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"The surgeon must be so fortified by physiological

as well as anatomical knowledge that he does not inflict

damage in excess of that natural to the lesion; in

other words, he must know what is the maximum good that

he can expect from each individual intervention. He

must see to it that every detail which can be used to

build up a picture of the lesion and of its effects in

all senses has been extracted beforehand, and that no

detail in preparation has been omitted that might lead

to defeat. Neurosurgery demands an apprenticeshxp

in which the neophyte learns to regard all lesions as

exercises in applied physiology, and all operations as

experiments, to be carried out with the greatest caution

and solicitude for the welfare of the patient."

.... Sir Geoffrey Jefferson.
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Arrangement of Material

The method followed in arranging the material in this

thesis is slightly unconventional but is intended to

facilitate easy reference.

As far as possible the text has been made self-

explanatory. Since each chapter relates to one aspect of

the study, its summary, explanatory diagrams and references

are grouped together and presented at the end of thai

chapter.

The X-rays and scattergrams for each chapter require

comparison with each other. Grouping them together at the

end of the chapter is expected to facilitate this.

There is some unavoidable repetition due to the

presentation of references with each chapter. This is felt

justified because of their easier access.

The nomenclature followed to describe the thalamic

nuclei in the text is based on that of Schaltenbrand and

Bailey's atlas. This is essential since the scattergrams

are superimposed on the plates of that atlas. A note on

the nomenclature of thalamic nuclei as well as a list of some

of their abbreviations are included in the appendix, for

clarification of the atlas plates reproduced in the thesis.
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Chapter I: Object of Study

Chapter 2: Methods and material

Chapter y. Individual Variations



CHAPTER I

PL-JSCT OF SToDY

"There is perhaps no subject in physiology of greater
importance ana general interest thar, the functions of the
brain, and there axe few which present to experimental
investigation conditions of greater intricacy and complexity.
No one who has attentively studied the results of the labours
of the numerous investigators in this field can help being
struck by the want of harmony, and even positive contradictions,
among the conclusions which apparently the same experiments
and the same facts have led to in different hands. And when

seemingly well established facts of experimentation on the
brains of lovi.r animals are compared w-tn xnose of clinical
observation and morbid anatomy in man, the discord between
them is so great as to lead many to the opinion that
physiological investigation is little calculated to throw
true light on the functions of the human brain,"

.... Ferrier (1886)

Ferrier's classical assessment of the difficulties of

interpretation of neurophysiologies! experiments is very

evident in the study of the internal capsule and adjacent

diencephalic structures.

The neurophysiologist and clinical neurologist are faced

with several problems while trying to equate animal experi¬

ments with human phenomena. host animals have nervous

systems which are in no way comparable to the human in

complexity of structure and function. Even animals like the

monkey and the chimpanzee which are nearer to man than other

laboratory animals, are still different from him for any close

similarity to be assumed with reference to complex neurolo¬

gical functions.

^■hese comparisons become specially difficult in

structures like the basal ganglia and the thalamus which have

probably taken on 'new' functions in the course of evolution

as well as 'lost' some of their 'old' functions.



Again the progressive diffuse neurological disorders

loosely referred to as 'diseases of the extrapyramidal system'

cannot he reproduced in the nervous system of lower animals.

These difficulties have been well summarised by Yard (1958).

It has been impossible, until very recently, to explore

the interior of the living human brain with neurophysiological

tools. The advent of stereotaxic surgery during the past

fifteen years has hov/ever opened up new opportunities to do so

hhen such explorations were carried out, it was seen that

the phenomena observed in the human were contradictory to

previously held assumptions as c result of animal work.

Numerous examples of such contradictions can ce quoted.

For example, Kennard (1944) observed that monkeys with

bilateral isolated stereotaxic lesions in the pallidum did

not show any abnormalities of behaviour. Vvhen the lesions

were larger, however, a definite notion tremor with

hypertonia was seen. The observations of Krayenbuhl, Wyss

and Yasargil (1961) as well as those of Gilxingham and

Kalyanaraman, (1963) in the human on bilateral pallidal

stereotaxic lesions were quite different from those.

Hunter and Jasper (1949) observed as a result of thalamic

stimulation in cats, arrest reaction, petit mal and grand mal

attacks. Stimulation of comparable areas of the human

thalamus by Hassler (i960) and Hughes (1965; produced

phenomena which were different from those observed in animals.

Lassek (1954) summarised the work up to date on the

pyramidal tract in man and in subhuman animals. It is

surprising hov/ little work had oeen none on the disposition



of the fibers in the internal capsule.

The studies of Levin (1336) ard more recently of

Barnard and Woolsey (1556) in animals led us to believe that

the anterior part of the posterior limb of the internal

capsule contained the corticobulbar and corticospinal tracts.

This view has been handed down from textbook to textbook

and from generation to generation of medical students. It

was accepted as a corollary that any encroachment surgically

on this area carried with it the risk of production of a

'capsular hemiplegia'. Smith (1962) however showed on

autopsy material that stereotaxic lesions encroaching on the

internal capsule did not in fact produce such a syndrome

clinically when the patient was a'live. Guiot (1959) reported

an arrangement of fibers in the internal capsule different

from the classically held concept.

The method of stereotaxic surgery practised by

Gillingham and his colleagues (i960) afforded opportunities

to study for the first time in the living huma: brain the

effects of creation of reversible and irreversible lesions

in the sensory relay nucleus of the thalamus, the

thalamoparietal projection, the oral ventral nucleus of the

thalamus, the posterior linn of the internal capsule tw d

the globus pallidus, all in the same electrode track.

This posterior approach as well as the deliberate production

of capsular lesions by Gillingham (l96l) provided an

opportunity not available in other methods of stereotaxy

to study the internal capsule and adjacent diencephalic

structures in the living human brain.



■''he introduction of two new methods not used before in

human stereotaxic surg^rj- facilitated these studies and

provided valuable information. The first was depth recording

using unipolar microelectrodes and the second was the

technique of stereotaxic biopsy.

The anatomical and physiological studies presented in

this thesis are the results of these unique opportuiiities

and methods.
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CHAPTER 2

i-ET,iQDS AMD MATERIAL

"All true scientific research in medicine stems from the
bedside"

.... Barney Sachs.

"Clinical experiment need not mean the subjection of
patients to uncomfortable procedures of doubtful value or
benefit. It means the planning of a line of action and the
recording of observations designed to withstand critical
analysis ana give the answer to a clinical problem. It is
an attitude of mind."

.... Sir Robert Piatt.

(a) Evolution of Stereotaxic Surgery

Although the principle of stereotaxy had been used in

animals towards the end of the last century by several

workers, to Horsley and Clarxe (1908) is due the credit of

building a properly designed stereotaxic instrument for

animals, the basic principles of which were subsequently

used in the human machines.

Spiegel, Wycis, Marks and Lee (1947) described the first

stereotaxic apparatus for operations on the human brain.

During the next few years, a number of stereotaxic instruments

and operative procedures were described. Among these, the

methods of bailey and Stein (l9bl), Bertrand (195$), Cooper

(1935), Guiot (1958), Hughes (1961), Leksell (1949), Mark et

al (1954), McCaul (1959)» Narabayashi (1956), Riechert and

Mundinger (1959), Schaltenbrand (1959) and Talairach et al

(1952) are well known.

Each method when properly carried out, as practised by

the original authors, was capable of accuracy within a mm.

of the desired target.

(b) The Guiot-Gillingham Method of Stereotaxy

All the operations from which material for this work was
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drawn were carried out by this method. It is a modification

of the original method described by Guiot. It has been

described in detail by Gillingham et al (i960).

The first part of this procedure was designed to

determine the midline of the brain in relation to the

ventricular system with reference to the outer table of the

skull.

In the majority of the procedures, local infiltration of

lignocaine hydrochloride with adrenaline was used for

anaesthesia. In a very small number of cases, general

endotracheal anaesthesia was required. In the last hundred

operations, the local anaesthesia was supplemented by

intravenous neuroleptanalgesia using dehydrobenzperidol and

phenopyridine. A few cases were done under local anaesthesia:

supplemented by intravenous methohexitone drip turned on and

off several times during the operation depending on whether

the patient was required to be unconscious or awake and

co-operative.

In the first one hundred and seventy two cases lumbar air

encephalography was used in the determination of the midline

and the electrode track. Positive contrast (Ethyi-

Iodophenylundecylate - "myodil") ventriculography was

subsequently used to align the lateral sights under fluro-

scopy during the second part of the operation. In the

other cases, however, positive contrast ventriculography

with 3 c.c. of contrast and 3 c.c. of air was used for the

first part of the procedure also. The radiological part

of the operation has been described by Gillingham et al

(i960) and Donaldson and Gillingham (i960).



With the patient in the semisitting position, three

incisions were made above the frontal sinus, behind the

coronal suture and below the lambda. The outer table of

the skull was exposed at each site and a number of small

dental drill holes, straddling the midline, were made. Into

each hole was introduced an opaque lead marker which was

fixed in position with bone wax. After polybactrin spray,

the incisions were closed. A rubber catheter was tied into

the frontal horn of the right lateral ventricle by a frontal

burrhole.

The patient was now transferred to the X-ray department

and 3 c.c. of air and 3 c.c. of myodil were introduced

through the catheter. The head was manipulated in such a

way that the contrast flowed into the third ventricle. By

proper positioning of the head, the posterior border of the

anterior commissure and the anterior border of the posterior

commissure could be easily outlined on two separate but

identically superimposable lateral films. The films were

superimposed and a line was drawn joining the posterior

border of the anterior commissure and the anterior border

of the posterior commissure. This formed the horizontal

axis of the three Cartesian co-ordinate axes on which all

subsequent calaulations, measurements and research were based.

Two points were now marked on the X-ray. These were called

the thalamic and pallidal target points. It should be

emphasised that these were radiological points and did not

necessarily represent the thalamus and pallidum in the

subsequent surgical procedure. Depending on the lateral

distance of the track used, as well as individual anatomical



variation, either of them could be in the posterior limb

of the internal capsule.

The pallidal target was a point 3 mm. behind the

posterior border of the anterior commissure in the direction

of the intercommissural line and one mm. below the inter-

commissural line. The thalamic target was a point on the

midcommissural line usually 3 mm. above the intercommissural

line. (The midcommissural line was taken as the perpendi¬

cular bisector of the previously drawn intercommissural line

which is also referred to subsequently as the CA-CP line.

These two lines in the midsagittal plane of the brain

represented two axes while the third axis was taken as a line

perpendicular to both of them through their point of inter¬

section.) In some of the early cases, the thalamic target

was taken A mm. above the intercommissural line. In a few

cases of depth electrical recording for evoked potentials,

it was taken at 3 mm. above the intercommissural line.

The pallidal target was now joined to the thalamic target

on the lateral X-ray film to meet the outer table of the

skull in the parieto-occipital region a few cms. above the

posterior row of lead markers. If, as was usually done, the

posterior row of markers was put in at6 cm. above the external

occipital protruberance, the line joining the targets

intersected the outer table of the skull between 2 and 4 cm.

above the markers.

The Guiot-Gillingham stereotaxic machine had been so

designed that the fixation of the cross-bar at elevation mark

0 on the sagittal bar would correspond to the entry of the

electrode at 2 cm. above the posterior row of markers. The



elevation of the cross-bar for any given electrode track

therefore could he very easily calculated on the laxerai films

by projecting the line joining the targets backwards,

measuring the height of intersection of this line on the

outer table of the skull above the posterior row of markers

and subtracting 2 cm. from it. Using the principle of

similar triangles, in comparing the elevation of the cross¬

bar on the sagittal bar with the height of the thalamic target

above the intercommissural line, the raiio of proportion was

easily worked out. For routine X-rays this was 1 in 10.

Therefore if an error of 2 mm. was made on the machine, the

error at the thalamic target would be 0.2 mm. Since the

machine was accurate to 0.5 mm. any error at the thalamic

level was negligible.

In addition to the lateral films, three AP films were

taken. One was taKen in the position judged to be strictly

AP by naked eye inspection and the other two films were taken

at half a degree tilt of the tube to either side. On

inspection of the films it was seen that one of the three
I

films was a strict AP as regards the ventricular system of

the brain. From this film, the midline of the brain was

marked out with reference to the septum pellucidum and the

third ventricle (also taking into account, where suitable,

the aqueduct, the fourth ventricle and the falx cerebri).

In each of the three rows of lead markers, the marker

corresponding to the midline of the brain was identified.

The patient was taken back to theatre either on the same

day or after an interval of two days if it was felt that the

patient was too tired after the preliminary procedure. With



the patient in the prone position, the midline incisions were

now reopened and the midline marker ±n each row was identified.

A large dental drillhole was made corresponding to the

midline at each row a- d a screw with an inset conical head

was fixed into it. The patient thus had a 'built-in'

midsagittal plane with reference to his ventricular system

marked in the outer table of his skull by three stainless

steel screws.

The sagittal bar of the machine was fixed to the screws

and the cross-bar was attached at the height previously

calculated from the lateral X-rays. The lateral sights of

the cross-bar were now aligned against the pallidal target

using positive contrast ventriculography (usually 3 to 5 c.c.

more of myodil were needed), the final position being guided

iby the radiologist by fluroscopic control with the image

intensifier as the surgeon manipulated the instrument. By

keeping the target in the centre of the viewing field, X-ray

distortion was negligible when the alignment was made on a

target 3 behind and 1 mm. below the anterior commissure

outlined by contrast. The stereotaxic machine had been

designed in such a way that when the centres of the two rings

in the lateral sights coincided with the pallidal target,

the electrode tip would reach the target inside the brain on

the line joining the centres of these two rings. For

purposes of permanent record, a lateral X-ray was now taken

Of the alignment of the sights with the image intensifier in

position.

The entry burr-hole for the electrode was now made at 12

to 18 mm. from the midline depending on the lateral distance



chosen by the surgeon for that particular case. The lateral

distance was decided on clinical grounds rather than for

radiological reasons. However, if the ventricular system

was markedly dilated a more lateral track was chosen. The

usual lateral distance was 15 or 16 mm. from the midline.

All the 'electrodes' used traversed the brain in a

parasagittal plane parallel to the midsagittal plane. In

the following order, one or more of the instruments were

introduced along the same track-depth recording - electrode,

biopsy cannula, combined stimulating and coagulating electrode

and opaque marker carrier. All these instruments were of

the same length, and diameter, so that any one of them was

replaceable by any other without alteration of the track.

; The data obtained from the use of any of them could be

referred to the postoperative charts on the stereotaxic

atlases, without error.

(c) Use of Stereotaxic Anatomical Atlases

When it became obvious that stereotaxic surgery had a

large and permanent place in neurosurgery, efforts were made

by several workers to secure a reliable guide from autopsy

material for accurate anatomical localisation of stereotaxic

lesions. Several stereotaxic atlases and guides have been

;published. That of Schaltenbrand and Bailey (1959) is

:probably the most widely used, as well as the most detailed

and accurate. Those of Spiegel and Wycis (1952) and of

Talairach and his colleagues (1957) are less widely used.

The atlas of Guiot and his coworkers (1961) is useful only

if their method if followed. Other atlases include those

|of Delmas and Pertuiset (1959) and Van Buren and Maccubbin

(1962).
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In the present work, the atlas of Schaltenbrand and

Bailey was used. The 'microscopic' plates at four times

magnification were found to be the most useful.

At the end of the operative procedure by the Qillingham

technique, an opaque steel marker 1.5 mm. in diameter was

left at tae most anterior point of coagulation. The patient

was kept in the prone position and was transferred to the

X-ray department where strict PA and lateral films were taken.

By superimposition of these films on the previous ones,

the electrode track could easily be erawn from the available

data on the X-ray. All measurements were corrected for

X-ray distortion by 10%. Again, since the marker was

usually left at the pallidal target, close to the anterior

commissure, minor variations in X-ray distortion due to

wrong centering of tube or different sized heads would not

matter. Even if the error in calculation of distortion

were 50% (for the sake of argument) the actual distortion

would be from 10 to 15% and this in terms of the distance

from the anterior commissure would be 1.55 mm. instead of

1.7 mm. Since the accuracy of measurement on the X-ray

was >nly of the order of 0.5 mm., such minor errors did

not amount to significant proportions. Finally, as would

be seen later, the conclusions were drawn from scattergram

studies and electrical studies both of which eliminated

errors in diametrically opposed, but equally effective,

methods. It was felt, therefore, that problems of X-ray

distortion did not arise in this procedure either for
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therapeutic or for research purposes.

Five hundred lesions were charted on graph paper and

cellophane for superimposition on the stereotaxic atlas.

Each stereotaxic lesion was drawn on a graph to correspond to

the four times magnification of the 'microscopic' series of

the atlas. The sagittal plane was first drawn since this

corresponded to the plane of the electrode track and the

entire lesion could be visualised in one plane. From this,

horizontal and frontal sections could be drawn. In addition

to superimposition of these charts on the atlas figures, they

were also treated as mathematical points in relation to the

Cartesian system of co-ordinates without any reference to

the atlas and statistical tests were applied to them. This

procedure cancelled out the eiror due to individual variations

and the criticism that the atlas brain was not an 'ideal'

brain for comparison. The details of the methods of

charting lesions from post-operative X-rays to anatomical

atlases are given in Appendix (A-;.

(d) Depth Electrical Recording and Audiomonitoring

This was the most reliable and precise among the methods

available for eliciting anatomical and physiological

information during stereotaxic operations.

The electrophysiological part of the procedure described

below was carried out by Dr. R.M.Gaze ana the surgical part

as well as the charting of the lesion postoperatively on

stereotaxic anatomical atlases was done by the author. The

entire procedure is described as a combined team work. The



information and conclusions in one of the subsequent chapters

is based partly on scattergram studies of the sites, where

evoked potentials were elicited, as charted on stereotaxic

anatomical atlases.

Stereotaxic unipolar depth electrical recording has been

done in animals by several worxers. The work done by Gaze

and Gordon (1952, 1954, 1955) in the thalamus of the cat was

the method on which the present human worn was based. Worm

on the human thalamus using bipolar microelectrodes during

stereotaxic surgery has been done by Guiot (1962), albe-

Fessard (1962) and their colleagues. Vourc'h et al (1963)

showed that depth recording with microelectrodes was

unaffected by hydroxydione (viadril), an experience similar

to that of Brown (1963) with intravenous neuroleptanalgesia.

Using intravenous methohexitone drip anaesthesia Hider

and Kalyanaraman (1963) found that depth electrical recording

was relatively unaffected. When the eJ.ec trode pic iced up

thalamic rhythms synchronous with clinical tremor, this was

abolished when the patient was rendered unconscious and the

tremor abolished by methohexitone. When the drip was stopped

and the patient awakened, the rhythm returned with the

reappearance of clinical tremor. Spontaneous tnaiamic

background activity ana evoked potentials were not affected

by methohexitone. During the stage of fasciculation during

inuuetion with or recovery from methohexitone, a deep rhythm

synchronous with fasciculation xvas observed.

Ervin and mark (196c) reported on stereotaxic thalamotomy



in the human where- they used audiomonitorxng to define the

sensory relay nucleus. They were also able to obtain in

some cases evoxeu potentials in the thalamus from peripheral

stimulation, although they used macroelectrodes. Hanxinson,

Pearce ana Rowbotham (196C) reported a few cases where they

recorded spontaneous activity and evoked potentials in a

similar manner. Spiegel and "Ayeis (1961) recorded from the

spinothalamic tract below the thalamus, peripherally evoked

potentials, usmg a concentric needle electrode.

The recording electrode used in the present study was a

concentric needle electrode consisting of a stainless steel

tube of external diameter of 2 mm. which carried within it

a retractable tungsten wire 0.5 mm. in diameter, sharpened

at the point to a tip diameter of lO - 20 microns. The

tip was sharpened by grinding initially and electroplated

finally in saturated soaium nitrite solution, using a carbon

indifferent electrode and a voltage of 3-8 volts from a bell

transformer. The sharpened electrode was then insulated with

5-10 coatings of lacquer. After each coating, the electrode

was baked in dry heat to about 200°C.. Such electrodes

were normally ready for use without the necessity of

removing the insulation from the tip.

The outer tube which was uninsulated, had, at its distal

end, a nylon collar with a small hole in it through which

the tip of the tungsten recording electrode could be

protruded. At the proximal end of the electrode there was a

sliding collar arrangemeit which allowed the tungsten wire

either to ,be completely withdrawn within the outer sheath .



or to be protruded to a predetermined distance, usually

5 mil. ceyond the nylon tip. The uninsulated outer sheath

in contact with the train along the electrode track as well

as the stereotaxic instrument fixed to the patient's head,

acted as the indif.erent electrode for recording purposes.

There were two movable collars along the snaft of the

recording electrode. The upper collar served to set the

total length of the instrument so that the length of the

electrode coincided accurately with those _.f the other

instruments used along the electrode track. The lower

collar was used to clamp the electrode rigidly to the

..lovable tar of the stereotaxic machine so that it could be

driven forward usxng the micrometer screw. This forward

movement could be adjusted to be as little as 10 microns at

a time. (See photographs at the end of chapter 2)

The tungsten recording electrode was connected through a

cathode follower of standard type to a Tektronix 122

preamplifier in the operating theatre. The preamplifier

was used at a gain of 1000, with high frequency cut-off at

10 KC and coupling time-control of 2 msec. The signal

from the preamplifier was then transmitted through coaxial

cable to a gallery above the theatre where it was split into

two parts. The first was fed into a Tektronix 502 double

beam oscilloscope with photographic facilities and the

secona ir.to an auaioamplifier. Time marks from a signal

generator (Teictronix Type 180A) were put on the other beam

o. the oscilloscope. The output of the audioamplifier



was then sent both to a loudspeaker in the gallery above

the theatre as -well as to a loudspeaker in the operation

theatre. Thus both the surgeon and the physiologist could

hear the electrical responses as the electrode was moved.

Permanent records of the aepth electrical activity were

produced by photographing the oscilloscope trace on moving

film (Shackman aC ,_/blO camera) and/or by feeding the

output of the preamplifier on to a tape recorder.

The recording tip was protruded beyond the blunt tip of

the electrode carrier after the latter had penetra ted the

pulvinar of the thalamus. By means of this arrangement any

possible laceration of the choroid plexus by the sharp

recording tip was avoided. This ensured that there was

no added risk to the patient by using depth electrical

recording.

The distinction between grey and white matter was

relatively easy. The oscilloscope records as well as the

sound in the loudspeaker were characteristic and distinct.

