' lor 

example 30/25 = 6/5. 
Now the situation is reached that mathematical calculations should be 

performed, which greatly depend on the type of stereotactic apparatus used. 
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Fig. 8. Positioning of invisible target: two unrelated Cartesian systems of axes are 
needed. First the intracerebral system of axes according to Schaltenbrand and 
Bailey, and second the system of axes embodied in the stereotactic instrument. a) 
Shows the lateral view and b) the anteroposterior view for different instrument 
positions. Note that in the anteroposterior view of position a) the instrument 

system of axes would have been under the intracerebral system 

2. The Visible Target 

The positioning of the visible target with the help of X-ray pictures needs 
no ventriculography, as no intracerebral reference structures are necessary 
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a 

b 

Fig. 9. Positioning of visible target: only the system of axes embodied in the 
stereotactic instrument is needed. Target is a left temporal tumor. a) Shows the 
lateral and b) the anteroposterior view with target determined by x mm anterior, y 

mm inferior, and z mm left to various zero planes 

for the determination. The target has already been visualized by con
ventional skull X-ray pictures (for example: a bullet in the brain), or by any 
other type of neuroradiological X-ray film (for example: a pinealoma in 
ventriculography, an intracerebral tumor in cerebral angiography). The 
only problem is, how to transfer this target from the pictures available onto 
the X-ray pictures taken with the stereotactic apparatus, which are again a 
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lateral and an anteroposterior projection, strictly perpendicular to each 
other. The following steps are essential. First, the pictures already available 
should show the lesion (= target) in the strictly lateral and anteroposterior 
projection. Secondly, the magnification should be the same as that used in 
the X-ray pictures with the stereotactic apparatus (i.e. the same focus
object-film distances). In the case of different magnification factors a 
proportional correction is to be calculated. This procedure is illustrated in 
Fig. l2 a and b for a deep seated left parietal lesion T. It is obvious, that in 
the calculation of proportional correction both skull- and intracerebral 
landmarks have exactly the same value. Frequently used landmarks are: the 
sutura coronaria, the sella turcica and a calcified pineal gland. The precision 
of transfer increases with less difference in magnification and moreover with 
landmarks closer to the target (so, in the posterior fossa the clivus and 
protuberantia occipitalis are prefered). 

Now the situation is reached that mathematical calculations should be 
performed which greatly depend on the type of stereotactic apparatus used. 

B. The Positioning of the Target with Computerized Tomography 

Positioning of the target (visible or invisible) with help of computerized 
tomography has become possible more recently. Magnetic resonance 
imaging of brain structures has been developed even more recently, and 
leads to similar possibilities of computer guided positioning of targets of 
interest. In both types of high resolution brain scanning use can be made of 
their computer facilities, which can be extended with software that enables 
the stereotactic surgeon to determine the target coordinates directly from 
the scan. Some mathematical systems have been described, which provide 
the surgeon with the real distances x, y and z of any target, visible or marked 
on CT pictures, in relation to the stereotactic instrument. Instrument 
adjustments are available for both CT and MR scanning of the skull 
contents with the stereotactic instrument fixed to the skull (Fig. 13). The 
visible target is directly related to the stereotactic apparatus and its system 
of axes by the scan computer. The invisible target is marked by the computer 
on the appropriate CT picture as soon as the computer is fed with the 
knowledge of any atlas that is based on CT slides ofthe human brain or even 
the commonly used stereotactic brain atlasses (Hardy et al. 1983). This type 
of computer assisted stereotactic surgery is in continuous development and 
will in the future enable any neurosurgeon to perform stereotactic 
interventions. With mid-sagittal CT scanning the line AC-PC can be 
visualized, which is the standard reference line in functional stereotactics. 
Reformatted horizontal, frontal and sagittal planes with CT of the patients 
brain should conform to anatomical sections of standard stereotactic 
atlasses. Future possibilities in stereotactic neurosurgery with the use of 
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p 
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a 

b 

Fig. 12. Proportional correction in case of different magnification factors. a) 
Lateral view and b) anteroposterior view of position of deep seated left parietal 
lesion on angiographic (left) and stereotactic (right) X-ray pictures. Calculation: 

ab x AC ac x CT 
AB : ab = AC: ac, ac = ; AC: ac = CT : ct, ct = . The position 

AB AC 
of target t may be checked with calculation based on the line PQ and the 
perpendicular through T on it (TR). To make the target visible on the ante-

. . ab x AT 
ropostenor view (b) the calculation is: AB : ab = AT: at, at = . Note that 

AB 
AB = AB, and that the midsagittal plane of the skull is not always identical with the 
midsagittal plane of the instrument. Moreover, the calculation of the z-coordinate 
could be more reliably done from the axial (CT-)view, due to differences in 

inclination 
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X- ray CT NMR 

Fig. 13. Instrument adjustments in the Leksell system (by courtesy of Prof. Leksell). 
Conventional X-ray (left), CT (middle), and NMR (right) coordinate indicators 

computerized tomographic scanning are illustrated by Kelly (1983) and 
Gildenberg (1983). Thus, in contrast with the positioning with help of X-ray 
pictures, mathematical calculations are not needed in CT-stereotactics, as 
the computer or any other simple ruling device (originally described by 
Leksell and Jernberg in 1980 for Leksell's apparatus), depending on the type 
of instrument used, produces the coordinates in relation to the system of 
axes of the stereotactic apparatus. In fact, some stereotactic head frames 
have been constructed, which are only applicable in CT-stereotactics and 
have a very special three-dimensional computer graphics approach to 
optimal target localization (Brown 1979, Brown et al. 1981, Kelly et al. 
1982 a, band 1983). In Applied Neurophysiology, issue 45 (1982), computer 
assisted stereotactic surgery is amply discussed. 

C. Calculation of Target Point 

The position of the target point, relative to the stereotactic apparatus 
system of axes, is calculated with the aid of a mathematical method that is 

13 
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particular to the type of instrument used. Although therefore not accessible 
to a general discussion, some major points should be emphasized here 
because of the complexity of the matter. First of all the X-ray pictures are 
taken from a fIxed distance to ensure constant X-ray enlargement of the 
object (i.e. skull + apparatus) on the fIlm. To abandon X-ray enlargement, 
Talairach (1955) and Schaltenbrand (Riechert and Mundinger 1959) 
introduced teleradiography, which is based on an infInite focus-object 
distance (at least 6 metres). 

This technique, however, is expensive and needs special building 
facilities. Most of the stereotactic centers therefore accept a constant 
enlargement that is standardized and make proportional correction by 
simple calculation (Spiegel and Wycis 1952) or by a special projection 
technique (Leksell 1957). Calculation of the enlargement is based on the 
formula: 

. . focus-object-distance 
real dIstance = enlarged dIstance x £ til -d' . 

ocus- I m Istance 

Fig. 14 illustrates in a) the lateral arrangement (taking a lateral X-ray 
picture) as seen from anterior and in b) the anteroposterior arrangement as 
seen from lateral; it is evident, that the nearer the object inside the 
stereotactic instrument is to the focus, the more enlarged it will be on the 
fIlm. Objects that lie in the midsagittal plane ofthe instrument have the same 
enlargement in the lateral projection; for example the distance AC-PC on 
the lateral fIlm should have the standard instrument enlargement (in 
Leksell's instrument the standard magnifIcation for the sagittal plane is 
40%). In Fig. 15 the projection of AC-PC on the fIlm (= AC' -PC') is 
indicated as well as the point of incidence of the central X-ray (= 0') where 
magnifIcation is zero. As any distance is given by its end points, for a correct 
calculation each of these points should be corrected in relation to the zero 
point 0'. In Fig. 16 the distance T 1-T z, representing the size of the object 
T(umor) in lateral projection, will be more enlarged on the fIlm than the 
same distance H I-H2, representing the size of the object H(ematoma) in 
lateral projection, because the tumor lies nearer to the focus. 

When the object has only a virtual size (i.e. the target is represented by a 
point, as usually is the case in functional stereo tactics ), proportional 
correction is determined by the distance given by the target point and the 
zero point. Be it that the target does not lie in the sagittal plane, then these 
corrections will deviate from the standard instrument magnifIcation and 
should be calculated precisely with the above mentioned formula or special 
instrument localizing equipment (as the spiral diagram for Leksell's 
instrument). Often a magnifIed ruler is available to read off the distances of 
interest in true millimetres for standard planes of magnifIcation (the 
proximal and distal instrument planes and the midsagittal or midfrontal 
planes, as indicated in Fig. 14). Provided the X-ray tube is situated to the left 



22 Chapter 2: Stereotactic Principles 

a 

b 

Fig. 14. Calculation of X-ray enlargement. Central X-ray running through the axial 
plane of stereotactic instrument. a) Is lateral arrangement as seen from ante
roposterior. b) Is anteroposterior arrangement as seen from lateral. The vertical 
midplane of the instrument [midsagittal in a) and midfrontal in b)] is the so-called 
plane of standard-enlargement. Note that the nearer the target inside the 
instrument is to the focus of the X-ray source, the more enlarged it will be on the 

film 

of the patient in the lateral projection, and the film cassette to the right side, 
which is almost standard in stereotactic performances, a target with a true 
size is bigger when lying in the left hemisphere, and less big when lying in the 
right hemisphere in comparison with the standard enlargement of the 
midsagittal plane. Provided the X-ray tube is situated anterior to the patient 
in the anteroposterior projection, and the film cassette posterior, which is 
almost standard in stereotactic performances, a target with a true size is 
bigger when lying frontally, and less big when lying occipitally in 
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Fig. 15. X-ray enlargement illustrated with the lateral arrangement as seen from 
above. Targets in or near the midsagittal plane of the brain (the intercommissural 
plane with line AC-PC) will lie at a distance from OJ on the film that is their real 
distance x the standard-enlargement (AC-PC x standard-enlargement = AC
PC). Note that the zero point of the system of axes erected intracerebrally only for 
the sake of clearness seems to lie at the zero point of the instrument system of axes 

L M R 

Fig. 16. X-ray enlargement illustrated as in Fig. 15 for various intracerebral objects. 
Left side tumor and right side hematoma with the same size. On the lateral 
stereotactic X-ray picture the diameter ofTJT2 will be bigger than the diameter of 
HJHz, according to the formula: enlarged diameter real diameter 

f ocus-film-distance 
x 

focus-object-distance 
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comparison with the standard enlargement of the midfrontal plane, as is 
evident from Fig. 14 b. 

In the calculation of invisible targets that are related to the line AC-PC, 
it is logical that any deviation of the stereotactic apparatus to the left or the 
right produces a midline shift of the midsagittal plane ofthe instrument with 
respect to the midsagittal plane (with AC-PC) of the brain. This shift has 
also to be considered and included in the corrective calculations, as shown in 
Fig. 17. 

Apart from these corrections, which are relevant to the lateral X-ray 
picture and are discussed above with the help of figures 15 and 16, similar 
corrections should be made for the anteroposterior X-ray picture. However, 
because the two coordinates x and yare already determined from the lateral 
picture, correction is much less critical. The z coordinate, standing for the 
distance between target and midsagittal plane, is seldom far from the 
midplane of the instrument in this projection (i.e. the midfrontal plane), and 
is therefore often assessed with the aid of the standard ruler of the 
instrument. Is the target lying far frontally or occipitally, however, this 
distance to the midfrontal plane of the instrument (= the already 
determined x coordinate) has to be taken into account and proportional 
corrections as described for the lateral picture should also be performed for 
this projection. The anteroposterior X-ray picture is essential to visualize 
any shift of the midsagittal plane ofthe instrument with regard to the brain's 
midsagittal plane (Fig. 17); not only in functional stereo tactics, but also in 
the determination of visible targets any midline shift should be taken into 
consideration, because the transfer of a visible target from conventional to 
stereotactic X-ray pictures in the AP projection (Fig. 12 b) is done in relation 
with the midsagittal plane of the brain, and not yet with the midsagittal 
plane of the instrument. 

Because, especially in tumor biopsy, the target area does not necessarily 
lie in the midsagittal plane, the described method of calculation is rather 
time consuming. This in contrast to functional stereotactics, where 
thalamus and brainstem procedures are performed in the vicinity of the 
midsagittal plane. Much easier than the calculations based on the formula 
for X-ray enlargement is the use of Leksell's projection technique, which 
allows quick determination of the position of any intracerebral target with 
the aid of a diagram of concentric logarithmic spirals (Carlsson and Leksell 
1971), that is based on a fixed ratio given by the position ofthe X-ray tube, 
the instrument and the film cassette. This projection technique is however 
only applicable to Leksell's stereotactic system. 

Finally, it should be stressed that the above description of the calculation 
of the target point only holds for the positioning with help of X-ray pictures; 
in CT-guided stereotactics (discussed sub B) calculations are no longer 
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a 

PC 

b 

Fig. 17. Correction for midline shift of instrument. Illustrated with the lateral 
arrangement as seen from above. a) Shows midline shift of midsagittal plane of 
instrument (M) regarding midsagittal plane of brain (M]). When the planes run 
(almost) parallel to each other this is acceptable, but needs correction. Shift to the 
right (as illustrated) leads to a z-coordinate, which is the true z of the target + the 
error (e) with a target lying in the left hemisphere, and - the error with a target 
lying in the right hemisphere. b) Shows oblique positioning of skull in stereotactic 
instrument. This position is not acceptable and the instrument should be 

repositioned 
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Fig. 18 a. Expression in coordinates of target position. Ventriculography for 
positioning of invisible target. For clearness no target indicated, but line AC-PC 
may be drawn. Spatial orientation with help of sagittal, frontal, and axial planes of 
stereotactic instrument. Coordinates x and yare derived from sagittal projection, 
coordinates y and z are derived from frontal projection, and coordinates x and z are 
derived from axial projection. Note that axial projection stands for CT-scan picture 

after positioning the instrument perpendicular to the scanner gantry 

needed, as the computer is able to present the surgeon with real distances 
and therefore produces real coordinates. 

D. The Stereotactic Intervention 

After having determined the position of the target point in relation to the 
stereotactic apparatus, one needs to express its position in coordinates. The 
x coordinate stands for the distance from zero to anterior or posterior, the y 
coordinate for the distance from zero to superior or inferior, and the z 
coordinate for the distance from zero to the left or the right (Fig. 18 a and b). 
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Fig. 18 b. Spatial orientation as in Fig. 18 a. Expression in coordinates of a visible 
target. Left temporal tumor is indicated. The axial projection (CT-scan picture) is 
well below the instrument's mid-axial plane that is shown sub a) (actually y 

millimetres), to visualize the lesion on the scan 

However, with the new instrumentation designed for CT and MR imaging 
techniques (see chapter 4) the origin of the coordinate system may lie in the 
upper posterior corner of the right side of the frame due to international 
agreement on localizing standardization. Fig. 19 illustrates this important 
change in coordinates nomination. With this knowledge the stereotactic 
performance sensu strictiori can start. Aiming devices are mounted onto the 
head frame and a burrhole is made to introduce the stereotactic gadget 
needed (electrode, biopsy forceps, puncture needle et cetera). As the aiming 
devices are components of the different stereotactic apparatus available, it is 
unfeasable and uneffective to describe in detail all the types which have been 
constructed. In the period from 1947 to 1967 18 different devices were 
developed (Fox 1969)! 
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a 

Fig. 19. Coordinate system of stereotactic instrument. a) Shows the system in use 
for stereotactic localizing with help oflateral and anteroposterior X-ray pictures. b) 
Shows the modern system for stereotactic localizing with help of computerized 

tomography (CT-guided localization) 

We have no intention of passing judgement upon the many stereotactic 
instruments available. However, for the sake of clearness we will describe 
briefly four well-known devices, which are in current use throughout the 
world : the Talairach (et al. 1949), the Riechert-Mundinger (1955), the 
Leksell (1949, 1971), and the Todd-Wells (Todd 1967) apparatus. 
Computer-guided instruments will be discussed in the next chapter (4). 
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Fig. 20. Talairach system with various electrodes, cannulas, and biopsy forceps (by 
courtesy of Prof. Pecker) 

1. Talairach System 

The Talairach system consists of a rectangular headframe fixed to the 
skull with four pins. The frame is also fixed to the operating table. It is used 
with teleradiographic X-ray equipment with a tube-film distance of 5 
metres. This means an enlargement of only 2.5% for the target studied. To 
reduce the enlargement factor still further, double grids of reference points 
are mounted on the headframe. Aiming of the X-ray beam is done with a 
parallel light beam, which ensures an orthogonal position of the X-ray beam 
as to the frame. The double grids are movable with help of a rectangular 
brace, which can rotate on a sagittal axis and guide the electrodes or biopsy 
forceps which are inserted through small trephine openings into the skull. 
This technique has the possibility of placing multiple electrodes in one target 
area (especially the temporal lobe in cases of epilepsy), but all the 
instruments introduced run a parallel course and have therefore their own 
trephine openings. Therefore the apparatus of Talairach (Fig. 20) is very 
suitable for clinical research of deep brain structures (f.e. stereotactic EEG 
recording) and for stereotactic cerebral angiography (Szikla 1979 b). A 
recent survey of possibilities in deep seated tumor management with this 
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Fig. 21. Riechert-Mundinger system (by courtesy of Prof. Mundinger) 

device is given in J. Pecker (et al. 1979 a): Demarche stereotaxique en 
neurochirurgie tumorale. Scerrati (et al. 1984) described a modification of 
the Talairach orthogonal approach, which is also suitable for polar 
approaches. Their stereotactic device is basically a Talairach apparatus with 
the double grid system, to which two hemicircular supports for polar 
approach are added. 

2. The Riechert-Mundinger System 

This system is also based on the cartesian principle and consists of a 
circular basal ring, which is fixed to the skull with 4 to 6 holding pins. The 
frame is also fixed to the operating table and filmcassetteholder, but can 
easily be released when necessary during surgery. Similar to the system of 
Talairach, its main component is a basal head frame, thus leaving the skull 
convexity totally free for the case of combined stereotactic and open surgery 
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Fig. 22. Riechert-Mundinger system for CT-guided surgery (by courtesy of Prof. 
Mundinger) 

(craniotomy), as sometimes is advisable (e.g. in deep seated arteriovenous 
malformations). It is used with teleradiography with a tube-film distance of 
3-4 metres. The slight enlargement with this technique (3.5%) is further 
reduced by the introduction of a metal ruler, which is marked in centimetres 
and fixed to the skull convexity at about the target plane. Aiming of the X
ray beam is also done with a parallel light beam. The aiming device for the 
introduction of an electrode or biopsy forceps consists of an arc, that is fixed 
in the mediotransverse (interaural) axis of the basal ring. It can be placed in 
position at any desired angle within the range of 0°-180° as to the plane of 
the basal ring (Fig. 21). In outline, Kirschner's apparatus (1933) for 
puncture ofthe Gasserian ganglion through the foramen ovale has a similar 
aiming device. After the determination of the position of the target point on 
the stereotactic X-ray pictures the aiming device is first mounted on a 
phantom device to determine the angle of incidence and the position of the 
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Fig. 23. Mechanical X-ray coupling arm for standardized X-ray enlargement in the 
Leksell system (by courtesy of Prof. Leksell) 

trephine opening in the skull. With this technique it is possible to reach any 
point within the brain, also when the approach is made from the skull base 
(e.g. transsphenoidal). For biopsy procedures a special forceps has been 
developed by Riechert (et al. 1967). This apparatus and its applications are 
extensively described by Riechert in 1980. The system is modified and 
adapted for CT guided interventions by Mundinger (et al. 1978 a, b); 
Fig. 22. 

3. Leksel! System 

The stereotactic system of Leksell consists of a cubical headframe, which 
is fixed to the skull with 4 (formerly 3) pins that are drilled into the tabula 
externa. The major difference with the other devices is, that this frame 
constitutes a three-dimensional orthogonal coordinate system, which shows 
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Fig. 24. Localizing diagram for calculation of coordinates from stereotactic X-ray 
pictures with standard enlargement (by courtesy of Prof. LekseU) 

millimetre scales on all its edges. Although this instrument as to its 
applications will be described in more detail in another chapter (because it is 
the author's instrument, with which the stereotactic technique will be 
elucidated), in this overview some important points of difference with 
regard to the other systems are discussed. The head frame is not fixed to the 
operating table, but only onto the skull of the patient, who is either sitting 
conveniently in a chair (when operated upon without general anesthesia), or 
is lying on the table with his head supported by a neck rest. Although X-ray 
enlargement in the early years of development (1949) was reduced by long 
distance radiography, later on (1957) a mechanical X-ray coupling arm was 
constructed (Fig. 23) with the introduction of a geometric localizing 
diagram (Fig. 24). By this means X-ray enlargement was accepted (40%) 
and corrected by the projection technique, as already discussed. Thus an 
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Fig. 25. Leksell system with semicircular arc and electrodes in instrument carrier 
(by courtesy of Prof. Leksell) 

integrated stereotactic system became available which allows short distance 
exposure with X-rays (less expensive; no need for special building facilities) 
and an elimination of time consuming calculations for correction of 
enlargement (Leksell 1971). The aiming device with an instrument carrier 
consists of a semicircular arc (Fig. 25), which is fixed to the headframe 
according to the coordinates of the target in such a way that its center 
corresponds to the target point. The arc can be rotated and the instrument 
carrier moved along the arc, which enables the surgeon to introduce the 
instrument into the brain through any trephine opening he wants. During 
the operation X-ray pictures can be made of the target area for control of 
positioning of the instrument tip (e.g. ventriculography to verify the needle 
approaching a pinealoma; Fig. 26). As the device is-very manoeuvrable it is 
easy to perform more than one puncture (e.g. in both hemispheres) in one 
session. Calculation of the coordinates of the different targets is then done 
prior to the intervention which saves considerable time. Combined 
stereotactic and open surgery is more difficult with the cubic frame, as it 
only permits small craniotomies to be carried out with the head frame in 
position (Fig. 27). However, for combined surgery a new frame has been 
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Fig. 26. Stereotactic biopsy of a tumor in pineal gland region. In the lateral view 
ventriculography shows the tumor at which is aimed 

Fig. 27. Open surgery in stereotactic space. With the cubic Leksell head frame only 
small craniotomies can be carried out 
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constructed that can be attached to a Mayfield clamp and offers any 
positioning wanted for craniotomy (Leksell, personal communication 
1985). 

4. Todd- Wells System 

The Todd-Wells stereotactic apparatus consists of a head holder with 
fixation screws, which is attached to a semi-permanent base that stands on 
the floor in such a fixed position that permanent X-ray alignment is secured. 
During the intervention only the patient's head with head holder is moved 
for target positioning. This apparatus involves a very simple principle, 
namely translation in x, y, or z motion of the patient's head until the target is 
at the center of the stereotactic frame, which is confirmed by X-ray. There is 
no need for mathematical calculations and no special X-ray equipment is 
necessary. The patient may also be placed in the prone position (e.g. in 
posterior percutaneous trigeminal or in pontine tractotomy). Aiming 
devices for different approaches include a transverse quadrant and a vertical 
quadrant, the use of each being dependent on the type of surgery wanted. X
ray pictures during the operation can be made of the target area as easy as 
with Leksell's system. For pure lateral approach (e.g. multiple epilepsy 
electrode implantation) a lateral micropositioner is available, which after 
removal of the transverse or vertical quadrant can be placed at the same 
coordinates. The Todd-Wells system, including many accessories, is 
documented by Radionics in various brochures (Fig. 28). Its equivalent for 
CT guided stereotactics will be discussed in chapter 4. 

5. The Ideal Stereotactic System 

For the neurosurgeon in general practice the ideal system should have all 
the particular instrument advantages. The aiming device of choice should 
possess a high number of degrees of freedom: i.e. it should be possible to 
readjust the aiming device quickly in all three cartesian planes. Besides these 
basic degrees of freedom (on which stereotactic surgery depends) it is a great 
advantage to have a free choice in the determination of the entrance site. 
Therefore, after adjustment of the aiming device according to the coor
dinates ofthe target, extra degrees of freedom are of utmost importance: i.e. 
the possibility of rotating the device and of moving the instrument carrier 
along the arc, and finally the sliding of the instrument stop in a parallel 
direction. The complete apparatus should be easy to handle, safely 
constructed (for repeated sterilization), exist of as few single parts as 
possible, and be reliable in its functioning with an aiming error less than 
2 mm. As to the visualization of the apparatus plus skull on X-rays or CT 
scan, the construction should permit high quality pictures without artifacts. 
For conveniently performing open craniotomies with stereotactic control, 
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Fig. 28. Todd-Wells system (by courtesy of Dr. Cosman) 

the frame should have most or all of its mechanical support structure 
outside the surgical field (Kelly 1983). Precise surgical control within 
threedimensional space needs computer assistance, that should be in
corporated in the stereotactic system of the future. Technically speaking, an 
integrated and computer guided stereotactic system is within reach. Before 
long it will also become available to the general neurosurgeon. 

E. Stereotactically Guided Instruments 

1. Electrode 

The electrode was the first of instruments developed for stereotactic 
surgery. As neurophysiologists invented the stereotactic aiming technique 
for the selective destruction of intracerebral targets, the electrolytic lesion 
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(with direct current on the anode-electrode tip) was the first well 
documented lesion carried out (Horsley and Clarke 1908, Sweet and Mark 
1953, Spiegel and Wycis 1962, Mullan et al. 1965). Later on, to prevent gas 
formation to occur at the site of the lesion, neurosurgeons started making 
use of thermal lesions by cooling or heating. The electrode which produces a 
lesion by heating is particularly accepted as safe because of its predictable 
results. Only the temperature should not rise to 100°C because of the 
formation of gas. The shape ofthe lesion depends on the electrode tip. Slight 
variations in the lesion size and shape are brought about by differences in 
vascularization (cooling effect oflarge vessels and cerebospinal fluid). With 
constant control of the intensity of the current, the voltage, the resistance 
and the temperature, it is possible to produce constant lesion sizes 
(Mundinger et al. 1960, Van den Berg and Van Manen 1962). Today, 
electrodes for thermal lesions (thermistor electrodes) can be purchased. 
Lesions are brought about with the aid of a radiofrequency lesion generator 
(Cosman et al. 1983). Even very fine electrodes with a thermocouple sensor 
in the tip are available for the making of precise and small lesions in the 
spinal cord. . 

2. Needle 

The needle to puncture, aspirate or introduce liquids is an old tool in 
clinical neurosurgery and was easily adapted for stereotactic introduction. 
Puncture and aspiration alone is only of value in nonneoplastic cystic 
lesions, as an arachnoid cyst or a colloid cyst (Bosch et al. 1978). In cystic 
tumors, however, aspiration has to be repeated frequently or fluid 
accumulation should be stopped by means that destroy its production. For 
repeated aspiration of deep seated cysts a catheter is placed stereotactically 
and connected to a subcutaneous reservoir, which can be punctured easily 
(e.g. in recurrent craniopharyngioma; Gutin et al. 1980). To destroy the 
production of fluid in tumor cysts interstitial irradiation with f3-emitters 
with short distance radiation is possible (e.g. Yttrium90 with a halflife of 
only 64 hours). Backlund (1973, 1979) published his results with cystic 
craniopharyngiomas and shows the benefits of intracystic treatment with 
radionuclides. Endocystic f3-irradiation of glioma cysts has also been 
reported, which proved to be successful in stopping secretion (Schaub et al. 
1979). Concerning this subject of interstitial irradiation by stereotactic 
methods a Symposium has been held in Paris in 1979; the proceedings are 
edited by G. Szikla (1979 a). 

3. Biopsy Instrument 

The biopsy instrument to take tissue samples from deep seated lesions 
has become one of the most popular stereotactic tools. The first biopsies 
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were carried out with fine needle aspiration and tissue smears for cytological 
investigation. Even in solid tumors it is almost always possible to collect 
some material by aspiration with a 10-20 cc syringe that is withdrawn to 
produce a vacuum inside the needle. Riechert (et al. 1967) developed a 
biopsy forceps of only 2 mm in diameter, which can be introduced through 
the electrode sheath. This instrument can excise small tissue specimens for 
histological examination. In 1971, Backlund described a new biopsy 
instrument, a spiral needle, which takes biopsies with a 12 mm length and a 
1.2 mm diameter. This instrument is screwed into the target tissue, after 
which the outer needle with a sharp edge cuts it free by reverse rotation. 
Numerous slight modifications have become in use later on (Gildenberg et 
al. 1982). The Nashold biopsy needle is a side-window cutting type 
instrument and the Gildenberg instrument is a biopsy forceps and spring 
which both fit into a universal outer cannula. 

4. Catheter 

The catheter to drain stereotactically or to introduce fluids into the 
target area (antibiotics in abscesses; cytostatic agents in tumors) can be 
positioned correctly with the aid of a stereotactic introducer. It may be 
secured to the skull at the site of the trephine opening with the help of a 
fitting anchor. 

5. Electrodes for Permanent Implantation 

Electrodes for permanent implantation have been constructed during 
the last ten years for deep brain stimulation. In functional stereotactic 
neurosurgery permanent stimulation of various deep brain structures has 
become common practice as well as the single brain lesion in the effective 
treatment of various pain syndromes. Neurostimulation has also proven to 
be of some help in the management of spasticity. For details the reader is 
referred to "Advances in Stereotactic and Functional Neurosurgery" 4, 
section III (Gillingham et al. 1980),6, section III (Gybels et al. 1984) and to 
"Functional Neurosurgery" (Rasmussen and Marino 1979). Various 
anchors for securing the electrodes to the skull are available today. 

6. Archimedes Screw for Hematoma Evacuation 

The Archimedes screw to evacuate intracerebral hematomas stereotac
tically is a special instrument designed by Backlund and Von Holst (1978). 
Although there was much debate among neurosurgeons as to the in
dications for stereotactic evacuation, it cannot be denied any longer that 
impressive results may be obtained with this technique. The instrument 
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consists of an archimedes type of screw inside an outer cannula with distal 
side-window, which is rotated mechanically (about 100 cycles per minute) 
while irrigation and aspiration along its shaft help clear the clotted materiaL 
In this way it is easy to collect about 70% of the total volume of a gelatinous 
hematoma. Amano (et al. from Tokyo) and Kandel (et al. from Moscow) 
reported at the stereotactic meeting in Bratislava in 1983 on their results, 
which were satisfactory. The instrument outer diameter is 4 to 4.7mm, 
depending on the type that is purchased. A slightly modified and innovated 
type of Archimedes screw is described by Higgins (et al. 1982) and is 
nowadays available as the Higgins Nashold hematoma evacuator. This 
technique should be applied to spontaneously developing hematomas that 
threaten to be fatal because of their size or position. 

7. Endoscope 

The endoscope is not yet fully employed in stereotactic surgery, although 
there are at the moment encouraging reports on the use of a fiberoptic 
device at the target site. For example, intraventricular inspection, explora
tion of cyst walls (eventually with biopsy from suspected areas) and 
inspection of the hematoma cavity after evacuation of the clot. A rigid type 
endoscope in which the transmission of images is achieved by a relay of 
lenses, is easy to introduce stereotactically, if the diameter is small. A 
flexible type endoscope requires a bundle of precisely aligned optical fibers 
and has the advantage that, after introduction through a stereotactic 
cannula, endoscopic inspection can be performed more freely. 

8. Laser 

Lasers are used as surgical tools through endoscopes for cutting and 
coagulation (Epstein 1980). If acute bleeding is present, it could be 
controlled by an argon or other type of laser beam under eye control 
(Edwards et al. 1983). In surgical use of the laser, radiant energy is targeted 
on endogenous chromophors, such as hemoglobin, or on tissue water to 
cause a thermal reaction. Photoradiation therapy (Dougherty et al. 1978) 
for tumors, which selectively retain photosensitizing agents (f.e. hematopor
phyrin derivative that is currently on trial), can be performed by laser light 
delivered safely via a fiberoptic probe. Laws (et al. 1981) published a phase I 
study in malignant brain tumors with use of a stereotactically placed 
fiberoptic instrument. Computer assisted stereotactic laser surgery is 
further discussed by Kelly (1983); a carbon dioxide laser beam is used to 
vaporize sequential slices of tumor and an argon or neodymium-Y AG laser 
beam can be directed to vascular lesions or bleeding sites. 
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F. Spinal Stereotactic Surgery 

In their review on the Horsley-Clarke stereotactic instrument, Schurr 
and Merrington (1978) mention that in 1921 Clarke invented a similar 
instrument for use on the spinal cord, "though this has been of "Tess 
significance in the development of physiology". Hitchcock (1969, 1970 a, b) 
developed a similar apparatus for spinal stereotactic interventions and 
published on stereotactic cervical myelotomy and trigeminal tractotomy. 
With the aid of a modified Hitchcock instrument Schvarcz (1976, 1978) 
performed a series of stereotactic cervical operations and discussed his 
results, which make spinal stereotactics a promising procedure in the 
treatment of intractable pain. Nadvornik (et al. 1983) has some experience 
with spinal cord stereotactics for the treatment of spasticity of the lower 
limbs, in which open surgery (laminectomy) is combined with stereotactic 
instrument positioning. A similar instrument for spinal stereotactic surgery 
has been developed by Nashold, who studied the effect of dorsal root entry 
zone lesioning for the relief of phantom pain (Nashold and Ostdahl 1979, 
Saris et al. 1985). 

It should be mentioned here, that also the already discussed instruments 
of Riechert-Mundinger, Leksell and Todd-Wells can serve as a platform for 
spinal stereotactics, if performed at the Co-C j level. The patients should 
then be placed in the prone position. Compared with the well established 
technique of percutaneous cervical cordotomy, that is carried out by free 
hand lateral puncture at the C j-C2 level, the open or percutaneous 
stereotactic cervical tractotomies are operations, in which the electrode is 
guided and held by an electrode carrier that is mechanically fixed to the 
stereotactic apparatus. Stereotactic tractotomies are performed in the 
posterior part of the cervical medulla and have therefore as reference the 
midsagittal plane that runs through the dens. The indications are complete
ly different from those in percutaneous cordotomy, in which the spino
thalamic tract is targeted on one side, giving relief from pains located on the 
other side of the body. Stereotactic tractotomy, or myelotomy, has the 
posterior commissure of the cervical medulla as target, giving relief of 
midline and sometimes even bilateral pains. Much of the effect is still poorly 
understood, as clearly described by Cook (et al. 1984), who spoke of "a 
challenge to traditional anatomical concepts". Stereotactic cervical trige
minal tractotomy can be considered as the stereotactic counterpart of the 
well known Sjoquist operation (1938) for trigeminal neuralgia. It is to be 
expected that in the near future more elaborated and significant reports 
become available on the value and indications for stereotactic spinal surgery 
(Gildenberg 1982 a). In anticipation offuture indications Zlatos and Cierny 
(1975) have produced a stereotactic atlas and variability table of the 
identifiable spinal cord structures. 
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Expanding Field of Stereotactic Surgery 

For ease of survey the continuously expanding field of stereotactic 
neurosurgery will be divided in three major subdivisions, namely: 

- functional stereo tactics 
- mass lesions stereo tactics 
- localizing stereotactics + open surgery. 

I. Functional Stereotactics 

The progressive expansion in our understanding of human neurophysi
ological mechanisms, coupled with the continual development of more 
refined and sophisticated equipment for recording the electrical activity of 
the nervous system and for stimulating nervous tissue electrically, has 
resulted in increasingly effective neurosurgical treatment of such conditions 
as movement disorders, pain syndromes, intractable epilepsy and spasticity. 
Was neurosurgery in the early years concentrated on the treatment of 
lesions, with this growing knowledge of neurophysiological processes 
surgery became involved in the treatment of symptoms of underlying 
lesions, that do not require treatment or are untreatable. This field of 
neurosurgery is generally called: functional neurosurgery. Although funct
ional neurosurgery is not exclusively stereotactic, this link is becoming more 
and more evident at the present time. Both types of surgery are closely 
interrelated, which is evident from the denomination "Society for stereotac
tic and functional neurosurgery". This field has been extended in recent 
years to include even the lower brainstem, the cerebellum and the spinal 
cord. For reliable information and daily use stereotactic atlasses have been 
published, which include these structures (Schaltenbrand and Wahren 1979, 
Afshar et al. 1978, Emmers and Tasker 1975, Zlatos and Cierny 1975). 

A. Movement Disorders 

In the late 1940s the application of the Horsley-Clarke stereotactic 
techniques on humans led to the effective treatment of a variety of motor 
disorders, such as parkinsonism, choreoathetosis, torticollis spastica, and 
hemiballismus, for which medical therapy had previously been relatively 
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ineffective. In 1941 Russell Meyers published a lesioning of the caudate 
nucleus in a parkinsonian woman with a tremor whereas in 1949 he 
preferred a pallidotomy; both interventions still performed with the open 
technique (craniotomy) (Meyers et at. 1950). In 1955 (a, b) Hassler 
described his results on stimulation and coagulation in the human 
thalamus, the ventrolateral nucleus being the principal relay center of 

a b 
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Fig. 29. Position of ventrolateral thalamic nucleus. a) In relation to line AC-PC in 
the lateral view, b) in relation to midsagittal plane in frontal view. Note that 
distance AC-PC is about 25 mm. Abbreviations used (according to Schaltenbrand 
and Wahren 1977): Pu pulvinar thalami; voa and vop nucl. ventrooralis ant. and 
post.; vim nucl. ventrointermedius; vci nucl. ventrocaudalis internus; zic zona 
incerta caudalis; sth corpus subthalamicum; Ni substantia nigra; Ru nucleus ruber; 

caps. into capsula interna 

pallido- and cerebellorubrofugal fibers towards the cerebral cortex. This 
nucleus of the thalamus became thereafter the target of choice for the 
treatment of a variety of movement disorders. Tremors (not only in 
parkinsonism, but also the essential tremor and the tremor of intention), 
torsion dystonias and some cases of cerebellar dyskinesia proved to be the 
most responsive (Schaltenbrand and Walker 1982, Riechert 1980; re
spectively the pages 503-563 and 272-276). In Fig. 29 the position of the 
ventrolateral nucleus (Vop and Vim) is shown in relation to the inter
commissural line AC-PC in the lateral view (Fig. 29 a) and in relation to 
the midsagittal plane in the frontal view (Fig. 29 b). When dealing with 
chorea, athetosis, symptomatic dystonia and hemiballism, the results of 
stereotactic treatment are still poor (Molina-Negro 1979, Andrew et at. 
1983). Posttraumatic movement disorders, however, may benefit from 
stereotactic thalamotomy, as reported by Bullard and Nashold (1984). 
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1. Parkinsonian Tremor 

In parkinsonian patients tremor and rigidity can be treated successfully 
by stereotactic coagulation of the contralateral thalamic ventrolateral 
complex, as is clearly shown in extensive reports published by Cooper and 
Bravo (1958), Gillingham (et al. 1960), Krayenbiihl (et al. 1961) and Van 
Manen (1967). In these early publications coagulations were often per
formed bilaterally with an interval of some months between the two 
procedures, but later on stereotactic neurosurgeons changed this practice 
because of the high risk of speech disturbances herewith evoked. In 
particular, coagulation on the dominant side carries with it the danger of a 
special type of dysarthria with lack of fluency, slurring and monotonous 
parlance (petrovici 1980). Recurrence of tremor after a successful coagula
tion is seldom seen, but an aggravation of the tremor on the other (not 
treated) side occurs in about 44% of the cases (our own series in chapter 9; 
Van Manen et al. 1984). 

Histochemical research of the basal ganglia led Hornykiewicz (1966) to 
the publication of his findings of dopamine deficiency in parkinsonian 
patients. This evidence led Cotzias (et al. 1969) to medical treatment with 
chronic administration of L-dopa. Clinical observation, however, revealed 
that the tremor responded only weakly to the institution of L-dopa therapy, 
which resulted in a renewed interest in stereotactic intervention. From an 
empirical point of view it is obvious, that both medical and stereotactic 
treatment have their own applicability and indication in the optimal 
management of parkinsonian patients. Because a life-long treatment with L
dopa has serious side-effects and a decreasing influence on the symptoms, 
there are advocates of early neurosurgical treatment (Siegfried 1980, Van 
Manen et at. 1984) before akinesia develops. Dopa therapy could be 
postponed until akinesia requires its institution. On the other hand, even 
patients treated for a long period with medical therapy can benefit from 
stereotactic surgery in the case of an otherwise untreatable and disabling 
tremor (Kelly and Gillingham 1980). As stated by Guiot (et al. 1976): "En 
bref, l'avenement de la L-Dopa et Ie progres apporte par l'association 
d'inhibiteurs a la L-Dopa ont supprime l'indication primitive de la chirurgie 
stereotaxique. Mais la chirurgie et la pharmacologie peuvent etre com
plementaires dans certaines circonstances, celles en particulier d'un tremble
ment accentue et rebelle; une methode ne reduisant nullement les effets 
benefiques de l'autre". 

2. Essential Tremor 

The essential tremor (or heredofamiliar tremor) that is autosomal 
dominant is related to striatal disease. This type of tremor is also treated by 
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coagulation of the ventrolateral thalamic nucleus, but only if so distressing 
that the patient seeks relief through surgical therapy (Walker 1982 b). 

This characteristic postural tremor of the upper limbs that has no other 
neurological abnormalities should first be treated medically. Medicines of 
choice are: propanolol (Jefferson et at. 1979 a, b), and primidone (O'Brien et 
al. 1981) which is almost as effective as alcohol. 

3. Cerebellar Dyskinesia 

Intention tremor of cerebellar dyskinesia can sometimes be relieved by 
stereotactic thalamic coagulation. Cooper (1965 b) describes a series of 110 
cases operated upon, with a 90% success rate. Brice and McLellan (1980) 
communicate on the suppression of intention tremor on patients with 
multiple sclerosis by deep brain stimulation. Recently, Speelman and Van 
Manen (1984) published gratifying results with thalamotomy for intention 
tremor in 11 cases with multiple sclerosis. Our own experience with 2 
patients, who had severe and completely disabling tremor of intention in 
MS, confirms that a substantial alleviation of the dyskinesia can be 
accomplished at the treated side. This also resulted in restoration of 
potentialities which enabled patients to take care of themselves again. The 
target for coagulation is the ventrolateral nucleus of the thalamus that is 
described (Narabayashi 1983) to be a relay centre for cerebellofugal fibers 
which run to the cerebral cortex (Eccles et al. 1967). 