It was thus possible to define the tnalamocapsular junction

and the pallidocapsular junction with extreme accuracy,

usually of a fraction of a millimeter. Tn& definition of

the various nuclei traversed in the thalamus was not so

precise. If the electrode track was low, it usually

passed through the sensory relay nucleus of the thalamus or

the thalamoparietal projection in front of it. In such a

case, distinct evoked potentials were obtained from the face

or upper limb from exteroceptive or proprioceptive stimuli

or both. Both in the sensory relay nucleus as .-.ell as in



the region above it (nucleus lateralis posterior of Guiot or

nucleus zentraiis of ilassier) which was traversed by a

higher electrode track, the background noise of spontaneous

cellular activity was much louder than in the pulvinar. The

entry from the pulvmar into these structures was therefore

usually recognisable, '.he junction however was not as sharp

as the border between white ana grey matter. Guxot (1963;

recognised the pulvinar fcy its characteristic spindle

activity in the depth E.E.G.. This was probably due to the

bipolar nature of his electrode and the different filters

used tor the E.E.G. machine. Usuug the present technique

of unipolar recording, no spindle activity was noted.

One other nucleus was sometimes distinguishable. V,hen

the recording tip left the anterior aspect of the thalamic

target site (nucleus ventralis lateralis of Guiot or nucleus

ventralis oralis of Hassler) there was a short zone of

silence after which cellular activity was again heard fee a

millimeter or less. The sound corresponded to that heard

in the reticular nucleus of animals and was taken to

represent the reticular nucleus between the thalamus and

capsule. After this, there was great paucity of spike

discharges in the oscilloscope with silence in the loud¬

speaker as the posterior limb of the ..nternai capsule was

traversed by the electrode. The entry into pallidum was

again characterised by cellular actj.vj.ty shown by high

amplitude spikes in the oscilloscope and correspondj.ru;

sound in the loudspeaker.



It was thus possible to define alon< the electroae track,

the positions of the pulvmar, the sensory or the sentral

nucleus, the complex of ventral intermediate and ventral

oral nucleus, the reticular nucleus, the posterior limb of

the internal capsule and the globus pallidus.

(e) Stereotaxic Biopsy

Since the introduction of therapeutic methods to create

small localised lesions in the deep structures of the brain

for the treatment of different icinaa of neurological

disorders, interest has been stimulated in obtaining small

biopsies of these regions. Such biopsies are useful to

verify by histological methods the accuracy of radiological

localisation used for stereotaxic procedures. They also

serve to study hy histological and histocnemical methods

the pathology of disease processes.

Housepian ana Pool (i960) reported on thirty-four

biopsies from twenty-eight patients, us^ng a leucotome

technique. The biopsies obtained were approximately

50C mgrms. specimens. Five of these biopsies were

described as negative, being from white matter. The same

authors (1962) later reported further studies with

stereotaxic biopsies from the thalamus. Heath, John and

Fdss (1961) reported biopsies fr m the cortex of three

human subjects, obtained by stereotaxic m thods. The

amount of tissue removed was somewhat smaller. Jinnai and

his colleagues (1961) referred to stereotaxic biopsies of

the thalamocapsular junction carried out by them. They did



not however give further details.

In the present study, 155 biopsies were taxen from 62

patients during 65 operations. Three of these patients

had biopsies from both hemispheres on different occasions.

Fifty-e^ght of these patients suffer, a from Parkinsonism,

one from disseminated sclerosis and two from choreoathetosis.

In one, the pathology causing involuntary movements was

uncertain.

The biopsy cannula was devised by mr. G-. hewell of the

University of Edinburgh. (See figures at the end of chapter;

It was introduced to the required depth, the inner

piston was withdrawn for 2 mm. and the needle was rotated

through one full circle to enable its exposed cutting edge

to cut a slice of brain approximately 2 mm. in diameter.

This tissue was sucked into the needle (air tight suction

being provided by a nylon washer) by withdrawing the inner

piston for another few nr.. The entire biopsy needie

was now withdrawn ana the specimen ejected out by gentle

pushing of the inner piston to the tip of the needle.

Usually, with gentle s .ction, biopsies of 2 to 3 flam. in

size, weighing approximately 3 to 25 mgrms, were obtainable.

Often tremor was seen to subside or lessen as soon as a

biopsy was taken from the target site in the thalamus.

Immediately after withdrawing the biopsy needle, the

coagulating needle was introduced to the same point to act

as a tampon to prevent any bleeding at the site of iiopsy.

If a biopsy was attempted from a tracx where another

instrument had already been introduced, it was occasionally



dif. ic-ult to obtain good specimens. Sometimes an attempt

at bxopsy produced only blood clot especially if it was

attempted within 3 a coagulation lt-sion done a few

seconds earlier. In cases of dyskinesias one was not

always successful in obtaining a biopsy from the capsular

region. This conformed to our experience that the resist¬

ance to the passage of the electrode near the posterior

limb of the internal capsule and through it was greater

in dyskinesias than in cases of Parkinsonism. Apart from

these exceptions it was possible to get a biopsy from the

thalamus, capsule or pallidum whenever it was attempted.

No special postoperative complications were encountered

in aty of the 135 biopsies. There were no cases of

hemorrhage at the site of biopsy (as shown by extreme

drowsiness with shift in position of steel murker left at

conclusion of operation or by transient moderately severe

hemiparesis). It was interesting to note that there were

1C cases of hemorrhage as judged by the above criteria in

mho 403 stereotaxic operations in which no biopsy was taien.

The specimens were fixed with formalin and stained with

hematoxylin and eosin. Distinction between grey and white

matter was relatively easy under ordinary microscopy.

Of the 155 biopsies, II were not available for ordinary

microscopy either because they were subjected to electron

microscopy or because fixation with formalin was not

satisfactory. Pour biopsies were tamen during a leucotomy

and are not considered any further. One was from an area

of previous electrocoagulation and showed no definite normal



tissue.

This study was therefore concerned with the remaining

139 biopsies which were reported upon. preliminary

analysis was first carried out classifying the biopsies

according to the histological report.

Of these, 81 were identified as grey matter due to the

presence of ganglion cells. Fifteen were identified as

white matter due to predominance of fiber bundles with

absence of ganglion cells. Twenty-eight specimens showed

a mixture of both grey and white matter. Fifteen biopsies

could not be classified definitely as grey and/or white

matter since they consisted largely of blood clot with only

a minute quantity of neural tissue. Fifteen attempts out

of 155 therefore produced inadequate material for examina¬

tion. Biopsy failure rate was therefore less than 10%.

Of the 81 biopsies which were identified as grey matter,

61 were from the thalamus and 20 from the pallidum. All

postoperative lesions were charted on the atlas of

Schalatenbrand and Bailey (1959), working back on the X-rays

showing the opaque steel marker left at the conclusion of

the operative procedure. It was seen that all the 20

pallidal biopsies corresponded to the pallidum on the

stereotaxic atlas.

Fifty-two out of the 61 thalamic biopsies conformed to

the corresponding site on the atlas. Of the nine casts

which did not, five biopsies were taken after withdrawal of

another instrument introduced in the track before the

biopsy cannula. One was known to be a case of abnormal



anatomy in that region and. another case has had two previous

stereotaxic operations on the same hemisphere. Fifty-two

out of fifty-four biopsies therefore coincided with the

atlas in the thalamus after these cases.had been excluded.

Since all the thalamic and pallidal biopsies were

taken at or very near the thalamic or pallidal targets

defined radiologically, this information gave us very good

confirmation of the great accuracy of the radiological

methods used.

Of the 15 biopsies reported as white matter, 11

conformed to the internal capsule on atlas charting. One

was probably a bit of subcortical tissue pushed in by the

needle. Three were from the capsule although intended to

be from pallidum. One was from the capsule although intended

to be from the thalamus. Individual anatomical differences

between the patients probably accounted for this.

At the junctional tissue between grey and white matter

the greatest degree of lack of correlation with the atlas

brain occurred. In only 5 out of these 28 cases, the

biopsy was intended to be from junctional tissue. In 23

cases the biopsy was intended to be from gre^ or white

matter as per the atlas.

The effect of previous instrumentation along the

electrode track on accuracy of biopsy report was now considered.

Previous
Instrumentation

Report compared to atlas charting
TotalCorrect Not Correct

Cone 70 18 88

Not done 18 16 34

TOTAL 88 34 122
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Application of the ~X_ test gave the following results.

X2 = 7.362 n = 1 P<0.01

Previous instrumentation along the electrode track was

therefore associated with a significantly larger number of

incorrect biopsy reports as compared to stereotaxic atlas

charting.

These results therefore could now be classified in a

different way to assess the correlation between the atlas

and the histology report. In this final analysis all

biopsies taken when the biopsy oannula was not the first

instrument to be introduced were omitted. The biopsies

which were after a previous operation as also the piece of

subcortical tissue were excluded. The remaining 88 cases

were analysed as shown in the table.

Correlation between intended site of biopsy as per

stereotaxic atlas and histology report (88 biopsies)

Intended site
Histological Report

Grey Matter White Matter Both

Thalamus (46 biopsies) 44 0 2

Pallidum (25 biopsies) 14 3 8

Capsule (11 biopsies) 2 7 2

Junctional Tissue

(6 biopsies) 1 0 3

This suggested that the degree of aocuracy with

radiological localisation with this method decreased in the

following order for targets in our method of stereotaxy -

thalamus, pallidum and capsule.



From this study therefore the fol-iow-ng conclusions

could be drawn.

(1) Stereotaxic biopsy was a safe method of obtaining

tissue for examination from intended sites from the

depth of the Lrain.

(2) When properly carried out the failure rate was less

than 10^ and accuracy of the order of 1 to 2 mm.

(3) In order to get reliable results, the biopsy cannula

should be the first instrument to be introduced along

the planned track.

(4) The thalamic target and to a less extent the pallidal

target as defined radiologically in the Guiot-hilLingham

method were accurate.

(5) The borders of the internal capsule however could not

be predicted with the same accuracy by the radiological

method alone due to individual anatomical variations.

(f) Creation of Reversible and Irreversible Lesions

For the creation of the therapeutic lesion, diathermy

was used. Studies in eg, white and animals as well as

examination of autopsy material by toaloney (i960) revealed

that the calibration of the diathermy could be standardised

with reasonable accuracy.

When the knob of the diathermy machine was set at I and

coagulation was done for five seconds, a minimal heating

effect only was produced. At calibration II, a slightly

greater effect was seen with some shrinking of tissue around.

Both these created destruction of a few adjacent cells,

recognisable macroscopically only if the tissue was examined
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immediately afterwards, for practical purposes and to

clinical neurological testing, these two types of

coagulation produced no permanent effect. In fact,

temporary signs were seen depending on the position of the

electrode and these disappeared usually wxthin a minute or

so. For example, transient tingling in the fingers or

corner of the mouth, a slight jerk of the hand, minimal

weakness of handgrip, cessation of tremor or slurring of

speech might be noted.

If the effect produced was a desirable one like abolition

of tremor or rigidity, the coagulation was now continued to

calibration III on the machine. This would produce a

lesion approximately 4 mm. in diameter around the electrode.

This would be a permanent and irreversible lesion. If

still no motor, sensory or other neurological deficit was

seen, coagulation would be continued to calibration IV when

a lesion approximately 5 ih diameter was created. The

constancy in size of these lesions could be verified on

autopsy material as well as in the patient while testing

on the pericranium with the different calibrations. The

size of the lesion however did not matter with reference to

the calculations used in research because whenever an effect

was produced the point was assumed to be the centre of the

electrode in known position. The effect produced with

this gradual process of heating was therefore almost

identical w^th that described by Cooper (1962) for cooling

and was achieved with much less technical complexity and

cost.



(g) Stimulation Studies

In the first two hundred operations, stimulation was

used to help localisation of the position of the electrode

with reference to intracerebral structures. The electrode

was designed in such a manner that bipolar stimulation

between two points at the tip of the electrode 0.5 mm. apart

could be done and the same electrode at the same position

could be used for coagulation for a length of 4 mm. around

its tip. A Siemens Edison Swan stimulator was used which

could deliver 'single shocks' of variable voltage from 0.5

to 12 during a variable time of 0.5 to 10 seconds. Although

such stimulation was m general helpful, it could not be

fully relied upon for the following reasons. In some

patients, whatever strength of current was used, no response

was obtained in any position of the electrode. Subsequent

coagulation, however, sometimes produced motor or sensory

deficits. In some patients the same response, for example,

tingling in the face, was seen over a fairly long distance

of the electrode track. This was presumably due to leakage

of current along a preferential pathway. Therefore, from

the point of view of localisation for research purposes, the

methods of deep recording, biopsy and creation of reversible

and irreversible lesions were better since they gave the

required information in almost 100$ of the cases while

stimulation was successful only in about 60% of cases.

When stimulation was successful, however, it gave accurate

localisation and was dependable.

(h) Value of Scattargrams

Despite such accurate measurement, corrections and
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charting of lesions, general conclusions could not be drawn

because of the unknown factor of individual anatomical

variation between the patient's brain and the atlas brain.

This factor could be overcome in one of two ways.

The first method used successfully by Hughes (1961) was

to pool the information available from several atlases and

brains and to refer the patient's lesion to this standardised

data. G-uiot (1961) and Van Buren and Maccubbin (1962) used

similar methods.

The second method is identical in principle but is the

reverse of the first. This was to pool the information

from several lesions and to relate it to a standard diagram.

This method of scattergram was used as the main method in

this work.

It is interesting to note that some of the classical work

in neurology has been done by the method of scattergram under

similar circumstances. It is particularly applicable when

the lesion' producing a neurological phenomenon is quite

large in relation to the exact minimal neural tissue damage

required to produce such an effect and the individual

variation in the shape and size of the neural structures

between individuals necessitates the reference to a

standard diagram. Russell and Espir (1961) in their work

on traumatic aphasia from war injuries of the brain used

this method. Holmes (1918) and Holmes and Lister (1916) in

their classical work on disturbances of vision by cerebral

lesions followed the same technique. Hess (1957) in his

Nobel prize winning work on the diencephalon applied the



same principle in some on his studies.

(i) Survey of Clinical Material

The present study is concerned with 334 patients who

underwent l<U > second stage stereotaxic operations by the

Guiot-Gillingham method. A classification by diagnosis

is shown below.

Parkinsonism 301 cases

DysKinesias 23 cases

Pain 3 cases

Mental Disorders 7 cases

The cases of dyskinesias were a mixed group. They

included the following syndromes.

Torsion Dystonia 8 cases

Choreoathetosis 3 cases

Familial Tremor 2 cases

Wilson's Disease 2 cases

Spasmodic Torticollis 2 cases

Disseminated Sclerosis 2 cases

Stiff Man Syndrome 1 case

Mixed Syndromes 3 cases

The cases of Parkinsonism are classified by age, sex

and handedness below.

Sex
Total
No.

Left handed¬
ness

Age at the time of the first
stereotaxic operation

60 and
above

50-59 40-49 39 and be low

Male 185 9 48 101 29 7

Female 116 4 47 47 19 3

Total 301 13 95 148 48 10



Of the total number, 175 were investigated with lumbar

pneumoencephalography and the rest with myodil ventriculo¬

graphy, prior to the second stage stereotaxic procedure.

In 68 of these patients, the disease could be attributed

to a post-encephalitic basis.

294 of the 301 patients suffered from tremor while 298

showed rigidity.

Moderate degree of involvement of both sides was present

in 241 patxents. In 29, the disease was predominantly

rxghisided ana in 31 "the left side was mainly affected.

Thirty patxents suffered from oculogyric crises. Speech

was involved in 228 cases. Dribbling of saliva occurred in

120 patients.

Only 28 patients of the 300, were free from manifestations

of Parkinsonism other than tremor and rigidity.

In addition to these 443 lesions, 30 other lesions were

studied only during the operation and by subsequcnt chartxng.

They were not followed up >losely on postoperative or

longterm assessment. Figures from these 30 cases are

included only with reference to uata elicited uuring the

operation.

(j) Method of Follow-up

All these patients were examxned by a senior member of

the staff at least one month after the stereotaxic procedure.

Apart from a few patxents who came from abroad, everyone

was again assessed as an outpatxent three to six months

after the operation. Some of them were readmitted for

detailed assessments. In a considerable proportion of

cases, repeated follow-up examinations were done. In



addition, a follow-up form (see Appendix B) was sent to the

patient, the patient's near relative and the general

practitioner at least six months after the operation. The

combined information from all these sources was taken in

assessing the efforts of treatment. The non-response

rate was very low and the number of patients on whom there

was not reliable information on a six month follow-up was

only one whose post-operative address could not be traced.

(k) Summary

The various methods of study of the internar capsule and

adjacent diencephalon dur_ng human stereotaxic surgery were

outlined. The radiological, surgical and electrophysiolo¬

gical procedures were described in detail. The methods of

clinical follow-up were given.

For extreme degrees of accuracy, the methoa of depth

electrical recording was to be preferreu. Stereotaxic

biopsy was aj.so quite reliable and useful.

In view f the individual variations, the importance of

drawing conclusions only from statistical analysis anu

scattergrams was stressed.



Two views of the Guiot-G-illingham stereotaxic machine.

The machine in the lower figure is the latest model.
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Sagittal section m) 16 mm. from the midline and parallel to it,
showing the track of the electrode passing to its target in the
globus pallidus through the thalamus and internal capsule.

Track of electrode marked on stereotaxic atlas of Schaltenbrand and Bailey.
Above: Plate 16 SI 16. Below: Plate 48 SI 16.
TTP - Thalamic Target Point. PTP - Pallidal Target Point.



Track of electrode. Above: On Plate 47 SI 15 of stereotaxic atlas.
Below: On X-ray showing commissures outlined by

air and mvodil.
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Above:

Below:
Two tracks of electrode on X-ray showing CP outlined by myodil.
Track of electrode on X-ray showing CA outlined by myodil.

Thalamic and pallidal lesions are also marked.
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Above: Myodil outlining CA on X-ray.
Below: Sights of stereotaxic frame aligned against pallidal target using

image intensifier. Myodil outlining CA.



Right:OpaquemarkeratpallidaltargetseeninpostoperativeX-ray(encircledbyring)
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Above: Lateral view showing two markers at most anterior sites of coagulation
in a bilaterally operated case; one marker in capsule and the other
in thalamus.

Below: Microscopic appearance of stereotaxic coagulation lesion by diathermy
showing the well circumscribed discrete nature of lesion.



Above:

Below:
Recording
Recording

Electrode

Electrode

assembled,
dismantled.
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(The lower trace in each photograph is the time mark
in 100 and 10 msec.)

Photographs of oscillographic records during depth electrical recording
with audiomonitoring: Above: Spontaneous cellular activity in thalamus

Below: Absence of cellular activity in internal
capsule.



(The lower trace in each photograph is the time mark in
100 and 10 msec.)

Photographs of oscillographic records during depth electrical recording
with audiomonitoring from sensory relay nucleus.

Above: Evoked potentials from tapping on hand
Below: Inhibition of spontaneous activity by tapping on face.
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Mr.P.N. Left Brain Stereotaxy 5-6-63
Depth Recording with Audiomonitoring
Diagram of Horizontal Section of Brain
Definition of Borders of Internal Capsule

along Three Parallel Tracks

Pallidal-
Target

Pallido-Capsular Junction
defined at Imm,3mm and 5mm
behind the Pallidal Target
along the three tracko

Thai anto-
Pallidal
Distance

11 r.m

Thalamic
Target "

Thalamo-Capsular Junction
defined at 9mm,IImm and I3mm
behind the Pallidal Target
along the three tracks

I7mm 15mm 13mm
Lateral Distance of
Track from Midline

Three parallel electrode tracks defined by audiomonitoring.
Chart superimposed on Plate from stereotaxic atlas (diagrammatic).
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Lefts

Right:
Biopsy forceps dismantled.
Operating end of components of biopsy forceps.



Left: Biopsy forceps assembled.
Right: Biopsy forceps, opaque marker carrier and coagulating electrode.

Two pieces of biopsy are shown against the black background
above the scale.
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High Power view of stereotaxic biopsy from

grey matter showing ganglion cells.



49

Stereotaxic Biopsy of White matter• Above:
Below:

Low Power
High Power

No ganglion
cells seen
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CHAPTER 3

INDIVIDUAL VARIATIONS

"All science is measurement"

.... Helmholtz.

"All true measurement is essentially comparative"

.... Sir Henry Dale.

(a) Radiological Magnification and Distortion

All methods of stereotaxy face this problem. They

depend on the outlining of the ventricular system by air or

myoail (or similar form of contrast) and calculation of

target co-ordinates from reference points in relation to

the ventricular system and the instrument.

In the Guiot-Gillingham method, the distortion due to

divergent beams is practically eliminated. This is

achieved by keeping the structures needing to be outlined

like the anterior com, Assure always in the centre of the

radiological field. No calibrations of the instrument

are included in the X-ray so that there is no problem of

increasing magnification as the periphery of the film is

approached. Leksell's spiral diagram is probably the most

exact method of overcoming errors from this source but in

view of the factors noted above, no such correction was

needed.

With respect to small distances in the centre of the

field, a constant magnification factor could be used for

the correction of X-ray measurements to correspond to

actual measurements, provided the tube-plate distance was

kept constant. Again, almost all modern methods of

stereotaxy incorporate this feature. Leksell included,



in his method, this principle. Others like Walsh (1962)

felt that, even, then, the central beam had to be calculated

afresh for each case, since the light weight metal beam

could bend and produce distortions of the order of a mm.

or two. In the method used in this project, the tube-

plate distance was kept constant. On the other hand,

the head was not rigidly fixed to the X-ray apparatus and

this could have given rise to small variations in the

magnification factor. There was also the possibilities

of slight tilting of the head or its rotation.

It was decided to ignore these factors for the

following two reasons. Firstly, even in cases where the

stereotaxic frame is rigidly fixed to the skull, no

allowance is made or can be made for differences in the

sizes of the heads or ventricular systems, to produce

constancy of distance between anatomical structures and the

X-ray plate. Secondly, when obvious tilt, rotation or

non-centering were eliminated, the variation in the

magnification factor did not amount to more than 5% at

any time. Taking an example, the upper limit of

co-ordinate measurements, not corrected for atlas, used in

this method was 10 mm. If the magnification was

calculated wrongly in such a case as iG'j? instead of as 13%>,

the result would be 9 nim. instead of 8.5 mm. Therefore,

the maximum possible theoretical error was of the order of

0.5 mm. The accuracy of measurement on the X-ray was only

of the same order and hence such an error was not considered

to be significant. The usual error was more likely to be

of the order of 2%> of 5 mm- or 0.1 mm. which was negligible.



T;;e actual correction factor for magnification used in

these cases was 10%. The best guide as to the exact

magnification at the plane of the site of operation was

calculated from cases where two markers were introduced

simultaneously or within a very short interval in the

same brain. In such cases the factors of instrumental or

radiological variation were minimal.

The following measurements were taken from such cases.

No. Nature of
bilateral

operation

Actual distance
between tracks

(in rnrns.)

Distance between
the markers in

post-operative
X-ray (in mms)

Correction
factor for

magnification

1. thalamotomy 32.0 35.5 3.9%

2. Leucotomy 34.0 38.0 10.5%

3. Leucotomy 42.0 47.0 10.6%

4. Rillidotomy 32.0 35.5 9.9%

5. Rillidotomy 31.5 35.0 10.0%

These figures showed that for practical purposes, the

correction factor used for X-ray magnification was

sufficiently accurate.

The degree of possible error due to radiological

magnification was further reduced in this project by two

other methods. Firstly, all intercommissural distances

were standardised to that of the atlas brain for purposes

of calculation so that X-ray factors were fully eliminated

in that co-ordinate. Secondly, conclusions were drawn

only from scattergrams or statistical analyses. Thus the

factors of individual variations were accounted for as much

as possible.

(b) Variability of Intercommissural Distance

Calculations in this project depended on the



intercommissural distance as the horizontal antero-posterior

axis. Either this line or the line joining the foramen of

Monro with the posterior commissure is now used by the

majority of stereotaxic surgeons as their antero-posterior

reference line. Pineal calcification used by some in

earlier days, has now been generally discarded in view of

its unreliability of presence and inconstant position.

The line joining the posterior border of the anterior

commissure with the anterior border of the posterior commis¬

sure in the lateral film was measured in 350 patxents. The

frequency distribution of this measurement was plotted from

the data and the characteristics as regards the 'normality'

of the series were studied.

Intercommissural
distance in mms. Number
uncorrected for of
X-ray magnification. oases

20 1

21

22

23

24

1

1

0

5

Mean

C.V.

S.D.

23.68 mm.

2.238

7.802

25

26

27

28

29

30

31

32

33

34

35

36

37

Standard error

of the mean 0.12 mm.

28

56

73

61

46

34

18

7

6

1

1

1



These figures indicated that the population studied was as

near a 'normal' one as might be expected in a biological

series.

It was interesting to compare these measurements with

similar figures of other authors. Allowing 10% magnifica¬

tion, the mean CA-CP length of the cases under study was

25.8 mm. Van Buren and Maccubin (1962) gave the

measurements for 16 brains at autopsy with a mean of 23.5 mm.

The range was 21.5 - 27 mm. They, however, measured the

distance between the centres of the commissures and admitted

that some distortion during fixation of the brain was

possible. Spiegel and V/ycis (1952) gave the range for

autopsy brains as 23 to 29 mm. with an average of 25.2 mm.

They also measured the distance between the centres of the

commissures. Their figures for lateral Roentgenograms

were s Range 22.5 to 28.5 mm. and average 24.8 mm. Their

study was based on 30 brains at autopsy. Talairach (1955)

in a study of 26 brains gave the range of the distance

between the centres of the commissures as 23 - 28.5 mm.

with an average of 25.5.mm. Amador, Blundell and Wahren

(1959) in 31 brains studied at autopsy gave the range

(border to border of commissures) as 21 - 25 mm. with an

average of 23 mm. These figures were somewhat smaller

than the ones derived in the present study. On the other

hand Guiot (1963) felt that the average CA-CP length of

French brains studied by him at autopsy was 25 - 26 mm.

In view of the variability of the CA-CP distance the

immediate corollary which occurred to all stereotaxic

surgeons was whether reduction of the measurements of the



co-ordinates of a target point to correspond to a standard

CA-CP distance was likely to increase the accuracy of

coincidence of the radiological target with the anatomical

structure aimed at. Wahren and Braitenberg (1959) found a

genera-, reduction of scattering of more than 50% when the

surface sulci were plotted in relation to the intercommissural

system as compared with Reid's system. Talairach (1961)

found as a result of the study of 130 undistorted brains

that proportional correction of the anteroposterior

co-ordinate of the thalamic target with respeot to the

intercommissural distance was relevant. Van buren and

Maceuhbin (1961), on the other hand, did not feel that

statistical analysis proved this to be true. Hughes (1963)

as a result of the study of autopsy brains as well as

information from several standard atlases felt that the

scatter of the oral ventral nucleus of the thalamus was

reduced if a proportionate correction for the CA-CP length

was applied. Caracalos, Levita and Cooper (1962) also

felt that correction of the anteroposterior co-ordinate

for the CA-CP length increased the accuracy of charting on

the atlas of Schaltenbrand and Bailey.

These differing opinions and statistical results made

it necessary that the importance or otherwise of the

correction factor should be established for this study.

During depth electrical recording with audiomonitoring it

was possible to define accurately the thalamocapsular

junction in 22 cases and the pallidocapsular junction in

24 cases, as a basis for this particular part of the study.

The lesions were charted on the atlas of Schaltenbrand and



Bailey and the co-ordinates of the thalamocapsular and

pallidocapsular junctions were determined before and after

proportionate reduction of the antero-posterior co-ordinate

for the CA-CP length of the standard brain. In each case,

the distance of this point from the corresponding junction

in the atlas was measured. These paired observations

were subjected to the student test and degree of significance

was determined in each series. It was felt that while the

mean of each series was shifted towards that of the atlas

after correction for CA-CP, the degree of scatter was not

significantly altered.

Case Distance between Thalamo Same measurement in each
No. capsular junction defined case after correction of

by auaiomonitoring and antero-posterior
charted lesion and the co-ordinate for CA-CP

Thalamocapsular junction length,
of atlas brain on the
track (in mm. x 4)

1. - 3.5 - 6.0
2. - 3.5 - 5.5

3. + 4.0 - 3.5

4. - 4.0 -10.5

5. + 1.5 0

6. + 7.0 + 6.0

7. 0 - 3.0

8. + 2.0 0

9. - 6.0 - 6.0

10. +17.0 +14.5
11. +17.5 +16.0

12. +7.0 +3.0

13. -19.5 -24.0

14. + 6.0 0

15. +20.0 +18.0

16. - i.e - 3.0
17. +6.0 +2.5
18. +14.0 +11.5
19. + 6.5 + 6.0
20. - 4.0 - 6.0

21. -28.5 -26.0
22. +22.0 +17.5



Mean + 2.75 + 0.07

S.D. 12.01 11.64

Difference between the means 2.68

Standard Error of the difference
between the means 0.476

Applying the t-test, the probability that a difference

as great as that observed should arise through chance was

less than 0.01.

These 22 cases were also compared with the general

population of 350 cases with respect to their CA-CP length,

The following were the essential data for comparison.

350 cases 22 cases

Mean 28.68 mm. 28.32 mm.

S.D. 2.238 1.81

Difference between the means 0.36
Standard error of difference
between the means 0.404

Twice the standard error was greater than the
difference between the means.

Case Distance between Pallidocapsular Same measurement
No. junction defined by auaiomonitoring in each case after

and charted on atlas and the correction of AP

Pallidocapsular junction of the co-ordinate for
atlas brain on the track CA-CP length

(in mu:s. x 4)

1. + 6.5 + 4.5

2. +12.0 +10.0

3. + 00 • o + 5.0

4. - 5.0 -12.0

5. +12.5 +11.0

6. +14.0 +12.0

7. +14.5 +13.0

8. + 0.5 - 3.5

9. + 7.5 + 3-5

HO • + 3.5 0

11. +17.0 +17.0

12. +24.5 +22.5



15. +17.5 +15.5

14. + 8.5 + 5.0

15. - 3.0 - 6.5
16. +21.0 +16.5
17. +21.5 +19.5

18. +13.0 +11.0

19. +12.0 +10.0

20. +16.0 +14.0

21. +14.0 +13.0

22. +16.0 +14.0

23. + 1.0 - 1.5

24. -12.0 -13.0

Mean +10.04 + 7.52

S.D. 8.926 9.552

Difference between the means 2.52

Standard error of the difference

between the means 0.2925

From the t-tables, the probability that a difference as great
as that observed should arise through chance was less than

0.01

The characteristics of tnis sample of 24 cases as

compared to the general population of 350 cases wxth

reference to the CA-CP length were studied.

350 cases 21+ cases

Mean 28.68 mm. 28.13 mm.

S.D. 2.238 1.569

Difference between the means 0.55

Standard Error of the difference

between the means 0.341

Twice the standard error was greater than
the difference between the means.

It was therefore concluded that the proportionate

correction of the anteroposterior co-ordinate approximated

the individual case to the atlas brain more closely. Such
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a correction slightly decreased the scat er for the thalamo-

capsular junction and slightly increased it for the

pallidocapsular junction.

(c) Maximum Breadth of the Body of the Lateral Ventricle

Cooper and Bravo (1958) advocated the location of the

pallidal target with reference to a line drawn in the AP

X-ray parallel to the midline through the lateralmost part

of the body of the lateral ventricle. Talairach (1935)

advocated a correction with reference to the ventricular

system for paraventricular structures. Hughes (1961)

corrected the position of the ventral oral nucleus of the

thalamus with reference to the width of the body of the

lateral ventricle in order to mame the site of his radio-

frequency lesion more accurate.

Talairach and his colleagues (1957) subsequently did not

find the breadth of the lateral ventricles to be dependable

in correcting for transverse anatomical variations. A

similar conclusion was reached by Brierley and Beck (1959).

Van Buren and Maceubbin (1962) found no statistical correla¬

tion between anatomical variations and lateral ventricular

size. Spiegel and lycis (1962) felt that any such

correction did not ensure that the lesion would not encroach

on the capsule.

Amador, Blundell and Wahren (1959) hid not feel that

any correction for ventricular size would be a simple one.

In this project, the problem was approached in the same

manner as was done in the question of correction for the

intercommissural distance. The maximum breadth of the



body of the lateral ventricle was measured in 240 cases

included in this study. The results were as follows.

Breadth in mms.

(uncorrected for No. of
X-ray magnification) cases

14 1

15 1
16 5

17 8
18 17

19 39

20 31

21 26

22 26

23 24

24 17

25 18
26 17

27 2

28 6

29 2

Total 240

Mean 21.51 mm.

S.D. 2.963
Coefficient of Variation = 13.77

Davidoff and Dyke (1951) observed that the outermost
limits of the bodies of the lateral ventricles measured by
them on X-rays ranged from 17.5 to 22.5 mm., the average

being 20 mm. They considered measurements greater than
22.5 mm. to be larger than normal.

Davidoff and Epstein (1955) observed that the lateral
ventricles were dilated due to atrophy in basal ganglia
disease but did not give any definite measurements since they
had no series of pneumoencephalograms done xn cases of
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Parkinsonism or other basal ganglia disease.

Nineteen cases were available for which the lateral

ventricle breadth was known and in which the position of the

thalamocapsular junction had been defined by audiomonitoring.

This point was therefore plotted on the atlas of Schalten-

brand and Bailey before and after correction of the

co-ordinates of the point for the ventricular breadth.

The correction applied was proportionate reduction of the

lateral co-ordinate based on ratio of the ventricular sizes

of the case and the standard atlas brain. The following

results were obtained.

Case Lat. Vent.
No. breadth

( in miiis.)
(uncorrected
for X-ray
magnifica-

Thalamocapsular
junction difference
before correction

(in mnis. x 4)

fame measurement
axter correction

(in nuns, x 4)

tion)
1. 15 0.0 +60.0

2. 16 i
• o +23.0

3. 16 0.0 +lo. 0

4. 18 0.0 +13.0

5. 18 + 6.0 +25.5

6. 18 - 6.0 + 8.5

7. 18 + 2.5 +16.0

8. 19 +16.0 +22.5

20
1 1 1

11 Vl °l
1 1 1 i

- 3.0

10. 20 + 6.0 4 6.0

11. 20 - 6.0 - 6.0

12. 21 124.0" -?0.5
13. 21 +11.5 + 5.0

14. 22 - 5.5 -13.5

15. 22 +18.0 + 4.5

16. 23 + 3.0 - 6.0

17. 24 - 3.5 -15.0

18. 24 -10.5 -13.5

19. 24 +14.5 - 2.5



Mean 19,95

S.D. 2.798

+ 0.842

10.04

+ 5.895

19.91

Difference between the means wa3 5.053

Standard error of the difference between the means was 4.167

Applying the t-test for paired observations the probability

that a difference as great as xhat observed should arise

through chance was seen to be between 0.50 and 0.20.

Although the shift of the mean away from the thalamocapsular

junction could not be definitely ascribed to the correction,

it was very suggestive that the correction increased the

error by nearly doubling the standard deviation or increasing

the scatter very much.

There was another factor to be considered. Although

the mean of these 19 cases approximated very closely to the

atlas lateral ventricle breadth of 20 mm. (reverse

correction applied for X-ray magnification), the group was

not representative of the 'universe' of lateral ventricles

as judged by the bigger sample of 240 cases. The following

figures made this evident.

Difference between the means 1.56

Standard error of the difference

between the means was 0.6701

Difference between the means was greater than
twice the standard error.

This was probably due to inclusion of dilated ventricles

in the bigger sample. While the 19 cases had a relatively

'normal* distribution, the 240 cases had a proportion of

Mean

240 cases 19 cases

21.51 19.95

S.D. 2.963 2.799



cases with dilated ventricles which made the frequency

distribution curve positively skewed.

The t-test was therefore reapplied for these

'hydrocephalic* brains in the group of 19 cases. Eight

cases which had a lateral ventricular breadth greater than

that of the atlas brain were studied as a separate group.

These were shown below both the interrupted lines in the

taile listing all the 19 cases.

For these 8 cases alone, the following were the

relevant figures.

Ventric. Difference Difference
breadth before after

correction correction

Mean 22.63 + 0.4375 - 6.938

S.D. 1.302 14.16 11.76

Difference between the means 9.375

Standard error of the difference

between the means 1.574

Applying the t-test for paired observations, the

probability that a difference as great as that observed

should arise through chance was seen to be less than 0.01.

From this study, therefore, a correction for the

thalamocapsular junction for the maximum breadth of the

body of the lateral ventricle was not seen to be justified.

The same procedure was followed with reference to the

pallidocapsular junction defined by audiomonitoring. 21

cases were available where the pallidocapsular junction by

depth recording and the breadth of the lateral ventricle

by pneumoventriculography were known. The difference between

the junction of the case and that of the atlas brain, on



charting, was calculated in each instance before and after

correction for the maximum breadth of the lateral ventricle

of the case. The results are shown in the table below.

The maximum breadth of the body of the lateral ventricle is

expressed in nuns, without correction for X-ray magnification

and the differences between the pallidocapsular junctions

of the case and the atlas brain in ituiis. x 4.

Case Breadth Difference between
No. of Lat. Pallidocapsular junctions

Ventricle Before After
Correction Correction

1. 15.0 +16.3 +35.0

2. 16.0 - 3.5 +10.0

3. 16.0 + 3.5 +16.5
4. 16.0 0 +14.5

3. 18.0 +11.0 +18.5
6. 18.0 +12.0 +21.0

7. 18.0 +13.0 +21.5

8. 18.0 +17.0 +26.5
9. 18.0 +10.0 +16.0

10. 19.0 +15-5 +21.0

11. 20.0 +11.0 +11.0

12. 20.0 +13.0 +13.0

13. 20.0 +14.0 +14.0

14. 21.0 - 6.5 -10.0

15. 21.0 +14.0 + 7.5
16. 22.0 + 5.0 - 1.0

17. 22.0 +19.5 +11.0

18. 23.0 +10.0 - 2.0

19. 23.0 + 5.0 - 4.5
20. 24.0 -12.0 -17.0

21. 24.0 +22.5 + 6.5
Mean 19.62 + 9.07 +10.90

S.D. 2.748 8.765 12.40

Difference between the means I.83
Standard error of the difference

betw@en the means 2.116



Applying the t-test for paired observations, the probability

that a difference as great as that ob served should arise

through chance was between 0.50 and 0.20.

Although the shift of the mean from the pallidocapsular

junction could not be definitely attributed to the correction,

it is to be noted the scatter was very much increased with a

large increase of the standard deviation.

As was shown for the 19 cases of thalamocapsular junction,

the hi cases of pallidocapsular junction were not also

representative of the larger series of lateral ventricles

as the following figures indicate.

240 cases 21 cases

Mean 21.51 19.62

S.D. 2.963 2.748

difference between the means 1.89

Standard error of the difference

between the means 0.6295

Difference between the means was greater than
twice the standard error.

Again the group of 'hydrocephalic' brains alone were

considered. These are shown below the interrupted line

in the table showing all the 21 cases.

For these 8 cases alone, the following were the

relevant figures.

Vontric. Difference Difference
breadth before after

correction correction

Mean 22.5 + 7.188 - 1.188

S.D. 1.195 11.98 9.43

Difference between the means 8.375

Standard error of the difference

between the means 1.445
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Applying the t-test for paired observations, the

probability that a difference as great as that observed

should arise through chance was seen to be less than 0.1.

Although statistically speaking, such a correction

would appear valid for 'hydrocephalic' braxns, it was not

actually done due to the following reasons.

(l) The breadth of the internal capsule of the atlas

brain was less than the mean of the cases operated with the

help of depth electrical recording. This difference was

evident mostly at the pallidal end of the capsule and

ANY correction therefore which reduced the co-ordinates

would shift the pallidocapsular junction towards the smaller

atlas brain. If the correction factor was valid, it should

have bden so for the entire group.

(a) The standard deviation or scatier was not very

much reduced by applying the correction.

(3) Unlike in the case of the thalamus, there was no

anatomical reason why the pallidum 3hould be shifted by

a dilation of the lateral ventricle. Correction factors,

anatomically speaking, should be valid only for immediate

paraventricular s true tures.

(4) The number of cases studied, eight, were too few

to base conclusions for the entire series of cases under

consideration.

(d) Breadth of the Third Ventrxcle

Correction factors based on this measurement are still

very controversial topics among stereotaxic surgeons.

Hughes (I963) found no reduction in the scatter of the

oral ventral nucleus of the thalamus when allowance /as
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made for the width of the third ventricle. Spiegel and

W/cis (1962) found wide scattering of the distance of the

medial corner of the pallidum from the midline. When the

distances were corrected for the width of the third

ventricle, the scattering was no less considerable.

Gillingham and his colleagues (i960) felt that a

correction for the third ventricular width was reasonable,

especially at the pallidal level. Gillingham (1963) did

not however apply this correction when the ventricular

size was within normal limits. Guiot (1963) used to

correct for this factor but had ceased to do so recently

since he felt it did not increase the accuracy of placement

of his lesion.

Talairaoh (1962) felt that in cases of distention of

the third ventricle, the medial limit of the lesion should

be located at least 5 to 6 mm. outside the wall of the

third ventricle to avoid encroachment on the hypothalamus.

Hassler (1963) and Yasargil and Krayenbuhl (1963)

strongly advocated correction for the width of the third

ventricle. They calculated the lateral distance of the

lesion from the wall of the third ventricle. Hassler

measured the width of the middle of the ventricle for

thalamic targets and the lower part of the ventricle for

pallidal targets.

Amador, Blundell and Wahren (1939) opined that the

correction necessitated by variations in ventricular size

was not a simple one. According to these authors, the

structures nearest to the third ventricle did not move

perpendicularly away from the midline with increasing



ventricular size. The displacement was the resultant of

vertical and horizontal movement and the correction therefore

was complicated.

In this project, the problem was approached in the same

manner as .as done for the lateral ventricle. The maximum

breadth of the body of the third ventricle adequately out¬

lined by air or myodil was measured in 185 Roentgenograms.

The results are given below.

Breadth in mms. Nunner of

(uncorrected for cases
X-ray magnification)

5 6

6 15

7 25

3 38

9 31

10 21

11 20

12 8

13 9

14 4

15 6
16 2

Total 185
Mean 9*184

S.D. 2.438
Coefficient of
Variation 26.55

As in the case of the frequency distribution of the

lateral ventricular size, the frequency distribution of the

third ventricular size was also seen to be positively

skewed, with a larger proportion of "dilated" ventricles.

It was interesting to compare these results with those

of other authors. Twining (1939) considered 10 mm. as the

upper limit of normality. Davidoff and Dyke (1951) gave
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the range measured on the X-ray as 2 to 8 mm. for normal

ventricles. Amador, Blundell and Wahrer. (1959) found a

range of 1.5 to 8.5 mm. for autopsy sections. They felt

that the width was dependant on the presence or absence of

a connexus interthalamicus. In cases where a massa

intermedia was present, the range was 1.5 to 4.0 mm.

Where it was absent, the range was 7.0 to 8.5 mm.

19 cases were available in whom both the position of the

thalamocapsular junction by depth electrical recording and

the width of the body of the third ventricle by air or

myodil ventriculography were known. The thalamocapsular

junction was plotted on the atlas of Schaltenbrand and

Bailey before and after correction for the size of the third

ventricle.

The following results were obtained.

Case maximum breadth Difference between thalamo-
No. of Third Ventricle capsular Junctions on

uncorrected for charting between case and
X-ray magnification atlas brain.

Before After
correction correction

(in nuus. x 4) (in mms. x

1. 5 +16.0 +20.5

2. 5 + 3.0 + 8.0

3. 6 - 6.0 - 4.0

4. 6 +18.0 +21.0

5. 7 0 - 1.0

6. 7 + 6.0 + 3.0

7. 7 -24.0 -25.0
8. 7 + 2.5 + 2.0

9. 8 0 - 6.0

10. 8 +11.5 + 7.0

11. 9 - 5.5 -12.0

12. 9 - 3.5 -11.5

13. 9 -10.5 -12.5



14. 9 - 3.0 -11.0

15. 10 - 3-0 -13-5
16. 10 0 3o

17. 10 +14.5 - 0.5
18. 10 - 6.0 - 8.5

19. 11 + 6.0 - 4.5

Mean 8.053 + 0.842 - 2.737

S.D. 1.810 10.04 11.46
Difference between the means 3.579

Standard error of the difference

between the means 1.234

It was noted that the mean was shifted from the

thalamocapsular junction by application of the correction

and the scatter as judged by the standard deviation was

increased. Applying the t-test for paired observations,

it was seen that the probability that a difference as great

as that observed should arise through chance, was less than

0.01. Correction for third ventricular breadth therefore

increased the error due to anatomical variations in the

case of the thalamocapsular junction.

The question arose whether this series of 19 cases

was representative of the 'universe' of third ventricles

as shown by the larger sample of 185 cases. The relevant

figures were studied.