4. Torticollis Spastica 

Torticollis spastica represents an exaggeration of the head's function of 
rotation reSUlting from a lesion of a structure, which normally inhibits this 
movement (Molina-Negro 1979). The vestibular system is the principle 
structure involved and the ascending vestibular pathways have a thalamic 
relay in the Vim nucleus (Hassler 1955 c). Therefore a stereotactic inter
vention (Hassler and Dieckmann 1970) may lead to marked alleviation of 
the torticollis. The lesion is to be made in the nucleus Voi and Voa, which is 
the integration centre of vestibular and cerebellar impulses and not in the 
nucleus Vim itself, because lesioning this target may lead to an undesirable 
motor neglect of the contralateral extremities (Hassler and Dieckmann 
1982). Sometimes an additional lesion in the internal pallidum is required. 
The lesion should be carried out contralateral to the direction of head 
turning (Bertrand et al. 1978). Hassler and Dieckmann (1970) published a 
series on 92 patients with spasmodic torticollis with a follow-up of 1-14 
years after stereotactic coagulation of 87 cases, in which 30 excellent and 28 
good results were noted. Postoperative physiotherapy to achieve full benefit 
from the operation is mandatory, however. 
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B. Pain Syndromes 

1. Stereotactic Lesions to Alleviate Pain 

Apart from percutaneous cordotomy, which is not essentially a 
stereotactic procedure, many types of stereotactic intervention have been 
developed and partly abandoned during the last 40 years. In fact, the first 
human stereotactic operation was done in a patient with trigeminal 
neuralgia by Spiegel and Wycis (1962) in 1948, who made a lesion at the level 
of the superior colliculus and relieved pain for the remaining 14 years oflife. 
Later on, mesencephalotomy (even bilateral) became a promising and 
effective procedure in cases with pain caused by cancer of the head and neck 
(LeksellI966, Nashold 1975, Whisler and Voris 1978). The lesion should be 
placed lateral to the aqueduct and between it and the medial lemniscus. In 
Fig. 30 the position of the lesion is illustrated in relation to the third 
ventricle with the line AC-PC in the lateral view (Fig. 30 a), and in relation 
to the aqueduct and the midsagittal plane in the frontal view (Fig. 30 b). 
Pain relief can be obtained in 90--95% of the patients without untoward 
sequelae. Vertical gaze paralysis and/or pupillary abnormalities may be a 
transient phenomenon (Nashold 1982). Hitchcock (1973) published on a 
pontine tractotomy for pain relief in malignant disease with similar results, 
as did Barbera (et al.) in 1979. It is clear, that such lesions compared with 
those obtained with cervical cordotomy have the advantage of relieving 
pain from head and neck and can be performed bilaterally, if necessary. 
Besides that, untoward side-effects from the motor system as is quite 
possible in cordotomy (Mooij et al. 1984) will not occur. Therefore, this type 
of brainstem stereotactic surgery has held its reputation especially in 
patients suffering from cancer pains. CT scan control both pre- and 
postoperatively may refine this surgery even more (Dettori et al. 1982). 

The relief of chronic pain states is a completely different matter. As with 
cordotomy, mesencephalotomy may give pain relieffor only one year, with 
some exceptions that are not representative. Before acquiring this know
ledge, various lesions in the somesthetic thalamus (thalamotomies) were 
also carried out in chronic pain syndromes (Cooper 1965 a, Riechert 1960, 
1966, Voris and Whisler 1975). Their results were disappointing in the long 
run, pain recurring after some months which is usual after all types of 
surgical intervention in chronic pain. This concept leads to the conclusion, 
that only cancer pain should be treated by stereotactic lesions, taking into 
account the fact that life expectancy is short. Even if the original pain does 
not recur, painful dysesthesias may occur, which are sometimes even more 
agonizing (Drake and McKenzie 1953, Nashold 1982). 

So far a description is given of stereotactic pain surgery in the course of 
the spinothalamic tract and quinto thalamic tract including part of the 
medial lemniscus (Fig. 30 b). This system terminates mainly in the 
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Fig. 30. Position of lesion in stereotactic mesencephalotomy. a) Lateral view with 
relation to third ventricle and AC-PC-line. Target for lesioning 5 mm behind and 
below Pc. b) Frontal view with relation to midsagittal plane and aqueduct. Target 
for lesioning about 8 mm lateral. Abbreviations used: spth. tr. tractus 
spinothalamicus ; pyr. tr. tractus pyramidalis; LM lemniscus medialis; Q tractus 
quintothalamicus; PAG periaqueductal grey matter; sth corpus subthalamicum; 
Ru nucleus ruber; Ni substantia nigra; coil. sup. and inf. colliculi superiores et 

inferiores 

somesthetic part of the thalamus (nuclei VPI and VPm), according to 
Hassler (1960), and is generally called a specific, neospinothalamic path
way. The other system of afferent pathways for noxious stimuli is the 
paleo spinothalamic, nonspecific group of tracts, which is referred to by 
Bowsher and Albe-Fessard (1963) as extralemniscal. These fibers run more 
medially and are situated in the periaqueductal grey at the outer edge. 
Extralemniscal stereotactic lesions for pain relief are also reported in the 
literature. Noordenbos (1959) considers this system to be a short fibre, 
slowly conducting pathway, organized as a multi synaptic net, which is 
phylogenetically an older system and projects to other thalamic nuclei (the 
pulvinar and the centromedianum-parafascicularis complex). A type of 
extralemniscal mesencephalotomy is described by Amano (el ai. 1980), with 
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the lesion placed more medially than in the normal mesencephalotomy. His 
patients belonged to the chronic pain group (most of them suffering from a 
thalamic syndrome) and relief was noted for periods ranging from 3 months 
to 5 years. In stereotactic myelotomies at the cervical level (Hitchcock 
1970 b, Schvarcz 1978, Eiras et al. 1980) the target is also the extralemniscal 
system, leading to less loss of functions (almost no sensory loss) than with 
surgery of the neospinothalamic system (e.g. cervical cordotomy). In 
general, one might say that midline and trunk pain, as well as the pain 
suffering syndrome, benefit the most from extralemniscal surgery, while 
pain in extremities is relieved more by lesions in the neospinothalamic 
system. 

Stereotactic chemical hypophysectomy, using the transsphenoidal route, 
has proven to be a reliable method for the treatment of pain due to diffuse 
metastatic malignancies (Katz and Levin 1977, Tindall et al. 1979, Levin et 
al. 1980). The mechanism by which pain relief is achieved is unknown, 
although metastatic pains from hormone dependent tumors (breast and 
prostate cancer) are the most sensitive. In this context it is surprising and 
very interesting to read the contents of a recent publication by Levin (et al. 
1983) on the use of stereotactic chemical hypophysectomy in the treatment 
of the thalamic pain syndrome. Stereotactic instillation of 5 cc of absolute 
ethanol, delivered over three different targets inside the pituitary gland, 
resulted in unexpected complete pain relief (follow-up 19-58 months). 
Hypopituitarism after treatment required maintenance hormone therapy. It 
is tentatively suggested by the authors, that pain relief is the result of 
stimulation of a hypothalamic pain suppressing mechanism. Further 
research is needed to evaluate this technique of treating various chronic pain 
states. 

To achieve pain relief in phantom pain after spinal root avulsion, 
Nashold and Ostdahl (1979) studied the effect of dorsal root entry zone 
(DREZ) lesioning at the cervical level. After laminectomy to expose the 
cord, the authors made small lesions with fine thermocouple electrodes, 
which may be guided by a special stereotactic instrument that is placed and 
fixed to the spine (Saris et al. 1985). Good results were obtained in 6 of 9 
patients with phantom pain alone and in 5 of 6 patients with phantom pain 
due to traumatic amputation associated with root avulsion. 

2. Stereotactic Stimulation with Electrodes to Achieve Pain Relief 

Inductive electrical stimulation of deep brain structures to control 
chronic intractable pain was introduced by Mazars (el al. 1973), Delgado (et 
al. 1973), and Hosobuchi (el al. 1973). In a way, it is based on the "gate 
control theory" of pain, published by Melzack aIfd Wall in 1965, which 
postulated a pain-inhibitory descending system that could be activated by 
electrical stimulation. In 1969, Reynolds observed powerful analgesic 
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effects in the rat by stimulating the periaqueductal grey matter (p AG), 
which became one of the target structures for stereotactic stimulation. The 
other target of interest is the nucleus ventralis posterolateralis (VPI) of the 
thalamus which is the target used also in thalamotomies to alleviate 
intractable pain. Adams (et al. 1974) also stimulated in the posterior limb of 
the internal capsule to suppress severe spontaneous pain associated with 
lesions of the central nervous system (so-called central pain states). Adams 
and Hosobuchi (1977) differentiate between two anatomical systems for the 
control of pain: the thalamic sensory nuclei + posterior limb of the internal 
capsule for central or deafferentation pain, and the periventricular + 
periaqueductal grey matter for the pains of peripheral origin. Hosobuchi 
(1980) summarizes his results in deafferentation pain due to the thalamic 
syndrome, anesthesia dolorosa, post-herpetic neuralgia, phantom limb pain 
and central dysesthesia with a 16/40 success rate, and his results with pains 
of peripheral origin with a 16/22 success rate. Other authors, however, as 
Dieckmann (et al. 1979), disagree with this rather artificial distinction in 
two different anatomical' control systems. The PAG is very rich in 
serotonergic cell bodies and electrical stimulation of the PAG fails to induce 
analgesia when the activity of the serotonergic cells is blocked (by LSD). 
Administration of 5-hydroxytryptophan, a serotonin precursor, reversed 
tolerance to stimulation, indicating a strong analogy between stimulation 
induced analgesia and morphine analgesia (Besson and Oliveras 1980). 

The neurophysiological basis for these observations is still unknown, as 
is the reliability of this way of pain treatment. Meyerson (1980) discusses the 
possible role of endogenous opioid mechanisms in the stimulation of the 
periaqueductal area; he collected data from more than 200 patients 
subjected to intracerebral stimulation, which show that the outcome is still 
unpredictable. Nothing, until now, indicates such a role of opiates in the 
stimulation of the posterior thalamus. At the same time deafferentation 
pain responds poorly to the administration of opiates. The technical details 
of introducing stimulation electrodes into deep brain structures can be 
found in "La neurostimulation eIectrique therapeutique" (Sedan and 
Lazorthes 1978). The implantation is done in fully awake and cooperative 
patients. The effects of the stimulation should be evaluated before the 
implant is made permanent. The permanent system may consist of an 
internal (electrode + receiver) and external part (transmitter + antenna) or 
a completely implantable system with a magnetic key mechanism. The most 
common complication is infection (about 3%); very seldom movement of 
the electrode is seen even after long periods of correct tip position. 

c. Intractable Epilepsy 

In "Advances in stereotactic and functional neurosurgery 4" (Gill
ingham et at. 1980), a detailed survey is given of this (probably the oldest) 
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field in functional neurosurgery. Although surgical resection (especially in 
temporal lobe epilepsy) is a favourite procedure (Rasmussen 1980), 
stereotactic electrode localization of the focal area (Talairach and Szikla 
1980), a so-called stereo-EEG, is of the utmost importance as a preoperative 
investigation. But, when the pattern of seizures suggests a focal origin, 
which cannot be defined unequivocally by all commonly used methods, a 
stereotactic lesion that interrupts the conduction pathways is indicated 
(Gillingham et al. 1976, Gillingham and Campbell 1980). Since the work of 
Nadvornik (et al. 1974) it seems there is indeed a single pathway of 
conduction in the epileptic discharge, which is almost similar to that for the 
dyskinesias (the pallidum being one ofthe targets, according to Caveness (et 
al. 1980). Gillingham (et al. 1980) published a 50-75% reduction in seizure 
frequency after stereotactic lesions placed in the pallidum of the ipsilateral 
hemisphere. Narabayashi (1972, 1980) studied posttraumatic and posten
cephalitic epileptics (children and adults), treated with stereotactic medial 
amygdalotomy. He described in about 60% of his cases marked improve
ment both regarding the epileptic as the behavioral abnormalities. Often a 
bilaterallesioning is necessary. A long-term follow-up study (Heimburger et 
al. 1978) stresses the persistent relief of symptoms. On the other hand, 
Porter (et al. 1977) showed that in 70% of patients considered to have 
intractable epilepsy fits could be managed significantly better with careful 
revision of all nonsurgical antiepileptic regimens. 

D. Psychiatric Disabling Disease 

Since the first paper on this subject by Egas Moniz (1936), surgical 
interventions have been discussed with high praise at one time (Moniz 
received the Nobel prize in 1949 for his prefrontalleucotomy) and with 
bitter criticism at another. At the moment open psychiatric surgery has been 
abandoned and stereotactic interventions have come in its place, at least in 
those countries which allow psychiatrists and neurosurgeons to do so in 
cases of otherwise intractable illness. Selection of patients is still a matter of 
debate, but there is general agreement, that individuals disabled by 
disorders of affect, such as depression, anxiety, obsessive-compulsive 
neurosis, and phobias are most likely to benefit (Wycis 1972). A United 
States Congress Commission published a Report in 1977 concerning the use 
of psychosurgery in practice and research (discussed by Ballantine and 
Giriunas in 1979). Stereotactic psychosurgery comprises bilateral anterior 
cingulotomy (Ballantine et al. 1967), and bimedialleucotomy, and is a much 
more precise and safe procedure than open surgery, such as Scoville's 
orbital undercutting (Scoville and Bettis 1977). Bingley (et al. 1973) 
described stereotactic anterior capsulotomy as a successful procedure; this 
work comes from the Leksell group of investigators and has a thorough 
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psychiatrist's selection and follow-up of patients. Overall improvement in 
so-called well selected patients has been shown to be achieved in 60-80% of 
cases. This type of surgery also has been performed, with similar results, in 
cases of desperate drug addiction (Kanaka and Balasubramaniam 1978). 
The interested reader is referred to Spiegel's monograph (1982, pages 35-46) 
for a survey of the many target structures explored in stereotactic 
psychosurgery. Unbiased study of unwanted side-effects by psychologists 
(Teuber et al. 1977) revealed no serious neurological or psychiatric 
complications. On the other hand, as compared with the early years (before 
1950), the indication is very seldom evident because of the introduction of 
potent neuroleptic drugs by that time. 

E. Spasticity 

Spasticity is caused by an exaggeration of the myotatic reflexes; there is 
an abnormal muscle spindle stimulus because of a lack of descending 
inhibition. Already in 1908, Foerster introduced posterior spinal rhizotomy 
for the relief of spasticity. Later on more selective rhizotomies were 
published by Gros (et al. 1967) and Laitinen (et al. 1983). Interest for these 
modalities of treatment increased with the growing efforts to give some 
substantial help to patients with multiple sclerosis. Spinal cord stimulation 
with percutaneously introduced electrodes (Siegfried 1979) sometimes gives 
marked reduction of spasticity in those cases. Cerebral palsy (Little's spastic 
diplegia and hemiplegias) eventually develops into a condition in which 
conservative treatment completely fails and stereotactic destructive lesion
ing of the cerebellar nucleus dentatus should be considered. Heimburger 
observed moderate improvement in 46 of the 64 patients (Siegfried 1982). 
The effect, however, decreases over the years. Complications due to the 
stereotactic intervention are seldom reported. 

In advanced cerebral palsy Zervas (1977) observed only initial improve
ment of the motor performance and considered the future use of den
tatotomy in this condition unwarranted. Therefore, the position of 
stereotactic dentatotomy in future functional neurosurgery is questionable. 
Dorsal column stimulation is considered more promising in the treatment of 
spasticity. 

F. Spinal Stereotactic Procedures 

Although Clarke (1921) already had described and constructed a spinal 
cord stereotactic frame for use in animals, spinal stereotactics in man was 
first reported in 1969 by Hitchcock. The object was to interrupt the 
spinothalamic tract at the cervical level, a procedure known in classic open 
neurosurgery as the anterolateral cordotomy. In 1963 Mullan (et al.) 
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published the first percutaneous cordotomy effected by the introduction 
under X -ray guidance of a strontium needle at the C]-C2 Ievel by the lateral 
approach. Rosomoff (el al. 1965) introduced the radiofrequency lesioning 
with an electrode by the same route and technique. The stereotactic 
introduction of the electrode, however, needs another route and a special 
instrument for guidance; Hitchcock developed a special apparatus to 
exploit the suboccipital puncture route in the fully flexed head position. To 
reach the anterolateral cord segment it is necessary to traverse the substance 
of the spinal cord almost completely. No complications of that penetration 
are reported, but the technique is rather cumbersome and no longer 
exploited for reaching the spinothalamic tract, because free hand lateral 
procedures have become much more elegant and subtle. To reach the 
extralemniscal system, however, there are at present two stereotactic 
cervical procedures, which have proven to be successful in the management 
of pain, and are in fact a logical progression of the techniques for 
percutaneous cordotomy. The/irsl is the extralemniscal myelotomy, which 
was thought to be helpful for pain relief confined to the upper cervical 
dermatomes, but was shown to give pain relief over large areas of the body 
without any substantial analgesia to painful stimuli (Hitchcock 1970 b, 
Schvarcz 1976). This accidental finding of bilateral pain relief after a single 
lesion in the central cervical cord region (CO-C1 level) made Hitchcock 
postulate a midline extralemniscal pathway throughout the spinal cord. 
This "challenge to traditional concepts" is beautifully discussed by Cook (el 
al. 1984) in an extensive overview on sensory consequences of commissural 
myelotomy. In 1974, Hitchcock published satisfactory results in 68.4% of 
his 26 cases and Schvarcz confirmed the usefulness in 1976. Mostly it 
concerned cancer pain patients, but some chronic pain cases also responded 
to this type of surgery. The lesion is made in the region of the central canal 
after threshold stimulation, which gives a consistent pattern of ascending 
paresthesias beginning at the soles of both feet. Gildenberg and Hirschberg 
(quoted by Gildenberg 1982 a) tried to aim at the postulated pathway at the 
level of the thoracolumbar segments by free hand introduction of the 
electrode and found excellent pain relief in the lower part of the body. 

The second stereotactic spinal procedure is the trigeminal tractotomy at 
the CO-C] level, made possible by Hitchcock in 1970 (a) with use of his 
spinal apparatus. In a way, it is the stereotactic counterpart of the open 
tractotomy of Sjoquist (1938). The electrode is introduced 6.5 mm from the 
midline and the lesion gives relief from pain of malignancy and pain of 
benign origin. In the largest series (104 cases) Schvarcz (1978) reported relief 
in 83% of malignant disease and 87% of post herpetic neuralgia of the face, 
versus 72% in cases of trigeminal dysesthesia after peripheral procedures 
for "genuine" neuralgia. Surgery is done in the sitting position with fully 
flexed head to fix the cervical medulla. Apparatus for spinal surgery are 
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recommended, but the systems of Todd-Wells, Leksell and Riechert
Mundinger are appropriate too. However, in Todd-Wells spinal procedures 
the patient is in the prone position, as is described by Crue (et al. 1970). It is 
evident, that the stereotactic approach has its advantages in accuracy, safety 
and simplicity as compared with the open Sjoquist tractotomy. Serious 
complications, such as pulmonary or bladder dysfunction, have not been 
reported. 

In dorsal root entry zone lesioning (DREZ) laminectomy is combined 
with stereotactic guidance of the electrode with the aid of a special 
stereotactic instrument (Nashold and Ostdah11979, Saris et al. 1985). The 
indication for DREZ lies mainly in pains from root avulsion and traumatic 
phantom pains. 

n. Mass Lesions Stereotactics 
Although Clarke in 1921 already suggested applying the principles of 

stereotactic surgery to the treatment of pain and brain tumors, history 
shows a great lack between the beginning of functional and oncological 
stereotactics (1947 versus 1960). Even Leksell in his chapter "Gezielte 
Hirnoperationen" in the "Handbuch der Neurochirurgie" (1957) only 
mentioned the possibility of" die Einstellung von Kaniilen zur Punktion von 
Hirntumoren". This obvious delay in application of stereotactics in neuro
oncology can only be explained by the very bad prognosis of patients with 
brain tumors in those days. According to Olivecrona (1967) tumors of the 
basal ganglia and brainstem "are surgically of little interest, they are all 
inoperable". Because of the lack of any other oncological treatment except 
surgery, this statement was correct at that time and biopsy without any 
further possible treatment seemed not justified. But at about the same time a 
lot of experience was collected from the surgical treatment of more 
peripherally lying brain tumors, the first conclusion being that a glioma 
cannot be totally resected, which led to trials with radiotherapy afterwards. 
The next conclusion was, that the results of surgery plus radiotherapy 
greatly depended on the type of brain tumor and the pathological grading of 
its malignancy. Progress in radiobiology and radiotherapeutic instruments 
increased the 5 years survival rate considerably and sometimes--depending 
on the tumor histology-even made cure attainable. 

A big leap forward could be made in the field of neuro-oncology with the 
introduction of CT scanning by Hounsfield (et al. 1973), which for the first 
time gave pictures of the brain itself and a tremendously better insight in the 
position and the extent of any intracerebral mass lesion! Before the era of 
CT scanning only angiographic and encephalographic studies could be 
performed, but after 1955 this could be done in combination with brain 
scintigraphy. Brain scintigraphy, however, is only of value in pathological 
conditions and does not show normal anatomy (Penning and Front 1975). 
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The new generation CT scanners is able to visualize normal and patholog
ical intracranial anatomy with a 2 mm resolution capability, which makes 
them suitable for localization of stereotactic targets (Burchiel et at. 1980) 
and the study of stereotactic accuracy (Hitchcock et al. 1978, Tampieri and 
Bergstrand 1983, Passerini et at. 1978). Stereotactic biopsy of tumors was 
introduced by Mundinger in Freiburg (1958, 1963, 1966), and all the 
requisites to employ stereotactic techniques in neuro-oncology were 
available by the time the CT scan came into use. 

In 1953 Riechert had already started with stereotactic pituitary surgery 
(Riechert 1955 b). Treatment of pituitary adenomas by stereotactic means 
(Conway et al. 1969, Dashe et at. 1966) was temporarily performed, until 
microsurgical techniques could take over using controlled removal. Mass 
lesions stereotactics sensu strictiori, as described below, offer many 
possibilities both in diagnosis and in treatment, and have been developed 
mainly during the last ten years. 

A. Diagnostic Mass Lesions Stereo tactics 

Depending on the consistency of the lesion to be biopted, various 
techniques have been described; all of them can be found in Backlund's 
paper (1971), which presents a stereotactic tool that is based on a spiral 
needle and is suited to take biopsies independent of the tumor consistency. 
This needle can be applied to all types of stereotactic instruments. Besides 
this biopsy tool one needs an aspiration needle to evacuate any present fluid 
(as in cystic brain tumors). The first aim in stereotactic tumor biopsy is to 
get a representative sample of tissue and to decide, with the help of the 
neuropathologist, if the lesion is a tumor or not. It must be emphasized, that 
in about 10% of early detected small brain lesions no tumor is found (Bosch 
1980); Apuzzo and Sabshin (1983) report a series of 71 mass lesions, of 
which 40 could be verified to be tumors, 20 to be infections/abscesses and 7 
to be vascular lesions. Even with the newest generation of CT scanner 
available and with a complete angiographic study, it sometimes occurs, that 
a small infarction (with early filling vein) or a small hematoma (in its later 
presentation with a halo of enhancement around it) or even an abscess or a 
MS plaque (Fig. 31) is encountered. Especially nowadays, with an almost 
routinely performed CT scan of the brain even in minor complaints (f.e.: 
headache, vertigo, neuralgia) one should be prepared for the detection of 
small lesions, which could be tumors (Fig. 32). 

When the diagnosis of a tumor is made with neuropathological studies of 
the biopsy tissue, a complete oncological treatment, including various 
possible modalities, will be started and might give the most benefit to the 
patient at a time when the lesion is still small. To illustrate the utmost 
importance of taking a biopsy (preferably stereotactically) to confirm the 
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Fig. 31. CT scan pictures (right after contrast) show a plaque in multiple sclerosis 
(in the right hemisphere) 

Fig. 32. CT scan pictures (with contrast) show a right parietal deep seated small 
lesion, that turned out to be a highly malignant oligodendroglioma (biopsy case) 

lesion to be a tumor, we would like to refer to the paper of Wang (et al. 1983) 
on suspected lesions that turned out to be an acute demyelinating disease 
(MS) and to the publication by Lunsford and Nelson (1982), that describes 
an unsuspected brain abscess evacuation in a stereotactic performance 
which was planned to take a tissue biopsy. Discussing the value of 
stereotactic biopsies in deep seated mass lesions, Broggi and Franzini (1981) 
reported histological confirmation of a tumor in 25 out of 35 cases with a 
mortality rate of 0% . Ostertag (et al. 1980) published the largest series of 
biopsies in 302 patients, who underwent a stereotactic biopsy (including 
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Mundinger's cases) and reports 232 malignancies, 21 craniopharyngiomas, 
3 pituitary adenomas, 4 plexus papillomas, 5 meningiomas, 1 neurinoma, 4 
epidermoids, 3 colloid cysts, 3 abscesses and 26 miscellaneous cases (gliosis; 
cysts). Operative mortality was 2.3% and morbidity 3%. The other large 
series of biopsies has been reported from the Karolinska Hospital in 
Stockholm by Edner (1981), who presented 345 cases including 84 cystic 
lesions of which 19 cystic astrocytomas; this makes a total of 280 cases, 
which can be compared with the results of Ostertag. Edner's publication 
gives a 5% yield of non-neoplastic lesions, a mortality rate ofless than 1 % 
and a morbidity of 2.3%. Our own results, with more than 250 cases in 
which stereotactic biopsy was performed for a suspected mass lesion, 
resemble closely those reported by Ostertag and Edner: in about 10% no 
tumor was present, in about 3% no histological confirmation was achieved, 
in about 2% there was a fatal outcome and morbidity ranged up to another 
3%. The percentages for the non-neoplastic group, however, tend to 
increase in recent years because of the continuous refinement in diagnostics 
that reveals suspected brain areas more frequently. 

The decision to perform a stereotactic biopsy or an "open craniotomy" 
will be discussed in Chapters 5 and 6 in more detail, but indications have 
changed in more recent years remarkably because of progress in neuro
oncology. In the case of a supratentorial glioma, which is classified as an 
astrocytoma (the most common type of glioma), surgery alone ("bulk 
resection") will result in a 26% survival rate after 5 years for the histological 
grades I and II (Kernohan) and in a 49% 5 years survival, when followed by 
adequate radiotherapy (Bouchard 1966). For the grades III and IV 
(glioblastoma multi forme ) surgery alone gives a 2% one year survival and a 
40% survival after combination with radiotherapy. Although this impres
sive increase in survival due to radiotherapy can be achieved in malignant 
astrocytomas, the 5 years survival is almost nil. This suggests a higher 
sensitivity of the high grade astrocytoma but at the same time an only 
palliative effect on the disease, whereas the low graded group can sometimes 
be cured (Deeley 1974, Jones 1960). These data may serve as an example for 
our discussion on the changes in indications. Deep seated gliomas are 
inoperable in the sense of bulk resection, but a stereotactic biopsy may be 
performed without any harm to the patient. When the classification by the 
neuropathologist leads to the diagnosis of a low grade astrocytoma, 
radiotherapy will increase the survival for years and sometimes even cure 
the patient. In case the diagnosis reveals no glioma, but a metastasis or a 
germinoma (Fig. 33) or another tumor or may be no tumor at all, these 
possibilities lead to different kinds of treatment with great impact on the 
patient's prognosis. In certain types of tumor (malignant lymphoma, 
medulloblastoma, intracerebral manifestation ofleukemia e. a.) the results 
of treatment (Fig. 34) can be improved by chemotherapy; an expanding 
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Fig. 33. CT scan pictures (contrast, with a 3 months delay). Tumor in a 11 years old 
boy, recurring after local irradiation for "pineal tumor". Biopsy revealed a 

germinoma, spreading intraventricularly after inadequate adjuvant therapy 

Fig. 34. CT scan pictures (right after contrast) show a strongly enhancing butterfly 
tumor in a 62 years old man. Biopsy revealed a malignant lymphoma and 

radiotherapy + chemotherapy cured the patient (follow-up 4 years) 

field on its own. Some years ago a mass lesion was held to be inoperable 
when deep seated-i. e. independent on size. Nowadays very small lesions 
have become detectable and offer a challenge to the neurosurgeon to 
operate with the help of CT guided stereotactic aiming of his instruments. 
He may choose a biopsy forceps or microsurgical instruments, to perform a 
bulk resection (in malignancies) or a complete removal (in benign lesions). 
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Fig. 35. Artist's impression of instrument positioning for performing a stereotactic 
craniotomy. After stereotactic localization of the target area exploration is carried 
out with guided microsurgical, fiberoptic or laser instrumentation. Guidance is 

given by CT based computer reconstruction in stereotactic space of the lesion 

Using classical methods these small subcortical lesions are inoperable, 
because they are not found without causing extensive damage to the 
surrounding brain tissue. This applies especially to lesions in the parietal 
lobes. Stereotaxis offers technical equipment to reach these lesions by the 
route of choice, safely, and without any disturbance to the overlying brain. 
At the target the surgeon can first take a biopsy and have it examined. 
According to the histological diagnosis he thereafter can proceed with 
surgery or other treatment modalities (e.g. interstitial irradiation). Some 
clinics have already the technical equipment to perform stereotactic 
craniotomies (Jacques et at. 1980, Kelly et al. 1983), which makes it possible 
for the surgeon to continue after the biopsy with resection of the lesion with 
help of a stereotactic speculum to expose the target area. An impression of 
both computerized localization and open surgery to remove a lesion is given 
in Fig. 35. Modern instrumentation (Chapter 4) offers all potentials to 
resect any predetermined tissue volume. 

There is no doubt, that these developments will open the way to a real 
integration of stereotactic aiming techniques into clinical neurosurgery. The 
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interested reader is referred to the Chapters 4 and 13 for further 
information. 

On the other hand, neuropathological entities also increase in number, 
leading to more subtle distinctions in histological and cytological diagnosis 
of mass lesions of the brain. Partly due to the longer survival of patients with 
systemic disease, including cancer, which leads to metastatic spread inside 
the central nervous system or to a high incidence of CNS infections 
(Chernik et al. 1973); partly because of the more frequently encountered 
immune deficiency syndromes (spontaneously as in AIDS or after im
munosuppressive treatment as in organ transplant recipients or patients 
under chemotherapy for systemic cancer). A high incidence of intracerebral 
toxoplasmosis in these CIrcumstances is reported by Handler (et al. 1983). 
Superimposed viral infection by herpes viruses (Whitley et al. 1981, Juel
Jensen 1980) may need proof by biopsy: Whitley reports, that brain biopsy 
for clinically suspected disease was only positive in 57%, which proves its 
value as only 5.4% false negative biopsies were found on a total of 182 
patients. Also Lunsford (et al. 1984 b) stresses the usefulness of stereotactic 
biopsy in viral disease. Furthermore, second malignant neoplasms have 
been reported after chemical immunosuppression (penn 1974 and 1976), 
which tend to arise in the brain (Schneck and Penn 1971). This means, that a 
patient cured from systemic cancer may develop a second tumor, not 
infrequently a malignant lymphoma, inside the brain; these cases can be 
expected in higher numbers in the future and may benefit from a stereotactic 
biopsy to evaluate the proper diagnosis and the radio- and chemosensitivity. 

In the case of proper management of septichemia with antibiotics or of 
fungal disease with antimycotics some patients may develop intracerebral 
mass lesions, which might be of infectious origin. In the publication of Britt 
and Enzmann (1983) early stages of brain abscess (so called cerebritis) are 
described and neuropathological confirmation is shown after stereotactic 
aspiration oflesions which in the early stage of abscess formation resemble 
tumors. Their series of 14 patients includes 7 immunocompromized cases, 
which led to a large spectrum of causative organisms, including fungi and 
protozoa. As culture of the causative organism(s) has been shown to be 
mandatory for successful treatment of the cerebral lesions, a stereotactic 
biopsy is the only way to get a positive proof by a simple procedure. In the 
Aquired Immune Deficiency Syndrome (AIDS), only known since 1981 
(Durack) and particularly observed among male homosexuals and intra
venous drug abusers, many opportunistic infections have been described as 
well as an increased incidence of Kaposi's sarcoma. Among over 150 such 
patients seen in the New York University-Bellevue Medical Center 6 have 
come to neurosurgical attention because of intracranial mass lesions (4%) 
that proved to be toxoplasmosis (Handler et al. 1983). In 5/6 the lesions were 
multiple on CT scan and were not clearly different from abscesses or 
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Fig. 36. Histological specimen (H & E) of temporal lobe biopsy in a girl of 15 years 
with encephalitis. Virological studies proved the causative agent to be a herpes 

simplex virus 

metastatic disease, which makes the diagnostic value of brain biopsy 
evident. Levy (et al. 1984, 1985) discuss the value of brain biopsy in AIDS 
with mass lesions of the brain, and consider it to be critical for the 
evaluation and appropriate treatment. As toxoplasmosis is effectively 
treated with antibiotics, resection of the lesion(s) is not indicated. Therefore, 
not only for deep seated lesions which are clinically suggestive for tumors, 
but also for multiple lesions lying at random throughout the brain the 
biopsy technique is extremely useful. One should be prepared, however, for 
infections and try to aspirate some fluid, if tissue is not available at the 
targ~t, to have it examined bacteriologically including cultures. When the 
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illness is suggestive for herpes encephalitis, brain tissue (Fig. 36) should be 
prepared for virological and immunofluorescence studies, leading to proper 
diagnosis and the starting of treatment within some hours after surgery 
(Lunsford et al. 1984 b). 

Finally, the stereotactic biopsy is so simple, that it forms an excellent 
alternative for an exploratory craniotomy in the elderly or seriously ill 
patients. This enables the surgeon to discuss the diagnosis with the patient 

Fig. 37. CT scan after contrast shows a typical colloid cyst of the third ventricle that 
was evacuated stereotactically 

and to reserve invasive surgery for cases that will benefit. As Apuzzo and 
Sabshin (1983) state, "preoperative strategic planning may be brought into 
sharper focus in certain cases". 

B. Therapeutic Mass Lesions Stereo tactics 

1. Aspiration and Evacuation of Fluids 

In neuro-oncology many tumors have cystic components, which can be 
evacuated easily by stereotactic puncture and aspiration. In those lesions 
not amenable to open surgery, aspiration is performed and a biopsy of the 
adjacent tissue (the cyst "wall") is done. The fluid collected should always be 
sent for cytological and bacteriological examinations. Depending on the 
nature of the mass lesion, evacuation of the cyst's contents may be sufficient 
[as in colloid cysts of the third ventricle (Fig. 37); Bosch et al. 1978J, or a 
drain should be left inside the cyst (as in cystic astrocytoma and 
craniopharyngioma), to make sure that future fluid collections can be 
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Fig. 38. Stereotactic placement of catheter inside cystic craniopharyngioma. 
Anteroposterior view with external CSF drainage through leftsided burrhole, and 

stereotactically introduced catheter through rightsided burrhole 

evacuated simply (Figs. 38 and 39). An Ommaya reservoir may help for 
percutaneous aspiration (Gutin et af. 1980). Mann (el af. 1983) reports 
successful percutaneous sump drainage using a Rickham reservoir on 
eleven patients with cystic lesions (including 6 astrocytomas and 4 
craniopharyngiomas) after open surgery. Postoperative radiotherapy was 
started and whenever symptoms of increased intracranial pressure recurred 
fluid collection was percutaneously aspirated by needle puncture of the 
reservoir (Fig. 40). Sometimes the drain will be blocked by high protein 
content of the cyst fluid and flushing with sterile saline may be required 
before re-evacuation. Leksell (1957) already described the stereotactic 
puncture of cystic craniopharyngiomas with aspiration of the fluid and 
subsequent administration of radioactive isotopes: the first case treated in 
this way was published by Leksell and Liden in 1953, using 32p as isotope, 
which is a pure j1-emitter. Later on, a special program for the stereotactic 
treatment of craniopharyngiomas was developed by Backlund, including 
intracystic 90Yttrium delivery and external stereotactic irradiation of the 
solid part with the stereotactic cobalt unit designed by Leksell (1971); the 
results of this combined stereotactic regimen were published by Backlund 
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Fig. 39. Lateral vIew with catheter lying inside craniopharyngioma cyst. Boy aged 
8 years 

Fig. 40. CT scan pictures (same patient as in Figs. 38 and 39). (Left) cystic 
craniopharyngioma prior to, and (right) after the introduction of a draining catheter 
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(1972, et al. 1972, 1973, 1979). The treatment of choice in craniopharyn
gioma is still a matter of debate: there are advocates of total microsurgical 
resection and of subtotal removal followed by radiotherapy (Shillito 1980, 
Cavazzuti et al. 1983). Stereotactic treatment is restricted to the centers that 
possess stereotactic external radiation equipment (Boston, Los Angeles, 
Sheffield and Stockholm). Recurrent cystic craniopharyngiomas, however, 
offer a possibility to treat them with intracavitary radio-isotopes (Georgi et 
al. 1980, Bosch and Beekhuis 1979, Huk and Mahlstedt 1983). For 
stereotactic intraneoplastic irradiation in gliomas the reader is referred to 
the INSERM symposium 12 (Szikla ed. 1979a). 

2. Interstitial Radioisotope Application 

The stereotactic localization technique offers a method in which after 
biopsy radioactive isotopes can be implanted locally. For permanent 
implantation gold198, iridiuml92 and yttrium90 are used. Mundinger in 
Freiburg started this approach to glioma treatment in 1958 and published 
his results in 1966. Solid tumors were treated with wires of iridium with a 
0.3mm diameter and a 4mm length. The total radiation activity was 
calculated to be about 120 Gy at the outer tumor border (Mundinger and 
Metzel 1970). The philosophy behind this way of glioma treatment is 
twofold: the tumor dose is not limited by the tolerance limit of the 
surrounding brain, and early detection of recurrence by CT scan follow-up 
allows to implant the radioisotope again. Sometimes, a cure of a small 
tumor with this method has been achieved (Mundinger 1982a, b). The 
success of this so called curietherapy depends entirely on the exact 
localization of the radioactive implants. CT guided stereotactic techniques 
allow refined calculations of the lesion's position, configuration and 
volume. Dosimetry includes the choice of a suitable radioisotope in a 
suitable state (solid as a pellet or a wire; liquid), and the calculation of the 
total activity to be achieved with isodose distribution around the tumor 
center. Recently, this method which is actively being performed in Europe 
(Szikla 1979 a, Mundinger 1982 a, b) is evolving in North America too 
(Apuzzo and Sabshin 1983, Gutin et al. 1981, Kelly et al. 1978, 1984c, 
Mackay et al. 1982). 

3. Stereotactic Radiosurgery 

Although not suited to the treatment of malignancies, external stereotac
tic irradiation with gamma rays (Leksell1951, 1971) or with heavy particles 
(Kjellberg et al. 1964, Lawrence et al. 1962), which are focused towards the 
target, has proved to give good results in small, nonmalignant, tumors as 
pituitary adenomas, craniopharyngiomas and acoustic neurinomas. Also 
arteriovenous malformations that are unsuitable for microsurgical treat-
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Fig. 41. Leksell's stereotactic Gamma Unit, with heavily shielded hemispherical 
central body containing the sources of radioactive cobalt 

Fig. 42. The collimator helmet, that allows fixation of the patient's head in such a 
way that the target structure in the brain corresponds with the beam focus (by 

courtesy of Prof. Leksell) 
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ment have been treated successfully with these techniques (Backlund 1979, 
Kjellberg et al. 1983). These stereotactic irradiation units, however, are very 
expensive and only a few are operational: the stereotactic cobalt 60 Unit in 
Stockholm (Figs. 41 and 42), Los Angeles and Sheffield, and the Bragg
peak proton beam in Boston. Both types of instrument work according to 
the stereotactic principles, i.e. the head of the patient is secured by skeletal 
fixation and X-ray pictures are taken in anteroposterior and lateral 
projections to calculate the coordinates for the target of interest. The 
calculation of the coordinates may also be obtained by the CT scan 
computer. In the treatment of arteriovenous malformations only the small 
shunting vessel compartment is irradiated, which results in endothelial 
swelling and subendothelial deposition of collagen and hyaline substance, 
which narrows the lumens of the small vessels during the first 12 to 24 
months after the procedure. This means, that definite results are only 
obtained after that period. All types of lesions, in which stereotactic 
radiosurgery is considered, should have a diameter of less than 25 mm; 
otherwise more than one target is needed to cover the whole lesion. On the 
radio surgical treatment of pituitary adenomas reports have been published 
by Kjellberg (1979), Backlund (1979) and Rahn (1980). 

4. Coagulation/Resection with Stereotactic Instruments 

Radiofrequency thermal lesions-as commonly used in functional 
stereo tactics to destroy a small target-have until now no application for 
the treatment of tumors. Only Conway (1973) described a few cases of 
pinealoma in which he tried to perform cryosurgery. Gleason (et al. 1978) 
reported details on a patient, who after radiotherapy for an astrocytoma 
had a recurrence that was treated with multiple RF thermal lesions. 
Although this field is entirely experimental, it seems justified to expect 
promising results from hyperthermia as a treatment mode for malignancies 
in general, and brain tumors in particular; preliminary preclinical studies 
have been successful, especially in combination with radiotherapy (Hahn 
1982, in his monograph on "Hyperthermia and Cancer"). Recently 
Silberman (et al. 1984) reported on both animal and human experiences 
with brain malignancies. The patients suffered from recurrent chordoma 
and glioma after surgery with radiotherapy and were treated with a 
combination of BCNU and a brain hyperthermia protocol, which was 
approved by the UCLA Human Subject Protection Committee. The 
authors concluded that non-invasive localized radio frequency hyper
thermia to the brain is feasible and can be performed safely in the presence 
of a solid brain tumor. 

Stereotactic resection of mass lesions inside the brain has become 
possible with the development of neurosurgical lasers. Hara (et al. 1980) 
discusses the first group of patients treated with the carbon dioxide laser for 
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mass lesions, including gliomas, meningiomas, metastatic tumors, a 
hemangioblastoma and an arteriovenous malformation. These authors, 
however, made use of a craniotomy without stereotactic techniques. Kelly 
(et al. 1982 a, b) and Alker (et al. 1983) have developed a system of three
dimensional, computer simulation guided, stereotactic CO2 laser resection 
with help of computerized tomography. With this system they have treated 
deeply located cerebral lesions such as gliomas, metastatic tumors and 
arteriovenous malformations with promising preliminary results. This type 
of performance is called a stereotactic craniotomy, i.e. a craniotomy with 
the head of the patient still in the stereotactic frame after thorough CT 
scanning of the lesion in relation to the stereotactic instrument. The lesion is 
then approached using the laser and the operating microscope. With 
computer guidance precise positioning of the instruments relative to the 
lesion is ensured and a self-retaining retractor is placed at the lesion's 
surface, whereafter the lesion is vaporized slice by slice. The different laser 
types that are suited to neurosurgical use are reviewed by Edwards (et al. 
1983). Transposition of volumetric information derived from computed 
tomography scanning into stereotactic space is described by Kelly (et al. 
1984 b). 

5. Intraneoplastic Drug Delivery with Stereotactic Instruments 

The idea to treat malignant gliomas with intraneoplastic drug delivery 
came from Ommaya (et al. 1979), who designed a tumor cyst device to 
maintain a cavity at the tumor site after partial resection by open surgery. 
The reasoning was twofold: to circumvent drug delivery problems in the 
central nervous system due to the blood-brain barrier, and to provide the 
most direct method to prevent local regrowth. Tator (1977) studied 
intraneoplastic injection of CCNU in an animal brain tumor model and 
found increased survival and less systemic toxicity than after the i.p. route. 
Morantz (et al. 1979) studied bleomycin in a similar model and reported 
prolonged survival too. These studies are very interesting, because the 
ability to cross the blood-brain barrier seems to have no importance in 
intraneoplastic delivery: CCNU passes the barrier easily whereas bleomy
cin does not. In 10 patients with malignant astrocytomas, Garfield (et al. 
1975) injected BCNU into the tumor bed after partial removal by 
craniotomy. He found no systemic toxicity, although the drug was delivered 
in total doses of up to 1,050 mg by daily repeated injections. There were only 
2 long term survivors (3 and 4 years). 

Kroin and Penn (1982) studied chronic microinfusion of cisplatin in rat 
brains and showed that a platinum concentration of 2 ng/mg tissue, wet 
weight, can be maintained over a 1 cm region of brain. They discussed the 
extension of these results to human brain neoplasms and the possibility of 
stereotactic placement of the cannula for infusion. Until now the only 
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publication concerning stereotactic drug delivery is of bleomycin in glioma 
patients (Bosch et al. 1980): 1 patient survived for 3 years (on a total of 3 
cases). To summarize, there are some promising results from both 
preclinical and clinical pilot studies, but no real progress has as yet been 
made in this field of-stereotactic-neuro-oncology. 

ID. Localizing Stereo tactics + Open Surgery 

A. Interventional Stereotactics 

Although surgical intervention is always part of the stereotactic 
procedure, the term interventional stereo tactics applies to those stereotactic 
actions, which are performed to eliminate something (f.e. an aneurysm or a 
bullet). The stereotactic removal of intracranial foreign bodies is reviewed 
by Hitchcock and Cowie in 1983. It is a common opinion, that low velocity 
missiles when left inside the brain may give rise to infection (Hagan 1971). 
Conventional approaches to the removal of missiles carry the risk of further 
injury, especially when the bullet is lying in vital brain. Therefore, with 
stereotactic aiming techniques the foreign body should be extracted with a 
type of biopsy forceps whenever there is a real danger of infection (Sugita et 
al. 1969). Riechert (1955 a) published the stereotactic extraction, in 
combination with a small craniotomy to clean the entrance wound. A 
complete description, including many photographs, is published by 
Riechert (1980: pages 84-89). 

Stereotactic clipping of intracranial aneurysms has been developed and 
exploited almost exclusively by Kandel and Peresedov in Moscow (1977). 
They designed a special device for clipping of aneurysms and feeding vessels 
of AVM's to be able to handle these lesions through an ordinary burrhole. 
Although avoiding manipulation of blood vessels and brain retraction 
seems to be an advantage, impressive results made with microsurgical 
techniques during the last decade make direct and open surgical attack of 
aneurysms highly preferable. On the other hand, there may be some 
intracranial aneurysms, which might even be considered inoperable by open 
surgery nowadays; in these aneurysms stereotactic induced thrombosis has 
been performed with good results by Mullan (1974) and Smith and Alksne 
(1977). Mullan developed a method to induce thrombosis in giant 
aneurysms and carotid cavernous fistulas by the introduction of a very fine 
copper wire through a needle that punctures the aneurysm. His report 
discusses both stereotactic and open techniques and presents much 
information about the indications for open and stereotactic thrombosis of 
these vascular anomalies. Smith and Alksne (1977) used the injection of a 
polymerizing iron compound into otherwise inaccessible aneurysms with 
help of a stereotactic puncture needle. This needle penetrates the aneurys-
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mal fundus, whereafter magnetically controlled metallic thrombosis is 
achieved with a stereotactic magnetic probe. It is interesting to note, that 
those aneurysms which are inaccessible with microsurgical techniques
intrasellar, intracavernous and ventral to the brainstem lying basilar ones
can be occluded using this technique (without opening the dura) with the 
magnetic probe positioned through the trans sphenoidal or transclival 
route. Sheptak (el al. 1977) treated aneurysms by injection with the tissue 
adhesive IBC (isobutyl-2-cyanoacrylate); 2 of their 20 cases were treated by 
stereotactic injection. There were, however, more than 50% incomplete 
occlusions, which makes this technique unreliable unless a method for 
monitoring aneurysm thrombosis during injection is developed. 

In arteriovenous malformations the shunt is sometimes very small and 
could be occluded easiest by interventional stereotactic technique. Cahan 
and Rand (1973) describe a case of stereotactic coagulation of a little 
paraventricular malformation, but our own experience with a similar case 
led us to believe that it is not always successful. After four attempts (Figs. 43 
and 44) to coagulate the shunt with a thermistor electrode, which was lying 
with its tip at the site of the shunt-controlled with intraoperative 
angiography in 2 directions-,we finally decided to resect it after having 
made a small craniotomy for microsurgical exposure. 

This approach is called the combined technique, in which stereotactic 
localization is done prior to craniotomy for microsurgical resection. 
Advocates of this combined technique, as far back as the sixties, were Guiot 
(el al. 1960) and Riechert and Mundinger (1964). 

B. Localizing Stereotactics 

To use the stereotactic procedure with its precision and target accuracy 
for the surgical treatment of deep seated angiomas and arteriovenous 
malformations was the idea of Riechert (1962) and Guiot (el al. 1960). By 
that time, after stereotactic localization, the operation was continued by 
craniotomy and classical surgical principles. It is evident, that nowadays 
many cases will be treated without this stereotactic aid, because occluding 
the feeders of the malformation is no longer the sole objective to be pursued. 
The nidus itself should be resected for which microsurgical instrumentation 
is mandatory. Those A VM's, that are easily localized do no longer require 
stereotactic approach. On the other hand, new indications for this 
cQmbined technique have appeared. All lesions that are small and not 
localized without stereotactic aiming should be approached according to 
stereotactic principles to minimize damage to surrounding brain during 
microsurgical resection. This applies particularly to the paraventricular 
(Fig. 45) and subcortical malformations and also to those small mass lesions 
(tumor, hematoma and abscess), that are only detected with CT scanning. 
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Here is a challenge for the neurosurgeon to do surgery with modern 
equipment (operating microscope, endoscope or laser beam), but, ner
vertheless, the aiming is the crucial point. Stereotactic localization is then 
needed for proper exploration and the calculation of the most harmless 
transcortical approach. Recently papers have been published which em
phasize the benefits of this method (Garcia de Sola et al. 1980, Kelly et al. 
1982b) and our own experience with 4 cases (small subcortical AVM's) 
confirms the correctness of this combined surgical approach. 

Fig. 45. Deep seated paraventricular arteriovenous malformation in stereotactic 
space. This schematic drawing shows, that very small and/or deep seated 

malformations cannot be resected without the aid of stereotactic localization 

In small tumors similar experience is gained with the combined 
technique (Shelden et al. 1980, Sugita et al. 1975). Jacques (et al. 1980) made 
use of a newly designed tumorscope, which is introduced through a 4 mm 
cortical opening and is opened at the appropriate coordinate settings to 
expose the lesion. Lunsford (et al. 1982, 1984 a, and Martinez 1984) started 
stereotactic surgery with the patient placed in the CT scanner, which offers 
direct assessment of therapeutic results. 

CT guided localization with stereotactic principles is also used to treat 
deep seated brain abscesses (Wise and Gleason 1979, Lunsford and Nelson 
1982). Because CT repeatedly demonstrates clinically indiscernable lesions, 
including brain abscess, stereotactic localization (with or without CT 
guidance) offers a simple method to treat the deep seated abscesses by 
aspiration, culture, and subsequent treatment with a course of antibiotics. 
For extensive information on CT scan and clinical correlations of brain 
abscesses, including neuropathological staging, the reader is referred to the 
publication by Britt and Enzmann (1983). 

Primary intracerebral hemorrhage resulting in intracerebral hematoma 
has been treated successfully by stereotactic evacuation, after Backlund and 
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Von Holst (1978) published their results using an Archemedian type of 
screw, which was constructed according to their design. By the same time, 
the general opinion regarding the effect of surgery versus conservative 
treatment changed: formerly, surgery in the acute stage was thought to be 
contraindicated and craniotomy was only performed after some delay, 
when the hematoma due to vascular spasm and cerebral edema acted as a 
space occupying lesion (McKissock et al. 1961). In 1977 however, Kaneko 
(et al.) published their results with microsurgery in the acute stage (within 7 
hours after the attack) with impressing results: 34 out of the 38 patients 
became self supporting again after 6 months. Recently, the same group of 
investigators (Kaneko et al. 1983) described a long-term evaluation in 100 
cases: 50 were self supporting and 33 needed partial care at home. A 
thorough review of publications, relating to the natural history of primary 
intracerebral hemorrhage and to the comparative efficacy of surgical and 
nonsurgical modalities of treatment, leads to the conclusion that large and 
medium sized (20-40 cc) lobar hematomas benefit from surgical treatment 
(Kase et al. 1982), whereas small lobar hematomas do well with con
servative treatment. Deep seated small (and larger) hematomas, however, 
result in serious neurological deficit and often require surgery. According to 
Kaneko, primary hypertensive putaminal hematoma is an indication for 
microsurgical removal and may also benefit from stereotactic evacuation 
(Matsumoto and Hondo 1984, Broseta et al. 1982). Primary brainstem 
hematoma has been successfully evacuated stereotactically by Beatty and 
Zervas (1983) and Bosch and Beute (1985). 

The indications for stereotactic evacuation are an established diagnosis 
of primary deep seated hematoma with impairment of mental status and 
depressed level of consciousness (Higgins et al. 1982). Relative indications 
form those hematomas that can be approached just as easily with 
microsurgical techniques. Amano and Kandel, at the Bratislawa conference 
in 1983, demonstrated satisfactory results with stereotactic evacuation of all 
sizes of primary intracerebral hematomas. Higgins (et al. 1982) modified 
Backlund's instrument for easy aspiration of both liquid and solid 
hematomas; the original instrument, however, is as widely accepted. 

To summarize, it may be stated that the three discussed subdivisions of 
stereotactic neurosurgery are of a completely different background. The 
history of functional stereotactics is comparatively long and evaluation of 
the validity of the various functional procedures therefore relatively easy. 
Mass lesions stereotactics is strongly connected to oncology and diseases 
that might arise in patients with cancer. Stereotactic biopsy is a safe and 
reliable way to obtain information required to plan the best strategy of 
medical treatment. Finally, stereotactic localization, with or wi~hout 
combined open surgery, is the latest development. This localization often 
makes it possible to approach and expose small lesions with the help of the 
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CT scan and computer facilities, which have become available. However, 
most of the publications relating to this matter give preliminary results and 
the time for evaluation has not yet come. On the other hand, a discussion on 
the continuously expanding field should not exclude these promising 
results, because most certainly computer assistance in the operating room 
will be vital to neurosurgery in the near future. 



Chapter 4 

Modern Instrumentation 

I. Introduction 
In chapter 2 we described the four most popular types of the many 

different stereotactic apparatus which have been developed: i.e. the 
instruments of Talairach, Riechert-Mundinger, Leksell and Todd-Wells. 
These instruments in their original construction are only suited to perform 
conventional stereotactic surgery, i.e. with the aid of standard X-ray 
equipment, such as is used in angiography and ventriculography. The 
break-through in radiologic imaging with computerized scanning tech
niques (CT, NMR, and PET scanning) has made visualization of normal as 
well as pathological anatomy of the brain feasible and has given the impetus 
to the development of new stereotactic instrumentation. 

The already existing apparatus needed technical adaptation to make 
them suitable for computerized scanning methods. The construction needed 
to be adapted too, to give the least scanner artifacts, and special designs 
have been developed with carbon fiber fixation pins. With this adapted 
instrumentation it became possible to visualize targets of interest inside the 
brain with the stereotactic apparatus mounted to the skull during the 
scanning procedure (Fig. 46). 

Stereotactic space (i.e. the brain in a fixed relation to the stereotactic 
instrument) could now be studied with the scanner computer facilities. 
Brown (1979) was the first to describe these possibilities and he presented a 
prototype stereotactic frame for use in the CT scanner, with a complete 
three-dimensional computer graphics approach to optimum stereotactic 
orientation. An overview ofCT based stereotactic systems has been given by 
Alker (et al. 1984). 

On the other hand, the development of these CT guided stereotactic 
methods does not imply that the conventional X-ray stereotactic principles 
are out of date. There are still situations in which the so-called conventional 
approach is essential for optimal target visualization, e.g. in the localization 
of small arteriovenous malformations (Fig. 47) which may not be visible on 
CT and thus need angiography (especially in the case of adjacent 
intracerebral hematoma). Sometimes angiotomography in stereotactic 
space is needed to acquire an exact target calculation. Moreover, at the 
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Fig. 46. CT scan picture of a deep seated small brain tumor, which is localized in 
stereotactic space with the instrument of Leksell 

Fig. 47. Angiography in stereotactic space to visualize a tiny paraventricular 
arteriovenous malformation (arrow) 
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moment CT guided localization is often more time consuming and may need 
stereotactic CT studies prior to the day of surgery. In functional stereotac
tics CT guided stereotactic surgery is demanding highly sophisticated 
computer software, this being in contrast with the rather simple and reliable 
method of ventriculography. Indeed, functional surgery rests on the 
construction of the AC-PC-line, being at present the most safely achieved 
with stereotactic ventriculography as compared to computer techniques 
with sagittal plane imaging and computer graphical reconstruction of the 
intercommissural plane (Hardy et al. 1983). In the assessment ofthe lateral 
coordinate, however, CT and NMR scanning are of great value, as with 
these imaging techniques the thalamic width in the individual patient can be 
measured (Hitchcock and Cadavid 1984). 

In cases which present moderately large deep seated mass lesions, 
diagnostic stereotactic surgery is obviously as easily performed with 
conventional techniques (chapter 2), using the angiographic films for target 
positioning. Moreover, to avoid the risk of damaging vessels in tumor 
biopsy an angiographic study is necessary, and the target should in our 
opinion always be chosen from these films, unless digitizing of angiographic 
data and combining these with CT scan derived target data is carried out 
prior to surgery. 

The era of computerized stereotactic surgery with its new instrumenta
tion is not only characterized by the introduction of scanning machines, but 
also by results attained in the-not completely on these machines 
dependent--evolution of computer technology (Bertrand 1982). The com
puter itself with its excellent facilities as to graphical reconstruction and 
calculation of three-dimensional objects, together with the possibility of 
computer simulation prior to the actual surgical performance, have 
provided the neurosurgeon with a tool to study the true volume and shape 
of any lesion plus the safest trajectory towards it. During the performance 
and the actual introduction of a probe, its position may be checked with the 
aid of a computer display of a digitized X-ray film. A major advance has 
been made with CT and NMR imaging in stereotactic space, which enables 
the neurosurgeon to continue after stereotactic localization with open 
surgery. Stereotactic resections of lesions or certain brain areas (e.g. the 
hippocampus in epileptics) may be carried out with computer monitored 
microsurgical techniques. 

II. CT Guided Stereotactic Apparatus; Technical Aspects 

A. Riechert-Mundinger System 
The Riechert-Mundinger stereotactic instrument has been adapted for 

CT stereotaxy by Birg and Mundinger (1982) and Mundinger and Birg 
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Fig. 48. The Riechert-Mundinger apparatus for CT guided stereotaxy (by courtesy 
of Prof. Mundinger) 

Fig. 49. Close view of the instrument carrier and aiming device (by courtesy of 
Prof. Mundinger) 

(1984). In fact, the value of CT information in interstitial irradiation 
(stereotactic curietherapy) is obvious, and the computerization of inter
stitial irradiation had already been started at an earlier stage by the Freiburg 
center of stereotactic surgery. CT makes exact positioning of the therapy 
probe possible as well as the exact determination of the volume/dosage 
relationship after input of CT data into a computer. Mundinger (el al. 
1978 a, b) describes the value of computer calculations for therapeutic 
stereotactics and CT scanning under stereotactic conditions. Birg and 
Mundinger (1982) subsequently developed a system to attain the target 
coordinates directly from the scan pictures, obtained by scanning with their 
stereotactic apparatus fixed to the skull. The instrument only needed a 
special CT holder and low density fixation pins. Pictures are made at a 
gantry angle of 0 degrees, i.e. parallel to the stereotactic base ring. The 
computer accuracy in the determination of any target has been shown to 
have a maximum deviation of 0.6 mm. Both functional and diagnostic 
interventions have been carried out with satisfactory results with the aid of 
CT guided coordinates setting. CT reconstruction of the midsagittal plane 
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makes measurement of the intercommissural line possible and thus the 
assessment of coordinates for functional targets. Even the trephination 
point can be determined prior to surgery. The set-up of the Riechert
Mundinger apparatus for CT guided stereotaxy is shown in Figs. 48 and 49. 
Gahbauer (et al. 1983) published a paper on the results with interstitial 
irradiation using this CT guided intrumentation with both intraoperative 
CT scanning and angiography. They transferred enlarged CT recon
structions to angiographic films and selected puncture tracks according to 
the orientation of the blood vessels. 

Combined surgery with craniotomy in the stereotactic instrument can 
easily be performed with the Riechert-Mundinger-Birg system, as is 
beautifully shown by Jacques (et al. 1980) in a paper on stereotactic removal 
of small intracerebral lesions. Further information on this technique is given 
by Shelden (et al. 1980, 1982). 

B. Leksell System 

The Leksell stereotactic system has been adapted to direct use in the CT 
scanner by Leksell and Jernberg (1980). A scan adapter with magnetic 
attachment has been constructed which can be used in all types of body CT 
scanners and secures a fixed position of the headframe to the scanner bed 
(Fig. 50). Fixation pins are made of carbon fiber, avoiding artifacts on the 
CT pictures. A localizing pair of plastic discs can be mounted on the 
headframe (Fig. 51), which allows rapid coordinates calculation of any 
intracranial target directly from the scan pictures. Fig. 52 shows in a 
drawing how these calculations can easily be made with the help of a 
standard CT ruler. During the last years further refinements have been 
designed, all of them for safe and reliable management in both CT and 
NMR scanners, and for rapid calculation of target coordinates with the 
scan computer (Lunsford and Nelson 1982, Lunsford and Martinez 1984). 
A probe holder for performing stereotactic surgery in the CT scanner has 
been developed by Lunsford (et al. 1983, 1984a), who has a CT scan 
machine dedicated to surgery in the operating room (Fig. 53). Boethius (et 
al. 1980) described a baseplate that is fixed to the skull to achieve a constant 
relationship between the Leksell headframe and the CT scanner, which 
enables the surgeon to localize and calculate the target position with the CT 
computer software only. 

The newest type of Leksell instrument has been reconstructed for use in 
both CT and NMR imaging, including a coordinate system that is modified 
according to the standard terminology used in NMR and CT scanning. 
Specially designed coordinate indicators and rulers make coordinate 
calculation in both CT and NMR easy procedures (Fig. 54). 

Mackay (et al. 1982) reports a group of patients who had biopsy and 
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Fig. 50. The Leksell instrument for CT guided stereotaxy, with CT scan adapter 
securing a fixed position to the scanner bed (by courtesy of Prof. Leksell) 

Fig. 51. The Leksell head frame with coordinate indicator discs for use in CT 
scanning (by courtesy of Prof. Leksell) 
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Fig. 52. Calculating the coordinates for a leftsided temporal tumor with the aid of 
the indicator discs. As AB = BC the distance OY' = y, whereas x and z can be 

calculated directly from the scan picture 

interstitial irradiation with help of the CT guided Leksell system. Gleason 
(et al. 1978) described coordinates determination with the Leksell system 
and the CT scan. For craniotomy in stereotactic space (i.e. subsequent 
craniotomy after stereotactic localization) the cubic headframe has certain
ly its disadvantages, because of its side-bars which prevent full lateral and 
temporal approach. To permit combined surgery a completely new 
headframe has been developed (Leksell, personal communication 1985) and 
a prototype is being tested at the moment. 

C. Brown-Roberts-Wells System 

The Brown-Roberts-Wells system is a new stereotactic instrument that 
enables accurate localization of CT scan determined targets. It is a modem 
version of the original Todd-Wells apparatus discussed in chapter 2 (sub D, 



Fig. 53. The combined set up allowing intraoperative angiography with a ceiling 
mounted fluoroscope that may be used over the intraoperative CT scanner; 
Pittsburgh (by courtesy of Dr. Lunsford; published in Surg. Neurol. 22, 222-230; 

1984) 

Fig. 54. Coordinate ruler over stereotactic CT scan picture with the Leksell 
instrument. The target point (black dot) is easily defined in stereotactic space: 

x = 30 mm ant.; y = 20 mm inf.; z = 7 mm lateral (by courtesy of Prof. Leksell) 



82 Chapter 4: Modern Instrumentation 

Fig. 55. The head ring assembly of the Brown-Roberts-Wells stereotactic system for 
CT guided surgery (by courtesy of Dr. Cosman) 

4), and is available as the B-R-W CT stereotactic system from Radionics 
(Instruction Manual 1983). The computerized approach to stereotactic 
localization has been tested and published by Brown (1979) and clinical 
experience with a prototype instrument was presented by Heilbrun (et al. 
1983), Apuzzo and Sabshin (1983), and Thomas (et al. 1984). The system is 
designed in such a way, that all coordinates are referenced to a ring fixed to 
the skull (the so-called head ring assembly with 4 fixation screws, Fig. 55), 
which eliminates the necessity of a fixed relationship between the base ring 
and the CT scanner gantry (this in contrast with the Leksell and Riechert
Mundinger systems). This makes, however, the calculation of the target 
coordinates more elaborate, and therefore a calculator is needed to program 
the position as to the reference points on the base ring. 

The B-R-W system is dependent on the scanner only for identification of 
the target and localizing rods (which during the scanning procedure are 
temporarily mounted on the base ring, Fig. 56). All subsequent data 
processing can be performed away from the CT scan area with a hand-held 
programmable calculator. As has been described by Heilbrun (et al. 1983), 
the target's coordinates are derived from the localizing rods coordinates on 



Fig. 56. System of localizing rods mounted on the head ring for stereotactic CT 
scanning and calculation of the target's coordinates (by courtesy of Dr. Cosman) 

Fig. 57. Simulation of stereotactic performance on the phantom base assembly 
(B-R-W-system; by courtesy of Dr. Cosman) 
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Fig. 58. The B-R-W-system set up for CT guided stereotactic surgery (by 
courtesy of Dr. Cosman) 

the basis of various mathematical formulae, which are stored in the 
computer. Once the x, y, and z coordinates of the target are computed, the 
design of the arc system (which is mounted on the head ring to allow guided 
surgery) allows a course and distance to be plotted between any two points 
in space. These points generally represent the entry point on the skull and 
the target. In the operating room the patient is positioned with the head ring 
attached to a special floor stand or to the Mayfield head-rest. Having 
performed data processing with the calculator, the arc settings and the 
distance to the target are simulated on a phantom base assembly (Fig. 57). 
The system has five degrees of freedom in the positioning of the guided 
probe. Thereafter the operation can be carried out (Fig. 58). 

Besides the standard components of the B-R-W stereotactic system, 
many other optional components are available for use in NMR and PET 
scanning, for introduction of endoscopic and laser devices, as well as 
various biopsy instruments and RF lesion electrodes. Also the original 
Talairach grids for parallel introduction of electrodes (see chapter 2, sub D, 
1) are available in adapted form for use with this system (Fig. 59), and a NIH 
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Fig. 59. The Talairach grids for parallel introduction of electrodes in adapted form 
for use with the B-R-W-system (by courtesy of Dr. Cosman) 

r 

Fig. 60. The NIH adapter for parallel tract implantation (B-R-W-system; by 
courtesy of Dr. Cosman) 
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adapter for parallel tract implantation (Fig. 60). Clinical experience with the 
B-R-W system has been presented by Apuzzo and Sabshin (1983) in a study 
on 80 patients requiring computerized guidance stereotaxy for both 
diagnostic and therapeutic management of mass lesions, including some 
cases of endoscopic visualization and excision. Thomas (et al. 1984) 
describes experience gained in London with this system and concludes that 
the instrument is safe and easy in use and is also applicable with NMR and 
PET imaging. 

Nauta (et al. 1984) discusses the arterial bolus contrast medium 
enhancement during stereotactic CT scanning with this system, which 
enables the surgeon to choose a target inside the tumor at a safe distance 
from major vessels. This paper is of importance, because in conventional 
stereotactic biopsy the arterial and venous angiograms are routinely used 
for selecting the target and avoiding injury to these vessels. In the era ofCT 
guided stereo tactics the surgeon is apt to think lightly about carrying out 
biopsy procedures without angiographic target area visualization. We have 
the opinion, that this angiographic control is needed in all instances of 
tumor biopsy, because fatal bleeding at the biopsy site is in fact almost the 
only real danger in stereotactic biopsy (about 1-2% ; see also chapter 8, sub 
C). 

D. Other Computed Tomography Based Systems 

1. CT Based Intracranial Landmark Technique of Gildenberg (et al. 1982, 
1983) 

This technique comprises a lateral scout film made on the CT scanner, 
which demonstrates reproducible bony landmarks. A baseline through 
these landmarks is drawn and a first slice is done through this baseline, 
which is called the reference slice. After completion of the scanning 
procedure a zero point is calculated, which represents the point midway 
between anterior and posterior and lateral bony boundaries. The zero point 
is then displayed on all slices. Relationships for each target point to this zero 
point are determined with the CT cursor and yield two coordinates. The 
third coordinate stands for the distance between the reference slice and the 
slice showing the target. 

Thereafter any stereotactic instrument may be used in the theatre for 
surgery. On the lateral stereotactic X-ray picture the reference line is drawn 
as well as the line representing the target slice (after appropriate mag
nification). The zero point is then marked on this line, and then the target 
itself can be marked on both the lateral and anteroposterior X-ray pictures. 
Calculations for the coordinates of the target regarding the stereotactic 
apparatus are then performed with the methods described in chapter 2 for 
conventional stereotactic target determination. This technique has the 
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advantage that it is applicable to all types of instrumentation. The only 
drawback is, that there is no fixed relationship between the head of the 
patient and the scanner, leading to non-parallel slices in case of restlessness. 
Bullard (et al. 1984) presents a series of biopsy cases, in which this CT 
guided technique has been followed with satisfactory results. Gildenberg 
reviews (1982 b) various CT guided systems, including his own, in the 
chapter on "computerized tomography and stereotactic surgery" m 
Spiegel's monograph on guided brain operations (Spiegel 1982). 

2. The Computerized, CT Guided, Stereotactic System with 3-D Reconstruc
tion of Shelden (et al. 1980) and Jacques (et al. 1980) 

This sophisticated system employs a modified Riechert-Mundinger head 
ring plus computer processing of CT scan data from the region of interest by 
filtering, magnifying, color-coding, and three-dimensional reconstruction 
(Shelden et al. 1980). Thus any lesion can be three-dimensionally recon
structed before stereotactic surgery to better define the exact volume, size, 
and shape. The system depends on transfer of CT scan data to magnetic 
tape, that is fed into a computer (a PDP 1145 type) for coordinate 
calculation and 3-D reconstruction. 

After simulation of the procedure in a phantom ring, surgery can begin 
with the help of a micromanipulator and a type of stereotactic speculum 
that is introduced into the brain after appropriate trephination. The lesion 
of interest is reached using a series of dilators, whereafter the speculum 
("tulip") is opened to expose the lesion at the calculated depth. Actual 
surgery is carried out with binocular vision afforded by a specially designed 
endoscope for use with this speculum. True removal of minute lesions has 
been achieved (Jacques et al. 1980) with the aid of this preoperative 3-D 
reconstruction in stereotactic space. 

3. The Computer-monitored, CT Based, Stereotactic System with 3-D 
Reconstruction of Kelly and Alker (Kelly et al. 1982 a, b, 1983, 1984 a-c) 

This completely computer-monitored system enables the surgeon to 
perform microsurgery in stereotactic space, with continuous computer 
information during actual surgery as to the position of the microsurgical 
instruments inside the area of interest (tumor, malformation, dysfunctional 
brain). Complete laser ablation of tumors and arteriovenous malformations 
has been presented by Kelly and his co-workers thanks to 3-D recon
struction of the target area and display in the operative field of the 
microscope and on a computer screen in the operating room (Kelly et al. 
1984 b). The stereotactic apparatus used is a modified Todd-Wells head 
ring, with the target placed into the focal point of the sphere described by the 
arc-quadrant stereotactic frame. An operating microscope and a CO2 laser 
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Fig. 61. The combined set up allowing computer-monitored, CT based, stereotactic 
resections with the aid of an operating microscope and a CO2 laser; Mayo Clinic, 

Rochester (by courtesy of Dr. Kelly) 

micromanipulator box run perpendicularly to a tangent to a 400 mm arc 
mounted on the stereotactic frame (Fig. 61), and after trephination these 
instruments automatically focus at the target point. The computer tape 
containing CT or NMR data derived from stereotactic scanning (which 
normally is performed a day prior to surgery) is transferred to the operating 
room computer system (lPDC type) and is displayed on a Ramtek raster 
display console. Programs written for 3-D reconstruction are available for 
display at any desired angle and depth of the volume of interest. In this way 
the actual boundaries of this volume in relation to the microsurgical 
instruments is secured during surgery. This enables the surgeon to resect a 
predetermined volume of tissue, whether a tumor or dysfunctional brain 
tissue (e.g. the hippocampus). 

In this system arteriographic control during CT guided biopsy of tumors 
can be incorporated (Kelly et al. 1984a), using arteriography under 
stereotactic conditions and subsequent arteriographic data processing' by 
digitizing a pair of stereoscopic angiograms. 
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The to this system inherent 3-D reconstruction of tumor volumes makes 
it particularly useful for tumor treatment with interstitial irradiation. 
Computer simulation, prior to the actual stereotactic placement of radio
nuclide sources, of various source positions in the reconstructed tumor 
volume may achieve the best fitting isodose configurations and offers a safer 
management of intracranial non-resectable mass lesions. This is of par
ticular importance in the treatment of the so-called low grade gliomas. 
For more information the reader is referred to Kelly (et al. 1984c). 

Whether this computer-monitored way of tumor treatment will bring 
complete recovery (this in contrast with biopsy alone plus external 
irradiation) remains to be proven and clearly depends on the extent to which 
the visualized tumor boundaries (on CT or NMR) match the histological 
boundaries. The borders of neuro-oncology, however, are by this system 
expanded into the computer age. 

III. CT Guided Stereotactic Surgery 

A. General Principles 

"It was only natural that two techniques which involve accurate 
localization of neurological structures would marry to introduce new 
possibilities in the field of neurosurgery" (quoted from Gildenberg 1983). 
CT scanning allows visualization of the exact position of any target, 
whereas stereotactic surgery allows the introduction of any surgical tool 
into the target. 

It is evident, however, that the visualization of lesions is a more 
convenient CT technique than the visualization of ventricular landmarks, 
such as the anterior and posterior commissures, which are necessary for the 
construction of the line AC-PC in functional stereotactics. Although it is 
difficult to transfer CT images to a stereotactic atlas of the standard brain in 
order to calculate stereotactic coordinates for determination of a functional 
(invisible) target, in the future computers may be able to generate the 
patient's individual stereotactic brain map, as is preluded to by Kelly in his 
special article on future possibilities (1983). In fact, stereotactic hippocam
pectomy has already been developed by Kelly (personal information 1985), 
based upon the transfer of stereotactic atlas plates to the patient's actual CT 
scan pictures. Hardy (et al. 1983) also presented a computer graphic 
technique for use in CT guided functional stereotactics, which simulates an 
otherwise blind surgical procedure on a graphics screen for use during 
surgery. Their system involves software which allows selective storage and 
display of electricophysiological data from stimulation and micro-electrode 
recordings in the individual patient. The brain maps stored in the system's 
memory are mainly those from the Schaltenbrand and Wahren atlas (1977). 
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The atlas maps can be expanded or contracted in different dimensions and 
overlayed on corresponding CT pictures. 

On the other hand, the possibilities for CT guided and computer
monitored stereotactic surgery in the fields of diagnostic, therapeutic, and 
localizing performances have become more widely recognized, because in 
these fields the impressive technical advances have led to hitherto impos
sible operations. 

After visualization of a lesion (visible target) with CT, NMR, or even 
PET scanning computer calculations of the wanted coordinates and the 
reconstruction of shape and volume may become a routine, resulting in 
easier performing of stereotactic surgery in common practice. A spe
cialization in the field of stereo tactics-as was usual in former days-will 
not be necessary any longer and the integration into clinical neurosurgery 
(chapter 13) is at least theoretically spoken a fact. The use of the computer as 
an indispensable instrument in surgical neurology will follow this 
integration. 

B. Advantages over Conventional Stereotactic Surgery 

Apart from the main advantage over conventional stereotactics, i.e. 
converting essentially blind surgical procedures to visualized and computer
monitored performances (Figs. 62 and 63), including the continuous 
possibility to check target and instrument position during surgery (Fig. 64), 
there are also less pitfalls. Firstly, the standard deviation in computerized 
target determination is less than 1 mm (as compared with a 2-3 mm 
deviation in conventional systems). Secondly, the position of the entrance 
point (i.e. the burrhole or trephination) may also be computed, including 
the proposed trajectory towards the target area. This opportunity lessens 
the problems presented by blind angles of stereotactic instruments and skull 
openings to a minimum. Finally, a major advance is presented by the 
feasibility to proceed with any type of craniotomy in stereotactic space, as 
the modern instrumentation offers both sufficient room for performing 
craniotomies and is accompanied by computer software which enables the 
surgeon to resect calculated, and predetermined volumes of tissue. Adjust
ments for mounting the stereotactic frame on a Mayfield head-rest still 

Fig. 62. Visualization of rightsided brainstem tumor by stereotactic CT, with 
positive contrast in the aqueduct and lateral ventricles as well as around the 

brainstem 

Fig. 63. The area of interest (brainstem) is enlarged; the tumor shows some 
contrast enhancement as well as a hypodense zone inside it. Marked shift of midline 

to the left 



Figs. 62 and 63 
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Fig. 64. During the stereotactic performance the position of the biopsy instrument 
is checked with CT (diagnosis: astrocytoma grade 2) 

amplify the versatility of the patient's head for optimal positioning during 
surgery. In therapeutic performances the obvious advantages include 
simulation of surgical performances prior to actual surgery, i.e. probe 
insertion and placement of radio nuclide sources at various targets inside a 
tumor to achieve optimal isodose configurations (Kelly et al. 1984 c). 

Pre-operative computer studies of stereotactic space may be carried out 
prior to the day of surgery, because repositioning of the stereotactic 
instrument is easily done with micrometer control as to the depth of pin 
insertion. In this field progress in the near future is to be expected, 
particularly with the use of local hyperthermia, coagulation, freezing, 
irradiation and intracavitary drug delivery, all of them being results of 
ongoing research in the treatment of intracranial malignancies (chapter 14). 
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Fig. 65. Axial CT scanning (a) shows a pineal region tumor (after contrastenhance
ment). Because scanning without contrast already showed a hyperdense lesion, a 

sagittal scan was performed, revealing a vascular lesion (b) 

Fig. 66. Angiography confirmed the presence of an arteriovenous malformation 
(venous phase) 
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c. Pitfall 

On the other hand, the most important complication in stereotactic 
surgery will always be (fatal) bleeding at the target site, due to manipulation 
with stereotactic instruments (see chapter 8, sub I, C). This complication is 
not expected to be met less frequently with CT guided interventions (about 
1-2%). With CT scan images [even with arterial bolus injection of contrast 
medium, as described by Nauta (et al. 1984)] as well as with digital 
information from stereoscopic angiograms (Kelly et al. 1984 a) the surgeon 
can never visualize small caliber vessels, which may also cause bleeding. 
Therefore, we would like to stress in this age of computer guided 
stereotactic surgery the importance of angiographic examinations prior to 
all but functional stereotactic surgery (Figs. 65 and 66). Although technical 
advances in computer processing of angiographic data are impressive 
(Suetens et al. 1984, Kelly et al. 1984 a), biopsy of a rather vascular tumor 
using conventional methods, and thus with angiographic visualization of 
the target on both lateral and anteroposterior X-ray pictures, will in our 
opinion remain the procedure of choice. 

In conclusion the computer as surgical instrument in the operating 
room, together with the display of CT or NMR data with 3-D imaging in 
stereotactic space, will bring stereotaxy close to the general neurosurgeon. 
The computer will prove its particular value in the proper management of 
small and deep seated intracerebral lesions and the stereotactic approach to 
these will become common practice. Moreover, neuro-oncology may 
become a more sophisticated field of research and may at last bring some 
true results in the treatment of the various intracerebral malignancies. 



Chapter 5 

Indications for Stereotactic Interventions 
Having discussed stereotactic principles in general and the nowadays 

available stereotactic instrumentation we will proceed with the established 
benefits of stereotactic neurosurgery. These include indications, contra
indications and the available techniques, which will be discussed in the 
following chapters. Ample information will be given regarding the im
plications of different techniques. 

Indications for stereotactic interventions are in our opinion only those 
applications that have been proved to be of great value as to the treatment of 
the underlying disease. Therefore, the more rare applications of functional 
stereotactics will not be described here and the reader is referred for these 
more specific cases (including questionable ones) to the textbook of 
Schaltenbrand and Walker (1982), various symposium proceedings (Gil
denberg and Marino 1978, Gillingham et al. 1980, Gybels et al. 1984), and to 
the monography by Spiegel (1982). 

It must be emphasized, that until recently almost all pertinent literature 
concerns functional stereo tactics only. This is self-evident from a historical 
point of view, the other stereotactics being generally accepted only during 
the last years. On the other hand, established indications in all groups of 
stereo tactics form a rather heterogenous body that for the sake of clarity 
must be divided in both absolute and relative, regarding both the underlying 
disease and the patient under conside~ation. 

Absolute indications regarding the disease are interventions that can only 
be carried out by stereotactic techniques: coagulation of a specified 
thalamic nucleus and biopsy of mass lesions that can only be reached safely 
by stereotactics (e.g. deep seated small brain tumor). 

Relative indications regarding the disease are interventions that can also 
be carried out with conventional neurosurgery: e.g. amygdalotomy versus 
hippocampectomy (in epileptics) and treatment of mass lesions that can be 
reached just as safely with craniotomy (e.g. colloid cyst of third ventricle). 

Absolute indications regarding the patient are stereotactic interventions 
that form the only possible treatment left: e.g. anterior capsulotomy or 
cingulotomy on psychiatric patients suffering from compulsive neurosis, 
and biopsy in mass lesions in the elderly who can't sustain major surgery. 

Relative indications regarding the patient are interventions that form 
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only one of the treatment modalities available: e.g. dentatotomy versus 
medical treatment in spasticity and biopsy in mass lesions that apparently 
no longer need histological proof (e.g. multiple lesions of the brain in 
advanced systemic cancer). 

Established indications for stereotactic interventions can be subdivided 
in the following groups: 

I indications for functional, II indications for diagnostic, III indications 
for therapeutic, IV indications for localizing interventions. 

I. Indications for Functional Stereotactic Interventions 

A. Movement Disorders 

In movement disorders the treatment of hyperkinesias has become 
predominantly pharmacological. However, in tremor and dystonia 
stereotactic lesioning is often of great benefit (Walker 1982 a). 

1. Parkinsonian Tremor 

Tremor of Parkinson's disease (4 to 6 Hz tremor of rest with typical 
alternating contractions of agonist and antagonist muscles) is normally 
treated with anticholinergic drugs, levodopa preparations, and direct 
dopamin agents. However, sometimes tremor is the only symptom of the 
disease or it is more resistant than the other symptoms to medical treatment. 
In these cases stereotactic thalamotomy (see chapter 9) with lesioning of the 
ventrolateral thalamic nucleus is indicated. A relative indication is present 
in bilateral symptomatology to relieve tremor at the most disabling side 
(usually the dominant one) or even to relieve-in stages-tremor by 
bilateral surgery. Long-term follow-up was reviewed by Matsumoto (et al. 
1984) both for unilateral and bilateral thalamotomy in Japanese patients. 
Their results were slightly better than those reported on Caucasian patients 
with parkinsonism (Kelly and Gillingham 1980, our own results) and 
amounted to an 80% chance of almost complete relief of tremor. 

2. Essential Tremor 

Hereditary or essential tremor (8 to 12 Hz action tremor of the upper 
limbs) may sometimes benefit by stereotactic surgery. It is advisable, 
however, to treat it with a fj-blocking agent such as propanolol (40-80 mg, 
3-4 times a day) prior to surgery. Contra-indications for medical treatment 
are asthma, cardiac failure and a heart block. Care is required in diabetics, 
in whom a fj-blocker may conceal the symptoms of hypoglycaemia. 
Sometimes primidone has been found to be of help for some patients 
(O'Brien et al. 1981). In severe cases a stereotactic thalamotomy (nucleus 
VI) is indicated (Van Manen 1974). 
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3. Cerebellar Tremor 

Cerebellar or intention tremor (increasing in frequency as the goal of a 
voluntary movement is reached) cannot be treated effectively by pharma
cological means. This target-seeking intention tremor is commonly found in 
patients with multiple sclerosis and only rarely responds to choline chloride 
or isoniazide. This condition may, at times, be so severe that stereotactic 
(VI) thalamotomy should be applied, although disabling ataxia may 
sometimes follow surgery. 