185 cases 19 cases

Mean 9.184 8.053

S.D. 2.439 1.809

Difference between the means 1.131

Standard error of the difference

between the means 0.4521

Since the difference between the means was greater than

twice the standard error, it was decided that the sample



was not representative of the 'universe* of Parkinsonism

cases loaded with dilated third ventricles.

As was done in the case of the lateral ventricle study,

the group of cases with third ventricles larger than that of

the atlas brain were now separately studied. There were

15 cases in this group shown below the interrupted line in

the table listing all the 19 cases. For these 15 cases,

the relevant figures were analysed.

Ventricular Difference Difference
breadth before after

correction correction

Mean 8.733 - 1.0 - 6.5

S.D. 1.335 9.215 8.155

Difference between the means 5*5

Standard error of the difference

between the means 1.095

Applying the t-test for paired observations, the

probability, that a difference as great as that observed

should arise through chance was less than 0.01. Therefore

the correction of target site for the breadth of the third

ventricle was not justified by this study.

A study on identical lines was done for the paliido-

capsular junction and the third ventricular width. 21 cases

were available in this series. The details are shown

below.

Case Third veniricular Difference between pallidocapsular
No. Breadth in mms. junctions of case and the atlas

uncorrected for brain on charting (in mms. x 4)
X-ray magnification Before After

correction correction

1. 5 + 15.5 + 19.0

2. 5 + 5.0 + 8.0

3. 6 + 17.0 + 18.0



4. 6 + 19.5 + 21.0

5. 7 + 11.0 + 11.0

6. 7 + 12.0 + 11.0

7. 7 + 13.0 + 12.0

8. 7 - 6.5 - 7.5

9. 7 + 10.0 + 9.0

10. 8 + 16.5 + 11.0

11. 8 + 14.0 + 9.0

12. 9 + 5.0 - 1.0

13. 9 - 12.0 - 15.0

14. 9 + 11.0 + 4.0

15. 10 - 3.5 - 12.5

16. 10 + 3.5 - 3.5

17. 10 0 - 1.0

18. 10 + 22.5 + 8.0

19. 10 + 14.0 + 11.5

20. 11 + 13.0 + 6.0

21. 13 + 10.0 - 2.0

Mean 8.216 + 9.071 + 5.524

S.D. 2.077 COvoCO 9.804

Difference between the means 3.547

Standard error of the difference

between the means 1.04

It was seen that there was a shift of the mean towards

the pallidocapsular junction of the atlas brain but

simultaneously there was an increase in scatter as judged

by the standard deviation. Applying the t-test for paired

observations, the probability that a difference as great

as that observed should arise through chance was seen to

be less than 0.01.

These 21 cases were compared with the larger sample of

lu5 cases for their third ventricle width.

1^5 cases 21 cases

Mean 9.104 8.286
s.D. 2.439 2.077



Difference between the means 0.898

Standard error of the difference

between the means 0.4874

The difference between the means was less than twice

the standard error and therefore the likelihood that the

sample was not representative of the 'universe' of third

ventricles was not proved.

In view of the increase in scatter on the application

of the correction, there was no justification to apply it.

(e) Height of Thalamus

Hassler (1963) and Yasargil and Krayenbuhl (1963)

attached great importance to this as a correction factor for

the vertical co-ordinate of their thalamic targets.

Hughes (1963) used 20% of the height of the thalamus in

calculation of his thalamic target. He felt however that

the variability of this measurement was very much less than

those of the ventricles. Brierley and Beck (1959) felt

that the vertical co-ordinate could be accurately corrected

by the TOTAL thalamic height which could not be measured in

the X-ray, but could be measured only at autopsy. The

thalamic height used by stereotaxic surgeons (maximum height

of the floor of the body of the lateral ventricle above the

intercommissural line in the lateral X-ray) was not considered

by them as a valid correction factor.

Van Buren and Maccubbin (1962) found no statistical

support for any correction factor based on pneumoencephalo-

grams and introduced the concept of a "sphere of error".

The thalamic heights of 175 cases were measured in this
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study. The frequency distribution is shown below.

Height of thalamus in mms. ho. of
uncorrected for X-ray cases

magnification

14 1

15 2

16 7

17 18

18 24

19 44

20 35

21 30

22 11

23 2

24 1

Total 175

Mean 19.27

S.D. 1.72

Coefficient of Variation 8.926

The present study therefore supported the opinion of

Hughes that the variation in thalamic height was much less

than that of the size of the ventricles as judged by the

corresponding coefficients of variation. It was seen that

nearly 31% of cases were within the range of two standard

deviations or 3.44 mm. The usual height of thalamic

target in the series of cases under analysis was 4 mm.,

after correction for X-ray. Application of the thalamic

height correction factor therefore would not have changed

the vertical co-ordinate by more than 0.7 mm. In as

many as 60% of cases, it would be only half of this. Since

the accuracy of radiological measurement and final

instrumental error was more than this amount, there was no



justification for the introduction of a correction factor

too minute in proportion to the other variables.

Furthermore the major part of this study was concerned

with the internal capsule. At this level the electrode

track was on an average 0 to 3 "u11* above the intercommissural

line. Apart from the very doubtful assumption that a

thalamic correction factor was applicable to the capsule,

even such a correction would be of the order of a fraction

of a millimeter. This was considered to be a negligible

variation and consequently no thalamic height correction

factor was introduced in this study.

(f) Cranio-Cerebral Topometry

Apart from Delmas and Pertuiset (1959), no stereotaxic

surgeon found the cephalic indices useful or reliable in the

determination of intracerebral targets. No attempt was

therefore made in the present study to introduce any such

localisation or correction factor.

(g) Width of the Internal Capsule

Guiot, Brion and Akerman (1961) found the range in the

width of the posterior limb of the internal capsule along

their electrode tracks to be widely variable. Their

trajectory was closely similar to the one used in the

present study. From 2 mm., on a medial track, it could be

as much as 17 mm. on a lateral track.

Guiot (1963) using bipolar depth recording on a track

more oblique than the present one considered the mean width

of the capsule to be about 9 mm.

26 instances were available in this project where both

the thalamocapsular and pallidocapsular junctions were
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defined with accuracy and thus the breadth of the capsule

measured. The following results were obtained.

Case Breadth of Lateral distance Angle between
No. capsule of track (in mias. electrode track

(in mms.) uncorrected for and intercommis-
X-ray magnification) sural line

(in degrees)
1. 3.5 17.5 11.5

2. 5.0 16.0 11.0

3. 5.0 17.5 26.0

4. 5.0 18.0 11.0

3. 5.5 19.0 20.5

6. 6.5 17.5 26.0

7. 6.5 19.0 25.0

8. 7.0 17.5 20.0

9. 7.0 18.5 18.5
10. 7.5 17.5 26.0

11. 8.0 17.5 10.0

12. 8.0 17.5 26.0

13. 8.0 18.0 20.0

14. 8.0 19.0 23.5

15. 8.0 20.0 20.0

16. 8.0 20.0 26.0

17. 8.0 20.0 26.5
18. 9.0 18.0 24.0

19. 9.5 15.0 27.5
20. 10.0 16.0 20.0

21. 10.5 18.0 27.0

22. 10.5 18.0 29.0

23. 10.5 19.5 17.0

24. 10.5 21.5 22.5

25. 12.0 17.5 26.0

26. 12.0 17.5 27.0

For Breadth of Capsule

Mean 8.038
S.D. 2.231

C.V. 27.76
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It was seen that the variability of the internal capsule

was much greater than any of the previous measurements

referrea to in this study. The number of cases were too

few to define exact degrees of correlation between the

variables. Scatter uiagrams were drawn and these indicated

some trends. Within the limits of the lateral distances

used in this series for the entry of the electrode, there

was no definite correlation between the width of the

capsule and the laterality of the track. The angle of

entry, however, showed some trend when compared with the

width of the capsule. The larger angles were associated

with greater capsular widths.

(h) Summary

In the study of correction factors to be applied for

accurate localisation of stereotaxic targets, the inter-

commissural distance, the maximum breadth of the body of the

lateral ventricle, the width of the third ventricle and the

height of thalamus were considered.

Each factor was analysed with reference to the shift

of the mean and scatter produced before and after correction,

the points used being the thalamocapsular and pallidocapsular

junctions defined by audiomonitoring and transferred on

charting to the standard atlas brain.

The anatomical basis for each correction was also taicen

into consideration in the final decision as to its

applicability.

It was decided that with the information available,

under the conditions of operation used in the present



series, and for comparison with the standard brain of

Schaltenbrand and Bailey's atlas (brain no. LXXVIIl), only

one correction was justifiable in the study of the thalamus,

internal capsule and pallidum. This correction was the

proportionate reduction of the anteroposterior co-ordinate

with reference to the intercommissural length.

Only this correction has been carried out in the

scattergrams in the subsequent parts of this work. All

other values af co-ordinates were absolute being corrected

only for X-ray magnification.



Figures of Chapter 3

Explanatory Mote

The scattergrams and bar charts which follow, explain

the general principles described in the chapter. The

number of cases from which they are constructed is

slightly less, in each instance, than the actual numbers

used in the statistical calculations in the chapter. The

last few cases are included for statistical analysis but

not in the diagrams. The mean, standard deviation, etc.

on the photographs are therefore slightly different from

the corresponding figures in the text. The scattergrams

and bar charts illustrate the general point that there is

no obvious reduction in scatter on application of

correction factors. The applicability or otherwise of

each correction factor has therefore to be decided on

statistical tests as has been done in the text of the

chapter.
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SCATTER DIAGRAM SHOWING NO CORRELATION BETWEEN LATERAL
DISTANCE OF ELECTRODE TRACK (WITHIN THE RANGE USED AT
OPERATION ) AND BREADTH OF INTERNAL CAPSULE (MEASURED
BY DEPTH ELECTRICAL RECORDING) (25 CASES)
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C H A PTES 4

STUDIES OF THE SETTSORY SYSTH '

"Theories are very attractive to most persons because
they are the philosophy, and often the poetry, of science,
'-yen the mo fit captivating theories are subject to eternal
change. Recorded observations, on the other hand, although
primarily addressed to the rational part of one's nature,
have values which endure."

.... Eugene G-ley (French
Physiologist)

(a) Scope of Exploration

The therapeutic nature of the procedure completely

negativated all possibilities of exploration along any

other tracl: other than that required for treatment. All

the observations made in this project and recorded in this

thesis •"fire from a small but important volume of tissue in

the diencephalon. The volume of tissue explored could be

approximately likened to a truncated cone of tissue. This

tissue was situated in an oblique direction downwards and

forwards in a parasagittal plane parallel to the midsagittal

plane of the brain. It included part of the thalamus,

the posterior limb of the internal capsule and the globus

pallidus.

Passage of the electrode through the ventricular

cavity was achieved with minimal resistance. In many

cases there was a definite palpable resistance to its

passage as the ependymal covering of the puavLnar was

penetrated. In such cases the pulvino-pallidal target

distance could be measured as the distance between the

ventricular surface of the pulvinar along the electrode



track and the radiological pallidal target. Hot/ever it

was not always possible to measure this distance. It was

usually between 20 and 30 mm. In cases of depth

electrical recording studies were usually started at 28 mm.

behind the pallidal target whereas for stimulation and

coagulation, 20 mm. behind the pallidal target was the

common starting point.

The lateral distance of the electrode track varied v/ith

the phase of evolution of stereotaxic surgery at Edinburgh.

The lateral distances of the tracks used, as judged by the

position of the radio-opaque steel marker in the post¬

operative PA film, were analysed in 475 operations. It

was seen that the great majority (96,6%) of the explorations

could be referred to one of three atlas plates (Si 13.5,

SI 16.0 and SI 18.5) being within the range 12.5 to 19.5 mm,

from the midsagittal plane of the brain. The few tracks

lateral to these, however, gave us very important informa¬

tion regarding the motor tracts. This point would be

further elaborated in a subsequent part of the study,

Frequency Distribution of the Lateral Distance of

the Track of the Electrode from the Midventricular

Line in 475 operations.

Lateral Distance in rams. Number
(uncorrected for X-ray of
magnification) cases

11.0 o
OZ 11.5 1

12.0 & 12.5 1

13.0 >*>
OZ 13.5 4

14.0 8: 14.5 7

15.0 & 15.5 13

16.0 o
OZ 16.5 45

17.0 & 17.5 109

18.0 & 18.5 123
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19.0 oc 19.5 98

20.0 60 20.5 47

21.0 & 21.5 17

22.0 & 22.5 5

23.0 & 23.5 2

24.0 d. 24.5 3

These lateral distances could, be regrouped into the

following five groups.

Laterality of Track Atlas Plate Number of cases

1. Electrode track too

medial (Marker in
X-ray between 11.0
and 13*5 mm., SI 11.0 6
corresponding to a

parasagittal plan©
11.0 mm. from the

midline)

2. Electrode tracK medial

(karker in X-ray
between 14.0 and 16.0

mm., corresponding SI 13.5 41
to a parasagittal

plane 13.5 mm. from
the midline)

3. Electrode track in

standard plane

(Marker in X-ray
between 16.5 and SI 16.0 323

19.0 mi:., correspond¬

ing to a parasagittal

plane 16.0 mm. from
the midline)
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4. Electrode track

lateral (Marker
in X-ray between

19.5 and 21.5 mm. SI 18.5 95

corresponding to
a plane 18.5 mm.

from the midline)

5. Electrode track too
lateral (Marker in
X-ray between 22.0
and 24.5 mm., SI 21.0 10

corresponding to a (SI 21.5)
plane 21.0 mm. from
the midline)

The angle of inclination of the electrode track again

varied with the height of the thalamic target above the

intercommissural line. An analysis of this angle is

given below.

Frequency Distribution of the Angle of Inclination

of the Electrode Track with the Intercommissural

Total 475

Line in 475 Operations

Angle of
entry

No. of
cases

10.0 - 11.5

12.0 - 13.5

14.0 - 15.5

16.0 - 17.5

18.0 - 19.5

20.0 - 21.5

22.0 - 23.5

24.0 - 25.5

26.0 - 27.5

28.0 - 29.5

32

56

51

67

78

49

7

18

4

2



30.0 - 31.5

32.0 - 35.5

34.0 - 35.5

36.0 - 37.5

38.0 - 39.5

40.0 - 41.5

42.0 - 43.5

44.0 - 45«5

46.0 - 47.5

48.0 - 49.5

50.0 - 51.5

52.0 - 53.5

43

11

14

10

4

5

8

5

3

4

3

1

In each case the height at which (after application

of corrections for X-raj and CA-CP distance) the electrode

track crossed the midcommisaural plane was measured. The

following were the values for this figure in 475 operations

Frequency distribution of height of intersection of

electrode track and midcommissural plane in 475 operations

Height of intersection of
electrode track and mid- No.
commissural plane above the of
intercommissural line eases

(in mms.)

—6.25 <1 —6.0
-5.75 & -5.5

-5.25 & -5.0

-4.75 & -4.5

-4.25 4 -4.0

-3.75 & -3.5

-3.25 4 -3.0

-2.75 & -2.5

-2.25 i. -2.0

-1.75 4 —1.5

-1.25 <1 -1.0

-0.75 o -0.5

-0.25 4 0

3

3

5

0

1

0

1

1

1

1

1

1

2



+0.25 & 0.5 8

0.75 (5c 1.0 8

i.25 tX 1.5 24

1.75 & 2.0 26

2.25 0. 2.5 43

2.75 0c 3.0 50

3.25 dc 3.5 41

3.75 Ck. 4.0 55

4.25 C< 4.5 50

4.75 & 5.0 37

5.25 dc 5*5 28

5.75 0 6.0 25

6.25 4 6.5 15

6.75 & 7.0 8

7.25 & 7.5 12

7.75 & 8.0 9

8.25 4 8.5 3

8.75 & 9.0 3

9.25 4 9.5 6

9.75 C'. 10.0 0

10.25 & 10.5 0

10.75 6c 11.0 1

11.25 & 11.5 3

8yfo of these tracks crossed between the range of

1.25 mm. and 6.5 mm. This did not, of course, necessarily

mean that lesions were made in the midcommissural plane at

all these heights. The majority of variations from the

middle range were cases of pain or involuntary movements

other than Parkinsonism. The values quoted are the

heights at which the electrode track would have intersected

the midcommissural plane if the trajectoiy had been

continued further forward from its thalamic lesion site.

The values are quoted to provide an idea of the extent of



the diencephalon explored by this method of stereotaxy.

(b) Sensory Phenomena during Stereotaxic Surgery

The somatotrophic arrangement of parts of the sensory

relay nucleus and the fibres of the thalamoparietal projec¬

tion has not been studied extensively in the human. Prior

to 1958 all knowledge in this field was derived solely from

animal experiments or degeneration studies.

Mountcastle and Henneman (1952) using the evoked

potential technique, presented evidence to show that the

sensory relay nucleus in the thalamus of the macaque

monkey could be divided into an external and an internal

part. In the external portion, the body segments were

represented in an orderly fashion with the cervical segments

most medial and the sacral, most lateral. The thoracic

and lumbar regions were represented only dorsally while the

regions for the peripheral parts of the limbs were

represented in an expanded manner ventrally. The medial

or arcuate portion of the ventrobasal complex contaxned the

representation of the head, face and intraoral structures.

They found very few evoked responses outside the region of the

sensory relay nucleus.

Gaze and Gordon (1954) investigated the electrical

activity of single neural units in the thalamus of the cat

and the monkey. In contrast to the previous workers, they

found some evoked potentials outside the region of the

sensory nucleus, these being derived presumably from fibre

systems transmitting sensory impulses. They confirmed the

somatotrophic arrangement of the face, upper limb and lower

limb regions from the medial to the lateral aspect but found



a considerable degree of overlapping between these regions.

Cohen and Grundfest (1954) on similar work arrived at

different conclusions. They observed a very considerable

degree of overlap in the topographical representation of the

thalamic sensory nucleus of cats. They were at conflict

with the 'strict localisation school' and felt that the

thalamus, a primary way station for sensory reporting, did

not separate the reports of sensory activity from different

areas into discrete trains of messages to higher levels.

This conflict between the 'strict localisation school'

and the 'poor localisation school' is also apparent among

the stereotaxic surgeons studying human material.

Hassler and Riechert (1959) documented their cases of

stimulation in this area and were of the opinion that the

somatotopographical segmentation of the sensory thalamic

nuclei in the human wa3, in general, in agreement with that

described in animals.

Mark and Hackett (1959) found that lesions placed in

the ventral posteromedial nucleus produced sensory loss in

the contralateral face and more laterally placed lesions

caused hypesthesia in the distal part of the upper

extremity.

Srvin and Mark (i960), using stereotaxic thalamic

stimulation and audiomonitoring, reported fairly clear

separation of areas in this region. On minimal stimula¬

tion, they obtained face and hand sensations at 5 to 8 mm.

from the midline, shoulder, arm and hand sensations at 8 to

12 mm. from the midline and lower limb sensations at

12 to 17 mm. from the midline.



Gillingham (1962) proposed a new concept of the

topographical arrangement of sensory fibres in the internal

capsule with the face, upper limb and lower limb fibres

arranged in that order from above downwards.

Guiot (1963) confirmed previously reported medio-

lateral topographic arrangement. He further reported that

diffuse, poorly localised and large area responses from

most parts of the body were obtained from the postero-

superior part of the nucleus. In the antsro-inferior

part, precisely localised, sharply defined and small area

responses were elicited from (a) lips and corners of the

mouth, (b) fingers and hand and (c) toes.

Spiegel and Wycis (196b) studied the spinothalamic

tract immediately below the thalamus. They could find

no sharp delimitation of topographic representation although

they were in general agreement with previous workers.

Bertrand, Hardy and Martinez (1963) presented their

data regarding sensory response points 011 thalamic

stimulation. They reported on antero-posterior face-

arm by distribution with considerable overlap. Their

region of exploration however was 21 mm. behind the anterior

commissure, 11 mm. below the intercoiumissural line and

13-14- mm. lateral to the midline. Previous work

therefore was in general confusing and contradictory.

Different authors have reported face-arm-leg sensory response

distribution as lying (a) from the superior to the inferior

(b) from the medial to the lateral (c) from the anterior

to the posterior planes and (d) so overlapping as no

definite classification to be possible.
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In the present study the sensory responses noted

during and after stereotaxic surgery were divided into

three groups.

(a) Sensory responses during operation a3 a result

of mechanical disruption of fibres, stereotaxic biopsy,

two-point stimulation, minimal reversible heating lesions

and irreversible therapeutic coagulation lesions.

(b) Evoked potentials from peripheral stimuli

recorded by intracerebral unipolar microelectroues.

(c) Postoperative subjective and objective sensory

phenomena.

These three groups were considered separately.

During 475 operations, sensory phenomena described in

group (a) above were noted in 182 instances. Their

classification by site of sensation and laterality of

track is given below.

Lateral distance of track in mm.

Very
Site of Grade: medial

sensory atlas: SI 11.0
response X-ray: (13«5

-11.0)

medial
Ll 13.5
(16.0-
14.0)

Standard
SI 16.0
(19.0-
16.5)

Lateral
SI 18.5
(21.5-
19.5)

Very
Lateral
SI 21.0
(24.5-
22.0)

Total

Face only 0 3 22 3 0 28

Face and

upper limb 0 3 16 4 0 23

Upper limb
only 0 11 87 24 0 122

Upper and
lower limbs 0 0 3 5 1 9

Total number of
response points 0 17 128 36 1 182

Total number of

explorations 6 41 323 95 10 475



The responses were described by the patients mostly as

tingling, very often confined to the contralateral face

(especially corners of mouth), hand (especially fingers)

and lower limb (especially leg and toes). Sometimes the

feeling would be aescribed as an electric shock. Rarely

a feeling of subjective numbness was noted by the patient

although no objective sensory deficit could be demonstrated

in the same area. Very rarely objective sensory deficit to

testing in the form of hypoesthesia was present. In one

case, defective proprioception was noted. In no instance

was a sensation of pain, touch, heat, or cold described.

The qualitative nature of these responses were in full

agreement with those described by other authors.

It was seen from scattergram studies superimposed on the

plates of the atlas of Schaltenbrand and Bailey (1959) that

these responses were obtained both from the sensory relay

nucleus and the thalamoparietal projection.

In view of the medio-lateral somatotrophic arrangement

described by most workers, an attempt was first made to

classify these responses according to the laterality of

their tracks from the midline, after charting each sensory

response point and defining its three Cartesian co-ordinates.

Classification in the broad groups outlined in the

table above did not give any statistical significance or

correlation. An attempt was therefore made to split the

groups into smaller one3 to see whether any particular trend

was discernible within the large groups. This classifica¬

tion is given below.