4. Posttraumatic Movement Disorders 

Posttraumatic movement disorders following severe closed head injury 
have been described to improve considerably after stereotactic thalamo
tomy (VI nucleus) by both Andrew (et al. 1982) and Bullard and Nashold 
(1984). In this clinical syndrome almost always more than one type of 
movement disorder is present as a result of significant brainstem dys
function. The most frequent disorder is a type of action tremor in 
combination with hemiballistic or choreoathetoid movements, or with 
truncal ataxia. This posttraumatic syndrome responds badly to medical 
treatment, such as propanolol or clonazepam, and may therefore be an 
indication for stereotactic surgery. In all cases long-term results show some 
pertinent improvement with, in most patients only transient postoperative 
dysarthria. 

5. Torsion Dystonia 

Torsion dystonia in its generalized form is usually treated with high 
doses of anticholinergic drugs, but in the majority of cases little benefit is 
gained. Occasionally, bilateral thalamotomy (stereotactic lesioning of VI, 
Vpl and Vpm nuclei) may provide effective relief, as Cooper (1965 b, 1982) 
described: 70% gained longstanding relief of dystonia in the young age of 
onset group (which is 50% jewish). 

6. Torticollis Spastica 

Spasmodic torticollis (one of the so-called focal dystonias) sometimes 
requires stereotactic intervention with a lesion placed in the contralateral 
Voi nucleus of the thalamus. As Hassler and Dieckmann (1970) pointed out, 
a head turned to the one side needs a lesion on the other side. On the other 
hand, torticollis due to neurovascular compression should be treated with 
the appropriate means. 

7. Hemi-Dystonia 

Hemi-dystonia forms one of the best indications for stereotactic surgery 
and an unilateral thalamotomy may be of considerable value. In fact, many 
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of these cases show an acquired form of dystonia, after traumatic or 
vascular lesioning of the midbrain (Cooper 1982). 

B. Intractable Pain 

Iri intractable pain syndromes, indications for stereotactic interventions 
are largely dependent on the nature of the syndrome itself and the life 
expectancy of the patient. Therapeutic lesions should only be performed on 
patients, who will not survive longer than one year, as after this period pain 
tends to recur, with concomitant postoperative central dysesthesias. 

1. Cancer Pain 

In cancer pain with only short time survival, stereotactic ablative surgery 
is of the utmost value. A mesencephalotomy or pontine tractotomy should 
be performed in all cases with pain above the C 5 level. Below this level one 
may choose a percutaneous cordotomy, when pain only has a unilateral 
distribution. Whenever there is pain bilaterally, however, a bilateral 
mesencephalotomy is to be preferred above a bilateral percutaneous 
cordotomy, because after bilateral cordotomy serious complications may 
occur. Ischia (et al. 1984) reviews bilateral cordotomy in 36 patients with 
neoplastic disease and reports a 10% mortality rate and a 30-40% 
permanent bladder dysfunction. Bilateral mesencephalotomy is much safer, 
particularly because of the absence of respiratory complications and the 
greater distance between the target and the pyramidal tracts [in cordotomy 
a 5-8% incidence of paresis is met (Fig. 67)]. Lesions are made in the 
neospinothalamic system (lateral spinothalamic tract). 

In midline cancer pain a stereotactic extralemniscal myelotomy, as 
originally described by Hitchcock (1970b), may be indicated. It will lead to 
less loss of functions (almost no sensory loss), than the already discussed 
interventions. It has been suggested that its beneficial effect may be due to 
the interruption of an ascending paleospinothalamic system (central 
spinoreticular fibers). 

In diffuse bone metastasis pain a stereotactic (or free-hand) chemical 
hypophysectomy may be indicated with the instillation of absolute ethanol 
(5 cc at 3 different targets inside the pituitary gland), as described by Katz 
and Levin (1977), Tindall (et al. 1979) and Levin (et al. 1980). 

2. Chronic Intractable Pain 

Chronic "benign" intractable pain syndromes include the thalamic 
syndrome, the phantom limb and other denervation pain syndromes, 
postherpetic neuralgia and various postoperative neuralgias, such as the 
"failed disc" pseudo radicular pains. Therapeutic lesions should be 



I. Indications for Functional Stereotactic Interventions 99 

Fig. 67. Schematic representation of targets in stereotactic mesencephalotomy 
(above), and in cervical cordotomy (below); hatched areas. Pointed areas represent 
the pyramidal tracts. Note the different distances between target and motor system 

in these proportional drawings 

abandoned here, as life is not limited by the disease and the mentioned 
patients will have no lasting benefit from these procedures. Too often pain 
surgery is carried out in these cases (including stereotactic interventions, 
posterior rhizotomies, peripheral nerve sectioning or blocking with ethanol) 
with a positively harmful effect in the long run, the short-term effect having 
worn away. Pain often recurs with a troubling anesthesia dolorosa as a 
complicating component. These de-afferentiation pains, referred to as 
burning and numbness are more stressing to the patient than the original 
pains. Therefore, there is only a relative indication for stereotactic 
interventions in the chronic intractable pain syndromes and all surgery 
should be non-ablative (i.e. therapeutic stimulation with electrodes). The 
effect of intracerebral stimulation with electrodes is highly unpredictable 
and therefore often produces unreliable results (Meyerson 1980, Kelly 
1983). However, good results are described by Hosobuchi (1980) and 
Young (et al. 1985) in chronic pain syndromes with stereotactic placement 
of electrodes in the peri-aqueductal grey matter (PAG) (see chapters 3 and 
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Fig. 68. Stereotactic chemical hypophysectomy with Leksell's system ; patient 
suffering from thalamic syndrome pains 

14). Seldom is a relative indication for ablative surgery present in the 
elderly, who suffer from intractable benign pain. Finally, in the thalamic 
pain syndrome, a stereotactic chemical hypophysectomy (Fig. 68) might be 
considered helpful for hitherto unknown reasons (Levin el al. 1983). 
Further research is needed to evaluate the benefits of this approach to the 
chronic de-afferentiation pain syndromes. 

For further extensive information the reader is referred to Spiegel's 
monography (1982, pp. 46-59). 

C. Otherwise Intractable Epilepsy 

Stereotactic lesioning may be performed in otherwise intractable 
epilepsy with interruption of the conduction pathways of focal epileptic 
discharge. The indication is present in cases in which the epileptic focus 
cannot be defined and resected by surgical means. PET scanning may alter 
indications (see chapter 14). According to Gillingham (el al. 1980) 
stereotactic lesions in the ipsilateral pallidum will lead to a 50-75% 
reduction in seizure frequency. On the other hand, cortical resection(s) of 
the epileptogenic area will also produce substantial reduction in the 
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Fig. 69. Case of medically refractory epilepsy with rightsided temporal enhancing 
lesion and relatively widened right temporal horn. Biopsy revealed gliotic scarring 

due to anoxia (boy aged 16 years) 

patient's seizure tendency (Rasmussen 1979), and therefore resection should 
be considered a good alternative whenever such an area can be defined. 

Much experience was booked at the Montreal Neurological Institute 
dating back to Dr. Wilder Penfield's studies and first seizure operations 
(1928) . Their studies include the results on about 1,500 patients with 
nontumoral epileptogenic lesions and on about 400 cases with epilepsy 
caused by tumors or vascular malformations. Particularly in recent years, 
CT scanning has proved to be essential in the differentiation between 
medically refractory epilepsy due to tumors and epilepsy due to non
tumoral lesions (trauma, anoxia, post-inflammatory scarring) (Fig. 69). 
Nowadays the tumor cases will no longer be of interest to functional but to 
diagnostic stereo tactics (see sub II). For further reading regarding the 
various sites of lesioning in convulsive disorders (including amygdalotomy 
and hippocampectotomy) Spiegel's monography (1982, pp. 78--85) is 
recommended. 



102 Chapter 5: Indications for Stereotactic Interventions 

D. Psychiatric Disease 

Otherwise intractable psychiatric disease may be influenced effectively 
by stereotactic interventions. Particularly before the introduction of potent 
neuroleptic drugs surgical treatment was frequently employed. Today, 
indications for surgery are only relative according to psychiatrists and in 
many countries (stereotactic) surgery is no longer accepted in the treatment 
of psychiatric diseases. However, cases of severe obsessive-compulsive 
neurosis and phobias, which have proved to be refractory to all kinds of 
psychiatric and medical treatment, may successfully be treated this way 
(Wycis 1972). The targets of choice are always bilateral and are located in 
the anterior cingulum (Ballantine et al. 1967) or in the anterior part of the 
internal capsule (Bingley et al. 1973). The selection of patients for surgery is 
a much debated issue everywhere. Careful follow-up by psychologists 
(Teuber et al. 1977) revealed no serious neurological or psychiatric 
complications, making stereotactic psychosurgery-though sometimes 
politicized-a comparatively safe procedure. In a survey of psychosurgery, 
Rylander (1973) pointed out that the standard lobotomy has become 
unpopular due to unforeseen and undesirable personality changes, but 
nevertheless renewed interest developed with the introduction of restricted 
operations as in stereotactic surgery (see also: Spiegel 1982: pp. 34-45). 

II. Indications for Diagnostic Stereotactic Interventions 

Any mass lesion inside the skull needs histological diagnosis for rational 
and adequate treatment, whether tumoral or non-tumoral in origin. The 
neurosurgeon or radiotherapist requires tissue identification in order to 
decide upon the most suitable treatment for the patient. Years ago certain 
mass lesions were treated by external irradiation following only a pre
sumptive diagnosis based on the clinical picture plus neuroradiological 
studies. At that time conservatism in operative exposure of deep seated 
tumors was justified (Conway 1977), because of the relative inaccessibility 
of deep brain areas and a high incidence of tumors not amenable to surgery. 
Today, microsurgical techniques allow the direct surgical "attack" of 
tumors in or about the sella turcica, and intraventricular tumors without an 
unacceptable morbidity and mortality rate. Mass lesions in the thalamus, 
basal ganglia and brainstem, however, will never benefit from direct surgical 
approach without stereotactic and computer monitored guidance. A stereotac
tic biopsy will then form the first step towards rational treatment (Figs. 70 
and 71). Histological diagnosis (Scarabin et al. 1978) is the key to further 
planning of CT guided surgery or-in selected cases-non-surgical treat
ment (radiotherapy and chemotherapy). 

Stereotactic biopsy is indicated in all lesions of the brain, in which open 
surgery is not preferable or is inadvisable to perform for a variety of reasons. 
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Fig. 70. Schematic representation of brain areas, where open surgery without 
stereotactic techniques is not recommended (hatched areas) 

Fig. 71. Drawing showing the more common regions of the brain, where 
conventional open surgery may be carried out 

Mass lesions not amenable to open surgery present an absolute indication 
for stereotactic biopsy (Bosch 1980). Computer-guided stereotactic re
section may sometimes follow biopsy (see chapters 4, 13 and 14). Therefore 
a stereotactic intervention is indicated in all the following circumstances: 
- mass lesions that are deep seated 
- mass lesions that lie bilaterally (butterfly growth) 
- mass lesions that present multiple, and vital locations 
- mass lesions that grow diffusely without true demarcation on CT 
- mass lesions that are of suspected infectious origin (herpes, AIDS) 
- mass lesions that are of suspected systemic origin (Hodgkin, leukemia) 
- mass lesions that have invaded the skull base considerably. 

In all of the mentioned instances it can be stated that conventional open 
surgery with bulk resection is not feasible, whereas a histological diagnosis 
may lead to other treatment modalities and sometimes to a complete cure. 
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Fig. 72. CT scan pictures (b: after contrast) showing a leftsided, deep seated 
temporal lesion (boy aged 12 years). Biopsy revealed an epidermoid, which was 

subsequently removed with craniotomy 

Fig. 73. CT scan pictures (after contrast enhancement); case with subacute leftsided 
hemiparesis (man aged 35 years). At intake (a) angiography showed no abnorm
alities and a biopsy was carried out to rule out the possibility of a tumor (see Fig. 
74). Follow-up scanning (b, c: 3 months and 1 year) showed resolution of the lesion 
and finally some widening of the right lateral ventricle (c). Presumptive diagnosis: 

cryptic vascular malformation 
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• 

• 

Fig. 74. Biopsy specimen of case presented in Fig. 73. Reactive picture with 
infiltration of brain tissue by lymphocytes (H & E staining) 

An example of the obtainable cure is presented by a case of dysgerminoma 
of the pineal gland region. This tumor is highly radiosensitive and is 
preferably treated with radiotherapy after histological proof (illustrative 
case 2; chapter 12). A relative indication for stereotactic biopsy is given by 
mass lesions in which a differential diagnosis between a resectable and a 
non-resectable process exists. The following examples may be given: a 
medial temporal lobe oligodendroglioma versus an epidermoid of the 
temporal fossa (Fig. 72), a small white matter glioma versus a small and 
cryptic arteriovenous malformation (Figs. 73 and 74), or a deep seated 
glioma versus a toxoplasmosis deposit (Handler et al. 1983). Another 
relative indication exists in patients, who otherwise require a high risk 
craniotomy or cerebral transit (Apuzzo and Sabshin 1983). By obtaining a 
tissue diagnosis preoperative strategic planning may be brought into 
sharper focus and sometimes the relatively simple and safe biopsy 
performance can take the place of open surgery (e.g. in glioblastoma), 
leading to a much less invasive treatment and furthermore a considerable 
reduction in the hospitalization period. 

In discussing the indications for stereotactic diagnostic biopsy in mass 
lesions of the brain, four different groups of patients can be distinguished 
(Bosch 1980): 
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Table 1. Indicationsfor Stereotactic Biopsy in Brain Tumors in Cases Without Known 
Primary Tumor Elsewhere 

Mass lesion 
number 

1 

Surgical technique 

removable: craniotomy 

not removable: biopsy, if 
further treatment is 
justified 

biopsies, if further 
treatment is justified 

Histology 

glioma 
lymphoma 
metastasis 
miscellaneous 

metastases 
multiple 
primaries 
miscellaneous 

Table 2. Indications for Stereotactic Biopsy in Brain Tumors in Cases With Known 
Primary Tumor Elsewhere, but Without Other Metastatic Spread 

Mass lesion Surgical technique Histology 
number 

removable: craniotomy metastasis 
second tumor 

not removable: biopsy, if non-neoplastic 
further treatment is disease 
justified miscellaneous 

~2 biopsies, if further metastases 
treatment is justified non-neoplastic 

disease 
miscellaneous 

A. Patients Without Previous History of Tumor Who Present a Single 
Mass Lesion 

In general this is the case in primary tumors of the brain, but sometimes a 
secondary (still solitary) tumor will be encountered in a patient with an 
unknown primary malignancy elsewhere. Open craniotomy should be 
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carried out whenever the possibility exists of removing the lesion, as even 
bulk resection of a glioma is preferable to biopsy if radiotherapy is to be 
given afterwards. As Sheline (1975) pointed out, after partial resection in 
low grade gliomas irradiation influences the survival rate favorably. The 
only exception is the cystic cerebellar astrocytoma (commonly named: 
juvenile pilocytic), which can often be controlled by surgery alone 
(Geissinger and Bucy 1971). 

B. Patients Without Previous History of Tumor Who Present Multiple 
Mass Lesions 

These patients are, of course, suspected of having a malignancy 
elsewhere in the body and should therefore be investigated thoroughly. 
However, screening is time consuming, and it is not uncommon that a 
primary tumor cannot be found. Also, previous immunosuppressive 
treatment (as in transplant recipients) or immunodeficiency syndromes (as 
in AIDS) may lead to opportunistic infections inside the brain (Aspergillus, 
Toxoplasma among other) or even de novo developing braIn tumors (e.g. 
malignant lymphoma). As in these cases the lesions only occasionally permit 
open surgery because of their multiplicity and often are preferably not 
treated by surgical means, we perform a stereotactic biopsy of one or two of 
the lesions in order to assist the oncologist in providing him with the 
histological characteristics of the process (e.g. squamous cell carcinoma, 
adenocarcinoma, lymphoma). At the same time bacteriological studies are 
started to detect possible infectious disease. Finally, the possibility of two 
independent primaries of the brain has to be ruled out (2.5% in all glioma 
cases according to Fewer (et al. 1976). 

C. Patients with a Known Primary Tumor Elsewhere, Who Present a 
Single Mass Lesion, but Having no Signs of Metastasis Elsewhere in 

the Body 

Their management is dependent on site and size of the lesion. If at all 
possible, an open craniotomy should be performed to resect the lesion in 
toto. If not, stereotactic biopsy is indicated to ascertain the pathology of the 
lesion, since it is not always a metastasis of the primary tumor. With the 
improvement in tumor therapy, survival tends to increase so that, at the 
same time, the incidence of a second tumor increases. Moreover, the 
frequency of non-neoplastic disease in the brain is higher in patients treated 
for malignancies elsewhere. Of course, one should also be aware of the 
higher incidence of meningiomas in breast cancer patients (Schoenberg et 
al. 1975) and perform open surgery whenever this suspicion arises. 
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D. Patients with a Known Primary Tumor Elsewhere, Who Present 
Multiple Mass Lesions in the Brain Without Other Metastatic Spread 

A decision should be made as to the desirability of any further treatment 
on the basis of the patient's condition and the characteristics of the primary 
tumor. If irradiation or chemotherapy, or both, are considered helpful, 
histological proof of metastasis should be obtained because of the weight of 
the decision for both patient and doctor. As already pointed out, the mass 
lesions detected could be of a non-tumoral nature. The differentiation 
between metastatic and non-neoplastic tissue is most easily obtained by 
stereotactic biopsy, leading to a relative indication in these instances. 

A survey of these groups is presented in Tables 1 and 2 (Bosch 1980). To 
summarize, open surgery is performed far more often than stereotactic 
biopsy. Especially in cases where metastasis is suspected, complete removal 
is the only option. Stereotactic diagnostic interventions are on the other 
hand the required procedure in patients who cannot be treated by open 
surgical techniques. Sometimes patients present a very small subcortical 
lesion, detected only with CT scanning, that could be resected totally if it 
were found at craniotomy. This special group benefits from stereotactic 
localization and subsequent open surgery in stereotactic space, and is 
discussed seperately under IV. 

flI. Indications for Therapeutic Stereotactic Interventions 
As many results in the pertinent literature are still preliminary (see 

chapter 3 sub II, B for details), the indications which are established are by 
now quite few. Indications fall apart in three groups, being: 
- aspiration and evacuation of fluids 
- interstitial radioisotope application 
- stereotactic radiosurgery. 

A. Evacuation of Fluids 

Stereotactic evacuation of fluids may be indicated in the following 
circumstances: 

1. Cystic Craniopharyngioma 

Cystic craniopharyngioma may be punctured stereotactically and-o-after 
calculation of its total volume-treated by the application of a sufficiently 
high dose of90Yttrium to let it shrink. This mode of treatment is indicated in 
cases of unresectable craniopharyngioma and may be followed by external 
irradiation of the solid tumor parts (Georgi et al. 1980, Huk and Mahlstedt 
1983). In Stockholm all craniopharyngiomas are treated stereotactically 
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according to the studies of Backlund (1972, et al. 1972, 1973, 1979). Their 
strategy is twofold: the cystic component is treated with the application of 
radioisotopes and the solid part is treated with radiosurgery (see sub C). 

2. Cystic Glioma 

Deep seated cystic gliomas are-'-besides biopsy and irradiation (in many 
centers interstitial radioisotope application; Szikla 1979 a)-often 
candidates for stereotactic evacuation of the cyst contents (Fig. 75) and 
insertion of an indwelling catheter (Fig. 76) which allows repeated puncture 
at the subcutaneously placed reservoir (Rickham or Ommaya-type). 

Fig. 75. Boy, 12 years old, with recurrent oligodendroglioma many years after open 
surgery and radiotherapy. CT shows cystic recurrence. Previously inserted CSF 
shunt showed dysfunction, due to the tumor cyst compressing the third ventricle 

and ventricular catheter 

3. Subependymal or Leptomeningeal Cysts 

Deep seated sub ependymal or leptomeningeal cysts. Biopsy of the cyst 
wall and evacuation of fluid is sometimes sufficient, but in other cases a 
permanent indwelling catheter has to be introduced stereotactically (Fig. 
77) to be sure that refilling can be managed easily. 

4. Colloid Cyst of Third Ventricle 

Colloid cysts of the third ventricle form a relative indication, open 
surgery with microsurgical techniques being a good alternative. However, 
stereotactic aspiration of the colloid contents has been proved to be 
sufficient (Bosch et al. 1978, Lunsford et al. 1982). Hydrocephalus will 
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Fig. 76. Stereotactic drainage of the tumor cyst (case presented in Fig. 75). At A 
some air is seen in the left frontal horn; at B normal CSF density is measured; at C 
cyst fluid is present. Note that there is also some air entrapped inside the cyst at the 

point of entrance of the draining catheter 

subside and until now follow-up has not shown signs of refilling. Due to the 
viscosity of the cyst's contents the inner diameter of the aspiration cannula 
should not be less than 1.5 mm and aspiration should be performed with 
fairly high negative pressure (see chapter 11, sub II). 

5. Brain Abscess 

Deep seated brain abscess should be treated stereotactically. This way of 
treatment is most rewarding since the lesion is critical and evacuation plus 
the application of the proper antibiotic drugs may cure the patient. For this 
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mode of treatment the reader is referred to the papers by Wise and Gleason 
(1979) and Lunsford and Nelson (1982). 

6. Primary Hematoma 

Deep seated primary hematoma offers an absolute indication for 
stereotactic evacuation whenever the lesion gives rise to progressive 
impairment of consciousness, as pointed out by Higgins (et al. 1982). 
Particularly the primary hematoma of the brainstem, that has no known 

Fig. 77. Case of subependymal cyst, without ventricular enlargement, in a female, 
18 years old. CT scan with contrast showing the stereotactically inserted catheter at 
two scanning levels. Biopsy of the cyst wall showed abnormalities compatible with a 
prenatally contracted bleeding of the subependymal cellular matrix (see Fig. 197) 

connection with hypertension but is mostly due to cryptic vascular 
malformation, may be evacuated to cure the patient (Beatty and Zervas 
1983, Bosch and Beute 1985). It should be emphasized, that the indication 
does not exist in cases of traumatic hematoma. In primary lobar hematoma 
the indication is only relative as microsurgical techniques have proved to 
give similar results. For further discussion see chapter 11, sub III. 

B. Interstitial Radioisotope Application 

This so-called curie-therapy is used on patients with primary tumors of 
the brain, which are not removable or can only be partially resected. The 
Freiburg Center for Stereotactic Neurosurgery (Mundinger and collabo
rators) started this way of treating brain tumors back in 1958 and published 
the techniques and results in many papers (Mundinger 1966, 1970, 
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Fig. 78. CT scan pictures with contrast showing a deep seated small tumor. Biopsy 
revealed a highly malignant glioma and because of the very small diameter the 

patient (female 35 years) was sent for stereotactic irradiation in Stockholm 

Fig. 79. Follow-up scanning (with contrast) after one year showed: recurrence of 
the tumor (a), and a necrotic target area of the irradiation treatment (b) 

Mundinger et al. 1979). A review is available in the textbook of Schal
tenbrand and Walker (Mundinger 1982a). The following radioisotopes 
have among others been used: 32Phosphor, 192Iridium, 6°Cobalt, 198Aurum 
and 90Yttrium. They can be delivered as pellets or as a suspension. With the 
information from CT studies concerning tumor boundaries and its exact 
position in relation to the stereotactic apparatus much progress has been 
achieved in dosimetry and exact localization of the radioactive implants. 
During the last years CT guided interstitial curie-therapy has become an 
established treatment modality, which offers the advantage of high 
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radiation doses inside the tumor (up ti1115,000 rads in one week) without 
undue exposure of the surrounding brain (Kelly et al. 1978, Gutin et al. 
1981). One should make a distinction between permanent implantations 
and various types of temporary implantation (so-called brachy
curietherapy of Mundinger; 1982 a). This latter form is delivered with help 
of a contact radiation device and is reserved for the treatment of clearly 
malignant (anaplastic) tumors. Very large tumors cannot be treated 
successfully with interstitial irradiation. The low grade malignant glioma, 
which is well demarcated from surrounding brain on CT -in fact a rare 
finding-, forms the best indication. 

C. Stereotactic Radiosurgery 

As only very few centers in the world have a stereotactic irradiation unit 
at their disposal (Stockholm and Boston being the first; chapter 3, sub II, B, 
3) just some words will be mentioned on the indications. Leksell was the first 
in publishing experiments on stereotactic irradiation with Rontgen rays and 
proton beams (1951). In his book (Lekse1l1971) a complete description is 
given of the stereotactic irradiation unit he constructed. Today, in Los 
Angeles and in Sheffield similar units are operational. Generally spoken, all 
non-malignant targets with a diameter less than 25 mm can be irradiated 
and destroyed, depending on careful dosimetry. Indications are vascular 
malformations which cannot be handled by microsurgery, solid parts of 
craniopharyngioma, hypersecreting pituitary adenomas and some small 
acoustic and pineal tumors (Backlund 1979, Riihn 1980, Steiner et al. 1974). 
Although malignant tumors of sufficiently small diameter would also be 
destroyed, our own experience with two cases (one survived) has proved 
(Figs. 78 and 79) that malignancy almost always infiltrates the surrounding 
tissue even further than the most sophisticated scanner or NMR-unit will 
show. The irradiation unit with its quality of destroying tissue is also 
effectively used in functional stereotactics, instead of thermallesioning with 
electrodes. 

IV. Indications for Localizing Stereotactic Interventions 

Localizing stereotactics is applying stereotactic methodology to remove 
a foreign body (e.g. a bullet) or to resect by subsequent open surgery in 
stereotactic space (e.g. vascular malformation, tumor) mass lesions, which 
are too small to localize by conventional means. Particularly, small 
subcortical, subependymal and brainstem lesions need this form of surgical 
approach to avoid damage to surrounding brain tissue. This group of 
stereotactic interventions will expand impressively in the near future thanks 
to computer facilities, becoming available to everybody and making three-
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dimensional reconstruction in stereotactic space feasible (see chapters 4 and 
13 for detailed discussion). CT guided biopsy or localization with sub
sequent computer-directed removal has already been developed in some 
centers (Jacques et al. 1980, Kelly et al. 1983). 

Absolute indications are the following: 

A. Small Tumors in the White Matter 

Small tumors in the white matter, which could be removed if the exact 
position and extent is known. Stereotactic localizing is the first step, 
including a biopsy for histological diagnosis. Localization is done prefer
ably by CT imaging and calculation of the coordinates with help of the 
computer. Nowadays most stereotactic apparatus have these CT facilities 
programmed (see chapter 4). In a second stage (during the same perfor
mance when frozen sections are used for histological examination or smear 
preparates for cytological investigation) a bone flap is made and the tumor 
is approached along the biopsy track that had been calculated to be safe 
beforehand. This methodological advance in neurosurgery will be employed 
successfully in an increasing number of centers over the world. The 
introduction of laser surgery will further develop this field of stereotactics. 

B. Small Subcortical Arteriovenous Malformations 

Small subcortical arteriovenous malformations, which are known for 
their bleeding tendency and therefore have to be removed, can be resected 
micro surgically after exact localization. Intraoperative angiography is 
recommended for better target localization. The effectiveness of this 
approach is clearly shown by Kelly (et al. 1982 b), Garcia de Sola (el al. 
1980) and our own results (chapter 11, sub IV). 

C. Small White Matter Abscesses 

Small white matter brain abscess also calls for stereotactic localization. 
Evacuation of infectious material for bacteriological investigations is easily 
performed in this way and therefore further surgery is not needed. 

D. Lobar and Putaminal Hematomas 

In primary lobar hematoma the indication is only relative, as many 
hematomas in this area tend to recover spontaneously (Kase et al. 1982). 
Medium sized (20-40 cc) lobar hematomas might benefit from surgery; 
stereotactic localization and evacuation (eventually with open surgery) 
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offers the safest exploration. Matsumoto and Hondo (1984) recently 
discussed the stereotactic evacuation of hypertensive hematomas, which 
mostly lie in the putaminal region. Although their approach is not truly 
stereotactic, their results are encouraging. 

E. Subcortical Foreign Bodies 

Subcortical foreign bodies-especially low velocity missiles-may lead 
to infection (Hagan 1971) and should be removed whenever possible. 

Stereotactic removal is preferable, but stereotactic localization often 
mandatory, as reviewed by Hitchcock and Cowie (1983). 

Reviewing the available textbooks on stereotactic neurosurgery (Rie
chert 1980, Schaltenbrand and Walker 1982, Spiegel 1982) one may 
conclude that only an oblique reference is made regarding the expanding 
field of neuro-oncology. Stereo tactics in neuro-oncology is on the other 
hand extensively discussed in many papers mentioned in the text and listed 
under the references. 



Chapter 6 

Contraindications for Stereotactic Interventions 

With recent advances in surgical neurology some shifting from in
dication towards contraindication and vice versa is evident. Therefore, 
besides the contraindications in general for stereotactic surgery, those 
syndromes which no longer are treated by choice with stereotactic 
techniques will also be mentioned. 

Contraindications in general are present under the following 
circumstances: 

- Very young patients. It has been proved impossible to screw the pins 
of the stereotactic instrument into the skull in cases with a bone diameter of 
less than 3 mm. Moreover, whenever the skull bones have not yet grown 
together the placement of the apparatus is dangerous because of possible 
squeezing by the pins. This applies to children younger than 18-24 months 
and those who have hydrocephalic skulls. To circumvent this problem, the 
author once used a hard plastic cap made by the mouldroom staff (Fig. 80), 
which was moulded on the patient's skull some days beforehand. Although 
the cap itself can slide some millimeters over the skull, the stereotactic 
instrument can be fixed onto it firmly and in the usual way (Fig. 81), and 
with the use of general anaesthesia no real problem will be met. X-ray 
pictures (Fig. 82) are still readable. 

- Patients with skull defects (whether congenital or posttraumatic) in 
the frontal or occipital area. At least three pins are needed in fixed position, 
to get a firm construction, allowing stereotactic surgery. 

- Patients with disturbed blood cotting. Because one of the real 
dangers in stereotactics is a deep seated bleeding caused by the intervention, 
care should be taken to investigate bleeding and clotting times thoroughly 
beforehand. On the other hand, in patients with a normal clotting 
prophylactic heparin treatment is to be given before surgery as is usual in all 
other surgery with general anesthesia. 

- Extremely rich vascularity of the target area may be a contrain
dication per se (Fig. 83). This is of course much depending on the 
intervention which is planned: a biopsy may be contraindicated, but the 
insertion of cannulas or catheters in localizing is tolerated without 
problems. 
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- All patients who are no longer suitable candidates for surgery due to 
hypertension, cardiac failure or other internal disease. 

- In our opinion there is a contraindication to performing any 
stereotactic intervention without an up to date angiography, although much 
debated by others. Some pitfalls have been met (see chapter 8) which 
warrant angiography of the target area in every case, with the exception of 
functional surgery. Even after routine CT and angiography studies, we once 
came across a midbrain hemangioma that was almost totally sclerotized. 
The patient died suddenly due to rupture of a feeding vessel during the 
biopsy performance (Figs. 84, 85, and 86). 

Contraindications in detail, according to the subgroups I-IV (chapter 5). 

Fig. 80. Hard plastic cap, moulded on the skull, for use in the very young age group 
of patients 

I. Contraindications for Functional Stereotactic Interventions 

A. Movement Disorders 

In movement disorders there is no established position for stereotactic 
treatment in cases of chorea and athetosis. Some benefit may, however, be 
achieved and the interested reader is referred to Narabayashi (1982) for 
more information. On the other hand, medical treatment is still developing, 
and Jankovic (1982) published promising results with tetrabenazine in the 
treatment of hyperkinetic movement disorders. Patients with tardive 
dyskinesia may also benefit by the administration of this drug. Stereotactic 
surgery is contraindicated in this syndrome, which is caused by chronic 
administration of major neuroleptic agents and closely resembles L-dopa
induced dyskinesias (Klawans et al. 1980, Narabayashi et al. 1984). 
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Fig. 83. Example of a vascular cerebral tumor (man, 65 years old), that showed to be 
an astrocytoma grade 3. Stereotactic biopsy (using the spiral needle) was carried out 

without bleeding problems 

Hemiballismus will sometimes require a stereotactic intervention, in severe 
cases where no spontaneous regression appears. This experience is par
ticularly relevant to the posttraumatic syndrome (Andrew et al. 1982, 
Bullard and Nashold 1984). A relative contraindication exists for perform
ing bilateral thalamotomies, due to the unpredictable degree of dysarthria 
that will follow. 

B. Chronic Pain Syndromes 

Stereotactic lesions to relieve pain states are absolutely contraindicated 
in patients who survive for more than 1-2 years after surgery, because a 
central type of de-afferentiation pain (dysesthesia) occurs by that time. For 
many patients this pain is even more troublesome than the original pains. 

Bilateral lesions at the C l-C 2 level (stereotactically or with free-hand 
percutaneous cordotomy) are contraindicated because of high morbidity 
and possible induction of sleep apnea (Ischia et al. 1984, Mooij et al. 1984). 
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In bilateral cancer pain at least one lesion should be placed at a lower or 
higher (mesencephalotomy) level. In fact, one should be aware of the fact 
that many chronic pain syndromes sti11lack effective treatment modes and 
often require both psychological and somatic intervention, such as given by 
the multidisciplinary staff of pain clinics. 

C. Medically Refractory Epilepsy 

Resection of the epileptogenic focus after careful examination and 
delineation of the epileptogenic area with depth or stereotactic electroen
cephalography (stereo-EEG introduced by Talairach; Pecker et al. 1979 a) 
has proved to be very effective (Rasmussen 1979) and should be performed 
prior to stereotactic lesioning (Gillingham and Campbell 1980, 
Narabayashi 1980). Recent studies with PET scanning showed that this 
technique may demonstrate epileptic brain regions more precisely 
(Meyerson et al. 1984), leading to the possibility to localize those regions in 
stereotactic space with subsequent computer-guided stereotactic resection 
(see chapter 14). On the other hand, epilepsy is not often medically 
refractory nowadays, which makes surgical intervention less frequent. 

D. Psychiatric Disabling Disease 

In the field of psychosurgery stereotactic interventions are performed 
less and less over the years, thanks to the continuous development of new 
and potent neuroleptic and thymoleptic drugs. By the time psychosurgery 
changed from open and often mutilating surgery to stereotactic and 
therefore sparing operations (Rylander 1973), drugs became available, 
being at least as effective as surgery in many of the previous indications. One 
may hope, that in the near future no indication will exist any longer for 
stereotactic interventions in psychiatric disease. 

E. Spasticity 

The results of stereotactic dentatotomy for the treatment of spasticity 
are often disappointing, as symptoms frequently recur after some months 

Fig. 84. CT scan pictures showing some enhancement after contrast in a 
mesencephalic tumor (man aged 28 years) 

Fig. 85. Angiography showed a largely avascular tumor, and biopsy was performed 
revealing a sclerotized hemangioma! 

Fig. 86. Histological specimen showing the large sclerotized vessels. Patient died 
due to rupture of a feeding vessel during biopsy 



Figs. 84-86 
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(Spiegel 1982). Also chronic cerebellar stimulation, as advocated by Cooper 
(1978), does not lead to long standing and significant results. A review on 
stereotactic dentatotomy is presented by Siegfried (1982). Pharmacological 
treatment seems to become the treatment of choice together with intensive 
rehabilitation programs. 

TI. Contraindications for Diagnostic Stereotactic Interventions 

A. Resectable Lesions 

All those lesions, which can at least partially be resected by open surgical 
techniques should not be biopsied stereotactically. As discussed in chapter 5 
(sub II) even bulk resection is preferable to performing a biopsy alone. Yet 
there are some important exceptions to this rule. Mass lesions in the basal 
ganglia, thalamus and pineal gland region should in the first place be 
explored stereotactically, even when they might seem to be resectable. Up to 
10% of the tumors is very radiosensitive and thus cure can be achieved with 
irradiation. About 80% of the deep seated lesions will prove to be highly 
malignant gliomas or metastases and might only benefit from an attempt to 
stereotactic removal. Small subcortical resectable lesions should not be 
operated upon without stereotactic localization and calculation of a safe 
cerebral transit route (see chapter 5, sub IV). 

B. Normal Brain Tissue 

In our opmlOn, the absence of any visible target after complete 
neuroradiological checkup is a contraindication. This means, that it is 
preferable to perform diagnostic biopsies of brain tissue using a 
craniotomy. Sometimes for diagnosis in child neurology and genetic 
counseling a biopsy of "normal" brain tissue is required. For thorough 
laboratory investigation about 1 cm3 of fresh brain tissue (including cortex 
and white matter) is necessary. Because cortical matter bleeds easily, 
microsurgical resection is mandatory in these cases. A similar situation is 
present for the diagnosis of a slow virus infection, in which even more 
problems may arise. Also the use of disposable instruments or at least very 
scrutinous desinfection (Gajdusek et al. 1977) is obligatory in this case. 

C. Intraventricular Tumors 

Clearly intraventricularly exfoliating tumors should be treated with 
microsurgical techniques, as at least bulk resection can be achieved (Fig. 
87). Paraventricular tumors, however, form an excellent target since they 
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cannot be exposed by transventricular exploration. Exceptions to this rule 
are intraventricular cysts, which may be treated as safely stereotactically 
(eventually with the aid of fiberoptic instrumentation). 

D. Lower Brainstem Lesions 

Diffuse mass lesions in the lower brain stem (pons and medulla 
oblongata) should not be treated with instruments designed for stereotactic 
biopsy (forceps, spiral needle). Stereotactic puncture, however, is relatively 

Fig. 87. Intraventricular tumor, clearly enhancing after contrast (left). Open 
microsurgical resection revealed a hemangioma that could be removed totally 

(right). Contraindication for biopsy 

safe and aspiration can be tried to attain material for cytological and/or 
smear preparations. In our opinion, in well demarcated lesions (such as 
malignant tumors and abscesses-see Figs. 88 and 89) a biopsy instrument 
may be used. Otherwise, open biopsy via the posterior fossa is to be 
recommended, though it is more time consuming. 

E. Vascular Lesions 

Mass lesions with very rich vascularity should not be treated with a 
stereotactic biopsy, because of the real danger of a bleeding, that is often 
fatal if it occurs. Particularly arterial bleeding is dangerous, as coagulation 
via the instrument or inserted electrode is ineffective. Some venous bleeding 
at the target is not uncommon, however, and is easy to handle when the 
cannula is left a little longer at the target until the bleeding has stopped. In 
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Fig. 90. CT scan pictures with and without contrast enhancement of a venous 
malformation in the left side of the mesencephalon. Lesion shows marked 
enhancement (right). Angiography demonstrated the venous malformation (see 

Fig. 121) 

conclusion, a stereotactic biopsy is not acceptable without having done 
angiography beforehand. The overall mortality rate in large biopsy studies 
(Bosch 1980, et al. 1982, Ostertag et al. 1980, Edner 1981) amounts to about 
2%, almost exclusively due to fatal bleeding at the target site. 

Vascular malformations, particularly the venous malformations de
scribed by Huang (et al. 1984), may sometimes resemble tumors. On 
postcontrast CT scan pictures venous malformations may show marked 
enhancement, whilst angiography is not always positive. It is clear, that a 
stereotactic biopsy is contraindicated whenever the case history and the CT 
findings lead to the possibility of a venous malformation. Stereotactic 
localization and subsequent microsurgical resection is then the procedure of 
choice in the deep seated and small cases (Fig. 90). 

F In or Near the Subarachnoid Space 

Extreme care is demanded in stereotactic biopsy of small mass lesions, 
which lie in or around the subarachnoid spaces (the inner sylvian fissure, 
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basal cisterns). The biopsy instrument (particularly the spiral needle of 
Backlund) can hook onto the arachnoid structures, and therewith tear 
minor arterial vessels. This applies especially to tumors located in the medial 
temporal region and parasellar area. It is advisable in this circumstance to 
make use of a side-window biopsy needle, such as the instrument 
constructed by Sedan. 

III. Contraindications for Therapeutic Stereotactic Interventions 

A. Aspiration and Evacuation of Fluids 

1. Cystic Craniopharyngioma 

Stereotactic treatment of a hitherto untreated cystic craniopharyngioma 
with evacuation of fluid and the introduction of 90Yttrium has also its 
opponents among neurosurgeons. In particular, when the possibility for 
stereotactic radiosurgery of the solid tumor part is absent (as in most 
centers), open surgery is recommended. However, some craniopharyngiomas 
lie above the suprasellar cisterns and behind the optic chiasm and may'offer 
an indication for stereotactic treatment (Fig. 91). External radiotherapy 
should always be given afterwards to stop the progress of the tumor rests. 
As Huk and Mahlstedt (1983) pointed out, the Backlund (1973) method of 
stereotactic treatment has much value in the chronic course of this disease 
(recurrent growth by cystic enlargement). Leakage of the radioisotope 
outside the cystic compartment should be avoided at any cost, because 
morbidity from adjacent brain irradiation may be considerable (one 
personal unpublished case). 

2. Posttraumatic Hematoma 

In posttraumatic hematoma and those primary hematomas, which only 
give rise to transient symptomatology, stereotactic aspiration is contrain
dicated. In hypertensive putaminal hematoma open surgery is advocated by 

\ 

Kaneko (et al. 1977, 1983) in the early stage, in which the bleeding vessel can 
also be coagulated. In stereotactic evacuation, clots that cannot be aspirated 
by way of a cannula may be removed with the help of an Archimedes screw 
(Backlund and Von Holst 1978, Higgins et al. 1982). 

B. Interstitial Irradiation of Tumors 

In highly malignant tumors interstitial irradiation with stereotactically 
implanted radioisotopes is not indicated (Mundinger 1982 a). Short term 
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Fig. 91. CT scan pictures of a suprasellar craniopharyngioma, which extended 
markedly upwards. Indication for stereotactic treatment 

Fig. 92. Histological specimen of a pontine angle tumor, that invaded the pons 
(female, 25 years). Open biopsy revealed a fibrosarcoma. Stereotactic irradiation 

(Stockholm) cured the patient 
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palliative treatment with conventional external irradiation will have some 
effect, but in the already seriously ill one should perhaps refrain from any 
treatment except for dexamethasone. 