Site
of
Res¬

ponse

Lateral distance of track in mm. on X-ray
110
to

135

1
<x.

145

150
6-

135

160
0..

165

170
Cd

17.5

180

185

190
6.

19.5

200
C-.

205

210
0,

215

220
C*.

22.5

230
00

235

240
d

243
Total

Face

only 0 1 0 3 6 11 6 1 0 0 0 0 28

Face ^
u. L. 0 2 1 2 5 7 2 3 1 0 0 0 23

U.L.

only 0 2 0 11 30 33 32 11 3 0 0 0 122

U.L.
L.L. 0 0 0 0 0 0 4 k: 1 0 1 1 9

Total
no. of

resp¬
onses

0 5 1 16 41 51 44 17 5 0 1 1 182

Total
no. of

explor¬
ations

6 7 13

i

45 .09

r
98 47 17 5 2 3 475

It was seen from this table that the lower limb

responses tended to be elicited from more lateral tracks

(X-ray range 19.0 mm. to 24.5 mm.; actual range 17.0 mm. to

22.0 mm.). The face and upper limb responses were

elicited in more or less equal proportion from tracks in the

middle groups (X-ray range 14.0 to 21.5 mm.; actual range

12.5 to 19.5 mm.). There was no significant difference

in laterality between the face and upper limb responses as

shown by the following figures.

Site of Number of Mean in

response observations mm. on X-ray

Face 28 17.96 1.243

Upper limb 122 18.27 1.312

Difference between the means 0.31

Standard

deviation

Standard error of the difference

between the means 0.26



The sensory response points were next classified

according to their vertical height above the intercommissural

line as shown below.

Medial Tracks (SI 13*5)

Site of

response

Face

Upper limb

Site of

response

Face

Upper limb

Number of Mean vertical
observations height in mm.

3

11

8.29

5-34

Standard Tracks (SI 16.0)

Number of Mean vertical
observations height in mm.

22

87

6.71

5.Hi-

Standard deviation
of entire group

3.36

Standard
deviation

4.01

2.54

Site of

response

Face

Upper limb

Lateral Tracks (SI 18.5)

Number of Mean vertical
observations height in mm.

3

24

6.88

4.75

Standard deviation
of entire group

2.53

Application of tests for the significance of the

difference between the means in each of these groups aid not

rule out chance factors causing such difference. it was

noted however that in each group, the mean of the face

responses stood at a higher level from the intercommas sural

l.aie that: the mean of the upper limb responses. The

figures for all the tracks were now considered together and

regrouped in mean heights correct to the nearest millimeter

to facilitate calculations. The results are tabulated

below.



Height in Number of sensory
m.>. above responses rioted
l-CP line Face Upper limb

- 2 0 2

- 1 1 3

0 1 0

+ 1 0 6

+ 2 1 7

+ 3 1 12

+ 4 2 20

+ 5 6 14

+ 6 1 24

+ 7 3 15

+ 8 l 7

+ 9 2 6

+10 5 5

+11 0 0

+12 2 1

+13 1 0

+14 1 0

Total 28 122

Mean 7.00 5.082

S.D. 3.78 2.65

Difference between the means 1.918

Standard error of the difference

between the means 0.7536

Trie difference between the means was seen to be more

than 2.5 times the standard error.

It was concluded from this study that at the region

explored by the present stereotaxic technique, the face and

upper limb responses were obtained medially and the lower

limb responses were obtained laterally. In the medial

region, the face responses were obtained at a higher level

with reference to the intercommissural line than the upper

limb responses.

Talairach, Tournoux and Bancaud (i960) reported on

observations during parietal subcortical stereotaxic suigery



for pain that the somatotrophic arrangement of fibres for

the face, upper limb and low-.r limb was from before

backwards in that region.

If the medio-laterally arranged face, upper limb and

lower limb fibres of the spinothalamic tract develop an

antero-posterior orientation in the subcortical region, one

would expect them to turn round in that direction in the

thalamoparietal projection. The findings of the present

study are in conformity with such a concept.

The mean of the vertical height of the nxne sensory

response points where lower limb sensations were elicited,

was 6.8 /5 mm. and their standard deviation 11.4 .. In

view of their lateral nature in comparison to face and

upper limb responses, the heights were not strictly comparable.

It is likely, although unproved, that the present tracks of

exploration were not sufficiently low in the thalamoparietal

projection anteriorly to involve the lower limb fibres as

they sweep below the upper limb fibres.

The co-ordinates of the sensory response points were

next analysed to see whether there was an anteroposterior

soiaatotrophic arrangement as well. The results are shown

below.

Distribution of anteroposterior co-ordinates of
sensory response points in relation to the

midcommissural plane

Number of points
Distance Face Upper Lower
in mm. limb limb

-20 1 0 0

-19 0 0 0

-18 0 0 0

-17 0 1 0

-16 0 0 0
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-15 0 0 0

-14 1 0 0

-13 0 I 0

-12 1 1 1

-11 3 ■>
■A.

-10 2 6 0

- 9 2 9 1

- 6 1 8 0

- 7 3 13 0

- 6 4 13 0

- 5 2 17 1

- 4 1 11 4

- 3 3 7 0

- 2 0 7 0

- 1 l 8 0

0 l 3 1

+ 1 0 6 0

+ 2 2 3 0

+ 3 0 0 0

+ 4 0 1 0

+ 5 0 2 0

+ 6 0 1 0

+ 7 0 0 0

+ 8 0 0 0

+ 9 0 1 0

Total 28 122 9

mean -6.214 -4.754 -5

S.D. 4.779 4.122 3

Difference between the means for face

and upper limb 1.46 mm.

Standard error of the difference

between the means 0.9772

The difference between the means was les3 than twice

the standard error and was therefore not considered

significant.



One also has to remember that when an oblique track

parallel to the miasagittal plane and moving downwards and

forwards crosses a vertically disposed somatotrophic arrange¬

ment with the face fibres above those of the upper limb, the

former would be encountered at more posterior levels. This

may account for the slight difference in the means with

respect to the anteroposterior co-ordinates for the face and

upper limb sensory response points.

The findings from this study should not be interpreted

to mean that the medio-lateral somatotrophic arrangement in

the sensory relay nucleus of the thalamus described by other

authors was inaccurate. The plane of exploration used by

most workers was different from the present one. The

sensory response points described in the present study in

this section were situated not only in the cells of the

sensory relay nucleus but also xn the fibres travelling

through the sensory nucleus, the nuclei in front of it and

the internal capsule. This would explain the wide scatter

of these points in the scattergrams. It is also significant^

as wo#ld be shown in the next section, that the mean of these

points for the upper limb was situated anterior to the mean

of the evoked potentials for the upper limb from the sensory

relay nucleus only.

In one case, two parallel tracks were made for

therapeutic purposes at different lateral planes but with

otherwise identical measurements. It was seen that face

responses were elicited in the medial track while upper and

lower limb responses were elicited from the second track



2 mm. lateral to it. The number of patients in whom more

than one electrode track was made for therapeutic reasons

was very small and therefore no further data wa3 available

on multiple track explorations of the same thalamus.

(c) Evoked Potentials from the Thalamus

Chang (1959) defined an evoked potential as the

detectable electrical change of any part of the brain in

response to deliberate stimulation of a peripheral sense

organ, a sensory nerve, a point on the sensory pathway or

any related structure of the sensory system.

The technique used in the present study was described

in detail in Chapter 2. Previous similar work on the

thalamus of animals using microelectrodes and the evoked

potential technique has been done by Gaze and Gordon (1952,

1954, 1955), Mountcastle and Henneman (1949, 1952), Rose

and Mountcastle (1952), Hunt and O'Leary (1952) and Cohen

and Grundfest (1954).

Depth recording in the human thalamus with raicroelectrodes

has been successfully accomplished by Guiot, Hardy and

Abbe-Fessard (1962), Ervin and Mark (i960), Hankinson (1961),

Bertrand, Hardy and Martinez (1963), Jasper (1963) and

Spiegel (1963).

In the present series, depth electrical recording was

attempted in 30 cases. In 4» no recording was at all

obtained presumably due to undetected faults in the

electrical connections or insulations. In the 26 cases

where successful recording was obtained, evoked potentials

from peripheral stimulation were recorded from the thalamus



in 18 cases. Of these,7 were from the face and 11 from the

upper limb.

One case of this group was operated under local

anaesthesia and one had an intravenous drip of methohexitone

as well. In the other 16, local anaesthesia was

supplemented by intravenous neuroleptanalgesia using

dehydrobenzperidol and phenopyridine. No difference was

noted in the quality of recorded evoked potentials under

the different forms of anaesthesia used.

The quality of the spontaneous background activity

changed distinctly as the recording electrode left the

pulvinar and entered the LP or VP nucleus. Some microns

behind the sensory relay nueleus faint responses to peri¬

pheral stimulation were audible and visible. This warned

the surgeon to reduce the forward movement each time to a few

microns. When the sensory relay nucleus was entered, there

was no doubt about the presence of evoked potentials which

were quite distinct on peripheral stimulation both in the

oscilloscope and in the audioamplifier. The demarcation

between the sites where evoked potentials were present and

absent was very sharp, of the order of 50-100 microns.

This was true both for the entry and for the exit of the

recording electrode with reference to the sensory relay

nucleus.

All responses recorded were presumably from the

sensory relay nucleus and not from the thalamoparietal

projection in front, as judged by the charted position of

these strips superimposed on the stereotaxic atlas. It
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was remarkable how closely they coincided with the position

of the sensory relay nucleus of the atlas brain, thus giving

further indirect confirmation of the accuracy of the method

of charting used and the corrections applied for it.

In no instance were evoked potentials elicitable

from the homolateral face or libbs. In almost all of the

similar work done on animals, ipsilateral stimulation has

produced evoked potentials at a few sites in the thalamus.

No stereotaxic surgeon however has yet reported similar

ipsilateral response in the human.

In 3 out of the 11 cases where evoked potentials

were elicited from the upper limb, the response was mainly

to touch on the skin surface. In 2 cases the response

was elicited mainly by movement of joints. In the other

six, responses were obtained on both exteroceptive and

proprioceptive stimuli. Often the positions of the tip

of the electrode which responded best to exteroceptive and

proprioceptive stimuli were different. from the small

number of cases studied there was no suggestive correlation

for differential spatial representation for exteroception

and proprioception in the sensory re la,, nucleus of the

human thalamus. Similarly, in the face, evoked

potentials were sometimes best elicited by maintained

pressure than by touch.

The distances over which responses were elicited

along the track varied widely from 0.1 mm. to 5»5 mm. in the

18 cases, presumably depending on which part of the nucleus

the electrode was passing through. In no instance
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were definite responses from both face and upper limb

obtained on the same track. Guiot (15^3) had one such

case in more tnan a hundred explorations. Probably the

direction of exploration in ..he Guiot-Gillingham technique

did not favour this in view of the somatotrophic. arrange¬

ment in the nucleus. In one case, there was a suggestion

that evoked potentials from the upper limb were elicited

at a point just behind the area where definite evoked

potentials from the face were obtained. This would be

in accordance with Guiot's finding and the present author's

concept, elaborated later, that the face part of the nucleus

is in front of the upper limb representation. Howev.r,

in view of the fact that the upper limb response in this

case was not definite and clear, it was not taken into

consideration for scattergram or statistical studies.

When the responses were recorded over a length

greater than 0.25 mm. along the track, the area from which

evoked potentials were best elicited changed as the record¬

ing needle was moved forwards. For example, in one case,

initially responses were obtained only from the thumb. A

few microns further forwards, evoked potentials were

obtainable from the radial three fingers but maximally

os from the index finger. Further movement forwards gave

evoked potentials from all fingers but maximally from the

middle one. More anteriorly,the response from the radial

fingers completely disappeared abd maximal responses were

obtained from the little finger. A few microns further

forwards, the electrode recorded stimuli only from the

little finger or movement of the wrist.



A similar passage of electrode through the various

areas for the face was also observed on several occasions.

Although the number of cases available for study was

small, very suggestive results about somatotrophic represent¬

ation were obtained on statistical analysis. Final

acceptance or rejection of these results would depend on the

analysis of larger number of cases in future.

The mean heights above the intercommissural line of

the central points of the distances over which evoked poten¬

tials were elicited for the face and upper limb were first

compared, for the plane SI 16.0 (marker in X-ray between

16.5 and 19.0 mm.)

Face Upper limb

Mean 6.43 umi. 3.0 mm.

S.D. for entire

group 1.936

No. of cases 7 6

applying the t-test, 0.5)>P^O.2
This suggested that the face responses were perhaps

obtained at a higher level than the upper limb responses

as was seen in the previous section for sensory response

points on stimulation and coagulation. The probability

that a difference as big as that observed should arise

through chance was however very great. They could not

be compared for the plane Si 18.5 (marker on X-ray

between 19.5 and 21.5 mm.) since no responses from the face

were obtained at this level.

Face Upper limb
Mean —- 8.28 mm.

No. of cases 0 5



It is interesting to note that at this level some of

the upper limb responses were obtained at a lateral plane

hut not further down whereas in a more anterior level, (see

previous section) all upper limb responses were obtained

at a lower plane to the face responses but not further

lateral to it. At this level however the lower limb

responses were obtained on a more lateral plane but not at

a lower level. Although the numbers are too few to

draw any definite conclusions, it is suggestive that this

is due to the rotation of the fibres as they take up a

different position to each other as they pass to the

thalamoparietal projection from the sensory relay nucleus.

The lateral distances of the tracks where evoked

potentials were elicited were then compared for the face and

upper limb.

Face Upper limb

Mean (marker in X-ray) 17.79 mm. 19.09 mm.

S.D. for entire

group 1.362

Mo. of cases 7 11

Applying the t-test, 0.10>J*>0.03

The result was near the conventionally accepted level

of significance. 6 out of the 11 cases of upper limb

responses were obtained on tracks at 19.0 mm. or further

lateral khile all the 7 face responses were obtained on

tracks at 18.5 mm. or further medial. Such a finding

suggested that with greater number of cases one may well
find a medio-lateral statistically significant difference

for the face and upper limb regions in the sensory relay

nucleus.



The central points of the distances over which

evoked potentials were elicited, were next compared for the

face and upper limb for their position behind the mid-

commissural plane.

Pace Upper limb

Mean distance behind

Midcommissural plane 6.74 mm. 10.29 mm.

S.D. for entire group 2.365

No. of cases 7 11

Applying the t-test/ P^O.Ol

This difference was therefore quite significant.

This group of central points of evoked potentials

(CFEP) was then compared with the group of sensory response

points on stimulation and coa5ulation (SRPS) which were

analysed in the previous section of this chapter. They

were compared in all the three Cartesian co-ordinates and

for face and upper limb separately.

Mean Height above CA-CP line
Face Responses

SRPS CPEP
Mean 7.00 mm. 6.429 mm.

S.D. 3.78 1.043

No. of
cases 28 7

Difference between the means 0.571 mm.

Standard Error of the difference

between the means 0.8158
Result not significant

Mean Height above CA-CP line

Upper limb Responses
SRPS CPEP

mean 5«0£2 mm. 6.47 mm.

S.D. 2.65 2.605
No. of
cases 122 11



Difference between the means 1.388 mm.

Standard Error of the difference

between the means 0.8213

Result not significant

Lateral Distance from Midsagittal Plane

Face Responses
SRPS CPEP

Mean 17.96 mm. 17.79 mm.

(marker in X-ray)
No. of cases 28 7

Difference between the means 0.17 mm. in

X-ray was too small to merit further analysis.

Lateral Distance from Midsagittal Plane

Upper limb Responses
SRPS CPEP

Mean 18.27 mm. 19.09 mm.

(marker in X-ray)
S.D. 1.312 1.33
No. of cases 122 11

Difference between the means 0.82 mm.

Standard Error of the difference

between the means 0.4763
Result not significant

Distance behind Miacommissural Plane

Face Responses
SRPS CPEP

Mean 6.214 mm. 6.743 mm.

S.D. 4.779 1.516
No. of cases 28 7

Difference between the means 0.529 mm.

Standard Error of the difference

between the means 1.069

Result not significant
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Distance bhhind Miacommissural Plane

Upper limb Responses

Mean

ho. of cases 122

S.D.

SRPS

4.754 mm.

4.122

CPEP

10.29 mm.

1.647
11

Difference between the means 5.536 mm.

Standard Error of the difference

between the means 0.6212

Difference between the means was more than

eight times the standard error and was

therefore highly significant.

Considering the results analysed in the previous ana

the present sections of this chapter, ^s well as inspecting

the scatter diagrams the following conclusions seem valid

or at least highly suggestive. (See figures at end of chapter;

(1) The sensory responses to stimulation and small

reversible heating lesions for the upper limb were elicited

mainly from the thalamoparietal projection. The evoked

potentials for the upper limb were elicited from the

sensory relay nucleus.

(2) The sensoiy responses to stimulation and small

reversible heating lesions for the face were elicited from

the sensoiy relay nucleus and probably from the thalamo¬

parietal projection as well. The evoked potentials for

the face were elicited mainly from the sensory relay

nucleus.

(3) Within the nucleus, the face responses were

elicited from sites which were in general superior, medial

and anterior to the sites from which upper limb responses

were elicited. There was considerable degree of
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overlapping between these two regions. It was likely

that some of this overlapping was artificial in the sense

that the individual anatomical variation was so wide that

the figures in the analysis were bound to overlap. On the

other hand it seems very significant that under the

conditions of recording with the present technique, not

even in one patient out of the 17 oases where evoked

potentials were recorded, they were done from both the

face and upper limb from different parts of the nucleus

along the same electrode track.

(4) In the thalamoparietal projection, face responses

were obtained from areas above those from which upper limb

responses were obtained. The lower limb responses were

obtained lateral to both these areas. Again there was

considerable overlapping between the different areas.

From these conclusions, one is tempted to speculate a

little. Is it likely that in the sensory relay nucleus of

the human, the body is represented with the face above,

medially and forwards with the lower limb below, laterally

and backwards while the upper limb representation lies in

between? Is it likely that the fibres arising in the

nucleus to form the thalamoparietal projection regroup

themselves with the upper limb fibres first getting below

those for the face while the lower limb fibres get below

those of the upper limb further anteriorly?

Only such a hypothesis can explain all the findings

of the present study. Only such a hypothesis can explain

why Bertrand and his colleagues (1963) found an antero¬

posterior arrangement in the thalamus for sensory responses



somatotrophically, while Guiot (1963) found a medio-

lateral arrangement and Gillingham (1962) found a supero-

inferior arrangement, further forwards.

(d) Sensory Phenomena after Stereotaxic Surgery

In comparison to the vast amount of literature which

has been published on stereotaxic surgery, reports of

postoperative sensory disturbances have been surprisingly

few.

Cooper (1961) found lasting sensory abnormalities to

be present in less than 2% of cases in a series of one

thousand patients. He observed that it was surprising that

so few sensory disturbances were encountered since more than

half the case3 had relatively large lesions in the

ventrolateral region of the thalamus.

Bertrand and Martinez (1962) reported permanent

sensory loss over small areas in 3 patients out of a series

of 250. Bertrand, Martinez and Hardy (1963) reported

again 4 cases of hypoesthesia in a series of 150, a

percentage of 2.7.

Markham and Rand (1963) found exteroceptive sensory

loss in 2.6% of their patients. All the cases appeared

to be in relation to lesions in the posterior part of the

thalamic lateral nucleus.

Cassinari, Infuso and Pagni (1963) reported on

thalamic lesions for intractable pain. Probably due to

the large size of their lesions as well as to the fact

that the sensory relay nucleus was itself the target, they

found exteroceptive and proprioceptive sensory loss in a



large proportion of their patients.

In a series of publications, Mark, Ervin and Hackett

(I960), Mark and Ervin (1961) and Mark, Ervin and Yakovlev

(1962, 1963) analysed their findings in stereotaxic

operations for intractable pain. They found, in general,

comparatively little sensory disturbances after lesions in

the sensory relay nucleus. Three distinct clinical

syndromes were described by them on clinico-anatomical

correlations. The first syndrome was characterised by

profound sensory loss with mediocre or little pain relief

after thalamotomy. The chief anatomical lesion here was

in the sensory relay nuclei of the thalamus. The second

syndrome included little or no sensory loss with good pain

relief and the main sites of lesions included the

parafascicular nucleus and the intralaminar nucleus. The

third syndrome of the dorsomedial and anterior nucleus was

characterised by a pronounced change in affect with little

modification of perception of pain but with development of

an indifference to it.

Talairaoh and his colleagues (1959) reported that

subcortical interruption of the thalamoparietal projection

relieved painful syndromes but was not followed by a

modification of the primary sensibilities or by gnostic

disturbances.

G-illingham (i960) achieved supranuclear interruption

of the thalamoparietal projection at the level of the

posterior limb of the internal capsule with modification

of intractable pain without subjective or objective

sensory disturbances.



124

Prom the perusal of the literature it appears that

reports of postoperative sensory distrubances after

stereotaxy were rare due to the following reasons.

(a) Most authors used some form of physiological

testing before making a permanent lesion and therefore

avoided this complication.

(b) Limited damage to the thalamoparietal projection

was not associated with subjective or objective sensory

disturbances.

(c) It was difficult to produce permanent sensory

loss, even deliberately, by small lesions of the

thalamic relay nucleus.

(d) Paresthesiae felt for a few days postoperatively,

especially if unassociated with objective sensory loss,

was not reported by workers as a postoperative complication

on longterm assessment.

In the present study, 48 operations out of 448 were

followed by some form of sensory disturbance postoperatively.

At first sight, this appears excessive (10.7/&). The cases

however could be classified into the following groups.

Group A: Five patients who did not have any sensory

disturbance in the immediate postoperative period but had

a delayed onset of tingling of the hands a few months after

operation. The tingling was very mild and was reported

by the patient, only on specific questioning. It is not

clear whether this was due to scar formation or associated

irritative lesion at the site of or near the therapeutic

lesion. The syndrome appears to be analagous to

postoperative pain or paresthesiae after operations on the



spinal cord and peripheral nerves and to postoperative

epilepsy after operations on the cerebral hemispheres.

Group B: Four cases followed the reintroduction of

the electrode along another track 2 mm. lateral or medial

to the first track during the same operation. Apart from

sensory loss these cases of multiple electrode insertions

were followed by other more serious complications. This

practice has now been abandoned.

Group C: Four patients had sensory disturbances as

part of a syndrome secondary to a minor hemorrhage at the

site of the lesion. They all had associated hemiparesis.

Group D: Thirty five cases belonged to this group.

Group D^: In eighteen patients of this subgroup the
sensory disturbances cleared up completely within a few

days.

Group DgS Eleven patients of this subgroup had total
resolution of their sensory disturbances within two years

after operation.

Group Six patients belonged to this group. Four

of these had subjective sensory features without objective

deficit. Two had both objective and subjeotive loss. In

all six, the complication persisted for more than two years.

This is the group usually reported in the literature as

having sensory complications after stereotaxy and amounts

to 1.34$ of the present series.

The most important point which became obvious on the

study of these cases was that in thirty four cases of group

D which were operated under local anaesthesia, in twenty-

seven the sensory disturbance could perhaps have been



avoided. In these 27 cases, coagulation at one site was

continued despite tingling or numbness during stimulation

or coagulation because tremor was also abolished

simultaneously and completely. All the six patients

with permanent deficit belonged to this group.

A consideration of the Gillingham electrode track

makes the reason for the difficulty obvious. Normally

when the tip of the electrode is passed to the radiological

thalamic target its coagulating portion should be clear

of the sensory relay nucleus. However, if the electrode

swung medially due to faulty midsagittal plane alignment,

or, if extreme anatomical variations existed, the electrode

could lie with part of its coagulating surface in the oral

ventral nucleus and part in the sensory relay nucleus.

Coagulation at the radiological thalamic target therefore

would abolish tremor and at the same time produce sensory

features.

This difficulty could not be solved simply by moving

the electrode further forward. For the electrode might

not have been in the sensory relay nucleus at all, the

tingling sensation arising from the thalamoparietal projec¬

tion. In fact, moving the electrode forward would then

take the coagulating portion oit of the oral ventral

nucleus. Gillingham (19&1) overcame this difficulty

by moving his electrode track fuither upwards, altering his

thalamic target from 3 nua. to 5 mm, above the intercommis-

sural line on the X-ray. This made the electrode reach

the target above the sensory relay nucleus and the

thalamoparietal projection and thereafter sensory phenomena



during operation were quite rare.

The present study confirms these ideas statistically,

as shown in the following table.

Type of case No, of cases Mean height of Stan-
intersection of dard
electrode track Devia-
with mid-com- tion
missural plane
(in mm. above
CA-CP line in
postoperative
chart)

(1)

(2)

Cases without any

postoperative

sensory features 400

(3)

(4)

Cases with immed¬

iate postoperative

sensory features
not attributable

to hemorrhage or

multiple electrode
insertion 35

(a) sensory features

temporary

(b) sensory features

permanent

Cases with delayed
onset of tingling 5

Cases where sensory

features could be

attributed to

hemorrhage or

multiple electrode
insertion 8

Total number of

operations 448

29

6

3.76 UUii.

2.89 nun.

3.10 mm.

1.83 mm.

3.80 mm.

2.337

2.124

1.934

2.858

5.550

Track advocated at present by
Gillingham 4.5 mm.

(5.0 mm. on X-ray)
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Groups (l) and (2) wore compared.
Difference between the means was 0.87 ma.

Standard er,or of the difference

between the means was 0.38

The difference was therefore considered significant.

The analysis of the co-ordinates for evidence as to

somatotrophic distribution was unrewarding in these

postoperative cases as seen in the following table.

Site of Number Mean lateral Mean height of inter-
sensory of distance of section above CA-CP
phenomenon cases track (marker line of electrode track

in X-ray) with plane midway
between Thalamxc target
and posterior commissure

Face only 4
Face and upper

limb 14

Upper limb

only 13

Upper and
lower limbs 4

18.75 nim.

18.39 mm.

18.23 mm*

20.00 mm.

5.72 mm.

6.16 mm.

5.77 mm.

4.10 mm.

This table further suggested that the lo«er limb

distribution in the sensory relay nucleus is below and

lateral to the face and upper limb. The number of cases

however were too few to apply statistical tests to confirm

this. The difference between the means for the face and

upper limb cases was too small for any opinion to be

suggested. In fact, the means were remarkably close

together considering the small number of cases studied.

This confirms the impression of other workers that a

relatively large lesion in the lateral part of the sensory

relay nucleus is needed to produce any sensory deficit at

all.
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(e) Visual Sensations during Stereotaxic Surgery

Ten patients in this series experienced sensations

of 'flashes of light' during stimulation or coagulation at

the pallidal target. A study of the scattergram of these

points suggested that the phenomenon was probably due to

spread of current or heat to the optic tract due to

inaccurate alignment or anatomical variations. This

phenomenon has hot been observed since November 1959 during

th& last 390 consecutive operations.

On® patient with a familial tremor reported sensation

of 'flashes of light' in both eyes during coagulation a

few mm. (A and 12 on the two sides) behind the pallidal

target and this sensation persisted for a few days post¬

operatively. Presumably this was due to involvement of

the optic radiation in the posterior limb of the internal

capsule.

(f) Summary

Sensory features with reference to stereotaxic surgery

can appear either during operation or after it. During

operation, they may be the result of stimulation or coagula¬

tion. They could also be specifically located by

recording evoked potentials with mic-roelectrodes.

Sensory responses as a result of stimulation and

coagulation could arise either from the relay nucleus or

the thalamoparietal projection. Evoked potentials and

postoperative phenomena were due mainly to the nucleus.

Comparison of the Cartesian co-ordinates of these

points, statistically, suggests that in the nucleus there



is a definite though overlapping somatotrophic representation.

Face was represented above, medially and forwards while the

lower limb was represented below, laterally and probably

behind. The representation for the upper limb lay in

between.

There is evidence to suggest that the fibres in the

thalamoparietal projection are arranged from above downwards

for the faoe, upper limb and lower limb in that order. At

this level, there seems to be no lateral or anteroposterior

somatotrophic arrangement.

Post-operative sensory deficit was largely due to

persisting in coagulation at a site despite •warning1 signs

of tingling reported by the patient. There is statistical

support for overcoming this difficulty by moving the

thalamic target upwards. The lower the track in this

operation, the greater were the probability and severity

of postoperative sensory disturbances.

Visual sensations during stereotaxy were almost always

due to inaccurate alignment or leakage of current.
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HISTOGRAM SHOWING FREQUENCY DISTRIBUTION
OF THE LATERAL DISTANCE FROM THE MID-

VENTRICULAR LINE OF THE TRACK OF THE
ELECTRODE IN 470 OPERATIONS.
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Scatter diagram snowing sites wnere sensory responses were obtained
from the upper limb on stimulation and creation of reversible and
irreversible lesions. (Superimposed on Plate U8 - SI 16 of stereo¬
taxic atlas.

C.c.spl

Scatter Diagram to show sites where sensory responses were obtainedus"
the "PP"31" 011 lateral tracks. Superimposed on Plate 14S -SI 18*5 of stereotaxic atlas. It is suggested that these responseswere obtained from the sensory relay nucleus as well as the thalamo-"

parietal projection.
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C.c tr

Sb.m.lb.or

Points where sensory responses were obtained from the face on
stimulation and creation of reversible and irreversible lesions.
Scatter diagram superimposed on Plate 48 - 31 16 of stereotaxic
atlas. Total 22 cases. It is suggested that these responses were
obtained both from the sensory relay nucleus and the thalamoparie¬
tal projection.

Sites where sensory responses were obtained from the lower liir.b in
nine cases on stimulation and creation of reversible and irreversible
lesions. 3catter diagram superimposed on Plate 4b - SI 18-5 of
stereotaxic atlas. It is suggested that these responses were obtained
both from the sensory relay nucleus and the thalamoparietal projection.

C.c.spl C.c tr
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Central points of sites where evoked potentials were elicited
at parasagittal plane 16 mm. from midline (Superimposed
on Plate 48 SI 16 of stereotaxic atlas). Face responses
shown as circles and upper limb responses as squares. It
is suggested that the face fibres end inan area above and in
front of the area where upper limb fibres end in the sensory
relay nucleus at plane SI 16.
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Scatterdiagramsofcentralpointsofdistancesoverwhichevoked| potentialswereelicitedsuperimposedonplatesofstereotaxic atlas.Circlesrepresentresponsesfromthefaceandsquares representresponsesfromtheupperlimb. Left:SI16(Parasagittalsection16mm.lateraltomidsagittalRight: plane)

6.5(Horizontalsection6.5mm.above intercommissuralline)

i—1
ON



Diagrammatic Representation of the Relative Position of the
Face, Upper Limb and Lower limb Fibres in the Spinothalamic Tract,
Sensory Relay Nucleus and Thalamoparietal Projection.

Four Frontal Sections are shown from behind forwards.

F - Face fibres: U - Upper limb fibres: L - Lower limb fibres.

Superior Superior

Infe rior

(1) In the spinothalamic
tract.

Inferior

(2) In the sensory relay
nucleus

Superior Superior

Inferior Inferior

(3) In front of the relay (4) In the internal
nucleus capsule

It is suggested from the findings during stereotaxic surgery that
the mediolateral arrangement for the face, upper limb and lower limb
changes to a superoinferior arrangement between the spinothalamic
tract just below the thalamus and the thalamoparietal projection just in
front of the thalamus.
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Diagram to show relationship of height of electrode track to
incidence of postoperative sensory complications (Superimposition
of mean tracks of postoperative charts on nuclear outline of
Plate 48-S1 16 of stereotaxic atlas).
Track 1-Crossing midcommissural plane at 4.50 mm. Present track
Track 2-Crossing midcommissural plane at 3. 76 mm. No sensory

disturbances - 400 cases

Track 3-Crossing midcommissural plane at 3. 10 mm. Temporary
sensory disturbances - 29 cases

Track 4-Crossing midcommissural plane at 1.83 mm. Permanent
sensory disturbances - 6 cases
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CHAPTER 5

SluDlES Off THE MOTOR SYSTEM

"You choose a hard question and one which the bedside
is far better placed to solve than is the laboratory. I
think the pyramidal tract is such a HUMAN feature"

.... Sir Charles Sherrington.

"The researches of many eminent scientific men have
thrown so much darkness on the subject that if they continue
their researches we shall soon know nothing."

.... Artemus Ward.

"Is there a pyramidal tract?"

.... Paul Bucy.

(a) Motor Phenomena during Stereotaxic Surgery

Parkinson (1817) noted in his classical essay that the

tremulous agitation ceased in the paralysed limbs during

the period in which they were paralysed. Before the

advent of stereotaxy many efforts at surgical treatment of

the syndrome were aimed at deliberate interruption of the

corticobulbar and corticospinal pathways at some level.

After the establishment of pallidal and thalamic surgery

for treatment of the syndrome, one school led by Spiegel

and Wyeis (I5p2) believed that no risk whatever should be

taken of the possibility of production of a capsular

lesion. These surgeons preferred to work within safety

zones which allowed for maximal anatomical variation in

the position of the posterior limb of the internal capsule.

The other extreme school led by Bucy (1958) believed that

all stereo taxic lesions achieved their therapeutic effect

by interfering with the pyramidal tract in the capsule.

The majority of neurosurgeons, however, were content to
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define the position of the internal capsule by stimulation

and to avoid the creation of a lesion where motor responses

were provoked.

Accumulating experience soon showed that the problem

could not be defined in such simple terms. Although

Guiot and his colleagues (1959) claimed precise

delimitation of the capsule along their electrode track by

stimulation, tne majority of workers felt that stimulation

was not hundred per cent reliable as an agent for avoiding

the capsule. Motor responses could not be equated at all

times with the electrode in the capsule and stimulation in

the capsule did not always evoke motor responses.

Hassler and Riechert (1961) showed that simple motor

responses and various other types of associated movements

and phenomena could be produced by stimulation of various

parts of the thalamus, capsule and pallidum. Although

the experience of these workers involved the largest number

of stereotaxic cases studied by stimulation, their results

could not be totally accepted for two reasons. They

uia not produce any statistical evidence for their

conclusions and reported as if their finding"; were true in

ail their cases. They often used a distance of 5 to 7 mm.

between the two poles of their stimulating electrode and

accurate localisation was then questionable.

Smith (1962) published very important findings from

autopsy studies of cases operated by stereotaxy. She

demonstrated clearly, what has been suspected by many

stereotaxic surgeons for some time, that limited destruction

of the posterior limb of the internal capsule was not
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necessarily associated with clinical evidence of hemiplegia.

Gillingham (1962) presented for the first time in

stereotaxic surgery, a series of cases where deliberate trans-

capsular lesions were made. These patients had no

clinical evidence of hemiparesis and had good relief of

tremor and rigidity. Charting of the lesion showed that

it was very difficult to confine it to the capsule without

some involvement of the thalamus or pallidum. However it

was proved beyond doubt that his transcapsular lesions were

not associated with capsular hemiplegia.

Hughes (1963a) presented for the first time,

clinical evidence with statistical support that motor

responses could be elicited from the lateral thalamic

area.

Evidence thus slowly began to gather that movements

could be elicited from outside the capsule while lesions

within the capsule were not always associated with motor

features. The time was therefore ripe for a radical

reorganisation of classically accepted ideas of the

structure and function of the posterior limb of the internal

capsule, and for a clearing of the misconception that the

posterior limb of the internal capsule was almost

synonymous with the pyramidal tract.

Gillingham (i960), Guiot and his colleagues (1959)>

Hassler (1962) and Talairach and Szikla (1963) believed

that the corticobulbar and corticospinal tracts were

confined only to a small part of the posterior limb of the

internal capsule.



The present study of the motor responses elicited

during stereotaxic surgery was done on 475 second stage

stereotaxic procedures, during which motor phenomena were

observed on lt3 occasions. This number excluded those

cases where paresis was observed due to a presumed minor

hemorrhage at the site of the lesion. The central point

of the electrode was taken when an effect was produced by-

mechanical disruption of minimal heating lesion. In case

of coagulation, consideration was given to the fact that the

lesion extended anterior to the electrode but not behind it

and therefore the central point of the lesion and not the

electrode was taxen. This rule was ap.lied throughout

the present study - for sensory and motor responses as well

as for tremor and rigidity.

A very striking feature became obvious on plotting

these points on the stereotaxic atlas of Sohaltenbrand and

Bailey. The points could be sharply distinguished into

two large groups, one which was well inside the thalamus

and behind the thalamocapsular junction and the other which

was close to the pallidum in the internal capsule. The

thalamic movements were distinguished from the capsular

movements on the following criteria.

(1) Thalamic movements were elicited several mm.

behind the radiological thalamic targex.

(2) They were often elicited at or very near points

where sensory responses were elicited, from points which

lay in the sensory relay nucleus on charting.

(3) They were never associated with facial palsy,

weakness of handgrip or extensor plantar response.



(4) Coagulation at a site where a thalamic movement

was elicited was never associated with motor deficit or

pyramidal signs.

(5) Stimulation or coagulation for several mm. in

front of the points where thalamic movements were elicited

provoked no motor phenomena. Wtien the corticobulbar and

corticospinal tracts were reached by the eleotrode just in

front of thepallidal target, motor reactions and/or

deficit could be induced by stimulation and coagulation.

This zone of free interval between thalamic and capsular

movements was repeatedly demonstrated along the same

electrode track during many operations confirming the

belief that these were two different types of motor

reactions elicited from different parts of the brain.

Despite the above clinical and anatomical evidence to

differentiate motor phenomena into those of thalamic and

capsular origin, it could still be argued that the individual

variation in the position of the posterior limb of the

internal capsule was such that a wide range in motor

response points was not unexpected.

Statistical evidence however showed that this argument

was untenable. The figures analysed below, show clearly

that it was extremely unlikely that all muscle twitches

elicited during stereotaxy were of capsular origin.

Twentyfour cases were taken as a 'control1 group where

the borders of the internal capsule had been defined by

audiomonitoring. The midpoint between the thalamocapsular

junction and the pallidocapsular junction thus defined could

be taken as a midcapsular point with three Cartesman



co-ordinates. A consideration of these twentyfour

midcapsular points gave a very reasonable guide to the

position of the posterior limb of the internal capsule

and the variability in its position.

These points were then compared with 116 points where

giuscle twitches were elicited during stereotaxic surgery.

(The term 'muscle twitch' is used in the subsequent

discussion to include all motor contractions occurring in

the contralateral half of the body during stimulation,

mechanical irritation by needle insertion or biopsy,and

creation of reversible and irreversible lesions. The

term does not include (a) pareses, (b) weakness or

(c) muscle contractions occurring after the stimulation,

coagulation, etc., have stopped, e.g. ballistic or athetoid

movements continuing after creation of a lesion.)

The first essential to be established was that the two

samples were comparable in their lateral distances of

electrode tracks. The mean lateral co-ordinates of these

points were compared as shown by the position of the

opaque marker in the postoperative film.

cases

No.
of

Mean lateral co-ordinate S.D.
in mm. uncorrected for

X-ray

Midcapsular points
defined by audio-
monitoring 24 18.083 1.275

Muscle twitch points
during stereotaxic
surgery 116 18.664 1.884

Difference between the means 0.581mm.
Standard error of the difference between

the means 0.3134
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The difference between the means was less than twice

the standard error and was therefore not considered

significant. There was no reason to assume that the

samples were different.

The antero-posterior co-ordinates were then compared

for the midcapsular points defined by audiomonitoring and

the muscle twitch points.

Ho. Mean antero-posterior S.D.
of co-ordinate on chart

cases

Midcapsular points 24 + 2.458 mm. 2.084

Muscle twitch points 116 - 1.810 mm. 5*478

Difference between the means 4*268 mm.

Standard error of the difference

between the means 0.663
The difference between the means was more than six

times the standard error.

It was therefore quite obvious that the whole group

of muscle twitch points could not be equated to the posterior

limb of the internal capsule. The frequency distribution

of the AP co-ordinates of these 116 points also suggested

that these responses showed a wide and irregular scatter.

Antero-posterior co-ordinates of No.
muscle twitch points in mm. with of
reference to the midcommissural cases

plane.
-12 2

-11 0

-10 3

-9 2

- 8 4
- 7 10
- 6 11

- 5 7



- 4 16
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0 3
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+ 8 1

+ 9 5
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Clinical classification of this group into thalamic

and capsular twitches revealed the following distribution.

Frequency distribution of anteroposterior
co-ordinates with reference to the mid-

commissural plane for thalamic twitches

Co-ordinate No. of
in mm. cases

-12 2

-11 0

-10 3

-9 2 Mean-4.818 mm.

- 8 4 S.D. 2.771
- 7 9
- 6 11

- 5 7
- 4 15
- 3 9

- 2 5
- 1 8

0 1

+ 1 0

+ 2 1

Total 77



Frequency distribution of anteroposterior
co-ordinates with reference to the mid-

commissural plane for capsular twitches

i-ordinate No. of
in mm. cases

- 7 1

- 6 0

- 5 0

- 4 1

- 3 2

- 2 0

- 1 4

0 2

+ 1 1

+ 2 3

+ 3 3

+ 4 1

+ 5- 3

+ 6 3

+ 7 5

+ 8 1

+ 9 5

+10 3

+11 1

Total 39

Mean + if. 128

S.D. 4.578

A comparison of these two groups with reference to

the anteroposterior co-ordinate showed them to be quite

distinct.

No. of Mean AP S.D.
cases co-ordinate

Capaular twitches 39 + 4.128 4.578
Thalamic twitches 77 - 4.818 2.771

Difference between the means 8.946 mm.

Standard error of the difference

between the means 0.7982

Difference between the means was more than eleven

times the standard error. The probability that a



difference as great as that observed should arise through

chance was therefore extremely unlikely.

The capsular twitches and the midcapsular points

defined by audiomonitoring were now compared for their

AP co-ordinates.

No. Mean AP S.D.
of co-ordinate

cases in mm.

Midcapsular points 24 + 2.458 2.084

Capsular twitches 39 + 4.128 4.578

Difference between the means 1.67 mm.

Standard error of the difference

between the means 0.8476

Difference between the means
_ , „

Its Standard Error =

Since this result was very close to the conventionally

accepted level of significance, it was highly suggestive

that capsular twitches arose from the anterior or pallidal

side of the capsule in front of the midcapsular point.

To clarify this point further, all capsular motor

response points, that is both twitches and pareses, were

now compared with the midcapsular points defined by

audiomonitoring for their anteroposterior co-ordinates,

with reference to the midcommissural plane.

No. Mean AP S.D.
of co-ordinate

cases in mm.

Midcapsular points 24 + 2.458 2.084

All capsular motor
response points
(twitches and
pareses) 76 + 4.961 4.018



Difference between the means 2.503 nun.

Standard error of the difference

between the means 0.6272

The difference between the means was nearly four times

its standard error and the result was therefore very

significant. Translated into anatomical terms, this meant

jthat the corticobulbar and corticospinal tracts did not

occupy the entire breadth of the posterior limb of the

internal capsule but only a portion on its anterior aspect,

that, is close to the pallidal border.

The 153 motor response points elicited during

stereotaxic surgery and considered in the present study

could therefore be classified as follows.

Face

only
Face
and

upper
limb

Upper
limb

only

Upper
and
lower
limbs

Entire
contra
lateral

hemibody

Total

Thalamic movements 5 2 63 4 3 77

Capsular movements 7 3 23 6 0 39

Capsular pareses 16 0 21 0 0 37

Total 28 5 107 10 3 153

The vertical co-ordinates with reference to the CA-CP

line were then compared for all muscle twitches (thalamic

and capsular) and the midcapsular points defined by

audiomonitoring.

No. Mean vertical S.D.
of co-ordinate in

cases mm.

iiacapsular points 24 + 1.375 1.498
All muscle twitches 116 + 4.490 3*283
(thalamic and capsular)

Difference between the means 3«H5 mm.

Standard error of the difference

between the means 0.4319



Difference between the means was more than 7 times

the standard error and the result was therefore highly

significant.

This aga^n was in accordance with the previous results

in relation to anteroposterior co-ordinates that muscle

twitches during stereotaxy were distinctly separable into

thalamic and capsular groups. These two groups were

now compared for their vertical co-ordinates.

No. Mean vertical S.D.
of co-ordinate in

cases mm. above CA-
CP line

Thalamic twitches 77 +6.14 2.275

Capsular twitches 39 + 1.23 2.411

Difference between the means + 4*91 mm.

Standard error of the difference

between the means O.465O

Difference between the means was more than ten times

the standard error. The probability that a difference as

great as that observed should arise through chanoe was

extremely unlikely.

The vertical co-ordinates were then compared for the

capsular twitches and the midcapsular points defined by

audiomonitoring.

No. Mean vertical S.D.
of co-ordinate above

cases CA-CP line

Midcapsular points 24 + 1.375 mm. 1.498

Capsular twitches 39 + 1.230 mm. 2.411

Difference between the means 0.14 mm.