C. Stereotactic Radiosurgery 

In malignant tumors, regardless grade of malignancy, radiosurgery is 
not indicated, as the target area is almost always more extensive than the 
irradiated volume. This is due to the growth characteristics (infiltrative) of 
these tumors. In only one case we succeeded in curing a patient with a 
fibrosarcoma of the pons (Fig. 92) that had given early clinical symptoms 
and was treated with Leksell's radio surgical unit after open biopsy (survival 
4 years; unpublished). 

IV. Contraindications for Localizing and Interventional Stereotactics 

A. Aneurysms 

Although some publications are available on effective stereotactic 
treatment of otherwise inaccessible aneurysms (Mullan 1974, Kandel and 
Peresedov 1977, Smith and Alksne 1977, Sheptak et al. 1977), recent 
progress in both microsurgical and interventional neuroradiological tech
niques will lead to more reliable and effective aneurysm occlusion. See for 
further discussion chapter 3, sub III A. 

B. Deep Seated Arteriovenous Malformations 

Arteriovenous malformations lying in the basal ganglia, thalamus or 
brains tern and bigger than about 25 mm in diameter are preferably treated 
nowadays with transvascular embolization techniques. Stereotactic radio
surgery can be performed in those less than about 25 mm in diameter. 

C. Foreign Bodies 

High velocity missiles inside the brain will not lead to infection and are 
therefore preferably not extracted, whether stereotactically or with open 
surgery. Disconnected ventricular catheters may be extracted successfully, 
however (Blacklock and Maxwell 1985). 

Foreign bodies, incidentally found on skull X-ray and lying inside the 
brain for an unknown period of time, should never be removed stereotact
ically because of adhesions which warrant open surgery in stereotactic 
space. 
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Apart from the contraindications mentioned, possibilities for stereotac
tic surgery depend largely on the technical details of the system used. Some 
are not built for use with the CT scanner or MR scanner and some have less 
degrees of freedom. In the following chapters the technical details of the 
Leksell system will be discussed at length and illustrative photographs will 
also show this system as it is in use in the author's department. In chapter 4 
the various types of new instrumentation may be found. 



Chapter 7 

Stereotactic Techniques 

With knowledge of the stereotactic principles and the various indications 
and contraindications, we may now proceed to the applications, technical 
details and pitfalls. Although the applicability differs a little from instru
ment to instrument, the commonly used and up to date systems of Riechert
Mundinger, Leksell and Brown-Roberts-Wells are all fully equipped for 
modern stereotactic surgery, including CT guidance. The stereotactic 
techniques will be described with the help of Leksell's apparatus, which is 
easy to understand because it lacks a phantom device and simply places the 
target in the center of the semicircular arc. 

I. Leksell's Apparatus 

The stereotactic system constructed by Leksell (1971) consists of a 
cubical headframe, which is fixed to the skull with 3 or 4 pins (Fig. 25). It 
constitutes a three dimensional orthogonal coordinate system, with milli
meter scales engraved on its edges. Conventional X-ray pictures are 
standardized to a 40% magnification at the zero plane by way of a 
mechanical X-ray coupling arm (Fig. 23). X-ray enlargement is corrected by 
the projection technique already discussed in chapter 2, with a geometric 
localizing diagram. The aiming device with instrument carrier consists of a 
semicircular arc that is fixed to the headframe according to the coordinates 
of the target in such a way that its center corresponds to the target point. Its 
construction permits both high quality X-ray pictures and CT scans, with 
the apparatus attached to the skull (see Figs.46 and 47). For use with CT 
guidance the pins, after their fixation to the skull, are one by one exchanged 
for carbon fiber pins that allow scanning without artifact. A special CT 
ruler has been developed by Leksell and Jernberg (1980) to read off the 
coordinates of the target. This is done directly from the CT scan pictures 
(Figs. 52 and 54). Different instruments (electrode, needle, biopsy cannula, 
hematoma screw, etcetera) can be used by taking the appropriate guiding 
stops and placing them in the instrument carrier. The whole apparatus is 
easy to handle and a stereotactic intervention takes less than 2 hours, 
because the time needed for calculation of the target is relatively short. In 
the case of CT guided coordinate calculation the computer may be fed with 
a program that gives the coordinates directly. 
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Fig. 93. X-ray tube with mechanical coupling arm and magnetic attachments for 
use with Leksell's stereotactic headframe 

ll. Preparation of the Patient 

In case of elective stereotactic surgery we perform only functional 
interventions under local anesthesia. Otherwise the normal procedure is 
followed for general anesthesia. 24 hours before the operation 4 x 5 mg 
dexamethasone is started, which after 4 days is lowered to zero. 2 hours 
prior to surgery medical treatment is started with fenytoin (2 x 100 mg), 
heparin calcium (2 x 5,000 U) and floxapen (2 x 1,000 mg). Antibiotics are 
only repeated twice (l,OOOmg after 6 and 12 hrs) and anticoagulants will be 
continued until the patient is ambulatory again (third day). Antibiotics are 
only required, as we do not shave the hair, but only the area of transit 
(usually frontal) . This means, that the instrument is no longer sterile after 
fixation onto the head (Fig. 95). After fixation, X-ray pictures in lateral and 
anteroposterior direction are made (Figs. 93 and 94), and the calculation is 
done in a dark room on the lightbox with the localizing diagram. During 
this time, the assistant cleans the skull and instrument once more and 
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Fig. 94. Set-up for lateral X-ray picture during stereotactic surgery 

Fig. 95. Leksell's headframe after fixation onto the head. Preparation of a 
rightsided temporal skull opening 

dresses the head of the patient as in conventional burrhole surgery. The 
surgeon, after washing and dressing himself, places the sidebars (Fig. 97) 
according to the coordinates x and y (i.e. y and z in the modern 
nomenclature). Thereafter the semicircular arc is placed in position on these 
sidebars (Fig. 98), after adjustment for the z (or x)-coordinate. Now a 
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Fig. 96. The performing of the burrhole 

Fig. 97. The sidebars are mounted on the headframe 

puncture needle is aimed through the instrument carrier and pointed to the 
site of entrance, which is marked. The semicircular arc is taken away or 
rotated in a way that leaves sufficient room for performing the burrhole 
(Fig. 96). By now the arc is properly positioned and the instrument needed is 
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Fig. 98. The semicircular arc is placed in a proper position on the sidebars. Note 
that the center of the arc is in the right temporal area 

Fig. 99. The biopsy instrument is inserted through the instrument carrier 

introduced through the instrument carrier and after depth adjustment 
advanced through the brain until the target is reached (Figs. 99 and 100). 
Resistance should not be met. True resistance can only be caused by the 
skull base, the falx and tentorium. Resistance can be checked by turning the 
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instrument around a little whilst penetrating the tissue: vessels will give 
away to this turning. In functional and localizing stereo tactics the target 
should be reached at once so as to perform the planned intervention. 

A. Diagnostic and Therapeutic Stereo tactics 

In diagnostic and therapeutic stereotactics, depending on the site and 
size of the target, one can start sampling biopsy tissue or fluid some distance 
in front of the target point (Fig. 101) and proceed with the sampling to some 

Fig. 100. Close-up view of biopsy instrument 

distance behind it. As a standard procedure we take three samples along the 
puncture track if the location and size of the lesion permit this: one before 
reaching, one at, and one behind the calculated target point. If some more 
tissue is required by the pathologist, or if the biopsies produce too little 
material, another three samples are taken from a parallel track that is 
obtained by slightly altering the z-coordinate (Fig. 101). If the spiral needle 
(Backlund 1971) is used, the instrument is screwed into the target tissue after 
guided puncture, and by twisting the outer cannula the other way round, its 
sharp edge cuts away the material that is caught in the spiral (Fig. 102). As 
the spiral length is 12mm and it has a 1.2mm diameter, samples can be 
obtained of about 13 mm3. The tissue samples are normally of excellent 
quality (Bosch 1980) for histological examination (no squeezing), and for 
this reason we prefer the spiral needle to the conventional aspiration needles 
(Fig. 103). It is sometimes necessary to puncture the tentorium to obtain 
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I t I I I 

I 
I I 

I I 
/ 1 

/1 
/ 1 

Fig. 101. Schematic drawing of the procedure of stereotactic tissue sampling. At the 
target site some consecutive biopsies are taken (1-3). After altering the lateral 
coordinate slightly, the biopsy needle is introduced once again and another series of 

biopsies (4--6) is taken 

tissue at an infratentorial target. In that case, the inner, blunt, needle can be 
replaced by a sharp inner needle at the position on the tentorium, and after 
sharp puncture be directly replaced for the usual blunt inner needle. 
Tentorial puncture under local anesthesia may evoke a cough reflex by 
vagal stimulation. Usually, however, infratentorial interventions should be 
carried out with suboccipital trepanation, because cerebral transit is less. 

B. Functional Stereotactics 

In functional stereotactics we use general anesthesia only in mesen
cephalotomies, because electrical stimulation at the target will cause strong 
emotional reactions (Nashold et al. 1969, 1982). In the treatment of 
movement disorders the patient should be awake and cooperative for 
neurological testing during stimulation and coagulation. Electrical stimu
lation is usually performed with a constant current with biphasic wave 
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Fig. 102. Magnification picture of spiral needle of Backlund and a tissue specimen 
for histological investigation 

I • .'" . . .. 

Fig. 103. Example of histological picture after a stereotactic biopsy with the spiral 
needle. No squeezing of the material and excellent quality for histological 

examination (astrocytoma grade 2; boy aged 6) 
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Fig. 104. Stereotactic ventriculography with positive contrast. Stereotactic appara
tus of Van Manen; lateral view 

forms and pulses of 1 ms duration. Frequencies range from 10-100 Hz. 
Motor responses are easiest observed with low frequency and indicate 
activity from the internal capsule (posterior limb). Normally motor 
responses are not seen with an electrode position within 10-12 mm from the 
midsagittal plane (Hardy et al. 1979). Sensory responses (tingling in the 
opposite side of the body) result from activity spreading towards the 
somatosensory thalamic nuclei, which lie posterior to the target. See for 
orientation Fig. 29 a and b. Micro-electrode introduction may register the 
fieldpotential of neurons at the target site, and help in localizing any 
thalamic nucleus by its firing pattern. 

Discussing the details of stereotactic technique in functional surgery, we 
like to refer to the extensive description of the invisible target at which is 
aimed, as given in chapter 2. Because the target point represents a nucleus or 
fiber tract and cannot be visualized by neuro-radiological means, as in 
pathological conditions, the target point is called invisible and the 
stereotactic determination is done in two different steps with the use of two 
completely unrelated cartesian systems of axes. Although in magnetic 
resonance imaging white and grey matter are clearly differentiated, a special 
tract or nucleus cannot be visualized. 

The first system of axes is erected in the cerebrum to determine the 
position of the target in relation to these axes with the help of a stereotactic 
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Fig. 105. Stereotactic ventriculography, anteroposterior view. Stereotactic appara
tus of Van Manen 

brain atlas (Fig. 7). The second system of axes is embodied by the 
stereotactic instrument that can be fixed to the skull in various positions. In 
practice, the erection of the (first) intracerebral system of axes (in the middle 
of the line AC-PC, according to Schaltenbrand and Bailey 1959) needs 
visualization of the anterior and posterior commissures. 

There are two ways to visualize these reference points: 
- CT scanning of the third ventricle in the sagittal plane with 

subsequent CT guided determination of the target point in relation to the 
second system of axes, namely that of the stereotactic instrument. This 
sophisticated method will require, however, extended computer facilities 
with the reconstruction of an axial tomogram running horizontally to the 
AC-PC line (Hardy et al. 1983, Kelly et al. 1984d). 

- intraoperative ventriculography with an isotonic contrast solution 
(Figs. 104 and 105), which will give the most reliable and easy way of target 
determination. This applies particularly to brainstem target points such as 
needed in mesencephalotomy and pontine tractotomy, in which visualizat
ion of the aqueduct and fourth ventricle are most helpful. 

The position of the target point of choice in relation to the various 
ventricular reference points is extracted from the stereotactic atlas that is 
used by the surgeon. As is shown in Fig. 106 individual preferences may vary 
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slightly for the ventrolateral thalamic target, according to some well-known 
functional neurosurgeons (see also: Laitinen 1985). 

After determination of the target point, the coordinates in relation to the 
instrument system of axes are calculated in the same way as with visible 
targets. 

y 

z------~~~~~~~-

10mm 
I I 

I 
I 
I 
I 
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\ J 
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y 

Fig. 106. Schematic drawing of the ventrolateral thalamic complex. Coronal and 
sagittal view, with 10 mm bar. Most frequently used target points are: nucleus Vop 

and nucleus Vim (A and B). For discussion see chapter 9, sub I A 

C. Localizing Stereo tactics 

In localization stereotactics followed by microsurgical exploration (as is 
advocated in small subcortical tumors and arteriovenous malformations) a 
careful planning should be made of the bone flap to secure the safest 
cerebral transit. In parietal lesions a more occipital approach may be 
considered the best, and the positioning of the apparatus on the skull should 
allow enough room to proceed with a craniotomy. Therefore, the surgeon 
should have sound judgement as to the possibilities and pitfalls of his 
stereotactic apparatus so as to overcome and anticipate problems during the 
second phase of open surgery. 

Leksell's apparatus (as well as the other) offers many possibilities to 
place the headframe onto the skull. Graduated metal ear plugs are used for 
temporary fixation and alignment of the frame, and in this early phase the 
wanted position of the headframe must be tried out. As is shown in Fig. 
107 band c the earplug position can be changed to anterior and posterior by 
making appropriate extra holes in the headframe. This will allow for a 
relative shift to posterior or anterior of the head frame in relation to the 
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a ~ ( 

b 

Fig. 107. Drawing of different frame positions. Ear plug axis as rotation point. In b) 
the ear plugs are placed more anterior, and in c) more posterior as compared with 

the normal position (a) 

skull. The fixation pins should be available in standard and extra long sizes, 
enabling the surgeon to achieve every wanted frame position. Moreover, 
our own experience showed that the long size pins are often mandatory for 
stereo tactics in children. A drawing may illustrate these different frame 
positions with the ear plug axis as a rotation point (Fig. 107). This rotation 
of the head frame may offer possibilities for more anterior or posterior 
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Fig. 108. Pitfall: blind angle of the stereotactic instrument 

-

approaches. Even the carriers for the pins may be slided along the vertical 
edges of the headframe, if necessary. The standard Leksell headframe is, 
however, not suitable for a lateral approach with open surgery, as the 
sidebars allow no quarter turning. On the other hand a recently developed 
open headframe (Leksell, personal communication 1985) offers the possi
bility for all open surgery required. A stereotactic intervention without open 
surgery is, however, as easily performed using a lateral approach with the 
standard instrument (Figs. 99 and 100). Another pitfall is the so-called blind 
angle of any stereotactic instrument. As Fig. 108 illustrates, a part of the 
headframe may obstruct the passage of the aiming instrument. This is only 
prevented by insight of the surgeon in the planned approach. Moreover, any 
burrhole has a blind angle regarding the introduction of an aiming 
instrument towards a given target. This depends much on the thickness of 
the skull and the position of the target point (Fig. 109). To prevent the 
enlargement of the burrhole with bone tongs or even the making of a new 
burrhole, it is strongly recommended to postpone the opening of the skull 
until the exact position of the burrhole is known (e.g. after testing with arc 
and aiming instrument). The use of a gauging-rod instead of the aiming 
instrument is advisable for sake of sterility. 
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Fig. 109. Pitfall : blind angle of a burrhole. The pointed areas are inaccessible 

czr-===., 

a b 

::b ~ ~ 

T' 
c d 
Fig. 110. Drawing of different patient positions. Recumbent (a), semi-recumbent or 
sitting (b), prone (c), and hyperextended position for trans sphenoidal approach (d) 

ill. The Positioning of the Patient (Fig. 110) 
Normally the recumbent position is used. When the occipital approach is 

needed a patient may be placed in the semi-recumbent position. The 
suboccipital approach needs the prone position with use of a special 
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headrest. The sitting position is often used in functional stereo tactics, the 
patient being awake. The patient may sit in a type of dentist chair and 
lumbar puncture to perform air ventriculography may be used. To obtain 
reliable delineation of the third ventricle's commissures with air the sitting 
position is necessary. However, ventriculography with a contrast solution, 
after ventricular puncture through the burrhole, is preferred as it gives a 
complete ventriculogram in one X-ray picture. The disadvantage of air 
ventriculography is that it almost never shows both the anterior and 
posterior commissures on one lateral picture. Often two pictures are needed, 
which have to be superimposed to get a complete delineation of the third 
ventricle. To puncture the lateral ventricle, however, one needs some 
training as normally there is no ventricular enlargement. Ventricular CSF 
will have the normal clear appearance, whilst CSF evacuated from the 
interhemispheric fissure will be red stained, due to some contamination by 
blood after the burrhole surgery. 

In conclusion, it is evident that some training is needed to become 
familiar with the different stereotactic techniques. However, when the 
principles are clear and calculations can be made quickly, the performance 
per se will present no special problems any longer. 

The period in which stereotactics was strongly related to functional 
neurosurgery has become history. In the future any neurosurgeon will need 
help of stereotactic localization techniques in order to treat small lesions 
which can be detected nowadays. Computer software connected to CT and 
MR images ofthese lesions will bring stereotactic methods within his reach. 



Chapter 8 

Pitfalls 
In this chapter some of the more usual pitfalls in stereotactic surgery will 

be mentioned. It is only possible to make a rough distinction between 
technical problems on the one hand and pitfalls presented by the underlying 
pathology on the other. 

I. Technical Problems 

A. The Superficial Target 

In stereotactic surgery the superficially lying target is more difficult to 
reach than the deep seated one, the issue being that the intervention is 
carried out through a very small skull opening (a burrhole or even the 
opening made with a twist-drill). The central brain area can be reached by 
any hole, whereas the superficial target is only reached by an opening that is 
positioned exactly above it. This might be a technical reason to refrain from 
superficial interventions, unless required for exact localization of small 
lesions. Moreover, on the basis of proportional correction (chapter 2, sub V 
A 2) needed in conventional stereotactic X-ray studies, the small error in 
calculation that is thereoretically always present (about 1 nun) will be larger 
at the periphery. Thus, CT guided localization is preferable in superficial 
targets. Also, in lesions which are only detected on CT scan and have a 
completely normal angiography, aCT scannogram is required to recon
struct exactly the target position on the lateral stereotactic X-ray picture, 
unless there are CT-facilities for coordinate calculation. A well-known 
pitfall is the presumptive frontal position of a lesion that actually lies in the 
parietal region (Fig. 111), which is due to the commonly used canthomeatal 
plane of scanning in axial tomography. Whenever a reconstruction of the 
target on the lateral X-ray picture is not feasible a CT guided localization 
plus coordinate calculation is mandatory. 

B. Clinical Signs of Increased ICP 

From a theoretical point of view there is no indication for stereotactic 
approach to a superficially lying large tumor. A craniotomy is a better 
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surgical modality, because a bulk resection or even complete removal is the 
best option and leads to both diagnosis and therapy. In general practice, 
however, the question sometimes arises whether a stereotactic biopsy could 
be considered in case of large tumors, which have already led to a clinically 
significant rise in intracranial pressure. Reasons may be, that the patient is 
too ill to undergo open surgery or that the relatives and the patient himself 
like to know the histological diagnosis before deciding upon possible further 
treatment. Although this relative indication is sometimes considered 

Fig. III . Pitfall: presumptive frontal position of a lesion that actually lies in the 
parietal region (due to commonly used canthomeatal plane of scanning) 

acceptable, the overall experience with such cases learns that operative 
morbidity will increase. The cause of clinical worsening is the induction of 
some reactive brain edema by the biopsy procedure: the biopsy site will 
always bleed a little, though undetected, and forms a focus for reactive signs 
to develop. Therefore, the wish to know the histological diagnosis must be 
strong enough to perform this type of biopsy and information should be 
given on the somewhat increased risk. We only accept this indication when 
strategic planning is justified because of the clinical picture and the 
suspicion that open surgery would not give a better outcome. 

Increased intracranial pressure in centrally lying tumors may also be 
caused by obstruction ofCSF pathways inside the brain. In these instances a 
CSF draining system should be inserted some days prior to the stereotactic 
procedure. Localization of the target should then be repeated on the day of 
surgery, because of possible changes in position of the target after 
normalization of the ICP. 

During the pre-CT scan-period often large tumors were discovered, 
which after biopsy led to (not always transient) deterioration in conscious-
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ness and motor function. The progression of edema may ask for higher 
doses of dexamethasone with increased risk of complications (gastroin
testinal bleeding and Cushing syndrome). 

C. Bleeding at the Target Site 

If by accident a bleeding occurs at the target site, as sometimes happens 
with aspiration or biopsy techniques, it is extremely important to keep the 
instrument at the bleeding site. One should note the depth of the instrument 
tip by reading it off the scale on the instrument carrier, and should wait and 
at the same time repeatedly remove and replace the inner needle through the 
outer shaft. This allows spontaneous drainage without clotting inside the 
needle and may lead to spontaneous clotting at the target in the case of 
venous bleeding. After a 5-10 minutes waiting period, one should remove 
the instrument completely and introduce it once again down to the noted 
position of bleeding, withdraw the inner cannula and aspirate slowly to 
make sure the bleeding has stopped. Very seldom a depth coagulation is to 
be considered with the help of an electrode. Large vessels will never lead to 
bleeding, unless when ruptured by tearing; they give way to blunt 
instruments as used in stereotactics. 

In only three instances (out of 250 biopsy cases) the author met bleeding 
problems that were fataL All of these were arterial and due to the hooking of 
a vessel with the spiral needle at the biopsy site. The first case concerned a 
feeder vessel to a completely sclerotized hemangioma (therefore not seen on 
angiography), which was torn apart when taking the biopsy (Figs. 84, 85, 
and 86). The other two cases concerned mass lesions growing around the 
inner sylvian fissure. The spiral needle fastened itself in the arachnoid tissue 
and caused bleeding of one of the medial cerebral artery branches. Brain 
edema followed and emergency craniotomy within some hours in 1 case led 
only to a decerebrate state. These experiences led to the concept of more 
dangerous areas deep in the brain and to a strong belief that angiography is 
a obligatory preoperative investigation. The more dangerous areas com
prise the major vessel trajectories such as the sylvian fissure, the epithalamic 
roof with deep cerebral veins, the parasellar and uncal areas and the 
superficial brainstem. With knowledge of these high risk regions it is almost 
always possible to select a safe target point inside the mass lesion. For this 
selection a careful analysis of the angiographic study is necessary and 
sometimes intraoperative angiography is to be recommended. With mass 
lesions that are very small (diameter of less than 15 mm) and furthermore 
lying in a high risk region the use of the spiral needle is to be avoided. 
Aspiration biopsy or the use of a specially designed biopsy forceps may be 
more safe (Apuzzo and Sabshin 1983). 



148 Chapter 8: Pitfalls 

II. Pitfalls by Underlying Pathology 

A. Vascular Lesions 

Vascular lesions sometimes offer a real pitfall to the neurosurgeon, 
especially when they are very large and closely resemble mass lesions on CT 
scan. The patient may be referred for stereotactic biopsy with the diagnosis 
"tumor of the pineal gland region" and accepted for this type of surgery 
(Fig. 112). We met such a case, in which routine preoperative angiography 
showed an extensive arteriovenous malformation (Figs. 113-116) that 
mimicked clinically a tumor (headache and hydrocephalus signs). More 

Fig. 112. Case presenting a "pineal region tumor" on CT scan. After contrast (right) 
there is clear enhancement of the lesion. After sagittal scanning (see Fig. 65 b) a 

vascular lesion was suspected 

frequent are giant aneurysms, which did not bleed (yet) and may give rise to 
tumor symptoms. Particularly aneurysms lying at the top of the basilar 
artery may act as space occupying lesions, producing hydrocephalus by 
obstructing the third ventricle. CT scanning after contrast enhancement 
may show a variable filling, which may be so obscure that a presumptive 
diagnosis of tumor is made. Angiography, however, will then reveal the 
aneurysm, with sometimes a ring of calcification at the outer edge that, due 
to thrombosis, lies at some distance from the filling compartment. An 
example ofa supraclinoidal tumor, which presented symptoms of headache 
and blurred vision on one eye, is presented in Figs. 117 and 118. After 
contrast enhancement some filling of the tumor can be detected, indicating 
the presence of an aneurysm as later on was shown with angiography (Fig. 
119). 
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Fig. 120. Case of a cerebral venous malfonnation (according to Huang et al. 1984), 
lying in the left side of the mesencephalon. Upper pictures: without contrast 

medium injection; lower pictures: postcontrast CT scan pictures 

A special problem is seen in the cerebral venous malformations, formerly 
called venous angiomas. Huang (et al. 1984) made a new classification and 
presented excellent pictures of cases, which resemble tumors. Medullary 
venous malformations may be multiple and mimick multiple metastases. 
The predilection site for these malformations is the paraventricular area 
(along the superior lateral corner of the lateral ventricle), and any enhancing 
lesion with no evidence of a mass effect at the ventricular corner should, 
according to Huang (et al. 1984), lead one to suspect a medullary venous 
malformation. Cavernous venous malformations are most frequently 
encountered in subcortical white matter and the pons. Angiograms are 
usually negative, and postcontrast CT scanning will show marked enhance
ment (particularly with delayed scanning). If there is one reason to perform 
angiography before carrying out a biopsy, it is this possibility of coming 
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Fig. 121. Angiography (left vertebral, Towne position, venous phase) of case 
presented in Fig. 120: mesencephalic venous malformation. Arrows indicate 
contour of mesencephalon with lateral mesencephalic veins; arrow-heads indicate 
the anterior pontomesencephalic vein, which is slightly displaced. Note venous 

blush on left side 

across some venous malformation, as is shown III one personal case 
(Figs. 120 and 121). 

B. False Positive and False Negative Results 

In diagnostic stereo tactics biopsy may sometimes lead to false positive 
and false negative results. These two problems will be discussed, because 
they-though infrequently-bother the surgeon when discovered as such, 
and may delude him when not discovered (see for review: Kleihues et al. 
1984). 

As false positive we define a histological diagnosis, revealing a patholog
ical entity that is afterwards proved to be untrue. Edner (1981) defines false 
positive as misinterpretation. False positive results are very rare. In our own 
experience we have only 3 cases/250 biopsies (less than 1.5%), in which 
follow-up revealed other histological diagnoses. In 2 cases autopsy gave 
malignant lymphoma, whereas at biopsy a diagnosis of malignant astro
cytoma was made. The other case was a pineal tumor, diagnosed as a 
pinealoma, that later on proved to be a dysgerminoma with multiple lesions 
by ventricular dissimination. In the other important biopsy studies the 
percentage was 0% in 35 cases (Broggi and Franzini 1981),0% in 302 cases 
(Ostertag et al. 1980) and 2.7% in 345 cases (Edner 1981). Although these 
figures do not have much significance (in the series with 0% the possibility 
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wasn't even considered), an overall percentage of about 2% seems to be 
false positive. 

False negative results are encountered in those cases, where the 
pathological report states that normal or non-conclusive tissue has been 
found, whilst clinical picture, follow-up, or CT abnormalities disclose Clear 
pathology. False negative results are obtained much more frequently in 
stereotactic biopsy as compared with false positive. Reasons for this are 
manyfold: technical failures; sampling errors; non-conclusive material and 
no material at all. 

Technical failures are decreasing in frequency thanks to better CT 
localization facilities, although even minimal technical errors in calculation 
and positioning of the aiming device may lead to biopsy outside the target. 
In our own experience this has only once occurred; Edner (1981) mentioned 
3/345. This possibility therefore is less than 1%. With the high resolution 
scanners nowadays available technical failures will become negligible. 

The problem of sampling errors, however, is more important. Sampling 
errors may happen likewise in open surgery and lead to misinterpretation as 
the representative material is not taken. Sometimes these errors may even 
happen in the laboratory, when the pathologist does not examine all the 
given material. In as much as it is an accepted rille in histopathological 
diagnosis to grade malignancy according to the most malignant tumor part, 
the final diagnosis depends completely on the specimens obtained. There
fore, sometimes histological diagnosis may yield a grade 2 astrocytoma, 
although the surgeon suspects a truly malignant tumor on the basis of 
angiographic features and/or surrounding edema on CT. These cases 
should, however, not be listed as false negative but as positive with a 
dubious grading. A histological diagnosis of normal tissue, that is to be 
interpreted as false negative result; is obtained in cases of hamartomas 
(mostly lying in the floor of the third ventricle), and in cystic lesions, if the 
specimen of the cyst wall is normal. Often the cyst wall is abnormal, 
however, and the contents may be highly suggestive for a certain diagnosis 
(clear yellow and rapidly clotting in cystic astrocytoma; motoroil ap
pearance in craniopharyngioma). 

A nonconclusive diagnosis is found in highly malignant tumors when 
only necrotic material is obtained (metastasis and malignant glioma). As 
Apuzzo and Sabshin (1983) point out, this is due to obtaining biopsies from 
nonenhancing tumor regions (4/44 in their biopsy material). 

To minimize this possibility we normally take three biopsies in one 
trajectory to make sure the whole mass lesion is penetrated. However, if 
only necrotic material is obtained, the differentiation between primary and 
metastatic malignancy is impossible. 

Sometimes, massive gliosis is found without conclusive tissue. 
"No material at all" is a possibility, that should also be kept in mind. The 
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consistence of the target tissue may be so tough, that no specimen can be 
obtained with the spiral needle or aspiration techniques. ' 

A stereotactic forceps would be necessary, but tearing should be 
avoided. Ostertag (et at. 1980) used a specially designed forceps (Riechert et 
al. 1967) and published a percentage of non-conclusive results in 8.7%: in 
26/302 biopsy cases they found only gliosis. Apuzzo and Sabshin (1983) 
used a 1 mm flexible cup bronchoscopy forceps through a cannula and 

Fig. 124. CT scan pictures (postcontrast) showing a recent infarction (a), and after 2 
weeks a disappearance of the hyperdense zone (b) 

obtained nondiagnostic (necrotic) tissue in 11% (4/44). Edner (1981) noted 
a 9% offalse negative results. Kleihues (et al. 1984) presented a percentage 
of2.5% (15/600). In our own series we have 9 cases with "normal" tissue (of 
which 4 are believed to be third ventricle hamartomas and 5 tumors with 
non-conclusive material-some gliosis-), and 7 specimens that contained 
only necrotic tissue. Our percentage for false negative results is therefore 
6.4% (16/250 cases). Moreover, we found 3 hematomas and 4 infarctions, 
which have been established by consecutive CT controls (Figs. 122 and 123). 
For detailed discussion the reader is referred to chapter 10, sub II. 

C. Unsuspected Mass Lesions 

Besides unsuspected metastasis and infectious lesions, in multiple 
sclerosis plaques may present a pitfall, as they sometimes resemble cerebral 
tumors (Sagar et al. 1982, Wang et al. 1983). Although many reports on 
computed tomography in multiple sclerosis stress, that enhancing plaques 
are distinguishable from tumors by their lacking a mass effect, both Sagar 
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(et al. 1982) and Wang (et al. 1983) present 3 histologically confirmed cases 
with acute demyelinating disease with enhancing lesions and mass effect on 
CT. From their photopresentation it is evident, that a diagnosis of tumor 
was made (eventually multiple cerebral metastases), whereas the clinical 
picture with headache, epileptic seizures and aphasia also suggested tumor 
growth. These authors performed both open and needle biopsy, and 
histological diagnosis of acute demyelinating disease was made (almost 
total lack of stainable myelin and perivascular cuffs of lymphocytes). 
Cerebral infarction with edema may also simulate cerebral tumor (Fig. 
124 a). The development of signs and symptoms, however, is more explosive 
and therefore the clinical state will lead to the suspicion of a vascular lesion. 
In this case a follow-up CT scan may be expected before a decision is made 
to take a biopsy. The mass effect has disappeared after two weeks (Fig. 
124 b), and the patient will improve. Very seldom intracerebral hematoma 
may simulate a neoplasm, as shown by Shinn-Zong Lin (et al. 1984). Ring 
formation on computerized tomography is often seen in the postoperative 
patient (Grand et al. 1978), particularly after clot evacuation, and also 
during the period of hematoma resolution. This picture should not be 
misjudged and held for a tumor, as stereotactic biopsy will only show gliosis 
indicating an active process of healing. Whenever a mass lesion is suspected 
to be an epidermoid (see Fig. 72), the samples taken at biopsy should be 
managed with the smear preparation technique to make the cholesterin 
visible; this is no longer possible after the chemical procedures of 
embedding for histological examination (Ostertag et al. 1980). 

In conclusion, pitfalls regarding both the stereotactic technique and the 
underlying pathology are presented. To prevent the sampling of non
conclusive material and to avoid problems in localization, CT guided 
techniques have been developed (chapter 4). On the other hand, the surgeon 
himself should be aware of the various diagnostic entities that may lie 
behind the mass lesion the CT scanner shows. Moreover, enhancement after 
the administration of a contrast medium is also frequently seen in infectious 
disease (herpes simplex encephalitis: Lunsford et al. 1984 b; acute hemor
rhagic leukoencephalitis: Valentine et al. 1982). 



Chapter 9 

Functional Stereotactics 

In chapter 3 we discussed the five fields of functional stereotactics with 
the purpose to give a short review of the diseases, which may be treated with 
stereotactic techniques. It should be emphasized, however, that in the fields 
of epilepsy, psychiatric illness and spasticity only a limited number of 
stereotactic centers is involved. Partly because of the fact, that in these fields 
centralization is obligatory, and partly because the indications are less 
obvious and therefore depend on clinical experience, skill and to a lesser 
degree also on local habits. 

Particularly in psychiatric disorders-such as compulsory neurosis and 
drug addiction (or even sexual offences )--in many countries stereotactic 
surgery is no longer an accepted way of treatment. Psychiatrists prefer 
pharmacological treatment and indeed this modality should be tried 
extensively before a diagnosis of otherwise intractable illness is made. The 
effect of ventromedial hypothalamotomy in these syndromes has been 
recently discussed by Spiegel (1982, pp. 37-40). Orthner (1982) published a 
report on a group of 34 patients with sexual disorders, treated by lesions in 
the ventromedial nucleus of the hypothalamus with good to excellent 
results. 

In our description of the more usual indications for functional stereotac
tics (chapter 5, sub I) particularly patients with extrapyramidal and 
cerebellar tremor and with intractable pain syndromes proved to be good 
candidates for stereotactic surgery. First of all, because the incidence of 
these syndromes is fairly high (the incidence of Parkinson disease being 120-
160/100,000 in Caucasians and 36--65/100,000 in Japanese), and therefore 
clinicians are familiar with these patients. Secondly, because the research 
and clinical experience with these entities are extensive and stereotactic 
interventions can offer reliable results. 

In this chapter we like to present both our own experience and that of 
other authors on the two mentioned subjects. For technical details the 
reader is referred to chapter 7, sub II B. 

I. Extrapyramidal and Cerebellar Tremor 
In 1963 Gybels has already published experimental data on the 

mechanism of parkinsonian tremor, in which he showed that a similar 
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tremor can be induced experimentally in monkeys by a small lesion in the 
medio-ventral part of one side of the midbrain. He also pointed out the 
importance of the spinal reflex loop (the level of muscle tone) for the 
periodicity of the tremor. Recent experiences with stereotactic surgery in 
tremor led Narabayashi and Ohye (1978) to the conclusion that tremor
driving impulses almost certainly originate in the nucleus ventralis inter
medius (Vim) of the thalamus, whereas the spinal reflex loop is responsable 
for rhythm setting since it modulates the frequency. There is strong evidence 
that proprioceptive or kinesthetic sense, perhaps mainly muscle afferents, 
project to nucleus Vim of the thalamus. 

When these two parts are in synchrony, according to these authors the 
tremor-whether postural or at rest-will be constant and rhythmic. 
Nucleus Vim lies slightly posterior to the ventrolateral nucleus (about 
2 mm) and anterior to the ventroposterior nuclei, as is clearly outlined in the 
3-dimensional diagram in their publication (Narabayashi and Ohye 1978). 
The coordinates for the nucleus Vim are: about 4/5 of the distance AC-PC 
behind AC, and 1-3 mm above the AC-PC line with a lateral coordinate of 
about 8 mm (Fig. 106). On the other hand, Hassler (et al. 1979) stresses, that 
the lesion should be placed slightly more anterior, namely in the nucleus 
Vop (ventralis oralis posterior = ventralis lateralis) to achieve abolishment 
of tremor without the danger of disturbing the speed and precision of hand 
and finger movements due to lesioning proprioceptive mechanisms. Also 
Van Manen (et al. 1984) prefers this more anterior target; the coordinates 
for the nucleus Vop are: about 3/5 of the distance AC-PC behind AC, and 
3 mm above the AC-PC line with a lateral coordinate of about 13-15 mm 
(see Fig. 106). Recently Laitinen (1985) reviewed the various targets. 

In Parkinson's disease the introduction of L-dopa has changed the 
indications for surgical interventions to a great extent. This drug is very 
effective in relieving most of the manifestations of the syndrome, but 
without altering the progression of the disease and with comparatively little 
effect on the tremor. Furthermore, in most patients, L-dopa becomes 
progressively ineffective after a few years, which warrants reservedness in 
starting L-dopa therapy (Kelly and Gillingham 1980). Long-term L-dopa 
therapy will also lead to serious side-effects, such as dyskinesia and 
psychosis. As L-dopa is particularly helpful in the treatment of bradyki
nesia, and as tremor and rigidity usually appear earlier in the course of the 
disease, it seems reasonable to re-introduce stereotactic surgery as an 
accepted way of treatment for patients, whose disability is due to tremor and 
rigidity. Later on in the course of the disease, when bradykinesia develops, 
L-dopa may be instituted, thus saving some years of active life for these 
Parkinson patients (Bosch et al. 1983, Gildenberg 1984, Kelly and 
Gillingham 1980, Matsumoto et al. 1984, Van Manen et al. 1984). Guiot (et 
al. 1976) also points out the complementary roles of stereotactic surgery and 
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Fig. 125. Line drawing illustrating the topographical anatomy of the ventrolateral 
thalamus (after Schaltenbrand and Wahren 1977, Plate 27. With permission). 
Frontal section with 1 cm grid. The target area for thalamotomy in the treatment of 

tremor is indicated. For abbreviations see Fig. 29 

pharmacological treatment, which issue has recently led more authors to 
recommend a protocol for a combined treatment. Because the efficacy of 
stereotactic thalamic surgery with lesioning of the Vop or Vim nucleus on 
the contralateral side is undoubtedly evident in the treatment of tremor and 
rigidity, Matsumoto (et al. 1984) advocates after 15 years' experience with 
L-dopa therapy and over 1,400 cases of VI (= Vop) thalamotomies, to 
postpone drug institution as long as possible. This strategy leads to 
treatment with anticholinergic drugs prior to surgery and L-dopa institution 
only after surgery. It is self-evident, that delay of L-dopa treatment, until the 
patient shows marked bradykinesia, will also postpone the "long-term 
levodopa syndrome" of hyperkinesia and on-off phenomena, including 
mental changes and hallucinations which are often irreversible (Kelly 1983). 
Moreover, the response to L-dopa is no better in patients who did not 
undergo thalamic surgery (Hughes et al. 1971), while on the other hand 
dopa-induced hyperkinesia seems to occur less frequently at the operated 
side (Kelly and Gillingham 1980, Van Manen et al. 1984). Both conclusions 
being reasons to favour the proposed protocol of combined treatment 
(Gilden berg 1984, Narabayashi et al. 1984). 
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"""""'--""""7'<:...------t- AC PC line 
projection 

Fig. 126. Line drawing illustrating the topographical anatomy of the ventrolateral 
thalamus and mesencephalon in sagittal section with a lateral coordinate of 9 mm 
(after Schaltenbrand and Wahren 1977, Plate 41. With permission). With 1 cm grid. 
Target area for thalamotomy in tremor treatment is indicated in A, and target area 

in mesencephalotomy for pain in B. For abbreviations see Figs. 29 and 30 

As is already discussed (chapter 5, sub I), cerebellar tremor benefits 
likewise from thalamic surgery. The target for lesioning is identical, since 
both the cerebellothalamocortical connections and the pallidothalamocor
tical fibers run through the target area (Figs. 125 and 126). 

A. Stereotactic Thalamotomy Prior to L-dopa Institution 

Although the benefits seem to be greater in Japanese than in Caucasians 
(Matsumoto et al. 1984), nothing points to the possibility that the 
percentage of benign cases of parkinsonism is higher in Japanese. Some 
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cases, however, run a rather malignant course. These patients are no 
suitable candidates for surgery or even successful L-dopa administration. In 
the slowly progressive cases surgical results on tremor and rigidity are very 
satisfactory, as is evident from many reports. In 90% of the patients the 
contralateral tremor is abolished after 2 years, and in about 60% after 10 
years, whereas in 88% of the patients rigidity in the contralateral side was 
abolished after 2 years and in about 55% after 10 years (Kelly and 
Gillingham 1980). Matsumoto (et al. 1984) showed complete alleviation of 
tremor and rigidity in 61/78 cases (78%) belonging to the grades I-III 
(according to Hoehn and Yahr 1967), and in only 2/25 cases (8%) in grade 
IV. The success rate for tremor and rigidity was not significantly less after a 
second surgical procedure on the other side, as shown in 24 cases with 
bilateral thalamotomies reported by Kelly and Gillingham (1980). On the 
other hand, it is well-known, that bilateral surgery is not infrequently 
associated with speech disturbances, such as reduced voice volume and 
word blocking (thalamic dysarthria). From the literature it is known, that 
such speech disorders may follow many other thalamic lesions in the 
dominant hemisphere (tumors, hemorrhage). Archer (et al. 1981) gives a 
beautiful description of such a case of thalamic stroke with CT stereotactic 
localization. Speech complications have become less frequent in recent 
years with the use of electrical investigation of the target structure and more 
precise and small lesions. Since the introduction of the micro-electrode 
technique it has become possible to register the fieldpotential of neurons 
through a 5-7 micrometer electrode tip at the target site. The firing pattern 
of any thalamic nucleus can be recorded in that way, and nucleus Vim 
localized by its synchronous firing with the peripheral tremulous move
ments (Narabayashi 1983). Small electrocoagulation lesions (with RF 
heating to 65 DC during 1 minute) in this nucleus will abolish the tremor 
immediately. Similar rhythmical activity has been recorded in nucleus Vop, 
however. If lesions are to be made on both sides, Gildenberg (1984) 
advocates asymmetrical lesions to minimize the risk of side effects to 
mentation and verbalization. 

In order to keep the lesion within the target area, the stereotactic surgeon 
should be informed about the position of the medial internal capsular 
border (which is the lateral thalamic border). Hardy (et al. 1979) calculated 
its position in 130 patients and concluded that this border is lying between 
16 and 23 mm lateral from the midplane, depending mainly on the width of 
the third ventricle. Hitchcock and Cadavid (1984) reviewed 111 normal CT 
scans and concluded, that pre-operative assessment of the thalamo-capsular 
distance will much improve the accuracy of the otherwise empiral lateral 
coordinate. 

In his monograph on stereotactic neurosurgery Spiegel (1982) discussed 
the various targets inside the thalamic complex which have been tried in the 
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last decennia without making a clear choice. From recent studies it has 
become evident, however, that the target should lie in the Vop or Vim 
nucleus (Bosch et al. 1983, Kelly and Gillingham 1980, Matsumoto et al. 
1984, Narabayashi 1983, Van Manen et al. 1984, Walker 1982 b). 

B. Stereotactic Thalamotomy After L-dopa Institution 

Both Spiegel (1982) and Walker (1982 b) recommend conservative 
treatment including L-dopa before a stereotactic operation is considered. We 
shared their opinion in former years, but due to the serious side-effects 
which follow protracted medical treatment with L-dopa, have changed our 
course performing surgery at an earlier stage. After L-dopa treatment 
during a long period the results of thalamotomy are not as satisfactory 
according to Matsumoto (et al. 1984); our own results in a publication on 18 
patients (Bosch et al. 1983) confirm this opinion. Especially, the onset or 
aggravation of tremor on the ipsilateral (non-operated) side is striking (up 
to 44% according to Van Manen et al. 1984) and its mechanism is not clearly 
understood. Our study is of particular value, because it reports the results of 
thalamotomy (chiefly at the target Vim) in 18 patients after protracted L
dopa therapy (Figs. 127 and 128). The only comparable study is published 
by Van Manen (et al. 1984) with 32 patients after protracted L-dopa 
therapy; thalamotomy was carried out chiefly in the nucleus Vop. 
Impressive is the aggravation of ipsilateral tremor, which was found in 8/18 
cases, leading to a percentage of 44%, being the same as found by Van 
Manen. This aggravation or even appearance of ipsilateral tremor might be 
considered as L-dopa induced or L-dopa dependent, because in cases which 
had surgery prior to L-dopa institution this phenomenon is not observed. 
The decrease in daily intake of L-dopa after surgery (as shown in Table 3) is 
certainly a positive side-effect. 

The results on our patients were assessed between 1 and 3 years 
postoperatively. There was no postoperative death, which is in conformity 
with the very low mortality rate in other reports (1 to 0% ; Gildenberg 1984). 
Postoperative confusion and somnolence was noted in 17% and disap
peared within a week. On the treated side the tremor was abolished in 83% 
and rigidity clearly diminished in 50%. Concerning the other effects, 
including gait disturbances, dexterity of hand and fingers, speech problems, 
validity and finally the judgement by the patient himself, the reader is 
referred to Table 3. Besides the already discussed striking exaggeration of 
tremor at the untreated side, two other conclusions can be drawn. Firstly, 14 
out of the 18 patients (78%) were satisfied with the obtained results, which is 
amazing considering the worsening of the untreated side. Secondly, in 12/18 
cases (66.6%) the L-dopa (and other drug-) medication could be lowered 
substantially. In the discussion of the overall results of thalamotomy we also 
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Fig. 127. CT scan picture oflesion after thermocoagulation for treatment of tremor 
in Parkinson patient. A-B is indicating the lateral coordinate (11.3 mm) 

Fig. 128. Same case as in Fig. 127. A-B is indicating the diameter of the lesion 
(9.4mm), as measured 1 week after coagulation 

like to stress the great importance of rehabilitation programs, because after 
surgery some neglect may be seen concerning the treated limbs, a situation 
which requires training to regain full motor function. Particularly the speed 
and precision of hand and finger movements ("dexterity") may be decreased 
after thalamotomy (11/18 of our cases-61%); according to Van Manen (el 
al. 1984) defective hand movements might be seen less frequently with 
lesions of the nucleus Vop. 

To summarize, the ideal candidate for thalamotomy is mentally alert and 
has unilateral or predominantly unilateral tremor and rigidity. In our 
opinion the institution of L-dopa therapy should be postponed until it is 
inevitable because of severe bradykinesia. The patient should take some 
anticholinergic agents as long as possible. Surgery should always be 
followed by an intensive rehabilitation program, to achieve maximum 
validity and dexterity. 

ll. Intractable Pain Syndromes 

As discussed in chapter 5, sub I Bland 2, ablative stereotactic 
interventions should not be carried out in the "benign" chronic intractable 
pain syndromes, because life expectancy is normal. Ablative surgery 
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resulting in a lesion in the pain conducting pathways (as on the spina11eve1 
with percutaneous cordotomy) on the other hand is very effective but 
produces no long lasting pain relief: about 1-2 years at the most. Although 
many reports (see chapter 3) describe pain relieffor sometimes considerably 
longer periods of time, results on individual patients are no longer reliable 
after 1-2 years. Even in those cases where the original pains are gone, the 
success is often eliminated by troubling dysesthesia (or central pain) leading 
to serious discomfort. Therefore, in cases with normal life expectancy 
inductive electrical stimulation of deep brain structures (as discussed in 
chapter 3) may be preferred as well as more peripheral neural stimulation, 
although the effectiveness is less certain and the underlying mechanisms still 
unexplained (neuroaugmentative surgery; Kelly 1983). Electrical stimula
tion with stereotactically placed electrodes is extensively discussed by 
Adams (et al. 1974), Adams and Hosobuchi (1977), Hosobuchi (1980) and 
Young (et al. 1985). The target of interest is the nucleus ventralis 
postero1atera1is (VPL) of the thalamus in cases of central deafferentiation 
pain (such as the thalamic syndrome, anesthesia do10rosa, postherpetic 
neuralgia and phantom limb pain), and the periaqueducta1 grey matter 
(PAG) of the mesencephalon in pains of peripheral origin. For further 
reading see chapter 14, Sub II, on future applications. Not yet confirmed by 
others is Levin's conclusion (et al. 1983), that stereotactic chemical 
hypophysectomy is helpful in the thalamic syndrome. 

Ablative stereotactic surgery for pain syndromes comprises posterior 
thalamotomy (Cooper 1965 a, Riechert 1960, 1966, Voris and Whisler 
1975), mesencepha10tomy (LeksellI966, Nasho1d 1975, Whisler and Voris 
1978), a type of more medially placed (so-called extra1emnisca1) mesen
cephalotomy (Amano et al. 1980) and pontine tractotomy (Hitchcock 1973, 
Barbera et al. 1979). All these reports share the conclusion, that the best 
results are obtained in cancer pain, mainly because the relief will last during 
the period of survival. Thalamotomy carries the risk of a higher incidence of 
postoperative central dysesthesia as compared with mesencepha10tomy 
(Tasker 1982), which is understandable since the first intervention only 
partly destroys a huge complex of somatosensory thalamic nuclei, whereas 
the latter will cover the whole spinothalamic tract. When studying the 
respective targets in the Atlasses of Emmers and Tasker (1975) and of 
Afshar (et al. 1978), the discrepancy between 1esioning nuclear matter and 
tracts will become even more clear. Tasker (1982) also stresses the 
disappointing results of thalamotomy in dysesthetic (central) pain which 
will not be relieved by further iatrogenic deafferentiation. Lesions in the 
mesencephalon or pons will most probably not only include the neo
spinothalamic but also the pa1eospinotha1amic (= spinoreticu1ar) system, 
leading to both the destruction of the spinothalamic tract and the 
extra1emnisca1 short fiber system (Noordenbos 1959, Bowsher and A1be-
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Fessard 1963). Therefore the incidence of postoperative dysesthesias might 
be lower (Barbera et al. 1979). 

m. Brainstem Stereotactic Surgery in Cancer Pain 

Nashold (1982), reviewing brainstem stereotactic procedures for pain 
relief, also discusses the importance of partially destroying the spinoret
icular pathways plus the spinothalamic tract itself. These pathways may be 
responsible for the pain suffering syndrome and a lesion may reduce anxiety 
and relieve pain without producing a dense analgesia. However, in clinical 
practice the surgeon is faced with the problem, that after short-term 
excellent results unpredictable relapses may occur with (sometimes agoniz
ing) central dysesthesias. Wycis and Spiegel (1962) reported, however, long
term relief in still 31% of 54 patients (over a 14-year-period). 

The first indication for stereotactic brainstem procedures is pain of the 
head, neck, trunk and arm due to carcinoma. Even when pain is not 
restricted to one side of the body, a mesencephalotomy (eventually bilateral) 
is successful. Recently, Frank (et al. 1982) described 14 treated cases (3 
bilaterally) with intractable cancer pain due to lung cancer with as good if 
not better results as with precutaneous cordotomy. The indication is only 
relative and in the opinion of the author almost never strong enough in cases 
of central pain syndromes, because the effect-if present-may fade away 
after some time, as is the case with peripherally originating benign pains. In 
fact, a mesencephalotomy has far less side-effects (paresis, bladder dys
function) than a percutaneous cordotomy, and might therefore also be 
preferred in cancer pain of the lower limbs. The very precise localization 
that is possible with stereotactic techniques is responsible for its low 
morbidity and therefore cordotomies are less frequently performed when 
one has the choice between both techniques. Moreover, only one puncture 
track is made in mesencephalotomy, while sometimes many are required in 
cordotomy. The topographical organization of the different fibre tracts at 
the various levels (Fig. 67) is such, that there is a safe distance between the 
spinothalamic and pyramidal tracts in the mesencephalon as compared with 
the high cervical level. The spinothalamic tract runs throughout the 
mesencephalon at about 8 mm from the midsagittal plane and the target of 
choice is situated at about 5 mm posterior and ventral to the posterior 
commissure (Figs. 129 and 126). When stereotactic mesencephalotomy was 
first carried out (Spiegel and Wycis 1948) the lesion electrode was 
introduced using a parieto-occipital approach; this route sometimes 
produced contralateral weakness of the lower limb, caused by injuring the 
cortical leg area. Puncture through the quadrigeminal plate may lead to 
ocular dysfunction (paralysis of vertical gaze; myotic pupils; convergence 
defects; skew deviation), which almost always disappears within a short 
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Fig. 129. Line drawing illustrating the topographical anatomy of the rostral 
mesencephalon (after Schaltenbrand and Wahren 1977, Plate 29. With permission). 
Frontal section with 1 cm grid. The target area for stereotactic mesencephalotomy 

is indicated. For abbreviations see Fig. 30 

period of time. In recent reports (Nashold 1982, Amano el al. 1980, Whisler 
and Voris 1978) the frontal route is recommended and a burrhole is made 
more frontal to obtain a puncture track through the third ventricle which 
intrudes the mesencephalon parallel and at the level of the aqueduct. Ocular 
symptoms will only seldom be seen and lower limb weakness is never 
observed with this trajectory (our own results; Fig. 130). Surgery is 
advocated under local anesthesia to enable careful physiological control of 
lesion placement, which includes electrical stimulation. According to 
Nashold (el al. 1969), extensive mesencephalic stimulation studies could 
delineate a more precise organization of somatototrophic regions in the 
dorsal midbrain. Head, neck and limbs are represented more laterally, while 
affective and emotional reactions were evoked by stimulation on the border 
of the periaqueductal grey (PAG), at which site the trunk has its 
representation. These electrically evoked responses enable the surgeon to 
place the lesion properly. Micro-electrode recordings were also used. For an 
overview oflocalization and lesion data (derived from various authors) the 
reader is referred to Nashold (1982). Thermistor electrodes (tip diameter 
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2.1 mm; tip exposure length 2.5 mm) are normally used, with RF heating to 
65-75 °C during 30-60 seconds. A properly placed lesion will give instant 
pain relief without major analgesia. Sometimes the sensation of pinprick 
and temperature in the treated side will be clearly diminished. The more 
medially placed lesion will lead to less loss of these sensations and frequently 
to no clinically detectable analgesia at all. For patients with facial or oral 
carcinoma, who are anxious and suffer from pain, the more medial lesion is 
ideal, because it will interrupt both the trigeminothalamic and part of the 
spinoreticular (extralemniscal) pathways. 

Fig. 130. Schematic drawing showing the target for mesencephalotomy on the 
lateral ventriculography view, with the variability in angles of electrode intro

duction (personal results) 

Mortality rate following mesencephalotomy averages between 3% and 
5% . In the 30 following consecutive cases (our own series), no mortality was 
met. The morbidity rate was higher (37%), although almost completely due 
to ocular dysfunction which disappeared within some weeks. 

While using the frontal approach (burrhole at the hairbase) we had no 
cases of leg weakness. In about 50% we could clinically detect some degree 
of hypalgesia (pinprick and temperature) on the treated side, including the 
face. This hypalgesia, however, had a patchy distribution and showed no 
clear relation with the pain relief. 

In this series, Table 4, we practized general anesthesia, because the 
patients were in a rather bad clinical condition due to the underlying disease 
or were elderly. We felt that stimulation would threat their well-being as 
strong emotional reactions and fear may be evoked. For target localization 
we used intra-operative ventriculography (Figs. 131 and 132), followed by a 
CT scan of the brainstem after surgery (Fig. 133). This procedure led to 



Fig. 131. Stereotactic ventriculography to calculate the target point in stereotactic 
mesencephalotomy (anteroposterior view) 

Fig. 132. Stereotactic ventriculography, lateral view, showing black dots used to 
calculate target point position for mesencephalotomy 
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Fig. 133. CT scan picture of mesencephalon, 3 days after performing a stereotactic 
mesencephalotomy. A hypodense lesion is seen in the left side of the mesen
cephalon, at the level of the aqueduct. Computer calculation of the lateral 

coordinate (rightsided picture) gives: A-B is 6.4mm 

accurate target calculation and control of the lesion produced. As seen in the 
Table, our cases (hitherto unpublished) are mostly patients with cancer 
pains as well as some elderly patients with central pain syndromes. As might 
be expected, in the central pain cases the results are clearly less reliable 
(Nashold gives a success rate of only 50% ; 1982), and the relief obtained will 
also wear off with time. Given these results mesencephalotomy in central 
pain is inadvisable on patients under the age of 70 years. Postoperative 
dysesthesia was met in 3 cases: 1 thalamic syndrome, 1 postherpetic 
neuralgia of the trunk and 1 facial postherpetic neuralgia. In the former two 
patients the dysesthesias were not serious, but the third patient still 
complains after 3 years of burning and itching sensations in her face. This 
was the only patient below the age of 70 years, for whom an operation was 
considered urgent due to serious pains that had otherwise led her to commit 
suicide. In cancer pains the relief was very satisfactory, except for in 1 case 
where the electrode did not function correctly. The follow-up period ranges 
from 3 years to some months and is of minor importance in those patients 
who do not survive for a longer period of time. In one case we tried to 
alleviate postoperative dysesthesias by performing a posterior thalamo
tomy after 1 year. This second intervention had no effect at all on the 
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Fig. 134. Frontal brain surface at autopsy after performing a bilateral stereotactic 
mesencephalotomy. Arrows indicate electrode entrance points 

Fig. 135. Specimen of rostral mesencephalon (case presented in Fig. 134), cut 
through the bilateral lesions. On the right side the first lesion is shown, made 4 
months before death, having a diameter of about 4 mm. On the left side the second 
lesion is visible, made I month before death, having a diameter of about 7 mm. Note 
the relation to the periaqueductal grey. The active process of tissue repair on the left 

side is evident 

suffering. A cervical midline myelotomy (as described by Hitchcock 1970 b, 
1974, Schvarcz 1976) did not bring relief either. This case with postherpetic 
neuralgia of the flank is of particular interest, because the patient also 
suffered from a prostate carcinoma and a chronic lymphatic leukemia. The 
pain suffering syndrome has probably been induced by these other 
invalidating illnesses. 

In two instances we performed a second intervention on the same side, 
since the first only showed a transient effect. This management seems 



Fig. 136. The positIon of the lesioning electrode during the stereotactic 
performance; anteroposterior view 

Fig. 137. Lateral view showing the lesioning electrode (tip diameter 2.1 mm) at the 
target 
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justified by the effectiveness of the second lesion we obtained. In one case we 
performed a bilateral mesencephalotomy, with a 2 months interval. This 
patient with thoracic and pelvic metastasis of carcinoma had no more pains; 
no narcotic analgesics were necessary any longer and he stayed ambulatory 
during the last months of his life. Autopsy could be carried out in this case 
(Fig. 134 and 135). From the figures it is clear, that the fresher lesion is still 
rather big and in a stage of tissue repair. Untoward sequelae from these 
lesions were not noted, which is highly interesting when the extent of the 
lesions is taken into consideration. In order to achieve long lasting relief we 
recently started performing mesencephalotomy with two lesions at the 
target site: the first at 2mm behind and the second at 2mm before the 
calculated target point. Both lesions are made with RF monopolar heating 
up to 75 DC during 60 sec (Figs. 136 and 137). We have the impression, that 
pain relief lasts longer this way. One of these cases, however, developed a 
rubral myoclonus, that had to be treated with clonazepam. Regarding the 
timing of this intervention, we believe mesencephalotomy should be 
performed prior to the institution of narcotic analgesics. In this way patients 
will be able to take care of themselves for as long as possible and not become 
bedridden at too early a stage. 

In conclusion, stereotactic ablative surgery for pain should, at least 
theoretically, be reserved for the treatment of patients with cancer pains. 
The operation should be carried out prior to the institution of narcotic 
analgesics and should comprise no nuclear matter but the fiber tracts at the 
level of the mesencephalon (rostral part). Mesencephalotomy has certain 
advantages over percutaneous cordotomy regarding technical aspects 
(equally safe and easily performed under general anesthesia) plus the 
possibility of making lesions bilaterally. Side-effects are only of minor 
importance, a persistent diplopia being the worst. The use of general 
anesthesia seems to decrease the operative mortality rate and, moreover, 
shows no untoward effects on the pain relief obtained. 



Chapter 10 

Mass Lesions Stereotactics 
In chapter 5, sub II we described seven situations in which a mass lesion 

should be diagnozed by means of a stereotactic biopsy. It is evident, that the 
availability of CT scan techniques has helped greatly in demonstrating such 
a situation. CT scan is in fact the only available means (with Magnetic 
Resonance imaging, which is currently in development) to assess the true 
position and extent of any mass lesion. Invading of surrounding tissues, 
such as brain parenchyma, skull base, and falx, is easily detected leading to 
better clinical diagnosis, although still presumptive without histological 
proof. In this chapter we will discuss tumor diagnostics, leaving infectious 
disease (although sometimes presenting as a tumor) for discussion in 
chapter 11, dealing with localization and aspiration stereotactics. With the 
assumption, that tumors amenable for stereotactic biopsy are deep seated, a 
clinical distinction can be made between eight patterns of growth. These 
patterns are: 

A diffuse tumors 
C multiple tumors 
E cystic tumors 
G pineal tumors 

B butterfly tumors 
D small tumors 
F 
H 

brainstem tumors 
skull base invading tumors. 

I. Discussion of Deep Seated Tumors According to Growth Pattern 

A. Diffusely Growing Tumors 

Tumors that grow diffusely in the brain (Fig. 138) will have some degree 
of malignancy and, with bulk resection being impossible because of their 
deep lying position (Figs. 139 and 141), a quick tissue diagnosis is 
imperative to discern their origin (glioma, lymphoma, metastatic spreading) 
and grade of malignancy (Fig. 140). In the group of gliomas this grading is 
particularly important to be able to decide on further therapy and to give a 
valuable prognosis. As many deep seated diffuse tumors are shown to be 
gliomas oflow malignancy (astrocytoma grade I, II according to Kernohan) 
histological confirmation will allow the doctor to propose further treatment 
with radiotherapy. In most centers this is effectuated by external megavol-
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Fig. 138. Postcontrast CT scan showing a deep seated left parietal mass lesion; 
aspect of malignant tumor with concomitant edema 

Fig. 139. Angiography, arterial phase with deep parietal tumor feeding vessels and 
some early venous drainage 

Fig. 140. Biopsy specimen (H & E, 300 x): astrocytoma grade III (man; 55 years) 

Fig. 141. Venous phase with target localization for biopsy 

tage irradiation, which will lead to greater 3- and 5-years survival rates 
(Sheline 1975). Interstitial irradiation (after stereotactic application of 
various radioactive sources) has been discussed by Mundinger (1982 a, b), 
Riechert (1980) and may be found in a special monograph edited by Szikla 
(1979 a). In the case of a malignant glioma (grade III-IV according to 
Kernohan) the benefit of radiotherapy is doubtful. Sheline (1975) reports a 
survival rate of 0% after 5 years using surgery alone, whereas only 3-9% is 
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obtained after irradiation following partial resection. As resection is not 
accomplished in the deep seated tumors we discuss here, the value of 
irradiation in only biopsied malignant glioma seems negligible. As chemo
therapeutic regimens are still in trial phases, we will not discuss its potential 
future value. If the diffusely growing tumor is not a glioma but a malignant 
lymphoma, either occurring as a primary or a second malignant tumor 
(after chemical immunosuppression; Penn 1974,1976), histological proof is 
very important. In malignant lymphoma external irradiation will lead to 
dramatic relief of symptoms and sometimes-eventually combined with 
systemic chemotherapy-even cure the patient (Henry et al. 1974, Men
denhall et al. 1983, Neuwelt et al. 1983). Lymphoma has a tendency to grow 
as a butterfly with extension in both hemispheres (sub B). A single and 
solitary brain metastasis, which is often taken to be a primary brain tumor 
before histological proof is obtained, is found more frequently in recent 
years (12/44 neoplasms in the series by Apuzzo and Sabshin 1983). This 
depends both on earlier detection thanks to CT and MR scanning, and on 
the increasing number of high risk patients with immunodeficiency 
syndromes. Although the only option is to resect metastasis completely 
whenever this is possible, it is sometimes recommendable to handle deep 
seated single metastasis with further non-surgical treatment, depending on 
the origin of the tumor (Hildebrand 1980, Gagliardi et al. 1983). A 
metastasis of a Grawitz tumor (hypernephroma) will respond fairly well to 
radiotherapy as well as secondaries of oatcell tumors of the lung. Other 
tumor entities as germinoma, Hodgkin disease and leukemia are very rare 
inside the brain and should also be treated with radiotherapy and/or 
chemotherapy after histological proof. 

B. Butterfly Tumors 

Butterfly tumors of the brain are predominantly involving the corpus 
callosum and located at the genu or the splenium. Sometimes tumor may 
involve both hemispheres by spreading through the anterior or posterior 
commissure. Almost all these tumors are shown to be gliomas or malignant 
lymphomas. In only 1 case (out of 250 biopsies) we encountered a butterfly 
metastasis of a squamous cell carcinoma of the lung with unknown primary 
at the time of the biopsy (Figs. 142 and 143). It is evident, that these tumors 
cannot be resected and therefore require a biopsy to differentiate between 
glioma and lymphoma. In the latter case the rest of the body should be 
thoroughly investigated for the presence of lymphoma outside the CNS, 
which will influence subsequent therapy. A malignant lymphoma often 
shows extraordinary distinct enhancement after contrast injection on CT 
scan, as shown in Figs. 144 and 145. 
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Fig. 142. Pre- and postcontrast CT pictures of butterfly tumor with rightsided 
frontoparietal second lesion. Man; 32 years 

Fig. 143. Biopsy specimen showing metastasis of squamous cell carcinoma (H & E; 
200 x). Later on the primary tumor in the lung was found 

C. Multiple Tumors 

Multiple tumors of the brain confront the surgeon with a real problem. 
First of all it is most important to make sure, that the lesions are tumors and 
not inflammatory foci [as seen in multiple sclerosis (Fig. 146) and acquired 
immunodeficiency syndromes-see chapter 3J. Secondly, in our opinion the 
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Fig. 144. CT scan pictures (pre- and postcontrast): extraordinary distinct 
enhancement in a malignant lymphoma case. Woman; 49 years 

Fig. 145. CT pictures show a very dense tumor after contrast; malignant lymphoma 
in a woman, 62 years 

absence of a known primary tumor outside the brain is an indication for 
attaining at least a tissue diagnosis (Fig. 147). Even in cases where at least 
one tumor could be resected by craniotomy, a biopsy is recommended as a 
first step, this being much less stressing for the patient and allowing rational 
planning of further (eventually surgical) treatment. When multiple tumors 
are diagnozed in a patient with a known primary tumor elsewhere, the 
validity of a biopsy depends completely on the case history and the 
prognosis. If the patient was considered to be cured or if proof of 
intracranial metastasis would alter the therapeutic regimen followed until 
then, a biopsy might be of great importance. 
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Fig. 146. Case of multiple sclerosis in a female, 32 years. Upper picture without 
contrast. MUltiple enhancing lesions, particularly in the periventricular area (lower 

picture) 
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D. Small Deep Seated Tumors 

These tumors form a challenge for advanced stereotactic approach. 
Although localization is much easier than in the subcortically lying small 
lesions (chapters 7, sub II C and 8, sub I A), seldom can these be removed by 
subsequent open craniotomy. These tumors lie in the basal ganglia or 
thalamus and are therefore not suitable for conventional resection. In the 
future it will be possible with new instrumentation (chapter 4) to proceed 
(after biopsy) with stereotactic open resection or endoscopic control and a 

Fig. 147. CT postcontrast. Man, 61 years, with multiple mass lesions. Biopsy 
revealed metastasis of carcinoma; primary tumor unknown 

type oflaser beam to vaporize these lesions (Kelly 1983). At the moment the 
neodymium-Y AG laser and argon laser are already adapted to use through 
the endoscope. Eventually, photoradiation therapy with the use of drugs 
which form singlet oxygen when exposed to light (such as hematoporphyrin 
derivatives and tetracycline) may be applied with help of a laser system 
(Dougherty et ai. 1978, Laws et ai. 1981). These drugs have been shown to 
accumulate selectively inside malignant cells and radiation with light at a 
specific wave length will disrupt the membranes of those cells. It is beyond 
any doubt, that with help of CT guided stereotactic instruments through the 
skull opening, needed to perform the biopsy, small deep seated lesions can 
be destroyed subtotally if not completely in the future. Jacques (et ai. 1980) 
published on stereotactic removal of small lesions such as tumors and 
arteriovenous malformations with the use of a special "tumorscope" which 
can be introduced into the brain through a small trephination. They used 
binocular vision by a specially designed optical system which fitted their 
tumorscope (a type of speculum). 
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Fig. 148. CT postcontrast. Man,47 years, known with curatively treated malignant 
melanoma. Biopsy: metastasis of primary tumor 

Fig. 149. CT postcontrast. Man, 57 years, with deep seated small tumor and 
impressive white matter edema. Biopsy: malignant astrocytoma 

It is difficult to estimate the histological origin of a small tumor (Figs. 
148 and 149) on the basis of neuroradiological investigations. Because of its 
small size only concomitant brain edema might indicate the presence of a 
metastasis (or even an abscess). Therefore, histological proof is of utmost 
importance. We also recommend that some material is investigated for 
Gram staining and bacteriological culture. 
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E. Cystic Tumors 
Cystic tumors inside the brain are relatively monomorph in origin. With 

biopsy almost all these tumors can be classified as astrocytomas grade II or 
III. Only in the midline and at the base of the brain (hypothalamus) a cystic 
craniopharyngioma may be found unexpectedly, without suprasellar exten
sion. This ectopic position is very rare, however, and is sometimes suspected 
because of the presence of small calcifications such as might be seen in the 
oligodendrogliomas. 

Fig. 150. Stereotactic performance. Introduction of a thin catheter into a recurrent 
cystic glioma. Note plastic anchor at burrho1e site 

Fig. 151. CT scan showing the introduced catheter with its tip inside the cyst. 
Female, 16 years; 2 years after biopsy and radiotherapy for astrocytoma grade II 

The stereotactic puncture wi11lead to escape of fluid before the biopsy 
forceps or spiral needle can be inserted. All fluid should be aspirated slowly 
and sent for cytological investigation and bacterial culture. Thereafter the 
cyst wall can be biopsied easily for performing histological studies. We 
prefer to replace the stereotactic needle by a section of radiopaque tubing 
(e.g. ventricular draining tube after Ommaya or Holter), that can be secured 
in the burrhole to a Rickham reservoir (Fig. 150). This enables the surgeon 
to repeat evacuation if necessary (Fig. 151), and moreover to introduce 
radioactive fluid (as 90Yttrium) when desired. At the same time this marking 
of the lesion site may be of value for the radiation therapist in planning his 
booster field. After radiotherapy, which is advisable in the unresectable 
astrocytoma grade II-III, we sometimes noted-as in the recurrent 
craniopharyngioma-repeated refilling of the cyst, which can be managed 
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easily in this way in coming years. It sometimes happens that the 
reaccumulated fluid is so viscous, that disconnection of the reservoir is 
necessary in order to evacuate the fluid again. A cystic metastasis might also 
be encountered, although rare, and is frequently a secondary of squamous' 
cell carcinoma of the lung, that has become cystic through necrosis in its 
center (see Fig. 147). 

F. Brainstem Tumors 

It is preferable to approach tumors of the mesencephalon and upper 
(rostral) pons by stereotactic means (see Figs. 88 and 89). The ponto
medullary region and the medulla oblongata should be explored by open 
posterior fossa surgery. Because of the distorted anatomy and the vital 
importance of normal tissue direct vision is essential. Some decennia ago it 
was believed, that biopsy was too dangerous and therefore radiation 
therapy without histological proof was carried out under the presumptive 
diagnosis of brainstem glioma. Further progress in neuro-oncology, 
however, led to the vital importance of attaining a pathological diagnosis 
before the institution of proper treatment. Moreover, posterior fossa 
exploration using microsurgical techniques enabled the surgeon to take 
tissue samples without serious complications, provided that the manipula
tion was done within the pathological tissue itself. In recent years general 
practice has proved stereotactic biopsies to be safe on the condition that the 
tip of the biopsy instrument, while taking a sample, is lying completely 
inside the tumor. Before CT scanning was available such a statement could 
neither be made nor controlled. With CT guided techniques, however, a 
clearly demarcated tumor in the higher brainstem is easily biopsied (see 
Figs. 62-64). From clinical experience it is well-known, that many of these 
tumors are indeed gliomas. However, the grading is important, because it is 
useless and often positively harmful to the patient to have radiotherapy on a 
highly malignant tumor. Whyte (et al. 1969), the Mayo Clinic, describes 
radiotherapy in brainstem tumors in 61 cases; 21 patients had pre-treatment 
histological verification of an astrocytoma (11 grade I-II; 10 grade III-IV). 
Their survival rate was 38%. Albright (et al. 1983) discusses the value of 
biopsying brainstem gliomas in children and concludes that the risk is low 
and that small biopsies may show representative tissue. Their data indicate 
that 30% to 45% of children with glioma of the brainstem survive 5 years or 
longer, after adequate radiotherapy. 

G. Pineal Gland Tumors 

Tumors ansmg in the pineal gland region are notorious for their 
different growth characteristics (Bosch 1980, Pecker et al. 1978, 1979 b, 
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Neuwelt et al. 1979). This fact is per se a strong indication for attaining 
histological evidence. As various pineal region tumors are strikingly 
radiosensitive, open exploration-as advocated by Stein (1979) among 
others-is not necessary, unless in the case of radioresistant lesions such as 
dermoid, meningioma, and teratoma. Particularly the germinoma, which is 
the most frequently encountered in this region, is even curable (Sung et al. 
1978, Inoue et al. 1979), if irradiated with inclusion of the spinal axis (overall 
survival rate at 5 years of 80%). Germinoma (Figs. 152 and 153), which is 

Fig. 152. Postcontrast CT picture of pineal region tumor causing obstructive 
hydrocephalus. Male, 23 years 

Fig. 153. Biopsy specimen of this case. Germinoma (PAS, 250 x ) 

also frequently found in the suprasellar region, belongs together with the 
teratoma to the germ cell tumors and has a remarkably higher incidence in 
the Japanese (Koide et al. 1980). In the old days the germinoma was called 
pinealoma (with a two-cell pattern), but recent investigations have made 
clear that there is a strong similarity between this tumor and seminoma, and 
therefore the name "germinoma" has been introduced. Nowadays the true 
pinealoma is classified as pinealoblastoma and pinealocytoma, according to 
the degree of differentiation of the tumor cells. Teratoma is much more 
radioresistant (Donat et al. 1978, Neuwelt et al. 1979) as is the endodermal 
sinus tumor and pinealoblastoma (Chapman and Linggood 1980). These 
tumors tend to recur after biopsy (or partial removal) and subsequent 
radiotherapy and may therefore need adjuvant chemotherapy. During the 
performance of a stereotactic biopsy one should always collect some CSF to 
send with a blood sample for "tumor marker" detection. Particularly the f3-
chain of human chorionic gonadotropin (HCG) and a-fetoprotein may be 



I. Discussion of Deep Seated Tumors According to Growth Pattern 187 

Fig. 154. Schematic drawing illustrating the safest route for stereotactic biopsy of a 
pineal region tumor 

155a b 

Fig. 155. Stereotactic ventriculography in various cases of pineal tumors. 
Longstanding obstructive hydrocephalus oflateral and third ventricles (a); already 

shunted case (b) 

of value, because-when present-these markers offer an easy way to test 
regression of tumor during and after therapy. We would recommend 
stereotactic ventriculography during the biopsy procedure [as Peeker (el ai. 
1979 b) advocates], because the safest route is through the third ventricle 
(Fig. 154). In the first place the puncture track should run horizontally 



188 Chapter 10: Mass Lesions Stereotactics 

enough so as to keep under the third ventricular roof (with the deep cerebral 
veins), and secondly keep very close to the midsagittal plane to avoid 
thalamic lesioning and tumor-surrounding vessels that lie predominantly 
posterolaterally (Rosenthal's veins and precentral cerebellar vein). Ven
triculography clearly shows the pathological anatomy in the posterior third 
ventricle (Fig. 155), which enables the surgeon to recalculate his target if 
necessary. The frontal burrhole may be used afterwards for insertion of a 
CSF shunt. As a routine we take CSF samples both for tumor markers and 
for cytological investigation prior to the ventriculography. Thereafter we 
perform a tissue biopsy and insert a CSF shunting device (preferably 
mounted with a cell filter to prevent spreading of malignant cells outside the 
CNS) under the same anesthesia. About 10% of the germ cell tumors shows 
metastasis inside the CSF system. Further treatment is determined after 
histological verification of the tumor's origin. In those cases, which are not 
radiosensitive (about 20% of all pineal gland tumors) open excision is to be 
considered, unless in the case of harmartomatous lesions. Bosch (1980) 
described 2 hamartomas on 6 pineal gland tumors, both requiring no 
further therapy. Sequential CT scans are recommended with a 1-2 year 
interval in the case of hamartoma, the actual diagnosis sometimes being a 
glioma grade I that grows very slowly. One of the above mentioned cases 
actually shows a very slow growth; today, 6 years after stereotactic biopsy 
no further treatment is yet indicated, since after shunting all clinical signs 
have disappeared. 

In pineal region tumors preoperative angiography is even more essential 
than in other brain tumors, because this site is notorious for the presence of 
an arteriovenous malformation or cavernous angioma (Vaquero et al. 
1980). In chapter 8, sub II A, such a pitfall is presented (see Figs. 112-116). 
Angioghraphy will sometimes show the arteries that feed the tentorium, 
indicating the presence of a tumor demanding a rich blood supply (as 
usually seen in tentorial meningioma; Fig. 156 shows these arteries in a case 
of pinealoblastoma). After complete neuroradiological documentation, 
biopsy of a pineal tumor presents no greater a risk than other biopsies, 
which means an operative mortality of about 2% . 

H. Skull Base Invading Tumors 

Skull base invading tumors are typically lesions that should be biopsied 
first, so as to understand their origin and enable the planning of a valid 
strategy of treatment. We only observed cases of metastasis, which had 
either invaded the skull base from below (carcinoma of sphenoidal sinus) or 
invaded the skull base from the basal meninges. Often a biopsy is better 
performed by the ENT-surgeon, when the lesion is situated in his field. 
Occasionally invasion originating in the basal cisterns and meninges is 
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Fig. 156. Pinealoblastoma case; man, 39 years. Angiography, arterial phase, shows 
feeding arteries to the tentorium (arrows), which supply the tumor with blood. 

Insert: postcontrast CT picture 

found, which should not be biopsied by the ENT-surgeon, because it carries 
the risk of CSF leakage and subsequent infection. Since many of these 
processes are clearly malignant and almost always secondary to a (un
known) primary tumor elsewhere in the body, a stereotactic biopsy is the 
safest way to histological verification. Further treatment will often consist 
of palliative radiotherapy and/or chemotherapy. In Figs. 157-159 we show 
a skull base invading meningeal metastasis of mammary adenocarcinoma in 
a 60 year old woman. 

n. Presentation of Our Own Material and Discussion of Other Reports 
During the period 1978-1984 we performed about 250 stereotactic 

biopsies on tumors, which according to the already discussed growth 
patterns had been diagnozed as deep seated. From our data on all cases with 
intracerebral mass lesions we concluded, that in about 20-25% of all 
intracerebral tumors a stereotactic biopsy performance was indicated. This 
percentage of course depends largely on the type of surgery the surgeon 
prefers, but open surgery was always carried out in cases where at least 
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substantial removal was thought to be feasible. Another important factor is 
the influence of CT scanning on clinical practice; particularly small and 
deep seated (thus silent) tumors are more often discovered, leading to 
stereotactic diagnostic interventions. For the purpose of statistical analysis 
of the material the first consecutive 100 cases were studied (Bosch et al. 
1982) and will be presented here. All interventions were carried out with 
Leksell's instrument and under dexamethasone protection. Local as well as 
general anesthesia were used, depending on age and clinical state. Compli
cations were rare: 2% of the patients died due to the intervention itself. The 
first due to fatal bleeding from a feeding vessel at the biopsy site in an 
angiographically silent, but nevertheless present sclerotic hemangioma (see 
Figs. 84-86) in the mesencephalon, and the other due to tearing of the 
sylvian arachnoid with the spiral needle, resulting in bleeding from a medial 
artery branch and lethal brain swelling. In 4% we met complications that 
were not life-threatening: twice hemiparesis developed (presumably due to 
some bleeding at the target site), 1 case presented an oculomotor palsy due 
to lesioning the nucleus (a case of hamartoma of the posterior third 
ventricle), and 1 case developed an acute obliteration ofCSF pathways with 
obstructive hydrocephalus after biopsy of a thalamic malignant glioma. 
False positive results were obtained in about 1.5% and false negative results 
in 6.4% (see chapter 8, sub II B for detailed discussion). 

Greenblatt (et al. 1982) reported 4 false negative and 1 false positive 
diagnosis on a total of 24 procedures; their percentages are significantly 
higher, but they used CT guided non-stereotactic needle biopsy. Moreover, 
their complication rate is higher, with 1 death due to hemorrhage and 2 
intratumoral hematomas. This report is of utmost importance, since it 
stresses that stereotactic biopsy is much more reliable and safer than any 
kind of non-rigid probe insertion, whether CT guided or not. 

Table 5 representing the various histological diagnoses illustrates, that in 
13% no tumor, but other mass lesions were present. The 13 cases could be 
diagnozed as: hematoma (3), infarction (2), infection (2), cysts (2), and non
representative material (4). One of the infections was a herpes simplex 
encephalitis and could be verified within some hours virologically with 
immunofluorescence techniques (see also Lunsford et al. 1984 b). The 4 
failures include one technical and two sampling errors (i.e. 3 false negative 
results) and one biopsy, that showed compact stroma with Rosenthal's 

Fig. 157. Postcontrast CT pictures of skull base invading tumor; female, 60 years, 
known with mammary adenocarcinoma 

Fig. 158. Angiography, arterial and venous phase, with tumor surrounding 
frontopolar artery and venous shift 

Fig. 159. Histological specimen (PAS, 400 x), revealing metastasis 



Figs. 157-159 
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Table 5. Analysis of the First Consecutive 100 Cases of Stereotactic Biopsy in 
Clinically Suspected Tumors 

Our own results in deep seated mass lesions; Bosch 1980, et al. 1982. 

62 glioma 27 malignant, grade III-IV 
24 low grade malignant, grade II-III 
9 benign, grade I-II 
2 monstrocellular, in Bourneville's disease 

11 pineal 4 germinomas 
region 2 ependymomas 

3 hamartomas 
1 teratoma 
1 cystic lesion 

7 metastasis 5 with unknown primary tumor 
3 multiple 

3 malignant lymphomas 

2 craniopharyngiomas 

germinoma in thalamus 

sclerotized hemangioma in mesencephalon 

hamartoma in hypothalamus 
(with Von Recklinghausen disease) 

cystic lesion in lateral ventricle 

3 hematomas 

2 infarctions 

2 encephalitis 

4 non-representative 1 technical error 
2 sampling errors 

1 nondiagnostic 

false 
negative 

negative 

100 biopsies 87 tumors 10 non-neoplastic mass lesions 

3 unproved tumors = false negative 

fibers from a lesion that presumedly is a tumor, although after 6 years no 
sign of growth was noted. In 4 cases only necrotic tissue was obtained, but 
nevertheless these tumors were listed as malignant gliomas because of the 
pathological shunting vessels at angiography. Theoretically these cases 
should, however, have been listed as non-representative. Taking into 
account the cases with a false negative result, the final percentage of non
neoplastic biopsies will be 10%. 
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This percentage of 10 non-neoplastic biopsies is of great importance, as 
it indirectly shows that the clinical diagnosis of tumor requires a histological 
verification. Without the availability of stereotactics in most of these 10 
cases radiotherapy would undoubtedly have been suggested as the sole 
treatment modality left. This so-called blind irradiation is of course 
positively harmful to a patient who does not harbor a tumor. Ostertag (et al. 
1980) published on 26 non-neoplastic biopsies, 3 abscesses and 3 colloid 
cysts, eliminating tumors in 32/302 cases. This percentage of 10.6% closely 
resembles our figure of 10%. Kleihues (et al. 1984) also presents 11% of 
non-neoplastic biopsies (66/600 cases). Apuzzo and Sabshin (1983) pub
lished a consecutive series of 71 patients, 44 cases harboring a neoplasm, the 
other cases being infectious (20) or vascular (7). From their report, however, 
it is not clear in how many cases the diagnosis "tumor" was handled 
preoperatively. It is obvious, that with the recently developed new 
generation CT scanners preoperative differentiation between tumors and 
non-neoplastic mass lesions has become easier to make. This will also lead 
to a decrease of the 10-11 % figure. 