Such a small difference was not considered important

especially as it is universally accepted that the cortico-



bulbar and corticospinal tracts are passing from above

downwards in the posterior limb of the internal capsule

and that motor phenomena may be elicited from them at any

vertical level.

(b) Position of the corticobulbar and corticospinal
tracts in the posterior limb of the internal

capsule

Lassek (1954) outlined chronologically 49 important

investigations on the human pyramidal tract from 400 B.C.

to 1950 A.D. Not one of these investigations was

predominatly concerned with the position of the tract in

the internal capsule.

Until very recently, knowledge of the position and

arrangement of the corticobulbar and corticospinal tracts

in the posterior limb of the internal capsule was based

largely on the studies of Dejerine (1901), Pfeifer (1934)»

Levin (1936), Meyer, Beck and McLaray (1947) and Barnard

and Woolsey (1956).

Dejerine's observations were based upon the study

of pyramidal degenerations ensuing on vascular lesions of

the cerebral hemispheres. Pfeifer based his conclusions

on myelogenetic studies. Studies of others were

conducted on animals using stimulation or degeneration

techniques.

It was generally accepted that the corticobulbar tract

was situated in the genu and the corticospinal tract in

the anterior two-thirds of the posterior limb of the

internal capsule. The face, arm and leg fibres were

believed to be arranged in that order from the anteromedial



to the posterolateral part of this section of the capsule

with some degree of overlap. It was also generally-

agreed that there was some intermingling with cortico¬

thalamic and pallidothalamic fibres. But the general

pattern was universally accepted and is reproduced in all

standard textbooks and monograms, e.g., Rasmussen (1942),

Brash (1951), Haymaker (1956), Brain (1962), Patton and

Amassian (i960), Bucy (1961), Davies and Davies (1962),

Ranson and Clark (1959) and Truex (1959).

Prior to 1958, the only dissenting opinion against

this universal belief was that of iiinckler, Klemrne and

Minckler (1944). These authors observed from degeneration

studies in man that the anterior part of the posterior limb

of the internal capsule was occupied by the premotor

bundle and not the pyramidal tract. Bespits the fact

that this was the only human case studied after several

decades, their observation was passed over by the majority

who had more faith in animal studies, as showing the

structure of the capsule in the human.

The only surgeons to operate on the human internal

capsule before 1957 were Browder and his colleagues (1953)•

Their observations were therefore the 3ole available record

of living human physiology of the internal capsule. On a

superficial examination, their results appeared to support

the classical concept of the structure of the internal

capsule. Closer scrutiny of their published material

however revealed that this was not true. Operating by

a deep transventricular approach, Browder sectioned the

anterior limb of the internal capsule progressively



backwards till a slight weakness of the patient's hand

appeared on the opposite side. He therefore assumed that

he had iust reached the posterior limb. There were no

autopsy studies of these cases to show where exactly the

section was. Another very valuable observation was again

misinterpreted because of the universally held belief derived

from animal experiments and pathological material in the

dead.

Thurel was the first to challenge the concept of the

structure of the posterior limb of the capsule. He

observed in his paper on the psudobulbar syndrome that the

faisceau genicule was a misnomer since it was not situated

in the genu but further posteriorly in the internal capsule.

Guxot and his colleagues (1958» 1959» 19b0) repeatedly

confirmed that they obtained motor responses on stimulation

of the posterior limb of the internal capsule at 17 mm.

lateral to the midline. They obtained responses from

the leg, arm and face in that order from behind forwards.

Gillingham (i960) noted that in medial tracks (13 to

15 mm. from the midline) he seldom got any motor response

from the internal capsule. In lateral tracks (16 to

18 mm. from the midline) motor responses were often obtained

in the capsule. He favoured a concept which confined

the pyramidal tract to a small area in the middle of the

posterior limb adjacent to the pallidum. He agreed with

Guiot and his colleagues (1959) as well as Hassler (1962)

that the pyramidal tract in the human was not situated in

the genu or the anterior part of the posterior limb. He

disagreed with them in that he felt that the thalamic



border of the capsule was free of this tract which was

confined to the pallidal lorder.

Talairach and Szikla (1963) used the anterior

approach to the thalamus, crossing the pallidum and the

posterior limb of the internal capsule. They used

continuous stimulation under light general anaesthesia as

the electrode was moved slowly towards the target. They

observed motor responses from the capsule only if their

track was 18 mm. 01* further lateral from the midline.

Bucy (1957» 1958) and Walker (1963) did not agree with

this concept. According to them, absence of hemiplegia

following capsular lesions did not prove that the pyramidal

tract was intact. They claimed that their pedunculotomies

were not followed by hemiplegia and a similar situation might

well occur in the internal capsule.

This apparently valid argument was seen to be completely

unacceptable on closer examination of their and others'

published literature. Pedunculotomies were always followed

by an initial complete flaccid paralysis as reported by

Walker (1952, 1955), Bucy (1957) and Kitamura (1961). What

Bucy referred to was the longterm assessment of recovery of

motor function. On the other hand, the capsular lesions

produced by stereotaxic surgeons were often not associated

even with a trace of facial paresis provided such lesions

were sufficiently medial. Cortical exoisions by Horsley

(1909), Sachs (1935), Foerster (1936), Putnam (1940),

Bucy (1944) and Krynauw (1950) were all followed by paralysis

in the immediate postoperative period although there was a



surprising degree of recovery on longterm follow-up.

There was therefore no reason to assume that a

section of the pyramidal tract at a level in between the

cortex and the peduncle, in the capsule, would not be

followed by an initial complete flaccid paralysis. In

fact such is the exact clinical state when a hemorrhage

is produced in the lateral part of the posterior limb of

the internal capsule during stereotaxic surgery. The

postoperative recovery then closely parallels the recovery

of hemiparesis after cortical excisions and pedunculotomies.

Lassek (1954) observed that the fibres of the pyramidal

tract were not compactly arranged but were broken up into

a number of bundles in the internal capsule. Recent

editions of some of the textbooks quoted earlier have

included this concept in their diagrams.

Guiot and his colleagues (1959) tried to explain the

discrepancy between their findings and the classical

concept of the structure of the posterior limb of the internal

capsule. They suggested that at the level at which their

electrode traversed the capsule, the anterior limb and the

genu no longer existed having become incorporated with the

posterior limb at a higher level. They conjectured that

the frontopontine tract from the anterior limb had now

displaced the corticobulbar and corticospinal tracts to

a more lateral place in the capsule.

In the present study, 76 instances were available

where motor responses (twitches and pareses) were elicited

from the capsule during surgery.



It was already seen in the previous section of this

chapter that the mean of these pornts was situated

significantly in front of the midpoint of the capsule

suggesting that the pyramidal tract was close to the

pallidal "border of the capsule.

The lateral co-ordinates of these motor response

points were now compared with each other as we^l as the

entire series. Frequency distribution of lateral

distances of all capsular motor phenomena (twitches and

pareses) compared for their peripheral sites of incidence

(Distances in mm. of opaque marker in postoperative X-ray)
was as follows:

Very
medial

Site SI 11C
Marker
11.0 -
13.5

Medial
SI 135
Marker

14.0 -
16.0

Standard
SI 160
Marker

16.5 -

19.0

Lateral
SI 18.5
Marker

19,5 -
21.5

Very
Lateral
SI 21.0
Marker
22.0 -
24.5

Total

Face only 0 2 13 5 3 23 :
Face and

upper limb 0 0 2 1 0 3

Upper
limb 0 2 26 12 4 44

Upper and
lower
limbs 0 0 1 4 1 6

Total
number of
motor

responses 0 4 42 22 8 76
Total
number of

explora¬
tions 6 41 323 95 10 475

Percentage
of motor
responses 0 9.8# 13.0* 23 • 2/0 80.0# 16.0#



It was seen that the percentage of motor responses

obtained rose steadily till at a lateral distance of 21.0 mm.

8O/0 of the explorations were associated with pyramidal

tract signs.
2

The X test was not applicable to this table as the

expected number in one oell was less than 3 and in another

cell was less than one. The columns were therefore

regrouped as snown below and the X test was applied.

Group
• A
hedial
tracks

Group
B

Group
C

Standard Lateral
tracks tracks

47

42

323

30

105

Number of motor

responses

Total number of
explorations

2
X value 16.46 and for n=2, P v/as les3 than 0.01.

This was a very significant result.

(c) Somatotrophic Arrangement within the Pyramidal Tract

It is generally agreed by all previous authors who

favoured the classical concept of the capsule as well as by

the recent authors who challenged it, that there exists a

somatotrophic arrangement within the pyramioal tract at the

level of the internal capsule. The face fibers are

believed to be situated anteromedially and the leg fibers

posterolaterally, with the arm fibers in between. It is

also agreed that there is a considerable degree of overlap

between these groups.

The mutual relationship of the fiber arrangement would

vary depending on the following factors. (1) The



lateromedial representation of face-arm-lcg in the motor

cortex rotates to mediolateral in the internal capsule.

Depending on the level of horizontal section during this

change, somatotrophy would vary. Trie anteroposterior

;,oi;.atotrophy continues unchanged at both levels and

during the above rotation. (2) The angle made by

the axis of the posterior limb of the internal capsule with

the midcommissural plane as seen in a horizontal section is

variable from person to person and in the same person at

different levels. In the brain of the horizontal

microseries of the atlas of Schaltenbrand and Bailey (1959)

this angle is seen to change from about 60° at the level

of Hd +6.5 to about 45° at the level of Kd +0.5. The

greater the angle of inclination, the more prominent will

be the antero-posterior somatotrophy. The reverse is true

for the lateral somatotrophy.

This may be one of the reasons why Guiot, Rougerie,

Sachs and Hertzog (1958) found only an antero-posterior

somatotrophic arrangement and not a lateral. These

authors found on stimulation along their electrode track

(as they moved it from behind forwards) responses from the

lower limb first, upper limb next and face most anteriorly.

A statistical analysis was done for the antero¬

posterior and lateral co-ordinates of these motor response

points in the capsule. Upper limb response points were

taken as those predominantly with the upper limb component

and a similar rule was applied for the lower inmb response

points.



Comparison of lateral co-ordinates of all

capsular motor response points

Site of motor

response

No. of
cases

Mean xn mm.

(Marker in
X-ray
uncorrected)

Standard
deviation of
entire group

Face 23 18.95

Upper limb 47 18.97 2.029

Lower limb 6 21.17

Comparison of face and upper limb:

Difference between the means 0.02 mm.

Difference was too small to merit further analysis.

Comparison of face and low^r limb:
Difference between the means 2.22 mm.

Standard error of the difference

between the means 0.9303

Result significant

Comparison of upper and lower limbs:
Difference between the means 2,20 mm.

Standard error of the difference

between the means 0.8796

Result significant

Comparison of anteroposterior co-ordinates of all

capsular motor response points.

Site of motor

response

Pace

Upper limb
Lower limb

No. of
cases

23

47

6

Mean in mm. in front
of midcommissural

plane in chart

+6.913
+4.-170

+3.330

Standard
deviation
of entire

group

4.018

Comparison of face and upper limb:
Difference between the means 2.743 mm.

Standard error of the difference

between the means 1.022

Result significant
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Comparison of face and lower limb:

Difference between the means 3*563 nun.

Standard error of the difference

between the means 1.842

Difference between means ,

Standard error

Since this value was quite close to the conventionally

accepted level of significance, the result was very suggest¬

ive that with greater numbers for the lower limb response

points, the groups may well show a significant difference.

Comparison of upper and lower limbs:

Difference between the means 0.84 mm.

Standard error of the difference between

the means 1.742

Result not significant

These results show that, at the level of exploration

with the present technique, the lower limb fibers of the

pyramidal tract are situated lateral to the face and upper

limb fibers between which there was no significant difference

in laterality. The face fibers of the pyramidal tract

are situated in front of the upper and lower limb fibers

between which there was no anteroposterior differentiation.

(d) Lateral Thalamic Movements

The role of the ventrolateral nucleus of the thalamus

in the extrapyramidal motor system is being increasingly

recognised. Hassler (i960) and Nathan (1957) summarised

the state of knowledge on this subject. It was not

surprising therefore that stimulation of this area

provoked motor responses.

Hassler and his colleagues (i960, 1961, 1963) elicited



movements from stimulation of the oral ventral nucleus

of the thalamus.

Hughes (1963a, 19631) described motor responses on

stimulation of the lateral thalamic area. He found two

#ypes of responses. One was confined to the face, upper

limb or lower limb and the other involved the whole of one

side of the body. The latter was much less frequently

obtained than the former. In the first tjpe, he found

upper limb responses to be most common, the face responses

to be less common and the llwer limb responses, least

frequent.

He also found a somatotrophic arrange;uent for these

responses with the face area posteromedial and the lower

limb area anterolateral. Upper limb responses were

obtained in between.

In the present study, movements were obtained from

the lateral thalamic area in 77 instances. Their

differentiation from capsular movements on anatomical,

clinical and statistical grounds was discussed in an

earlier section of this chapter.

74 of these responses corresponded to Type I described

by Hughes in that they involved predominantly the face,

upper limb or the lower limb. 3 responses belonged to

Type II of Hughes in that they involved the entire

contralateral hemibody.

Most of these responses were elicited during the

period when stimulation was used as a routine in the

department, that is, prior to 1961. A few were

obtained during creation of reversible and irreversible



lesions. Since stimulation was clone by means of single

shocks, the movement was only a single contraction often

described as a jerk or twitch and involving predominatly

the flexor group of muscles. It was most frequent in the

upper limb (65 cases), much less so in the face (5 cases)

and least in the lower limb (4- cases,. 3 of the upper

limb cases showed slight involvement of the face end all

the lower limb cases showed slight involvement of the

upper limb as welt.

In view of the fact that in the earlier days of

stereotaxy in this department, these movements were

believed to be of capsular origin the electroue was often

moved from the area where a movement was obtained and no

effort was made to study the movement in detail as to its

pattern or methods of elicitation. In some instances

the distance of the electrode was too far from the capsule

and a cautious lesion was made at the site where u

movement was obtained. Whenever such a lesion was mad..,

paresis was never produced.

While the nature, distribution, types and general

pattern of these thalamic movements closely cori'esponded

to that described by Hughes, there was no significant

somatotrophic arrangement bo be made out on analysis of

their co-ordinates. This might have been due to (a) the

different parameters of stimulation used (b) the fact

that these movements were not particularly sought for and

documented in detail (c) the very small number of cases

involving the face and the lower limb and (d) the iacx of

application of a correction factor for lateral ventricular
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width. The general pattern ho,ever was similar to that

sug ested bp Hugh s although the r- suits wer* :.ot statistic¬

ally significant.

Comparison of the anteroposterior co-ordinates of

the points where lateral thalamic movements were

elicited.

Site of response

Face

Upper limb

Lower limb

No. of
cases

5

68

4

Mean AP co-ordinate S.D. for
in m..:, behir.c '..id-
commissural plane

- 4.00

- 4.88

- 4.75

Comparison between face and upper limb:

Difference between the means

Standard error of the difference

between the means

Result not significant

0.88 mm.

1.284

, .. ■- xX

group

2.771

Comparison between face and ldwer limb:

Numbers too small to merit further analysis.

Comparison between u per and lower limbs:

Difference between the means 0.13 mm.

Difference was too small to merit further analysis,

Comparison of the lateral co-ordinates of the points
where lateral thalamic movements were elicited.

Site of response No. of Mean lateral co-ordinate
cases (Marker in X-ray

in mm., uncorrected)

S.D.
for
entire

group

Face 5 18.03

Upper j-imb 65 18.16 1.738

Lower limb 4 18.50



Comparison of face and upper limb:

Difference between the means 0.11 mm.

Difference too small to merit further analysis

Comparison of face and lower limb:

Numbers too small to merit further analysis

Comparison of upper and lower limbs:

Difference between the means 0.3k mm.

Standard error of the uifference

between the means 0.9212

Result not significant.

While the general nature of the thalamic movements

studied in this project conformed to that described by

Hughes (1963a, 1963b) the circumstances of elicitation

and observation were not standardised sufficiently for a

scientific comparison to be made.

(f) Dysarthria during Stereotaxic Surgery

In uiost patients with Parkinsonism or other dyskinesias,

there is usually some preoperative speech disturbance.

Rigidity of lips, tongue, jaw, pharynx, vocal cords, chest

and abdomen contribute to difficulty in speech. Generalised

physical and mental slowing, memory defects, difficulty

of initiation ana akines-ms are other factors affecting

speech. The resultant afreet is a combination in varying

degrees of the different manifestations in one patient.

Inability to initiate speech, reduced voice volume, slurring

of speech and festination are some of the major components

of the speech disorder. Excessive salivation and dryness

of mouth due to drugs may further add to the patient's



difficulties in speech.

The surgical procedure may worsen speech in one or

more of four main ways postoperatively. These are (1)

dysphasia, (2) dysarthria, (3) dysphonia and (4) worsening

of preoperative acmes is, inability to initiate and

festination of speech. Postoperative speech difficulties,

especially after bilateral lesions are veil recognised and

are discussed in detail in a subsequent chapter.

During operation, speech phenomena have not been

extensively studied, probably because the limited time

available for clinical testing has been largely taken up

in the estimation of motor and seasory functions. What

little has been reported in the literature, has been on the

subject of changes in speech as a result of stimulation.

Guiot, Hertsog, Rondot and Molina (1961) observed arrest

or acceleration of speech evoked by thalamic stimulation.

Hassler and Riechert (1961) reported similar pnenomena. It

is very debatable how much these stimulation studies elucidate

the exceedingly complex mechanism of speech. Hughes (1961)

warned against postulating simple direct relationships between

the effects of sximulauion and coagulation at a given site.

Probably this applies to speech even more than to other

phenomena. Penfield (1963/ felt that stimulation of the

pulvinar during stereotaxy might result in valuable data

ragaro.mg the role of the thalamus in speech mechanisms.

There is usually no opportunity during surgery for a

detailed testing for dysphasia. In a tired and often

sedated patient, voice volume is difficult to measure and

compare, especially under operating theatre conditions.
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Dysarthria, appearing suddenly during operation for the

first time or becoming markedly worse as compareo to the

peeoperative state, is easily recognised ana correlated with

the position of the electrode. This therefore is the

only aspect of speech with which the present study is

concerned.

In fortyfive instances in this series- starring of

speech was noted during stereotaxic surgery. The

majority of these responses were uue to the creation of

reversible heating lesions.

There was no obvious relation to the occurrence of

dysarthria ana the laterality of the electrode track as

shown by the table below.

Track used medial Standard Lateral Total

(31 13.5) (SI 16) (SI 18.5)

Number of cases

of dysarthria
during surgery 6 29 10 45

Total number of

explorations 47 323 105 475

Study of the scattergraiu3 composed of the co-ordinates

of the central points of electrode positions when

dysarthria was produced was not particularly helpful for the

medial and lateral tracks. The number of points were

few and they were wide by scattered.

The study of these points in the 'standard tracks' group

suggested that they tendeu to concentrate in two separate

areas. One was in the distal capsule and the pallidocapsular

junction. (In studying this scatcergram, one has to

remember that the mean breadth of the capsule in this



series as defined by depth electrical recording and

audiomonitoring was greater' than that of the atlas brain.

Points in the pallidum near its posterior edge on the atlas,

therefore, would be actually situated in the pallidal

border of the internal capsule in our patients.) The

other gr up was clustered around the thalamic nuclei near

the capsular border.(See scattergrams at end of chapter)

If only one site or structure is responsible for a

phenomenon, it is logical to expect a scatter around one

area as was noted in the cases of the evoked potentials

from the thalamus, thalamic movements, capsular motor

phenomena and visual phenomena. If two sites closely

adjacent to each other are responsible for the same

phenomenon, one might expect to see a scattergram with a

long wide scatter, as was seen in the case of sensory

response points in the thalamic relay nucleus and the

thalamoparietal projection. In the case of dysarthria,

however, the points tended to group around two different

structures separated by a clear interval of the thalamic

border of tne internal capsule.

This suggests that the thalamic nuclei are intimately

concerned with speech and their stimulation can produce

alterations of speech (duiot et al, 1961). Permanent

coagulation here, especially bilaterally can cause severe

slurring of speech (XrayeriburJ. et al, 196l). U11 the other

hand, dysarthria at more anterior livels may be produced

by interference with the motor fibres to the tongue in

the pyramidal tract in the internal capsule (Gillingham 196lh

Clinically these two types of dysarthria seem to be
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indistinguishable on the ..-pei'trting table. Therefore those

points were not subjected to further stati.. t-eul analysis

of their co-ordinates. The analogy of thalamic and

capsula r movements springs to the m-mid but xn ineir case,

they could be well differentiated from each other. Only

a careful study of a large number of cases of dysarthria

produced during stereotaxic surgery would show wnother this

hypothesis, suggested oy the senttesgrau, is true.

^ 1 j jt^ummai^

The controversies regarding the mtorpre fcdlion of the

presence and absence of motor phenomena during stereotaxic

surgery were outlinea. The noea for an unbiased approach

to the study of the structure of the internal capsule was

emphasised.

The differentiation between thalamic and capsular

movements was stressed.

It was shown that the pyramidal tract is confined to

a relatively small portion of the posterior limb of the

internal capsule in its middle part and close to the pallidal

border.

It was shown that the face, upper limb ana lower limb

fibres within the pyramidal trac t are arranged, in that

order from tne anteroiaediai to the posterolateral direction.

There is, however, considerable overlap between the

different groups of fibres.

It was suggested that dysarthria during stereotaxic

surgery might arise by two different mechanisms. These

are (l) the involvement of the tnaiamic nuclei ana

(2) the involvement of the motor fibres to the tongue in

the pyramidal tract.
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Sites where thalamic movements were elicited from the upper limb.
Scatter diagram superimposed on Plate U8 — 31 16 of stereotaxic atlas.

Sites where capsular responses were elicited from the upper limb.
Scatter diagram superimposed on Plate UU - SI 16 of stereotaxic atlas.
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Sites where thalamic (squares) and capsular (circles) motor responses
were elicited from lateral tracks in the upper limb. Scatter diagram
superimposed on Plate - SI 18-5 of stereotaxic atlas.

Scatter diagram to show sites where
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Sb.rn.lht
Scatter diagram to show sites where slurring of speech was

■n. ^ produced during operation along standard tracks. Super-
imposed on Plate 48 - SI 16 of stereotaxic atlas. It is

/T suggested that the responses shown by a circle tend to con¬
centrate around an area in the internal capsule where motor \

^ fibres to the tongue may be implicated. It is also suggested y
that the responses shown by a square tend to group around
the oral ventral nucleus of the thalamus and slurring of
speech in this region may be produced by a thalamic mechanism.