Nevertheless, in the future a presumedly low percentage of non
neoplastic cases will be observed after a clinical diagnosis of tumor, having 
consequences for further therapy planning. Moreover, metastasis with an 
unknown primary tumor will be found incidentally: in 5 of 7 metastasis 
patients (out of our first 1 00 cases) this was completely unexpected. Broggi 
and Franzini (1981) reported 4 metastasis on 35 tumor biopsies, 3 of these 
being unsuspected preoperatively. This makes the incidence of unsuspected 
metastasis 5% in our own series and 8.6% in the other. In the extensive 
studies published by Ostertag (et al. 1980) and Edner (1981) no incidence of 
unsuspected metastasis at biopsy is given. Particularly in small mass lesions 
a radiological differentiation between glioma and metastasis is almost 
impossible, as shown in Figs. 147-149. In both situations marked white 
matter edema may be present. The histological diagnosis of malignant 
lymphoma is also of great importance, because of the possibility of a much 
longer survival or complete cure, which is achieved with irradiation and-if 
indicated for treatment of further spreading--chemotherapy. Fig. 34 shows 
a butterfly tumor, which proved to be a malignant lymphoma. After 
adequate treatment the follow-up scan (4 years later) showed complete 
regression (easel; chapter 12) and the patient was able to return to active 
life. In the inaccessible craniopharyngioma verification plus cyst drainage 
offers a good (though essentially palliative) treatment with long-term 
survival (Mann et al. 1983). 

In our series of the first 100 consecutive cases we observed a 5% 
incidence of vascular lesions, by that time unsuspected before biopsy. Small 
intracerebral hematomas will always present a real pitfall, as these may 
occur as a manifestation of cryptic arteriovenous malformations or venous 
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angiomas [venous malformations according to Huang (el al. 1984)]. A 
review has been written by Becker (el al. 1979), in which 18 angiographically 
occult cases are reported, based on histologically proven vascular malfor
mations of the brain. Follow-up of our cases for more than 3 years 
confirmed the non-neoplastic origin (Fig. 160). There was no operative 
morbidity after biopsy in these cases. 

Fig. 160. Pre- and postcontrast CT pictures (a, b) of hematoma in a female, 30 years, 
presumably caused by a cryptic vascular malformation. Clinical signs of headache 
and raised intracranial pressure subsided within a week and follow-up CT showed 

no abnormalities 

As is obvious from clinical experience, the great majorIty of cases 
represented gliomas: 62%. Grading (according to Kernohan's criteria) was 
not always possible, but a clinically useful differentiation between clearly 
malignant (27), dubious or low grade malignant (24) and benign (9) could be 
made. In 2 of the 62 gliomas a typical Bourneville tumor at the foramen of 
Monro was found; in one of these cases signs of this disease were also found 
elsewhere in the body. 

The grading was useful for further therapy planning: in the group of 
clearly malignant gliomas radiotherapy was deliberately withheld, because 
bulk resection was not feasible. The Bourneville-gliomas responded fairly 
well to radiotherapy, although the histological characteristics are rather 
polymorphous with giant glial cells. Because colloid cysts of the third 
ventricle (see chapter 11, sub II) also show contrast enhancement on CT, 
sometimes a Bourneville glioma may be mistaken for a colloid cyst, as in one 
of our own cases, without any other sign of tuberous sclerosis (Fig. 161 and 
162). Ostertag (el al. 1980) found a 70% incidence of gliomas in his large 
group of patients, which leads to a percentage of at least 30% of 
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Fig. 161. Pitfall: man, 48 years, with anterior third ventricle tumor, enhancing after 
contrast injection (right). Presumptive diagnosis: colloid cyst. Stereotactic as

piration was carried out 

Fig. 162. Histological specimen of extracted tumor sample: monstrocellular 
glioma, typical for Bourneville's disease (H & E; 250 x) 

histologically verified non-glial mass lesions. From the neuro-oncological 
point of view these data obviously offer a more sophisticated treatment 
planning than was ever possible in the past where stereotactic biopsy 
techniques were non-existent. The great advantage using these techniques is 
best illustrated with the pineal region tumors. Germinomas of this region 
are found in 4% of all deep seated mass lesions in the brain, which is in 
about 50% of all pineal tumors (Bosch 1980, et al. 1982, Ostertag et al. 
1980). Knowledge of the histological diagnosis may then lead to cure of the 
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patient. Our second series of 150 patients treated by biopsy for deep seated 
mass lesions (not published) supports the hitherto made conclusions. All 
reports share the view of the extreme importance of this fieid of clinical 
neurosurgery. Real progress in neuro-oncology will never be achieved 
without histological evidence. 



Chapter 11 

Stereotactic Localization with Subsequent Lesion Treatment 

I. Introduction 
Stereotactic localization is often the only possibility open to the surgeon 

for reaching the lesion of interest. Although in fact all stereotactic 
interventions use localization techniques, for the purpose of clarity we 
would like to discuss separately those lesions, which after localization can be 
treated by aspiration or microsurgical resection. One reason for this 
subdivision is, that these lesions are not necessarily tumors, and that the 
pertinent literature on this subject shares only the localization technique 
with stereotactic diagnostics. The main reason, however, for setting the 
lesions apart, which nowadays can be treated with combined stereotactic 
and microsurgical techniques, is the evident progress made possible by this 
methodology in clinical neurosurgery. A new era will be ushered in in 
cerebral lesion management with the methodological advances in this field. 

The progress has been made very recently and began after the 
development of high resolution CT scan and computer equipment, making 
both the identification and the stereotactic treatment feasible. As already 
reported in general in chapters 3 (sub III), 4,5 (sub IV), and 6 (sub IV), the 
lesions we have in view include small subcortical lesions which can be aimed 
at stereotactically for subsequent microsurgical resection (tumors, ar
teriovenous malformations) as well as small deep seated lesions which can 
be treated by aspiration (colloid cysts, primary hematomas, abscesses). For 
stereotactic removal of foreign bodies the reader is referred to Hitchcock 
and Cowie (1983) and Riechert (1980: pp. 84~9). 

In this chapter we will discuss the stereotactic treatment of colloid cysts 
of the third ventricle, primary deep seated hematomas, and small subcor
tical AVM's and illustrate these sections with our own material. 

IT. Colloid Cysts of the Third Ventricle 
In 1978, Bosch, Rlihn and Backlund described the first group of (four) 

patients, successfully treated by stereotactic aspiration. Thereafter more 
experience has been collected by these authors, which confirms their initial 
conclusion that longlasting (follow-up now 7 years) decompression can be 
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.pig. 163. Extracted tumor specimens in case shown in Figs. 161 and 162 

achieved by this simple and safe technique. Essential for obtaining a good 
result is the pre-operative neuroradiological work-up, including 
angiography. 

Although colloid cysts are rare and represent less than 1% of all 
intracranial tumors (Ferry and Kempe 1968), the correct diagnosis should 
be made, because the symptoms may be dangerous and cure from these 
benign lesions is attainable. Although the CT scan picture is often 
suggestive, arteriography is obligatory because the lesion should be 
avascular to be treated successfully with strong vacuum aspiration. On 
angiography localized elevation of the anterior portion of the internal 
cerebral vein, closure of the venous angle, and depression of the internal 
cerebral vein may be found (Sackett et al. 1975). The neuroepithelium, 
which is considered the embryonic origin of a colloid cyst, is located in the 
tela choroidea of the roof of the third ventricle and receives its arterial 
supply primarily from the posterior medial choroidal arteries. The lesion 
itself is, however, not vascular. This is in contrast with a rare case of A VM 
presented by Britt (et al. 1980), in which situation a transventricular 
microsurgical resection was obligatory. We actually met one case simulating 
a colloid cyst, that with stereotactic aspiration proved to be a tumor 
(Bourneville's glioma; see Figs. 161 and 162). This patient should not have 
been treated in that way, as the tearing of a vessel is possible with life 
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Fig. 164. Typical case of colloid cyst of third ventricle; male, 24 years. Coronal 
picture without contrast (a), axial picture with contrast (b) 

Fig. 165. Stereotactic evacuation of cyst contents in third ventricle colloid cyst. 
Stereotactic air ventriculography (a); Cystography after evacuation (b) . . Case 

published in Surg. Neurology 9, 15- 18 (1978) by Bosch et al. 
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threatening complications (Fig. 163). On CT scan colloid cysts show diffuse 
enhancement after contrast injection and signs of obstructive hydroceph
alus of the lateral ventricles (Fig. 164). After evacuation of the cyst's 
contents hydrocephalus will usually subside and therefore a CSF shunt is 
almost never required. Gildenberg (1982 b) discusses colloid cysts among 
the lesions, which may be managed completely by stereotactic aspiration. 
Treatment of benign cystic tumors of the third ventricle by free-hand 
introduction of a catheter has been described by Gutierrez-Lara (et al. 

166b 

Fig. 166. CT scans immediately before (left) and one week after the evacuation 
(right) show the decrease of the size of the cyst. Picture in between shows specimen 
of cubic epithelium with cilia, which forms the cyst wall. Case published by Bosch 

et al. (1978) 

1975). Among the five cases presented colloid cysts and ependymal cysts 
were found. In contrast with their experience we preferred the introduction 
of a guided, and large cannula (1.5 mm inner diameter), because the cyst 
wall is not easily penetrated and the contents are so viscous that strong 
aspiration is needed for evacuation. We recommend stereotactic guidance 
instead of free-hand puncture, because the cyst is a centrally lying and small 
lesion. As shown in Fig. 165 after evacuation of the contents a cystography 
may be performed with metrizamide, which clearly delineates the situation. 
The cyst wall (Fig. 166b) consists of cubic epithelium with cilia, and the 
contents are a protein rich substance with some phagocytes. Follow-up CT 
scan (Fig. 166c) shows decrease of ventricular dilation and almost always 
restoration of patency of CSF pathways. 

Lunsford (et at. 1982) presented one successfully treated case of colloid 
cyst with CT imaging during the stereotactic performance. Apuzzo (et al. 
1984 a) also treated a colloid cyst uneventfully with CT guided stereotactics. 
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Open surgery, as was advocated by McKissock (1951) before stereotactic 
management became known, presents the danger of damaging the internal 
cerebral and thalamostriate veins with subsequent infarction of the basal 
ganglia, or of uncontrollable bleeding. Stereotactic treatment proved to be 
less dangerous and in our cases no complications at all have been met. Also 
seizures, which after transcortical operations may sometimes complicate 
recovery, are never seen. 

Fig. 167. Air ventriculography, anteroposterior and lateral view (a, b), revealing 
anterior third ventricle tumor (colloid cyst). Case published by Bosch et al. (1978) 

Although computed tomography is the diagnostic procedure of choice to 
establish the presence of a lesion in the anterior third ventricle, and the 
diagnosis of a colloid cyst can nowadays be made without (Fig. 167) 
ventriculography (Apuzzo et al. 1984 a), stereotactic exploration may 
sometimes lead to an unsuspected tumor. Histological diagnosis will then 
disclose the tumor's nature and form a firm basis for transcortical 
transventricular open surgery in those cases, which benefit from resection 
(papilloma, meningioma, hemangioma). 

Because all mass lesions at the foramen of Monro are clinically 
malignant and colloid cysts are completely benign lesions (Hirano and 
Ghatak 1974), stereotactic exploration is the optimal treatment, at least to 
start with. Angiography is recommended as a safety precaution. Even with 
possible refilling of the cyst we would advocate a second stereotactic 
aspiration. Underestimating the incidence of refilling and thus clinical 
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recurrence is no longer a danger with repeated CT scanning during follow
up. 

Recently, Rivas and Lobato (1985) presented another study of colloid 
cysts treated successfully in this way, using an even larger cannula (1.8 mm 
in inner diameter). On the basis of collected evidence it seems justified to 
treat these lesions only stereotactically. 

III. Primary Deep Seated Hematomas 

Stereotactic evacuation of intracerebral hematomas was first practized 
by Backlund and Von Holst (1978) with subtotal clot removal (70/100 ml) in 
a primary hematoma patient, who after 1 week of critical illness showed an 
impressive and rapid improvement thanks to this approach. They deserve 
merit for their construction of a stereotactic probe, that can even handle 
clotted blood: an Archimedes-type of screw and suction instrument, that 
has proved to be very useful in the evacuation of clots. Attempts to aspirate 
by stereotactically placed cannulas are only successful in the first minutes of 
hematoma formation, when the blood is still liquid, and also after 
considerable periods of time due to liquefaction of the contents. The 
presentation of Backlund and Von Holst (1978) deserves appraisal, because 
of the new instrumentation, which enables the stereotactic surgeon to 
remove clotted hematomas using a simple method. This also reopened the 
discussion on the desirability of surgical intervention. In the following pages 
a differentiation will be made between primary hypertensive hematomas 
and non-hypertensive hematomas. 

A. Hypertensive Intracerebral Hematomas 

Although the question whether spontaneous hypertensive hemorrhage 
should be operated upon remains a matter of discussion, during the last 
years several reports have shown favourable results of surgery. Particularly 
the Japanese neurosurgeons have made clear, that early operation for 
hypertensive hemorrhage (mainly in the putamen; Fig. 168) may lead to 
good functional recovery (Kaneko et al. 1983). Their operative technique 
makes use of both transsylvian and transtemporal approaches with 
craniotomy and a 10-15 mm cortical incision to evacuate the hematoma and 
coagulate the bleeding points (mostly the lenticulostriate branch in 
hypertensive cases) with microsurgical instruments. They stress the im
portance of early surgery (up till 3 hours after the onset of symptoms I), so 
that in a way their patients can be compared with those presenting 
postoperative intracerebral hemorrhage after some type of craniotomy. 
According to Kaneko (et al. 1983) the indication for surgical intervention is 
stupor and semicoma (scores 6-12 as judged by the Glasgow Coma Scale). 
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Fig. 168. CT scan pictures without contrast showing a spontaneous hypertensive 
putamina] hematoma. Measured surface volume A: 4.36 cm3 (left), and 6.10 cm3 

(right) 

Their impressive results (mortality rate 7% , and useful recovery at 6 months 
83%) depended in the first place on the early timing of surgery, because with 
delayed surgical treatment (Kanaya et al. 1978) a mortality rate of 28.6% 
and a useful recovery of 62.8% were reported. 

As in these putaminal hemorrhages (Kaneko et al. 1983) in the strictly 
lobar hematomas arterial hypertension is the main cause. Intracerebral 
hemorrhage caused by arteriovenous malformations or aneurysms should 
be demonstrated by CT scan and angiography and be treated by the 
appropriate means. Lobar hypertensive hemorrhage is discussed by Kase 
(et al. 1982) and according to these authors indications for surgery are in 
fact the same: candidates for surgery are patients with medium or large size 
lobar hematoma, who are in an obtunded or lethargic state of conscious
ness, worsening after admission. Early surgery is then the best option, 
because otherwise the development of brain edema will interfere with the 
intended recovery. 

From these reports it follows, that several authors agree as to the 
indications needed for performing surgery in primary hypertensive hema
toma. However, no agreement has yet been made regarding the surgical 
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technique that should be followed. Open surgery is safe and offers the 
possibility to coagulate the bleeding points under visual control, which 
seems to be essential in early surgery. In delayed surgery, however, 
stereotactic clot removal is preferable, because rebleeding will very seldom 
occur (Broseta et al. 1982, Kandel and Amano: personal communications 
1983). Recently, Kandel and Peresedov (1985) published a report on their 
own cases in which they discussed the safety and effectiveness of stereotactic 
evacuation. Out of 32 patients 25 survived, 23 with useful recovery. Timing 
of surgery was: 21 patients within the first 3 days, 9 within 4 to 9 days, and 2 
finally after 3 weeks. There were 16 putaminal, 14 internal capsule, and 2 
thalamic bleedings, with penetration of blood in the lateral ventricle in 19 
cases. In all but 4 cases the hematoma could be removed totally, although 
rebleeding occurred in 5 cases. To prevent rebleeding, the authors have 
taken preliminary steps to try and inflate a Silastic balloon in the hematoma 
cavity with hitherto good results. On the other hand results of early open 
surgery have proved slightly more promising than with delayed stereotactic 
evacuation (Kaneko et al. 1983, Kandel and Peresedov 1985), which might, 
however, be due to the difference in timing. Reports on early stereotactic 
evacuation of hypertensive intracerebral hemorrhage have not yet been 
published, except for the report by Matsumoto and Hondo (1984), 
describing 16 out of 51 cases, which were operated within 12 hours after 
onset of symptoms. These authors also assessed the outcome for different 
preoperative grades of consciousness, and not only evacuated the clots but 
also delivered urokinase inside the cavity at repeated intervals. As compared 
with the results after open surgery no significant difference in mortality 
rates between the two procedures is seen. Similar results were observed on 
patients graded in group 1, 2, or 3, but the comatose (grade 4) cases showed 
better results after craniotomy, presumably due to the fact that these had 
very large hematomas, which could not be evacuated completely by 
aspiration. On the other hand, the deep seated (thalamic) hematomas seem 
to benefit more from stereotactic surgery, because of the invasiveness of 
open surgery. 

The stereotactic instruments for evacuation [the Backlund aspiration 
screw and the Higgins (et al. 1982) modification] will aspirate both liquid 
and solid hematoma by application of a fluid irrigant under pressure, in 
combination with screw rotation and suction. One of our own cases of 
spontaneous intracerebral hematoma is shown in Figs. 169 and 170. 

To reduce the risk of reb lee ding this instrumentation may be completed 
with endoscopic instruments that enable the surgeon to inspect the cavity 
for bleeding points (Apuzzo and Sabshin 1983). Possible bleeding with 
fiberoptically transmitted laser instrumentation could be controlled (Kelly 
1983). Also Jacques (et al. 1980) published on the successful removal of 
hypertensive intracerebral hematoma with stereotactic instruments. 
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Fig. 169. CT [postcontrast in (a) and precontrast in (b)] pictures of hematoma before 
and after subtotal evacuation. Evacuation was stopped after removal of the 

calculated volume. However, more blood is present (b) 

Fig. 170. Stereotactic evacuation of spontaneous putamina1 hematoma with the aid 
of an Archimedes screw (type Backlund) 
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To summarize, the only relative contra-indication for stereotactic early 
hematoma evacuation in hypertensive hemorrhage is the risk of rebleeding. 
However, with completion of the Archimedes screw with a fiber optic 
endoscope and a (argon or neodymium-YAG) laser beam bleeding can be 
controlled. With the availability of these instruments even in cases of early 
surgery stereotactic intervention is to be preferred to open evacuation. This 
applies particularly for the more deep seated hematomas, which cannot be 
reached without damage to overlying structures. It is expected, that results 
yet to be published will contribute to a better understanding of the natural 
history of primary intracerebral hemorrhage. 

B. Primary Brainstem Hematoma 

It is well-known, that primary hematoma of the brainstem has no clear 
relation to hypertension (O'Laoire et al. 1982, Durward et al. 1982). 
Causative factors include small arteriovenous (cryptic) malformations and 
venous angiomas (Huang et al. 1984). In fact, seldom the cause can be 
detected, as the hematoma obscures the vascular anomaly. Acute pontine 
hematoma forms only 10% of all primary intracerebral hemorrhage. With 
conservative treatment mortality is high: 76% in a series of 25 cases (Sano 
and Ochiai 1980) and 80% in another report describing 15 cases (Bryan and 
Weisberg 1982). With surgical treatment a 80% recovery has been achieved, 
according to the review of Mattos Pimenta (et al. 1981), who discussed 24 
patients who were operated. Until recently surgery has been performed in 
the classical way (using the subtemporal approach to the lateral mesen
cephalon or the fourth ventricle approach to the pons), except for two case 
reports on successful stereotactic evacuation (Beatty and Zervas 1983, 
Bosch and Beute 1985). Open surgery has the disadvantages of being 
complicated, sometimes giving incomplete recovery with permanent injury 
to the brainstem (as in the case described by Durward et al. 1982). Injury 
might be observed particularly after having taken biopsies of the hematoma 
wall. Also the time required to explore the lesion with open surgery is a 
drawback compared with stereotactic evacuation. On the other hand, the 
stereotactic approach to this vital area should be carried out preferably with 
a small size cannula (less than 2 mm in diameter), which might be useless in 
the acute stage, clotting being active. A thin sized screw with the facilities the 
Archimedes screw offers, might be of great help in such cases. Although 
technically feasible, such an instrument has not yet been constructed. 

The successful evacuation in the two cases reported (Beatty and Zervas 
1983; Bosch and Beute 1985: Figs. 171 and 172) could have depended on the 
timing of surgery, which was 2 days or more after the bleeding. As most 
reported cases of brainstem hematoma present a (rapidly) deteriorating 
neurological state, conservative treatment is not justified and the deteriora-
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Fig. 171 . CT scan demonstrating a hyperdense lesion (without contrast) in the left 
pontomedullary junction, suggestive of a primary hematoma; Female, 25 years 

(Bosch and Beute 1985) 

Fig. 172. Vertebral arteriogram revealing bleeding from a perforating branch of the 
left posterior inferior cerebellar artery 

tion itself is in fact the main indication for surgical intervention (O'Laoire et 
al. 1982). As compared with the less deep seated putaminal and lobar 
hematomas, the brain stem hematoma is much more difficult to approach by 
open surgery. This forms a relative indication for stereotactic evacuation, 
because the method is simple and complications tend to be less. Moreover 
the procedure can be carried out under local anesthesia (Beatty and Zervas 
1983). It is obvious, that difficult cerebral transit can be avoided by 
choosing stereotactic surgery, making this type of operation even suitable 
for the elderly and critically ill patients. As reported by Matsumoto and 
Hondo (1984), particularly in the early hours after onset of bleeding clotting 
is present, preventing complete removal by aspiration alone. In those cases, 
where acute surgery is necessary due to rapid deterioration, the surgeon 
might try to place a small catheter stereotactically inside the hematoma 
cavity after apparent incomplete hematoma removal, to start postoperative 
local infusion of urokinase (as studied by Matsumoto and Hondo 1984). 
Urokinase in a solution of 6,000 IU/5 ml is recommended by these authors 
to liquefy the blood and repeated aspiration of residual hematoma may be 
attempted at a 6-12 hour interval with CT scan control. 
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Fig. 173. X-ray film showing the tip of the stereotactic puncture needle inside the 
hematoma 

Fig. 174. Evacuation of blood by aspiration via the needle mounted on the Leksell 
stereotactic apparatus 
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The stereotactic approach to the mesencephalon should be from 
anterior, as described by Beatty and Zervas (1983). To the lower brain stem 
(the pontomedullary region) the stereotactic approach should preferably be 
from posterior, to minimize injury due to penetration of the brainstem over 
a longer trajectory. The positioning of the patient for the posterior 

Fig. 175. CT scan picture 1 hour after surgery demonstrating air at the target area. 
There is no blood visible (Figs. 171-175 were published in the J. Neurosurg. 62, 

153- 156; 1985) 

approach may be relatively cumbersome, however, depending mainly on 
the stereotactic instrument used. Moreover, the suboccipital trepanation 
takes more time compared to a frontal burrhole, justifying the frontal route 
(Figs. 173 and 174) in an emergency case (as reported by Bosch and Beute 
1985). From functional stereotactic studies, including mesencephalotomy 
and pontine tractotomy (Hitchcock 1973), it is well known that little harm is 
done to these structures by penetrating electrodes. In our case a postop
erative anisocoria is explained by the use of the frontal route (Fig. 175). 

We conclude, that in deep seated and life-threatening primary hema
toma stereotactic surgery is strongly indicated and may safe life with good 
functional recovery. 
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IV. Deep Seated Small Arteriovenous Malformations 

A. Introduction 

Many years ago Riechert (1962) and Riechert and Mundinger (1964) 
disclosed the effectiveness of combining open surgery with stereotactic 
aiming techniques. Their early description of so-called combined inter
ventions regards the management of deep seated angiomas and arteriove
nous malformations. A review is given by Riechert (1980) in his monograph 
on stereotactic brain operations, in which he stresses the value of 
completing open surgery with stereotactic methods. The way of treatment 
often advocated some decennia ago, i.e. occlusion of feeders, has proved to 
be inappropriate, however, and Riechert's presentations are therefore 
obsolete as far as indications are concerned. Large A VM's seldom need 
stereotactic localization and should be resected totally if possible. The 
methods proposed and practized by Riechert have remained untouched, 
however, and have only been refined for the treatment of small and deep 
seated AVM's. Reasons being the easy finding of the lesion and its afferent 
vessels, and the minimal cerebral resection necessary to reach and handle 
the lesion. Moreover, the route of preference can be discussed and even 
computer simulated in the stereotactic approach that uses CT guidance. 
Eloquent brain can be spared by choosing an alternative transit, whenever 
the malformation is lying in a critical brain area. 

In discussing his great experience in the management of arteriovenous 
malformations, Drake (1979) stresses the importance of AVM size in 
relationship to the initial symptoms. Small malformations have a tendency 
to bleed, being 3 times higher than the large ones (more than 3 cm in 
diameter), according to Waltimo (1973). This observation is confirmed by 
others (Graf et al. 1983) and has led to the overall opinion, that patients with 
small malformations are candidates for surgery and should be operated 
after the first bleeding (Drake 1979, Luessenhop and Rosa 1984, Wilson et 
al. 1979). However, whether surgery is indicated in malformations that have 
not bled is a point yet to be settled. The risk of hemorrhage is only known in 
symptomatic AVM's, as the prevalence of asymptomatic AVM's is not 
known. The risk of bleeding in symptomatic AVM's is discussed by Graf (et 
al. 1983); he concluded, that the tendency for spontaneous bleeding 
inversely varies with size. The risk of hemorrhage in small malformations is 
estimated to be 10% at 1 year and 52% at 5 years, while large malformations 
might have a risk of 0% at 1 year and 10% at 5 years (this study dealt with 71 
cases of unruptured but symptomatic AVM's). Ruptured malformations 
may lead to intracerebral hematoma or subarachnoid hemorrhage. As 
already discussed sub III, some spontaneous hematomas (particularly in the 
brainstem) may be induced by cryptic A VM's, that can no longer be 
detected with angiography after rupture. As Wilson (et al. 1979) describes, 
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CT scanning with and without contrast infusion may sometimes visualize a 
ruptured AVM, which is not detected with angiography; 3 cases of 
intracerebral hematoma (2 thalamic and 1 in the caudate nucleus) proved to 
be cryptic A VM's during exploration. The occult cerebrovascular malfor
mations, not demonstrable with angiography, are reviewed by Becker (et al. 
1979). CT scanning is more effective than angiography in detecting these 
small malformations, as shown in 18 histologically proven cases. It is 

Fig. 176. Case of spontaneous hematoma formation in a man, 32 years. At puncture 
2 cc of blood were collected. Angiography showed no abnormalities. Clinical 

diagnosis: cryptic vascular malformation 

interesting to note, that on exploration partial thrombosis was always found 
as well as evidence of old hemorrhage. From these data it is apparent, that 
exploration should be considered in intracerebral hematoma well localized 
by CT (Fig. 176), even when the arteriogram is normal and a malformation 
cannot be demonstrated. For this reason one might consider stereotactic 
hematoma evacuation (as discussed sub III) only acceptable when having 
fiberoptical and laser instrumentation at hand. 

Particularly in the young, normotensive, patient who presents acute 
neurological symptoms of intracerebral hemorrhage, arteriovenous malfor
mations are successfully resected preventing further bleeding with sub
stantial morbidity. Although no exact data are available on the percentage 
of occult malformations that are the cause of spontaneous intracerebral 
hematoma, Becker (et al. 1979) suggests this percentage will be significant. 

In conclusion, small arteriovenous malformations are particularly 
dangerous. Whenever they bleed and cause rapid deterioration due to 
hematoma formation, surgical intervention is mandatory. The small and 
deep seated ones should be localized stereotactically so as to continue with 
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resection in stereotactic space. As will be discussed sub B this kind of surgery 
is done with microsurgical and laser instrumentation. On the other hand, 
the group of A VM's to be treated this way is relatively small, and up till now 
only case histories have been published. 

B. Stereotactic Aiming and Open Surgery in Stereotactic Space in 
Small and Deep Seated AVM's 

It is only in recent years that experience has been published on the 
stereotactic approach to these small malformations. Cahan and Rand 
(1973) published the first case report on stereotactic coagulation of a 
paraventricular arteriovenous malformation. Their attempt, however, was 
only partly successful. 

It is generally accepted, that total excision of the malformation is 
preferable to ligation or coagulation of its feeders. The following reports 
(Garcia de Sola et af. 1980, Yamada et af. 1983) describe localization of 
small A VM's with stereotactic means as the first stage of open surgery to 
resect the lesions. The advantages are clear: total excision of the AVM core 
is made possible without the necessity of finding and following feeding 
arteries that may lie in critical brain areas; the cerebral transit route of 
choice may also be calculated. In fact, stereotactic localization may be the 
safest starting procedure in total resection of subcortically lying A VM's. 

Although stereotactic radiosurgery of small AVM's (Backlund 1979, 
Kjellberg el af. 1983) forms a good alternative, it has the disadvantage that 
the shunting vessels are only occluded after about 1 year (a period of 
substantial morbidity due to rebleeding). Therefore, whenever the small 
AVM can be reached safely with stereotactic open techniques, it is advisable 
to resect it with microsurgical techniques-even in thalamic lesions-(Fig. 
177). 

The open stereotactic method for the total excision of deep seated 
malformations has become popular since the reports of Jacques (el af. 1980) 
and Kelly (el af. 1982 b, 1983) were published. Jacques used a small 
trephination and various dilators to reach the depth of the lesion, followed 
by the introduction of a new type of speculum into the brain, which is 
opened at the target. Small lesions, including 1 very small arteriovenous 
malformation (only detected by CT scan), were completely removed with 
the help of a series of specially designed instruments for use in this speculum 
("tulip"). Kelly described a specially designed self-retaining retractor for use 
with the microscope, and laser instrumentation for precision resection of 
deep seated malformations by stereotactic and computer monitored open 
surgery. This technique includes CT scanning and angiography with the 
stereotactic instrument fixed onto the skull. During craniotomy the lesion is 
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placed in the center of the stereotactic apparatus for precise aiming of the 
instruments (Todd-Wells system) using the computer collected data. 

To achieve this sophisticated way of treatment one should be equipped 
with a stereotactic system, that allows for CT guidance, and with computer 
software connected to the CT scan, which produces information during 
surgery regarding the area of interest and the progress being made in 
resecting. On the other hand, with only using stereotactic localization and 

Fig. 177. Small mesencephalic hematoma (man, 62 years), caused by tiny 
arteriovenous malformation (visualized with angiotomography). Indication for 

stereotactic radiosurgery 

subsequent conventional craniotomy, resection with microsurgical instru
ments with the help of the operating microscope will give similar results 
(Garcia de Sola el al. 1980, Yamada el al. 1983, our own unpublished 
results). Figs. 178-181 show one of our own cases. 

v. Stereotactic Aiming and Open Surgery in Stereotactic Space for 
Small and Deep Seated Tumors 

Open craniotomy in the stereotactic apparatus after careful localization 
and three-dimensional reconstruction from CT pictures of the lesion's 
shape, size, and position in relation to the stereotactic environment has also 
been reported by Jacques (el al. 1980), Shelden (el al. 1980, 1982) and Kelly 
(el al. 1982a, 1983, 1984a, b). 

This sophisticated way of tumor treatment has to be regarded as a major 
future development in stereo tactics and is discussed in more detail in 
chapters 13 and 14. However, as biopsy in these procedures is only the first 
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Fig. 178. Deep seated small arteriovenous malformation. Anteroposterior view. 
Lying in the wall of the lateral ventricle and draining through the thalamostriate 
vein. Man, 51 years, submitted with the clinical state of subarachnoid hemorrhage 
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Fig. 179. Case presented in Fig. 178, lateral arteriogram. Further draining is seen 
through the internal cerebral vein. Indication for stereotactic localizing and 

subsequent resection 
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Fig. 180. Arteriography during the stereotactic localizing procedure (left common 
carotid injection), visualizing the A VM (arrow) 

step, diagnostic information being directly followed by treatment, i.e. 
craniotomy to resect the tumor as far as CT can delineate it, a short 
introduction at this place is appropriate. 

During conventional surgery tumor boundaries are frequently unclear 
and therefore unreliable on direct visual inspection. CT and Magnetic 
Resonance pictures of the lesion in question will often demonstrate the 
boundaries more clearly, and computer reconstructions of these pictures 
will therefore supply essential information to the surgeon. With these 
reconstructions placed in a stereotactic environment the surgeon may 
perform computer monitored resections that are complete as long as the 
imaging technique does not fail. With this technique the mentioned authors 
presented resections that show no residual tumor on postoperative CT, this 
being a great advance in surgical technique regarding deep seated cerebral 
tumors. 

On the other hand, one should realize the limited value of so-called 
complete removal in malignant disease, as spreading of tumor cells outside 
these boundaries, as assessed with scanning, cannot be detected. MR 
imaging may become more important in the delineation of tumor as 
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Fig. 181. Combined surgery for resecting deep seated AVM. A small craniotomy is 
performed in the stereotactic instrument (a), and through a small corticotomy (b) 

the lesion is approached with microsurgical techniques 

compared with CT. However, this will give no technical problems as the CT 
guided stereotactic systems can also be used with MR guidance (chapter 4). 

It is evident, that with this methodological advance in neurosurgery a 
completely new surgical strategy may be developed regarding the manage
ment of cerebral tumors. Cure of small and deep seated intracerebral 
malignancies could be within reach in the future, as local adjuvant therapies 
(see chapter 14) might complete this type of resection. Particularly, 
postoperative interstitial irradiation after computer simulation of the best 
available source positions (Kelly et al. 1984 c) as well as local photo
radiation therapy (Laws et al. 1981, Shelden et al. 1982) are promising 
developments. 

All these new technical advances may well usher in a new era in neuro
oncology. 



Chapter 12 

mustrative Cases 



Fig. 182. Case 1. Male, 62 years. Presenting headache and mental changes with absent
mindedness. CT scan pictures (pre- and postcontrast; a, b) reveal a strongly enhancing 
tumor, growing as a butterfly, through the anterior commissure. Biopsy proved the tumor to 
be a malignant lymphoma. Histology is shown in Fig. 191. External radiotherapy was given 

and courses with intrathecal methotrexate 

Fig. 183. Computer reconstructions superimposed on CT pictures, revealing the situation 4 
years later. The patient is cured; postcontrast pictures demonstrating no residual tumor (a). 
Computer reconstructions show the tumor area with isodose curves (b) and the brainstem 
area that is radiosensitive (by courtesy of D. Bakker, K. Kersten, L. van Buul and M. 

Crommelin; Philips, Eindhoven) 

Fig. 185. CT (pre- and postcontrast) demonstrates large left thalamic tumor, with some 
enhancement of the outer edge. Stereotactic biopsy was carried out and revealed a 
germinoma. Histology is shown in Fig. 192. Treatment was started with radiotherapy: a total 
dosis of 40 gray at the tumor area, and of 30 gray along the cerebrospinal axis. CSF cytology 

was positive 

Fig. 186. Follow-up, 6 years later, reveals that the patient is cured. CT pictures (pre- and 
postcontrast) demonstrate no residual or recurrent tumor. At the site of the tumor a cystic 

area is found 



Fig. 184. Case 2. Male, 23 years. Presenting headache due to obstructive hydrocephalus . 
Papiledema. Ventriculocardial CSF shunt was inserted after ventriculography that demon
strated obstruction at the aqueduct (open arrow) and a thalamic tumor occupying most of 

the third ventricle (arrows) 

Figs. 185-186 



Fig. 187. Oligodendroglioma II, female 33 years. H & E 400 x 
Fig. 188. Gemistocytic astrocytoma II, male 47 years. H & E 600 x 
Fig. 189. Astrocytoma II, male 4 years (see Fig. 205). H & E 400 x 

Fig. 190. Astrocytoma IV, female 35 years (see Fig. 46, 78 and 79). PAS 400 x 
Fig. 191. Malignant lymphoma, male 62 years (see Fig. 182 and 183). H & E 600 x 

Fig. 192. Germinoma, male 23 years (see Fig. 184-186). PAS 250 x 
Fig. 193. Brainstem astrocytoma II, female 33 years (see Figs. 62--64). H & E 400 x 

Note pigmented nerve cell (substantia nigra) 
Fig. 194. Anemic infarction, female 59 years. H & E 600 x 



Fig. 195. Temporal gliosis (birth trauma), male 16 years (see Figs. 69 and 207). PTAH 600 x 
Fig. 196. Reactive lymphocytes, male 35 years (see Fig. 73). Kluver-PAS 400 x 

Fig. 197. Prenatally contracted matrix bleeding, female 18 years (see Figs. 77 and 203). Perls 
600 x 

Fig. 198. Metastasis of papillary adenocarcinoma, male 61 years. H & E 300 x 
Fig. 199. Metastasis of anaplastic carcinoma, male 56 years known with larynx carcinoma. 

H & E 200 x 
Fig. 200. Craniopharyngioma, male 43 years (see Fig. 204). H & E 400 x 

Fig. 201. Herpes encephalitis, female 15 years (virologically proved). H & E 200 x 
Fig. 202. Metastasis of adenocarcinoma of the breast, female 51 years. PAS 400 x 



Fig. 203. Case 3. Female, 18 years. Presenting large subependymal cyst with some 
calcifications (different scanning levels : a, b). Biopsy of the cyst wall showed (see Fig. 197) 
abnormalities compatible with a prenatally contracted bleeding in the subependymal cellular 
matrix. After biopsy a catheter was left in situ (see Fig. 77), but repeated fluid evacuation has 

not been necessary (follow-up 2 years) 

Fig. 204. Case 4. Male, 43 years. Presenting headache and blurred vision. Known with 
genuine epilepsy for years. CT scan pictures (postcontrast) demonstrated the presence of a 
suprasellar mass lesion (pictures a, c), being unresectable. Biopsy proved the tumor to be a 
craniopharyngioma (see Fig. 200) and radiotherapy was given. Inactive tumor rests are 

shown on the pictures b, d; 2 years later 



Fig. 4 

Fig. 205. Case 5. Boy, 4 years old. Had an epileptic fit and was brought to the hospital. CT 
scan (a and b) pictures, pre- and postcontrast, revealed the presence of a tumor in the right 
parietotemporal area. A biopsy was performed (see Fig. 189), which showed an astrocytoma 
grade II. 1 year after radiotherapy local recurrent growth was noted (c) and the patient died 

Fig. 206. Case 6. Boy, 4 years old. Presenting endocrine disturbance with obesitas and 
polyphagia. CT scan (a and b) pictures, pre- and postcontrast, showed a strongly enhancing 
tumor mass in the right hypothalamus. Biopsy demonstrated a pilocytic astrocytoma to be 

the cause. Radiotherapy was started and after 4 years (c) tumor remnants are inactive 



Figs. 205-206. Legends see p. 225 



Fig. 207. Case 7. Male, 16 years. Known for years with genuine temporal epilepsy. EEG 
showed rightsided epileptic activity and CT (coronal picture: a) confirmed the presence of an 
enhancing lesion. CT (axial picture: b) also demonstrated a small leftsided frontobasal 
lesion. To rule out the possibility of tumor biopsies were carried out (see Fig. 195), which 

proved the lesions to be gliotic scarr tissue due to anollia 



Fig. 208 



Fig. 208. Case 8. Male, 55 years. Headache and increased intracranial pressure with leftsided 
hemiparesis. Cerebral angiography demonstrated in arterial and venous phases (a-c) tumor 
surrounding vessels without distinct pathological shunting vessels. CT (pre- and 
postcontrast; d) and e) showed clearly enhancing lesion with marked midline shift to the left. 

Biopsy (black dot) was performed and revealed an astrocytoma grade III 



20gb 
Fig. 209. Case 9. Female, 68 years. Leftsided deep seated tumor with necrotic parts (see 
insert) is seen on postcontrast CT picture. Angiography demonstrated a highly vascular 
tumor with pathological vessels and early venous drainage. Biopsy showed the presence of a 

malignant astrocytoma (grade IV) 



Fig. 210. Case 10. Male, 58 years. Presenting mental changes and headache. No paresis. 
Angiography, arterial (a, c) and venous (b, d) phases, reveals arteriovenous shunts inside the 
tumor, which at biopsy proved to be an astrocytoma grade III. Tumor is growing as a 

butterfly in the corpus callosum 



2 1d 

Fig. 211. Case 11. Boy, 7 years. Known for years with hydrocephalus and treated by then 
with a ventriculoperitoneal shunt. Presented "so-called" shunt dysfunction, but with 
reexploration and testing the shunting device showed to be patent. CT cisternography (a) was 
carried out and demonstrated a leftsided enlargement of the rostral brainstem. X-ray 
tomography with positive contrast (b) showed obstructed aqueduct due to mesencephalic 
mass. Angiotomography (c) showed abnormal course of draining veins and it was decided to 
perform a stereotactic biopsy. Histological examination (d) showed the presence of an 

astrocytoma grade I (H & E, 200 x ) 



Chapter 13 

Integration of Stereotactics in Clinical Neurosurgery 

I. Introduction 

Seen from a historical point of view stereotactic surgery has initially been 
developed as a tool to a better understanding of normal brain function, i.e. 
neurophysiology. Stereotactic instruments were built for brain research in 
animals and the use of the stereotactic method has in fact much contributed 
to a better understanding of deep brain structures (nuclear substance and 
conducting pathways). The logical consequence of these neurophysiological 
experiments was the application of the stereotactic method to functional 
treatment of various syndromes in man. This step has been taken by Spiegel 
and Wycis in 1947 with the first stereotactic intervention to alleviate 
otherwise intractable pain. Subsequently stereotactic surgery became an 
accepted method of treating patients with so-called functional syndromes. 
Some neurosurgeons learned the technique and became known as stereotac
tic neurosurgeons. Not infrequently this meant, that these neurosurgeons 
lost their interest in general neurosurgical problems and procedures. 

Consequently, until recently stereotactics has been held to be a rather 
isolated form of surgery, without any connection to general neurosurgery. 

After about two decennia, interest in brain tumor treatment with non
surgical means (i.e. radiotherapy) increased considerably and one felt the 
necessity of acquiring information as to the true nature of tumors. 
Histological examination of tumor samples and grading protocols became 
popular. Moreover, deep seated tumors could be biopsied safely with 
stereotactic means. This breakthrough rose the interest of general neurosur
geons in the stereotactic method, and slowly the process of integration 
started. All over the world this opening was accepted eagerly and one began 
applying stereo tactics to mass lesion diagnostics. Thus a disconnection took 
place between functional and stereotactic surgery. Although functional 
surgery remained stereotactic, stereotactic surgery became a methodology 
in general neurosurgical practice. 

II. The Computer in Neurosurgery 

Within the following years computerized axial tomography became 
available and gave a firm basis for localization and visualization of mass 
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lesions inside the brain. Targets made visible (chapter 2, sub V A 2) with x
ray studies, such as angiography, were clearly depicted with these new 
techniques and exact positioning of the target in stereotactic space with 
calculation of the extent of the lesion became feasible. A true integration of 
stereotactic in general neurosurgery was within reach. 

The subsequent development of high resolution scanners and magnetic 
resonance imaging of the brain have provided neurosurgeons with essential 
information during the last years. Technically speaking, imaging of 
pathological processes inside the brain has no limits, and three-dimensional 
reconstruction from data collected with the scanning procedure is possible 
(Bertrand 1982). Indeed, as Gildenberg states (1983), "the marriage of 
computerized tomographic (CT) scanning and stereotactic surgery opens 
up new technical possibilities". Stereo tactics has matured from a more 
particular method into a fullgrown methodology presenting the interested 
neurosurgeon with the tools to manage pathological conditions which 
would otherwise have been (too) difficult to localize. 

Even conditions, which should be managed with microsurgical and open 
techniques may benefit from stereotactic localization and three
dimensional reconstruction techniques with the aid of the computer. Open 
surgery will then follow computer guided study ofthe position of the lesion 
and the best approach to reach it. Thanks to the computer which provides a 
precise three-dimensional data base, many neurosurgeons are now revising 
their operative techniques so as to take advantage of this precision. This 
precise surgical control within three-dimensional space will lead to more 
and more general applications of stereotactic methodology to neurosurgery 
(Kelly 1983). Besides the great value of CT scanning for stereotactic surgery 
(chapter 4), the computer itself and laser and ultrasound techniques will 
become incorporated into stereotactic procedures, because of their high 
precision that is particularly suited to combination with the exact spatial 
control offered by stereotactic techniques. These technical advances do not 
only apply to target localization control, but also to functional stereotactics 
in which the target must be deduced from the patients cerebral anatomy. 

A. The Computer and Functional Stereotactics 

As Hardy (el al. 1983) has described, computer assisted stereotactic 
surgery in the field of functional disorders is rapidly developing. A 
computer generated stereotactic atlas of the brain may be superimposed on 
CT scan slices of the patient's brain. The computed tomography scan may 
even become "a labeled atlas of the individual patient's brain" (Kelly 1983). 
Afshar and Dykes (1982) reported three-dimensional computer recon
struction of the human brainstem and discuss its applicability to functional 
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stereotactic surgery. The technique enables the surgeon to visualize and 
calculate any target wanted as well as the electrode trajectory. 

Hardy (et al. 1983) developed computer software that stores stereotactic 
brain maps from the Schaltenbrand and Wahren Atlas (1977) in the 
system's memory, and allows the operator (i.e. the surgeon) to call any 
specific section from the atlas and display it on the graphics terminal. 
Afterwards the displays can be manipulated according to references taken 
from the patient's ventriculogram (intercommissural point and brainstem 
coordinate system of axes, etc.), to match the patient's anatomical 
dimensions. 

The hardware support for their computer graphics terminal in the 
operating room has become portable, which implies easier handling of the 
computer for clinical use. It is thought, that in the near future it will be 
possible to have a system which can store, manipulate, and selectively 
display CT images in the theatre, even if the stereotactic CT studies (with the 
base frame fixed onto the skull) are performed in the CT-suite before 
transporting the patient to the operating room. 

B. The Computer and Diagnostic and Therapeutic Stereo tactics 

Whilst a stereoscopic series of angiograms gives the surgeon a depth 
impression as to the position of the tumor if pathological course of certain 
blood vessels is present, a CT image offers only a two-dimensional image of 
the lesion. Using imaging derived from different neuroradiological in
vestigations in combination with computer techniques an integrated 
stereoscopic image of blood vessels, tumor, and simulated instrument 
trajectory may be observed. This method has been developed successfully 
by Suetens (et at. 1984) using a fixed position of the stereotactic instrument 
to the skull during both the investigations and the surgical performance. 
Similar results may be obtained with the computer based method of Kelly 
(et at. 1984a), in which an operating room computer allows the precise 
determination of tumor volume and can display its three-dimensional 
configuration. 

An additional stereotactic stereo-angiography may then be carried out 
to feed the computer with the course of important vascular structures. 

These methods undoubtedly make the introduction of a biopsy probe or 
forceps safer and allow biopsy trajectories to be simulated beforehand. 
Kelly makes use q.fthis biopsy method to take serial samples up to, through, 
and beyond the CT defined tumor boundaries and is able in this way to 
obtain the true histological boundaries, which will not always be alike. 

A method for translation of any tumor volume defined by CT into 
stereotactic space is described extensively by Kelly and co-workers (Kelly et 
at. 1984 b). This reconstruction of tumor volume with the computer is 
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particularly important for patients undergoing computer assisted 
stereotactic resection (e.g. laser vaporization) of their neoplasm (Kelly et al. 
1982 a, 1983). Moreover, computer simulation of isodose configurations 
produced by isotope sources to be placed inside the tumor may lead to the 
best source position available (Kelly et al. 1984c). With this technique 
placement determination is carried out preoperatively. It is also possible, 
and less expensive, to enter the coordinates of a CT volume into a radiation 
treatment planning computer to attain superimposed theoretical isodose 
curves from radiation sources. During the stereotactic implantation itself 
great care must be taken in selecting the same target points in relation to the 
boundaries of the lesion on the CT console as those chosen at the treatment 
planning. The main restriction as to the applicability of this computer 
monitored stereotactic interstitial irradiation remains the uncertainty as to 
the true (highly irregular) tumor boundaries, which lie sometimes more than 
1 cm beyond the tumor's outer edge as visualized on CT. NMR scanning, 
however, may become even more reliable than CT in determining tumor 
boundaries. 

From these recent publications the reader may conclude that diagnostic 
stereo tactics is in many instances linked to therapeutic stereotactics. 
Stereotactic biopsy alone (i.e. leaving the tumor for external irradiation or 
abstention because of its proven malignancy) will be performed less 
frequently with these therapeutic extrapolations of the stereotactic 
approach. Another fine example of combined diagnostic (identification of 
the lesion's nature) and therapeutic (lesion's removal) stereotactics is 
presented by Jacques (et al. 1980), who constructed an all-in-one stereotac
tic system based on the Riechert-Mundinger apparatus, which after biopsy 
allows the removal of small tumors through a small trephination with a 
newly designed tumorscope and specially designed instruments (Shelden et 
al. 1980). These authors also stress the great advantage of a three
dimensional reconstruction of the lesion in question to obtain what is 
considered to be a true removaL The newly designed Brown-Roberts-Wells 
(BRW) stereotactic system conveying rapid translation of CT derived data 
to the operating room (see for discussion chapter 4, sub II C) has been tested 
successfully by Apuzzo (and Sabshin 1983, et al. 1984 b). From their reports 
it is clear, that the BRW system has not only been constructed for CT 
guided stereotactics, but is also adaptable for utilization with magnetic 
resonance imaging (NMR, Fig. 212) and positron emission tomography 
(PET). Combination with laser endoscopy and its value for use with 
photodynamic agents via laser fiberoptics are also discussed. 

The Leksell integrated system for CT and NMR (Fig.213) guided 
stereotactic surgery has a newly constructed headframe leaving more room 
for open surgery (Leksell, personal communication 1985). With this frame 
craniotomy in stereotactic space is made more manageable and the 



Fig. 212. The Nuclear Magnetic Resonance Adapter for use with the Brown
Roberts-Wells stereotactic system. Localizing rods (filled with a water solution) are 

mounted on the headring assembly (by courtesy of Dr. Cosman) 

Fig. 213. The NMR Adapter for use with the Leksell stereotactic system (by 
courtesy of Prof. Leksell) 
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versatility of frame and head is guaranteed by a Mayfield adapter. Thus, 
with all types of modem instrumentation discussed in chapter 4 (sub II) 
stereotactic localization with subsequent open surgery in stereotactic space 
is made possible. Indications for this method of surgery (formerly called 
combined surgery, although now integrated) will increase in the near future . 

. C. The Computer and Localizing Stereo tactics 

The value of the computer for general neurosurgery is clarified best by 
stressing its importance for calculating positions of targets inside the brain. 
Calculation is done in relationship to extracranial landmarks, which are 
provided for by the stereotactic apparatus. For example, in intracerebral 
hematoma stereotactic evacuation with an Archimedes screw (as described 
in chapter 11, sub III) is easily performed with computerized calculation of 
the lesion's coordinates from CT scan data. The evacuation may be 
completed by introducing a fiver optic endoscope to inspect the interior of 
the cavity. Acute bleeding, if present, may be controlled by a laser beam 
directed through the endoscope. 

Even limited surgical procedures may be performed under direct 
visualization with the aid of an endoscopic stereotactic system after 
computer localization (Kelly 1983). The extraction of foreign bodies 
(Blacklock and Maxwell 1985), the resection of small vascular malforma
tions, and vaporization of small tumors with the laser may be achieved 
(Kelly et al. 1983, Alker et al. 1983). 

However, these techniques need precise, three-dimensional orientation 
as to the target within the stereotactic frame during the total length of 
surgery. 

Particularly in the field of neuro-oncology computerized orientation 
becomes indispensable. Differentiating tumor from edema and surrounding 
brain is often difficult when the surgeon is relying on visual inspection. 
Computer reconstruction allows the surgeon to resect or vaporize a 
predetermined volume of tissue that is completely based on data derived 
from the preoperative CT scan. All surgeons will agree, that even in tumor 
resection during open surgery it is often difficult to assess the degree of 
resection when only working with two-dimensional scan films. Even in non
stereotactic surgery three-dimensional computer reconstruction may there
fore be of considerable help in the prevention of a too conservative attitude 
during the extirpation of a tumor. Not only CT scan data but also NMR 
data, which may be of more value in delineating low grade malignancies 
(Laster et al. 1984), can be used successfully in the process of computer 
reconstruction. 

In conclusion, a computer system dedicated to a stereotactic apparatus 
will become a most valuable and safe neurosurgical "instrument" in the 
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Fig. 214. Mock-up of operating room at Presbyterian-University Hospital, 
Pittsburgh, with a to surgery dedicated CT scan and ceiling mounted fluoroscope 
allowing intraoperative angiography (by courtesy of Dr. Lunsford; photograph 

published in Neurosurgery 15, 559- 561; 1984) 

management of any intracerebral lesion. As Kelly (1983) states clearly, data 
from many sources (radiological investigations, scanning methods, neuro
physiological information) may be collected and processed by the surgeon 
in order to "collate an anatomically correct picture of the patient's brain". 
To use the data effectively, these must then be translated into one reference 
system, i.e. the stereotactic instrument's coordinate system. 

Computer hardware (already presented in the publications by Hardy et 
al. 1983, Kelly et al. 1984 b), is suited to serve as an operating room system, 
and can be fed with the computed tomographic data from the scanning unit. 
A similar construction can be made with NMR imaging. As few centers can 
afford the cost of a CT scanner in the theatre (dedicated to stereotactic 
surgery, Fig. 214), as in Pittsburgh (Lunsford et al. 1982, 1984a), one may 
expect that stereotactic scan data stored on magnetic tape and transferred 
from the scan suite to a computer with display in the operating room will be 
a better alternative. At this stage a true integration of stereotactic in general 
neurosurgery will be a fact. 
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Finally, the reasons evident for a wide acceptance of computer 
monitored, and thus stereotactic, surgery may be summarized as follows. In 
the first place the treatment of intracerebral tumors, which is a main topic in 
neurosurgery, will progress rapidly with computer based information and 
three-dimensional reconstruction. From a technical point of view oncolog
ical surgery (i.e. controlled tumor resection) may become attainable. 
Secondly, the availability of a new theoretical basis for treatment of deep 
seated lesions in general, which often were not amenable to conventional 
surgery. In fact, one of various technical methods in the field of clinical 
neurosurgery (i.e. the stereotactic method) has become established as a full
grown methodology thanks to the ongoing research in and development of 
computer techniques. For this reason the computer and the stereotactic 
apparatus deserve an integrated position within neurosurgery. Out of all 
surgical disciplines neurosurgery in particular will benefit from the 
computer, because without its assistance spatial orientation is impossible. 



Chapter 14 

Future Possibilities 

I. Introduction of Magnetic Resonance Imaging 

The published literature on stereo tactics taken over the last five years has 
brought an impressive amount of new data on localization techniques in 
general and in stereotactic space in particular. Decennia ago, stereotactics 
comprised of almost only functional surgery, and localization depended 
completely on radiographic methods. At the moment there is an almost 
exponential increase in interest for stereotactics. This is merely due to the 
availability of various sophisticated computerized imaging techniques, such 
as CT, MR, and PET scanning. It is obvious, that in the following years after 
a true integration of stereotactics in clinical neurosurgery has taken place, 
new developments will be reported. It should be emphasized that almost all 
publications on computerized scanning in stereotactic space rely on high 
resolution CT scanning, while reports on the validity ofMR (Figs. 215 and 
216) and PET scanning in various disorders are still awaited. 

Preliminary evidence derived from MR scanning promises a better 
visualization of the histological boundaries of low grade malignancies 
(Laster et al. 1984). A problem, which is of the utmost importance in the 
treatment of such lesions. As these primary cerebral malignancies never give 
rise to metastasis, cure may be feasible with the advent of spatial 
reconstruction by computer and subsequent stereotactic debulking and 
interstitial irradiation, according to the best matching isodose curves 
(derived from simulation on the computer display). 

Very recently, Leksell (et al. 1985 a, b) published reports on the 
application of magnetic resonance imaging to stereotactics. The authors 
stress some important advantages over X-ray imaging techniques, such as 
ventriculography, angiography, and computed tomography: clear contrast 
between grey and white matter and presentation of brain sections at any 
desired angle. With MR imaging very precise visualization is possible in 
axial, coronal and sagittal planes of scanning. With the use of plastic 
coordinate indicator discs (as in CT scanning, Leksell and Jernberg 1980), in 
which the indicator strips made from radio-opaque material are exchanged 
for liquid indicators (see Fig. 13), manual coordinate determination is 
possible using a ruler that is superimposed on the scan image. If desired, MR 



Fig. 215. Examples of NMR (a-c: different techniques) imaging in a case of a 
brainstem tumor (male, 45 years) 

Fig. 216. NMR scan pictures (coronal and sagittal view) showing a deep seated 
arteriovenous malformation (posterior thalamus) 
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(as well as CT) localization may also be done directly on the screen of the 
scanner by means of the scanner's own software. A special MR adapter has 
become available for the Leksell headframe [that for use in MR scanning is 
mounted with non-magnetic feet (see Fig. 213)], allowing its use in all NMR 
machines fitted with a RF coil with a diameter of 30 em or more. For 
performing MR scanning using the Brown-Roberts-Wells system (chapter 
4, sub II C) a special MR localizer ring is available with hollow localizing 
rods that have to be filled with an appropriate water solution (see Fig. 212). 
The principle of target localization and coordinate calculation is identical 
for both CT and MR guided stereotactics. A major advantage over CT 
guided surgery will be the ease with which coronal and sagittal brain slices 
may be examined in MR stereotactics, including any angled section to 
simulate the probe trajectory towards the target. Extension of computer 
software for this purpose is not necessary for MR scanning. 

Visualization of stereotactic radiolesions by MR is reported by Leksell 
(et al. 1985 b), in a case of psychosurgery by means of bilateral anterior 
capsulotomy (see chapters 3, sub I D, and 5, sub III C). The lesions made 
with stereotactic radiosurgery were clearly visible after only a 24 hour 
interval after surgery. MR imaging may well lead to a better understanding 
of both the method of stereotactic radiosurgery, which is based on a single 
dose target irradiation, and of the optimal dose of irradiation, needed to 
destroy brain tissue or certain brain lesions. Optimization of dosage might 
lead to selective destruction of white matter (for example fiber tracts), as 
suggested by Leksell (et al. 1985 b), because white matter seems to be more 
radiosensitive. 

Shelden (et al. 1982) in discussing the value of his CT based microsurg
ical stereotactic system (chapter 4, sub II D 2) extrapolates the applicability 
of the algorithms developed for use with CT scanning to MR digital 
information output. Thus, similar computer based stereotactic surgery with 
MR guidance is achieved and (quote:) "the future of neurosurgical 
stereotaxis will soon include the ability to detect structures and metabolic 
defects almost at the single cell level" (Shelden et al. 1982). In similar words 
Leksell (et at. 1985 a) stresses the future possibilities with MR scanning, 
which gives (quote:) "the surgeon a kind of visual access to the depth of the 
brain which may be superior even to direct visual inspection". 

II. Future Applications of Stereotactics in Functional Disorders 

Positron emission tomography (PET) is described by Fox (et al. 1985) as 
a physiological tomography, as opposed to CT and MR as structural 
tomographies. It permits quantitative in vivo measurements of local 
hemodynamics, metabolism, biochemistry, and pharmacokinetics in the 
human brain and may be of future use in functional stereotactic surgery. 
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Fox describes a stereotactic method to localize any point of interest from a 
PET image within the stereotactic atlas coordinate system. This approach is 
valuable for the study of behavior of specific brain regions under different 
physiological and pathophysiological conditions (for example on normal 
healthy volunteers and on persons with functional disorders, such as 
epilepsy and psychiatric disease). The authors (Fox et al. 1985) plea for 
anatomical localization of all areas of interest (whether structural via CT or 
MR, or physiological via PET) with a universally accepted stereotactic 
method, capable of giving reliable information on experimental data 
between various research centers. 

Meyerson (et al. 1984) examined patients with focal epilepsy with PET in 
stereotactic circumstances. He stresses the usefulness of stereotactic PET 
studies for surgical treatment of epilepsy. 

Functional stereotactic surgery using CT data and a computer 
generated stereotactic atlas is recently described by Kelly (et al. 1984 d), who 
discusses the average errors made in CT derived and ventriculography 
based target sites in tremor and pain surgery. Although these errors are 
small, they give additional information to the surgeon before a final 
decision as to the site oflesioning is made. In fact, microelectrode recording 
at both sites may add to the reliability of the information. Hitchcock and 
Cadavid (1984) conclude after a review of 111 sequential "normal" CT 
scans, that preoperative study of the thalamo-capsular distance (i.e. 
thalamic dimension) will greatly improve the accuracy of the otherwise 
empirical lateral coordinate value in stereotactic thalamotomy. 

A very recent contribution to functional stereotactic research is given by 
Backlund (et al. 1985) with attempted amelioration of Parkinsonism 
symptoms by autologous transplantation of adrenal medullary tissue to the 
striatum with use of the stereotactic technique. This first clinical trial is 
based on extensive transplantation experiments on animals and has the aim 
to "internalize" the therapy for parkinsonism. Further clinical research 
seems justified to elaborate this new therapeutic approach. 

Although general acceptance is poor, neuro-augmentative procedures 
might in the future playa role in functional pain surgery. In fact, this is a 
much spoken topic in functional stereotactic research and many papers 
have emphasized its value in the treatment of chronic intractable pain. In his 
introductory lecture on pain during the 6th Meeting of the European 
Society for Stereotactic and Functional Neurosurgery, Rome 1983, Gybels 
(1984) reviews the suggested mechanisms of chronic "intractable" pain and 
indications for neurosurgical treatment. Recently developed experimental 
models of chronic pain in animals may be subdivided in dysesthetic and 
somatic pain models. In the dysesthetic model damaged sensory axons (in 
experimentally induced neuroma) seem to become responsive to r:J..

adrenergic stimulation and are therefore sensitive to sympathetic activity. 
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Blocking the sympathetic outflow, either by surgery or injection of the 
sympathetic chain with anesthetic drugs (or with guanethidine infusion) 
may result in pain relief in these chronic dysesthetic pain syndromes. 
Electrical stimulation at the site of nerve damage may stop the otherwise 
ongoing activity for a longer period and may lead to painfree episodes which 
last for various periods oftime. In the somatic pain model (the arthritic rat) 
stimulation produced analgesia (SPA) was studied and proved to lead to 
suppression of pain behavior (scratching) in this specific situation. 

On the other hand, too little experience has been gained to evaluate the 
preference for various stimulation sites (periaqueductal grey, nucleus raphe 
magnus) in SPA. However, it is generally believed that such pain 
suppression is at least partially mediated by endogenous opioids, because 
suppression is attenuated by the opiate antagonist naloxone as well as by 
morphine tolerance in experimental animals. 

Therefore SPA might not be achieved in morphine-resistant pain 
syndromes and/or in morphine-tolerant patients. Indeed clinical evidence 
suggests that stimulation of the PAG or PVG regions is not beneficiary in 
most cancer pains. This is a major reason to continue with neuro-ablative 
procedures (such as stereotactic mesencephalotomy or extralemniscal 
myelotomy and percutaneous cervical cordotomy) for obtaining pain relief 
in cancer patients. 

Recent investigations in experimental animals (Watkins and Mayer 
1982) strongly suggest the existence of non-opiate pain suppression systems 
as well. Stimulation of such a system might be of use in the control of human 
pain that is morphine-resistant. Katayama and co-workers found that 
microinjection of a cholinergic agonist (carbachol) into the lateral part of 
the brachium conjunctivum produces profound analgesia in the cat 
(Desalles et al. 1985). This pontine parabrachial region appears to become 
an important target site for stereotactic electrical stimulation that aims to 
produce a non-opiate dependent form of pain suppression. Young (et al. 
1985) reported on 5 years experience with stereotactic electrical stimulation 
of the opiate-dependent pain suppression systems in patients with chronic 
"intractable" pain. Their best results were obtained on patients whose pain 
was primarily of peripheral origin: from 16 with chronic pain due to the 
failed back syndrome 9 experienced excellent pain relief and 5 had partial 
relief. On the other hand only lout of 16 patients with pain of primarily 
central origin obtained excellent relief of pain. These data are very 
important, because of the follow-up period in Young's study (mean 20 
months), indicating that deep brain stimulation in chronic pain of 
peripheral origin may lead to consistent results. When considering the 
patient population treated (totally disabled and treated at a multidisci
plinary pain center with all appropriate forms of therapy prior to electrical 
stimulation) the results obtained are, in fact, very good. As compared with 
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our previous discussion on pain suppression by stimulation (chapter 3, sub I 
B 2) results with SPA seem to become less inconsistent and improved in the 
last years. Future progress is awaited and may give more insight in the 
underlying pain mechanisms and systems. 

In the field of otherwise intractable epilepsy major advances in treatment 
may become feasible with positron emission tomography in stereotactic 
space. Fox (et al. 1985) presented a method for integration of PET in the 
stereotactic study of the brain, and Meyerson (et al. 1984) studied cases with 
focal epilepsy with the aid of stereotactic PET scanning. It is logical to 
expect that with this tool areas of focal epileptic activity can be determined 
and delineated. These areas could then be resected with computer guided 
stereotactic techniques. Functional brain research as a whole might benefit 
considerably from PET studies. Even in psychiatric disease this technique 
might bring a better understanding of underlying pathology by studying 
and comparing patients and volunteers. 

ID. Future Applications of Stereotactics in Mass Lesions 

As a reduction of tumor bulk is the primary step to any successful 
therapeutic program, technological advances have been incorporated in 
stereotactic instrumentation, which include endoscopic laser instruments, 
to obtain stereotactic resection (Jacques et al. 1980, Kelly et al. 1982 a, b). In 
fact, nowadays few patients with intracerebral tumors will benefit more 
from conventional than from stereotactic resection. Perhaps only the large 
and superficially growing lesions do not require surgery in stereotactic 
space. In all other tumors visual control is insufficient and in these cases 
conventional craniotomies should be replaced by stereotactic procedures 
with CT guidance and computer reconstruction. 

To proceed after debulking and laser vaporization with attempts to 
destroy the tumor cells left, various techniques are being tested out at the 
moment. These new techniques will be incorporated in the armentarium of 
the neuro-oncological surgeon to an extent yet to be confined. Shelden (et 
al. 1982) states, that stereotactic tumor localization and removal will soon 
be the procedure of choice. In addition these authors prelude on the various 
forms of adjuvant therapy (local forms of treatment to the tumor bed after 
stereotactic vaporization), and make a distinction between immediate and 
late forms of adjuvant therapy. 

The immediate form, according to their view, would comprise temper
ature reduction to 20 DC at the site ofthe residual tumor cells to gain time for 
in vitro testing of immunological, chemical or other antitumor measures 
that react specifically against these cells. 

The late form should be introduced after a period of several weeks and 
include antitumor chemicals. In the field of tumor immunology Shelden (et 
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al. 1982) develops the idea of tagging the amino-acid sequence of 
monoclonal antibodies with drugs or photosensitizing agents. 

Photo-irradiation (known from the publications of Dougherty et al. in 
1978 and Laws et al. in 1981) could become a technique of great value after a 
suitable combination is found of maximum absorption of the dye by tumor 
cells and a high specificity to laser penetration. Even tumor cells that have 
infiltrated vital brain areas adjacent to the tumor bed could be destroyed 
effectively with red light oflong wave length, that is still active at a depth of 
1-2 em (Shelden et al. 1982). Other immediate forms of adjuvant therapy are 
local heating and local drug delivery without previous sensitivity testing in 
vitro. Hyperthermic therapy for neoplasms has already been studied for a 
longer period by Storm and co-workers from the UCLA School of 
Medicine in Los Angeles (see for review: Storm et al. 1982). Radio
frequency hyperthermia by magnetic loop induction (Magnetrode™) was 
introduced as an experimental cancer therapy for solid human malignancies 
independent of their histology or size. The applicator employs a non
invasive circumferential electrode to produce hyperthermia at depth (42 DC, 
versus about 40 DC in normal surrounding brain) without significant 
heating of the skin. In these experiments temperature probes were 
introduced with stereotactic techniques. Silberman (et al. 1984) reports on 
combination of radiofrequency hyperthermia and chemotherapy (with 
BCNU) for brain malignancy and discusses animal experience and two case 
reports. In rabbits a mean survival after implantation of tumor of 18.6 days 
was found, compared with 9.3 days for the untreated controls. As to their 
two patients they conclude that no increase in chemotherapy tox~city was 
observed and that no normal tissue damage had occurred. Follow-up CT 
scans showed a dramatic improvement after four thermochemotherapy 
sessions (i.e. 1 month). The preliminary conclusion is, that non-invasive 
localized radio frequency hyperthermia to the brain is feasible and can be 
performed safely in the presence of a solid brain tumor. 

Boethius (et al. 1984) presented a case of a small deep seated tumor 
treated with stereotactic cryosurgery in the CT scanner. During the freezing 
the tumor area could be seen and the event of ice formation controlled with 
consecutive scans. Intratumoral drug delivery after stereotactic biopsy in 
brain tumors has been reported only seldom. Bosch (et al. 1980) published a 
pilot study with intraneoplastic bleomycin in 3 patients, who underwent no 
tumor debulking. In only 1 case a 2 year survival was achieved; the other 2 
patients died within 5 months. Morantz (et al. 1979) presented an evaluation 
of intratumoral bleomycin in a brain tumor model (rats), which proved to 
be more effective than the administration per intravenous route. Firth (et al. 
1984) and Oliver (et al. 1985) studied the intracerebral injection of 
bleomycin and vincristine, entrapped within liposomes in the rat. They 
demonstrated a potential application of this "depot" therapy in the 
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treatment of cerebral gliomas. Therefore, a study ofthe effects of bleomycin 
as adjuvant intratumoral therapy after stereotactic bulk resection might be 
most informative. 

Intralesional and intraventricular administration ofleukocyte interferon 
is discussed by Obbens (et al. 1985) in a Phase I clinical trial. Intraneoplastic 
interferon delivery showed, however, only a marginal effect on malignant 
astrocytomas. Although specific adjuvant therapy for brain tumors after 
stereotactic localization and removal of the tumor burden (up to 99% of 
tumor volume) is not yet clinically available, research is going on and may offer 
various approaches to kill the remaining tumor cells. In his letter to the 
editor on cerebral gliomas, Jacques (1981) complains about the therapeutic 
nihilism coming from many neurosurgeons and stresses that "the future of 
stereotactic neurosurgery with the advent of such technology as the 
positron computerized tomographic scanner and nuclear magnetic re
sonance is just on the verge of perhaps becoming the most important future 
technology in neurological surgery". 

IV. Conclusion 
Over the last ten years a tremendous progress has been made in imaging 

neural structures. These imaging techniques not only comprise high 
resolution CT scanning, but also MR scanning with still better anatomical 
visualization, and PET scanning for physiological and physiopathological 
research. From the studies discussed in the previous chapter it is evident that 
all scanning methods available can be used with reference to a stereotactic 
coordinate system of axes erected inside the stereotactic apparatus in use. 
Prerequisite for studying the brain with scanning methods in stereotactic 
space is the availability of enough computer facilities, easy to handle in the 
surgical theatre. In the hands of some expert stereotactic surgeons computer 
technology has proven to be a most valuable tool in the study of deep brain 
structures and the penetration of overlying tissues with specially designed 
microsurgical instruments. 

Therefore the way lies open to an integration of stereotactic metho
dology with its computer monitored and scan guided instrumentation into 
general neurosurgery. The impact on the clinician of these advances is not 
yet fully understood, but it is certain that it will abandon the therapeutic 
nihilism, still too often seen in neuro-oncology. Moreover, in our view 
stereotactic instrumentation will become incorporated into the daily 
arrnentarium of any neurosurgical center. Stereotactic surgery, years ago 
shrouded in mystery, will be one of the most important and daily used 
techniques in future neurosurgery. 

Recapitulating our introductory comments on Clarke's idea, the 
suggested therapeutic possibilities of his invention are now within reach to 
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an extent even Clarke could not have anticipated. Both imaging and 
computer techniques have brought about a reformation in stereotactic 
possibilities that is proved to be essential. Applying the stereotactic method 
depends on the understanding of his idea. 
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Electrode 27, 37, 38, 39, 52, 99 
Electrolytic lesion 37, 38 
Endogenous opioids 49,245 
Endoscope 6,40,84,204,206,238,246 
Epilepsy, intractable 49-50, 76, 100-

101, 120, 244, 246 
Evacuation of hematoma 72, 202-209 
Extralemniscal lesioning for pain 

relief 47, 52, 98, 166 

False negative results in biopsy 152 
- positive results in biopsy 153, 155, 

192 
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Fiberoptic instrumentation 40, 123, 
204,206, 211, 236 

Focus-object distance 21 
Foreign bodies, intracerebral 68, 113, 

115, 128, 197, 238 
Freezing, see: cryosurgery 
Frontal plane 14, 18 
Functional stereotactics 3, 4, 24, 39, 

42-53,76,89-90,157-175,234-235, 
243-246 

contraindications 117-122 
- -, indications 96-102 

Gate control theory of pain 48 
Germinoma 56, 105, 178, 186, 195 
Gildenberg localizing technique 86-87 
Glioma treatment 53, 56, 89, 105-107, 

194, 246-248 
Grading of malignancy 53 
Guanethidine 245 
Guided instruments 2,4,9, see also: CT 

scan guided 

Hamartoma 188 
Hematoma, spontaneous intra-

cerebral 9,39,54,71-72, 111, 155, 
156, 190, 193, 202-209 

-, evacuator 40, 202, see also: 
Archimedes screw 

Hemi-ballismus 43, 97, 119 
Hemi-dystonia 97 
Hemorrhage, see: hematoma and ar

teriovenous malformation 
Herpes virus infection 59,61, 103, 156, 

190 
Hippocampus 76, 95, 101 
Histological diagnosis in brain lesions 

54, 58, 59, 103, 114, 146, 183, 190 
- investigation 39, 54, 152, 153, 186 
Hydrocephalus 146,200 
Hyperkinesia 4, 96 
Hypertensive hematoma, see: put

aminal hemorrhage 
Hyperthermia 66, 92, 247 
Hypophysectomy, stereotactic 48, 98, 

100 

Hypopituitarism 48 
Hypothalamotomy 157 

Immunocompromized patients 5, 59, 
107, 178 

Immunodeficiency, see: immuno
compromized 

Indications for stereotactic inter-
ventions 95-115 

. Infarction of brain 54 
Infection of brain 5, 54, 59, 156 
-, opportunistic 5, 59 
Inhibitory descending system of 

pain 48 
Integration of stereotactics in neuro-

surgery 8, 58, 233-240, 241, 248 
Intercommissural plane 14, 18, 78 
Interferon 248 
Interstitial irradiation of brain 

tumors 38,58,62-64,111,126,177, 
217,236 

Interventional stereotactics 68-70 
Intraneoplastic drug delivery 67-68, 

92, 247-248 
IridiumI92 64, 112 
Isotope implantation, see: interstitial 

irradiation 

Landmarks, skull 10, 18, 86 
Laser, surgical 6,40,66-67,87,88,182, 

204, 20~ 211, 212, 23~ 238, 246 
L-Dopa 44, 117, 158-163 
Leksell stereotactic system 32-36, 41, 

78-80, 130, 140-142,236,242,243 
Lesion, electrolytic 1 
-, mass, see: mass lesions 

size 38 
-, thermal 38, 161-175 
-, vascular 5,40, 54, 123-125, 193 
Leucotomy 4, 10, 50, 102 
Leukemia, intracerebral 56, 103, 178 
Line of Frankfort 10 
Localization, stereotactic 5, 6, 50, 68-

73, 197-217, 238-240 
-, - contraindications 128-129 
-, - indications 113-115 
-, - techniques 140-143 
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Lymphoma, malignant brain 56, 59, 
152,178, 193 

Magnetic resonance imaging 18, 74-
76,78,84,216,217,234-240,241-
246,248 

Magnification, X-rays 18, 21 
Malformation, see: arteriovenous and 

venous malformation 
Maps, stereotactic 1, 3, 10, see also: 

atlas 
Mass lesions, brain 4,53-68,176-196 
Mathematical systems 18, 84, 243 
Medial lemniscus 46 
Medulloblastoma 56 
Mesencephalotomy, stereotactic 46, 

48,98,139,166-175 
Metastasis, intracerebral 56, 59, 67, 

108, 151, 156, 185, 188, 189, 193 
-, -, unsuspected 193 
Microelectrode recording 89, 138, 161, 

168,244 
Midfrontal plane 21, 24 
Midline shift of instrument 24 
Midsagittal plane 21,22,43,46,77,138 
Morphine analgesia 49,245 
Motor neglect after VI thalamotomy 45 
Movement disorders 4, 42-45, 117-

119, 158-163 
Multiple lesions inside the brain 59,60, 

96,103, 108, 156, 179-181 
- sclerosis 45, 51, 54, 55, 155, 179 
Myelotomy, cervical stereotactic 41, 

48, 52, 98, 172 

Necrotic tissue at biopsy 153, 155 
Needle, stereotactic 38, 54 
Neodymium-Y AG laser, see: laser 
Neuro-oncology 5,53,56,94, 115, 196, 

217,238,240,246-248 
Neurostimulation 39,42,45,48-49,99, 

122, 166,244-246 
Non-neoplastic mass lesions, intra

cerebral 56, 101, 102, 107, 192, 193 
Nuclear magnetic resonance, see: 

magnetic resonance imaging 
Nucleus dentatus cerebelli 51 

- ventrolateralis thalami 12, 43-45, 
96-97, 158-159, 162 

- - -, Vim 45, 158, 162 
- - -, Vop 45, 158, 159, 163 
- ventroposteriorthalami 47,49,138, 

166 

Ommaya reservoir 62-64, 109, 184 
Oncology, see: neuro-oncology 
Operative morbidity in stereotactics 56, 

146, 147, 190 
- mortality in stereo tactics 56, 147, 

188, 190 
Opioids, see: endogenous opioids 
Organ transplant recipients 59, 107 
Orientation, spatial 1, 238-240 

PAG, see: periaqueductal grey 
Pain, intractable chronic 4, 41, 46-49, 

98-100,119,163-175 
Paleo spinothalamic tract 47, 98, 166 
Pallidum 45, 50, 100 
Parkinsonism 4,43,96, 158-163,244 
Periaqueductal grey 47, 49, 99, 166, 

168, 245 
PET, see: positron emission tomog-

raphy 
Phantom device 31, 83, 84 
- limb pain 48,49, 98 
Photoradiation therapy 217, 247 
Pineal gland tumors 105, 113, 122, 152, 

176, 185-188, 195 
Pontine tractotomy 46, 98, 139 
Positioning of apparatus 141 
- of patient 143-144 
- - target 14-18 
Positron emission tomography 74, 84, 

90,100,120,236,241,243,244,246, 
248 

Postherpetic neuralgia 49, 52, 98, 171 
Posttraumatic movement disorders 43, 

97 
Primidone 45, 96 
Principles of stereotactics 9-41 
Projection technique of Leksell 21, 24, 

33 
- with X-rays 14, 18 
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Propanolol 45, 96 
Proportional correction 14, 18, 21, 24 
Psychiatric disease 50, 51, 102, 120, 

157, 244, 246 
Psychosurgery 4, 10, 50, 51, 102 
Pulvinar thalami 47 
Putaminal hemorrhage 72, 114, 126, 

202-206 
- -, results with evacuation 203, 

204 

Quintothalamic tract 46, 169 

Radiation therapy 53, 56, 102, 176, 
189, 193 

Radiofrequency lesioning 52, 66--67 
Radionuclides 38, 89 
Radiosurgery, stereotactic 62, 64-66, 

113, 126, 128, 212, 243 
Reference system, stereotactic 10, 12, 

235,248 
Reservoir, subcutaneous 38 
Results in cancer pain surgery 167-175 
- - tremor surgery 161-165 
- - tumor biopsy 189-196 
Retractor, stereotactic 58, 67, 87, 212 
Rhizotomy, selective 51, 99 
Rickham reservoir 62, 109, 184 
Riechert-Mundinger stereotactic sys-

tem 30-32,41, 76-78, 236 
Rigidity 158-163 

Sagittal plane 10, 12, 14, 18, 139 
Sampling errors 153 
Serotonergic cells 49 
Sjoquist operation 41, 52, 53 
Spasticity 39,41,51, 120 
Speech disturbances, after thalamo-

tomy 44,97, 119, 161-165 
Spinal cord lesioning 38, 41 
- -, stimulation 51 
- stereotactic surgery 41, 48, 51, 52 
Spinothalamic tract 41,46, 51, 98, 166-

168 
Spiral needle 39, 123, 126 
Standard enlargement 21 

Stereotactic apparatus 9, 18, 29-37 
- craniotomy 31, 34, 37, 58, 87-90, 

210-217,235-240,246 
- EEG 29,50,120 
- principles, see: principles 
- scanning 87-94, 212-217 
- space 74, 76, 90, 92, 213-217, 234-

240,248 
Stereotaxis, definition 9 
Stimulation, see: neurostimulation 
-, electrical 136, 138, 168, 245 
- induced analgesia 245 
Strategy in treatment planning 7, 61, 

105, 146, 180, 188 
Striatum 244 
Subependymal cyst 109 
Survival in brain tumors 177, 178 
Symptomatic dystonia 43 
System of axes, stereotactic 10,14, 138, 

139 

Talairach stereotactic system 29,30,84 
Tardive dyskinesia 117 
Target area 7, 24, 86, 117, 160 
- -, infra- and supratentorial 12, 

185 
- point, stereotactic 1, 7, 21, 74, 76, 

86, 140, 234 
- -, invisible 12, 14, 18,24,8'9, 138 
- ----'-, visible 12, 15, 18, 89 
Teleradiography 21,29, 31 
Thalamic pain syndrome 48, 49, 100, 

166 
Thalamotomy, posterior 49, 166 
-, ventrolateral 43, 96--97, 119, 159-

163, 244 
Thalamus 4, 12,43,96-98, 158-160 
- stimulation 43, 136, 138 
Therapeutic stereo tactics 61-68 
- -, contraindications 126-128 
- -, indications 108-113,235-238 
Thermal lesion 38 
Thermistor electrode 38, 168 
Thermocouple sensor 38, 48 
Three-dimensional reconstruction 8, 

20,37,67,74,87-89,213-217,234-
240 
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Thrombosis, induced 68-70 
Tissue sample 54, 185 
Todd-Wells stereotactic system 36,41 
Torticollis spastica 45, 97 
Toxoplasmosis, intracerebral 59, 60, 

107 
Tractotomy, cervical, see: myelotomy 
-, pontine 46, 98, 139 
-, trigeminal 41, 52 
Transfer of target from X-rays 14, 16, 

18,24 
Transsphenoidal approach 32, 48, 70, 

143 
Tremor, essential 43--45, 96 
- of intention 43, 45, 97, 160 
-, parkinsonian 12, 43, 44, 96, 157- . 

163,244 
Tumour, boundaries 216, 235-236, 238 
-, intracerebral, see: histological diag

nosis 
- markers 186, 187 

Ultrasound techniques 234 
Urokinase 204,207 

Vascular malformation 113, 123-125, 
148-194 

Venous malformation 125, 151, 152, 194 
Ventricle, fourth 12, 139, 206 
-, third 10, 11, 139, 161, 188, 200 
Ventriculography 4, 14, 139, 144, 169-

171, 187, 201, 244 
Vertical gaze paralysis 46, 167 
Vincristine 247 
Viral infection 59, 156, see also: herpes 

virus infection 
Visualization with scanning 90, 139, 

234-240, 241, 243 
- - -, accuracy 7 

X-ray magnification 14 

Yttrium90 62-64, 112, 126, 184 
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