Scatter diagram to show sites
where slurring of speech was produced
during operation along lateral tracks.
Superimposed on Plate U8 - 31 18*5
of stereotaxic atlas.



, . classical concept of
( i )

the internal capsule.

tf -thalamofrontal fibres

f -face

a -arm

l -leg

fibres of cortico—bulbar
Hand corticospinal tracts.

tp -thalamoparietal projection

o -optic radiation

fl -fasciculus lenticula ris

fp -frontopontine fibres

, .our concept of the
(ill)

internal capsule.

modern concept of the

internal capsule.

\
TP \

J
O

diagrams of horizontal sections through the internal capsule to

show changing concepts about its structure.
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Horizontal section (9X) 3.5mm. above the intercommissural
plane showing the concept of topographical arrangement of
cortico-spinal and sensory fibres in the internal capsule



Hv -1.5

PTP - Pallidal Target Point TTP - Thalamic Target Point
CA - Anterior Commissure CP - Posterior Commissure

Comparison of the two diagrams shows that Guiot's

argument is not valid since the capsule is met at Hd 4.0

and not Hv -1.5 in the operations described in the present

work.

Comparison of horizontal sections at two levels from the stereotaxic
atlas to show disappearance of anterior limb of internal capsule at
lower level.
(Guiot's explanation for position of pyramidal tract in posterior limb.)
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CHAPTER 6

Effect of Stereotaxic Surgery on Tremor

"The first symptoms perceived are, a slight sense of
weakness, with a proneness to trembling in some particular
part; sometimes in the head but most commonly in one of the
hands and arms. These symptoms gradually increase in the
part first affected; and at an uncertain period, but seldom
in less than twelve months or more, the morbid influence is
felt in some other part."

.... James Parkinson.

"A perfect operation ought to look like a superb
physiological experiment (as indeed it is), the object being
to inflict the least possible damage on the patient, whose
receovery in the best imaginable condition is the essential
object of the proceeding."

.... Geoffrey Jefferson.

(a) Ideal Site of Lesion for Parkinsonian Tremor

The first targets to be destroyed stereotaxically in the

treatment of Parkinsonian tremor were the inner segment of

the globus pallidus and the ansa lenticularis (Wyeis and

Spiegel, 1952). It soon became obvious however that

rigidity was better controlled by pallidal lesions than

tremor (Rarabayashi et al 1956). This was confirmed by

most stereotaxic surgeons.

Hassler (1955) advocated the creation of a thalamic

lesion in Parkinsonism and based his argument on theoretical

grounds. His logic was soon confirmed by the creation of

such a lesion in the human by Hassler and Riechert (1958)

and Cooper (1958).

£y 1962, the majority of stereotaxic surgeons were

creating lesions in the thalamus, although their target sites

differed to some extent. Some preferred an additional

pallidal lesion in selected cases. A few aimed at other



sites like the internal capsule or the subthalamic region.

A comparison of the sites of lesion preferred by various

woricers proved to be very interesting.

Bertrand and Martinez (1962) preferred a lesion for

tremor to be centred at a point 14 mm. behind, 6 mm. below

and 13 nmi. lateral to the foramen of Monro.

Cooper (1961) aimed at a point in the thalamus about

3 mm. medial to a perpendicular line drawn from the supero¬

lateral angle of the body of the lateral ventricle to its

floor. In the lateral X-ray, this point was situated about

3 mm. behind the central point of the Monro-pineal line.

Gillingham (i960) considered tremor to be controlled best

by a thalamocapsular lesion. His thalamic target was

situated 5 mm. (in X-ray) above the intercommissural line on

the midcommissural plane, 15 mm. lateral to the midline. A

lesion was made with the tip of the electrode at the thalamic

target and another 2 mm. further forwards. The central

point of the composite lesion was the thalamic target defined

above.

Gillingham (1962) also showed that tremor was effectively

controlled by his transcapsular lesions.

Guiot (1963) preferred to make a lesion in the oral

ventral nucleus of the thalamus, 14 mm. lateral to the mid¬

line. He avoided the capsule by (a) demonstrating its

position by depth electrical recording with audiomonitoring

and (b) insulating one side of the coagulating portion of

the electrode. The insulated portion was turned towards

the capsule during the creation of a lesion in the thalamus.

Hankinson (1963) used a target 10.3 mm. in front of the



centre of the posterior commissure and 4 mm. above the

intercommissural line. The central point of his lesion

was approximately 7«5 mm. in front of the anterior border of

the posterior commissure and mm. above the intercommis-

sural line. The lateral distance was 17 mm. from the

midline for cases without dilatation of the lateral ventricle.

Hughes (1963) created lesions in the anterior and

posterior parts of the oral ventral nucleus of the thalamus.

He calculated the co-ordinates of the targets by means of a

specially prepared sets of outlines of these nuclei from

brains with different intercommissural lengths and lateral

ventricle widths.

Jinnai and his colleagues (1961) preferred thalamo-

capsulotomy for tremor. Their target was located approxi¬

mately 1 mm. below the foramen of Monro and 19.5 mm.

posterior to it along the line parallel to Reid's line. It

was approximately 19 mm. lateral to the midline of the

third ventricle.

Krayenbuhl (1962) used a thalamic target 12.3 mm.

behind the anterior commissure on the intercommissural line,

11.5 mm. lateral to the wall of the third ventricle.

Leksell and Strang (1963) used a thalamic target, 11 mm.

from the midline, 3*5 mm. behind the midcommissural plane

and 2.5 mm. above the intercommissural line.

McCaul (1963) used as his thalamic target a point on

the midcommissural pLane, 3 mm. above the intercommissural

line and 12 mm. lateral to the midline.

Narabayashi (1963) preferred a target 3 mm. behind and

2 mm. above the midcommissural point. His lateral distance

was approximately 13 mm.



Riechert and Hassler (1963) coagulated the ventral oral

posterior nucleus of the thalamus for tremor. According to

them, this nucleus was locatea around a point on the FM-CP

line, 12 mm. behind the foramen of Monro and 10 mm. lateral

to the middle of the lateral wall of the third ventricle.

Spiegel and Wycis (1962) chose a thalamic target 2 mm.

above the intercommissural line and 3 behind the mid-

commissural plane, for brains with an intercommissural

length, less than 23 mm. This point was situated 12 mm.

lateral to the midline.

Spiegel, Wycis and their colleagues (1963) carried out

campotoiqy. The target site was 6 mm. lateral to the midline,

10 mm. anterior to the posterior commissure (for short

intercommissural lengths) and was sitaated on the inter¬

commissural line.

Talairach and Szikla (1963) used a slightly different

target than most workers. They defxned their CA-CP line

by joining the superior border of the anterior commissure with

the inferior border of the posterior commissure between"two

tangents to the commissures perpendicular to the CA-CP line.

They then divided this CA-CP line into three parts. Their

thalamic target was situated 10 mm. above the junction of the

anterior twothirds and the posterior third of the CA-CP line.

It was placedl7 mm. lateral to the midline.

Walsh (1962) defined as his thalamic target, a point on

the line joining the centres of the commissures and dividing

that line in the ratio of 17:10. It was placed 12 mm.

lateral to the midline.

A comparison of all these targets made it obvious that

there was no single 'ideal' target for abolishing
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Parkinsonian tremor. Whether different surgeons are

interfering with the same 'neuronal circuit' or tremor

conducting pathway at different levels and if so, what the

nature of that pathway is, are points for theoretical

dxscussion.

In view of the fact that lesions at all these sites

apparently produced total or subtotal abolition of tremor,

the 'ideal' site would be decided by the following considera¬

tions:

(a) minimal variability of target site with

relation to individual variation of

anatomical structures

(b) possibility of extension of lesion to

an immediately adjacent tremor abolition

site if it was not abolished at the aimed

target

(c) minimal risk of complications

(d) safety of lesions at the same target in

both hemispheres and

(e) possibility of influencing other symptoms

like rigidity and oculogyric crises at the

target site for tremor.

(b) Scattergram Studies of Sites of Trevor Abolition

In 163 instances in the present series, tremor was

dramatically abolished or very considerably reduced (at

least 75$ by clinical observer's grading) at a single

electrode position. Such a result was obtained either by

mechanical injury by electrode insertion or by minimal



heating lesions reversible for all practical purposes.

Some were due to irreversible coagulation lesions.

Stimulation studies were not included in these figures since

the results of stimulation were considered unreliable as

guides to the placement of therapeutic lesions.

Contrary to general opinion, the lateral distance of the

track seemed to have no relation to the abolition of tremor

during operation (within the limits of the lateral distance

used in the present technique). The following figures

illustrate this.

j——————————

Lumber of cases of
abolition of tremor
at single electrode
positJ.on aurxng
operation

Total no. of

explorations

Very Medial Tracks
SI 11.0 2 6

Medial Tracks
SI 13.5 14 41

Standard Tracks
SI 16.0 117 323

Lateral Tracks
SI 18.5 29 95

Very Lateral Tracks
SI 21.0 1 10

Tulau 163 475

The central points of the electrode positions were

plotted for the medial, standard and lateral tracks.

Scatter diagrams were drawn and superimposed on the

corresponding plates of the stereotaxic atlas of

Schaltenbrand and Bailey (1959)• (See scattergrams at the

end of this chapter)



Consideration of the medial tracks showed that the

points were mainly concentrated around the ventral inter¬

mediate and the ventral oral nuclei of the thalamus

(posterior part more than the anterior part). This agreed

well with similar observations of Caracalos, Levita and

Cooper (I9b2) and the opinion of Hassler that the posterior

part of the oral ventral nucleus Ls the ideal site of

lesion for tremor.

Examination of the scattergram of the standard tracks

showed the concentration of tremor abolition points again

around the ventral intermediate and ventral oral nuclei

of the thalamus (both anterior and posterior parts), close

to the capsular border. The opinion that this is an ideal

site for lesion for tremor has been expressed by Gillingham

(i960) and by Jinnai and his colleagues (1961).

Inspection of the scattergram for the lateral tracks

revealed that an equally satisfactory effect on tremor was

produced by lesions in the reticular nucleus of the thalamus

and the posterior limb of the internal capsule. Cillingham

(i960) was of the opinion that capsular lesions were

effective because of interruption of the ansa and fasciculus

lenticularis conveying pallidofugal impulses to the thalamus.

Aguinis (I963) felt that such a lesion interrupted the

cortical projection system from the reticular nucleus of

the thalamus and this was the reason for its ability to

abolish tremor.

It was felt by the present author that there was no

basis for subjecting the co-ordinates of these tremor

abolition points to any statistical analysis. It was likely



that they belonged to different structures whose destruction

was equally efficient in producing the desired clinical

result. It was also likely that they were situated on

a neuronal circuit(s) taking a three dimensional course in

this part of the diencephalon. In either case, the

points were not subject to any further clarification by

simple statistical tests.

(c) Tremor Abolition at Pallidal Level

The direction of the electrode track in the Guiot-

Gillingham operation made it difficult to evaluate the

effect of pure pallidal lesions on tremor, since there was

always mechanical injury to the thalamic nuclei by the

passage of electrode to reach the pallidum.

However, in common with the experience of other workers

(Narabayashi et al 1956; Cooper 1961; Bertrand and

Martinez 1962), Gillingham (I960) felt that even when tremor

was abolished by a pallidal lesion, the tendency to

recurrence was much greater than after a thalamic lesion.

In eight instances in the present series, tremor was not

abolished by a lesion in the (presumed site of) thalamus

I but was abolished dramatically by a lesion in the (presumed

site of) capsule or pallidum. These points were studied

1 by drawing scattergrams and superimposing them on the

stereotaxic atlas of Schaltenbrand and Bailey (1959). They

seemed to be remarkably close together for a scatt?rgram.

The cases however were too few for any definite conclusions

to be drawn. Even allowing for the smaller width of the

internal capsule of the atlas brain as compared to the



present series, these points seemed to be well inside

pallidum.

(d) Increase in Ipsilateral Tremor by Stereotaxic Surgery

In fifteen cases in the present series, there was a

sudaen and pronounced increase of tremor in the ipsilateral

limbs at a single electroue position. The effect was seen

either after mechanical injury by electrode insertion or

after the creation of a reversible or irreversible lesion.

Stimulation effects were not taken into consideration in the

study of this phenomenon. This was a marked increase in

ipsiiateral tremor which could not be explained by the

stress of the operating theatre atmosphere or as a relative

increase in comparison to the opposite limb tremor reduced

by surgery. The phenomenon was particularly striking when

operating on the second hemisphere. Tremor on the

ipsilateral side which had been completely abolished

following the first operation might riturn to a mild degree

during and after the second operation. The phenomenon

has been recorded by Bertrand and Martinez (1962), French

and his colleagues (1962) and Gillingham and Kalyanaraman

(1963).

Inspection of the scatter diagram showing the central

points of electrode positions when this phenomenon was

observed, showed no particular prediliction for any

structure to cause this increase of tremor.

Gillingham (1961) suggested that in Parkinsonism, one

may be dealing with a 'firing' lesion similar to that in

epilepsy. Ruch (i960) suggested the pallidum as the site

of a discharging oscillatory lesion producing Parkinsonian



tremor. Gybels (1963) recorded evidence from animal

experiments that 'firing' in some cortical cells may be

closely related to tremor.

Spiegel and Wycis (1962) postulated that blocking of

one path of pain impulses may increase the flow of impulses

along an alternative route. Such a conception has been

advanced by Gillingham (i960) to explain this phenomenon

as well as the incidence of some complications after

bilateral surgery like reduction of voice volume,,dysphagia,

depression, etc. Proof, however, of such a theory can

be provided only after we are able to record deep intra¬

cerebral 'firing' at several points simultaneously.

(e) Summary

The 'ideal' sites of lesion for abolition of Parkinsonian

tremor by different stereotaxic surgeons were considered.

These were found to be widely scattered - in the pallidum,

internal capsule, reticular nucleus, oral ventral nucleus,

ventral intermediate nucleus, other parts of the ventro¬

lateral nucleus and the subthalamic region.

Scattergram studies of tremor abolition sites in the

present series showed that tremor might be abolished in

the pallidum, capsule or thalamus. At the last site,

lateral distances from 12.5 mm. to 19.5 nim. might be

equally effective as judged by the immediate effect.

These results suggested that tremor abolition was

possible by effective interruption of a complex neuronal

circuit(s) at any one of several levels. It was suggested

that the ansa and fasciculus lenticularis might be part of

such a pathway.



TargetSitesusedbyDifferentStereotaxicSurgeons (Thepositionsarecalculatediron"datagiventoytnesurgeons andareonlycloseapproximationstotheiraveragesite.Inindividual casestnelesionsmay"bevarieddependingonotherlectors) SuperimposedonPlateU'f-SI13*5ofstereotaxicatlas I.V.cCaul2.1eksell3.RiechertU.Wycisb.Krayeribuhl6.WalaB-Allthese lesionsareinfactmoremedialthanI3*5.7and8Bertrand'.Hislesions aresometimesmorelateralthanI3*5-

•p-



Strpd.iTargetSitesofDifferentStereotaxicSurgeons** (Tnepositionsarecalculatedfromaatagivenbytnesurgeons andareonlycloseapproximationstotneiraveragesites.In individualcasestnelesionsmaybevarieddependingonotnerfactors SuperimposedonPlatei|6-3116ofstereotaxicatlas. ITalairach2.Cooper3.andU.HankinsonAlltneselesionsaremore lateraltnan16mm.3and6Glllingnam/.Narabayasnl.Lesions6 and7areslightlymedialto16mm.

\o VJ1



196



VeA.'X

ScatterDiagramtoshowcentralpointsofelectrodepositionin medialtrackswhentremorwasabolishedorveryconsiderably reduced.SuperimposedonPlate47SI13.5ofStereotaxicAtlas.
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ScatterDiagramtoshowcentralpointsofelectrodepositionin standardtrackswhentremorwasabolishedorveryconsiderably reduced.SuperimposedonPlate48SI16ofStereotaxicAtlas.
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C.c.spf

Central points of electrode positions in two operations
along lateral tracks when ipsilateral tremor was markedly-
increased. Superimposed on Plate I4.8 18*5 of stereotaxic atlas
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CHAPTER 7

j-FISCT' OF STEREOTAXIC SURG-ERY 0,. RIGIDITY

"Hitherto the patient will have experienced but little
inconvenience; and befriended by the strong influence of
habitual endurance, would perhaps seldom think of his being
the subject of disease, except when reminded of it by the
unsteadiness of his hand, whilst writing or employing
himself in any nicer kind of manipulation. But as the
disease proceeds, similar employments are accomplished with
considerable difficulty, the hand failing to answer with
exactness to the dictates of the will. Walking becomes a
task which cannot be performed without considerable
attention* The legs are not raised to that height, or with
that promptitude which the will directs, so that the utmost
care is necessary to prevent frequent falls."

James Parkinson.

"Actually, there is a constant play of forces acting
on the central nervous system, simulating inactivity when
there is a state of equilibrium, appearing as function
when there are shifts of equilibrium and manifesting itself
as a pathologic symptom when only a disequilibrium exists."

..... W.R. Hess.

(a) Introduction

Parkinson (1817) made the observation that tremor

ceased when a state of hemiparesis supervened on limbs

affected by Parkinsonism. numerous operations which

followed in the earlier part of this century were based on

this observation. All of tnern aimed principally at

interruption of the pyramidal tract at some level.

The cortical operations of Klemme (1940) and of Bucy

and Case (1945), the capsular operations of Jbrowder (1948),

the peduncular operations of Walker (1952) and ine spinal

cord sections of Putnam (1938) and of Oliver (1953) are

very well known. They were however mainly directed towards

the alleviation of tremor. They were followed by a

flaccid paralysis, soon replaced by spasticity which was



sometimes severe. Such a state was not always a preferred

alternative to rigidity.

Meyers (1942) changed trie direction of neurosurgical

thinking by his observation "thai surgical interruption of

pallidofugal fa.ores might modify rigidity and tremor in

patients with Parkinsonism. for the first time it was

possible to reduce or abolish rigidity without producing

paresis or spasticity.

The trans ventricular approach of Meyers (1951; has

associated with a relatively high mortality and morbidity.

However, the o von 3ubfrental operations of Pension ^155^

and of Guiot and Trion (1953) wexv. less hazardous.

Stereotaxic procedures markedly increased the safety of

surgery for Parkinsonism by greatly reducing the incidence

of complications. Pallidal targets wei'e soon changed to

thalamic targets to deal with tremor better. Although

a large number of surgeons were satisfied with the degree

of reduction of rigidity obtained at thalamic levels, a

few still preferxed to aiaXu pallidal lesioxis, when

rigidity was the predominating factor.

(b) Ideal Site of Lesion for Parkinsonian Rigidity

It was interesting to compare the views of various

surgeons with regard to what they considered as the

optimum site for stereotaxic lesions in case of rigidity.

Bertrand and Martinez (1962) preferred a slightly

more anterior lesion for rigidity than for tremor, both

lesions being in the thalamus. Their preferred site was

13 mm. behind and 6 mm. below the foramen of Monro and

14 mm. lateral to the midline.



Gillingham (i960) preferred, a pallidocapsular lesion

for rigidity. His pallidal target was 3 mm. behind and

1 mm. below the posterior border of the anterior commissure.

Gillingham (1962) demonstrated that rigidity could be

effectively controlled by his transcapsular lesions.

Cooper (1961) did not use separate targets for tremor

and rigidity. His lesion was enlarged at the target site

in slow degrees over a few days until both rigidity and

tremor was controlled without side effects.

Guiot (1963) did not prefer separate target sites for

tremor and rigidity. He considered his lesion in the

ventral oral nucleus of the thalamus (placed after depth

electrical recording and audiomonitoring) to be capable of

abolishing both symptoms.

Hankinson (1963) extended his standard lesion used for

tremor anteriorly by 2 mm. if rigidity was prominent.

Hughes (1961) felt that lesions in the anterior part of

the oral ventral nucleus were more likely to influence

rigidity and lesions in the posterior part, more effective

for tremor.

Krayenbuhl and Yasargil (1963) made their thalamic

lesion at a slightly more anterior site if rigidity was

more prominent than tremor.

Riechert and Hassler (1963) preferred a lesion in the

anterior part of the oral ventral nucleus for rigidity and

in the posterior part for tremor. If in one hemisphere,

the anterior part of this nucleus had been coagulated, they

preferred to make a pallidal lesion on the second hemisphere

if rigidity was the main feature. Their pallidal target



lay 5 mm. behind and 4 mm. below the foramen of Monro with

reference to the Fivi-CP line. Corrections were applied to

these figures for the FM-CP length iifference between their

standard brain and the patient. Ihe target lay 17 mm.

lateral to the lower part of the wall of the third ventricle

and this distance was again corrected for the lateral

ventricular width of the individual patient.

Talairach and Ssikla (1963) preferred a pallidal

lesion for rigidity. This was calculated as a point 1 mm.

above and 1 mm. in front of the junction of the anterior

onethird and the posterior twothirds of their CA-C ' line.

It was 20 mm. lateral to the midline.

Opinions therefore among the various surgeons could be

classed into four groups with regard to their choice of

targets for tremor and rigidity.

(a) Surgeons like Gillingham and Talairaoh who

preferred pallidal ana thalamic lesions respectively for

rigidity and tremor.

(b) Surgeons like Riechert who preferred a pallidal

lesion for rigidity only in some cases of second hemisphere

operation.

(c) Surgeons like Bertrand, Hughes, Hankinson and

Krayenbuhl who preferred a thalamic lesion in all cases but

placed it slightly more anteriorly for rigidity and poste¬

riorly for tremor.

(d) Surgeons like Cooper and Guiot who used the same

target for both rigidity and tremor.

The majority of surgeons belonged to the latter two

groups.



A comparison of all these target sites made it

obvious that there was no single 'ideal* target. as in

the case of tremor, it was likely that one was dealing with

a complex neuronal circuit and its effective interruption

at any level could achieve the desired clinical result,

(c) Scattergram Studies of the Sites of

Reduction of Rigidity

In 181 instances in the present series, rigidity was

reduced by 50% or more (clinical observer's grading) at a

single electrode position either by mechanical disruption

or by the creation of minimal heating lesions, reversible

for practical purposes. & few were due to coagulation

lesions. An analysis of their incidence according to

the laterality of the track is shown below. The small

difference in the proportions between the different groups

was not considered important enough for statistical tests

of significance to be applied.

Tracks

Very Medial
SI 11.0

Medial
SI 13.5

Stanaard
SI 16.0

Lateral
SI 18.5

Very Lateral
SI 21.0

Total

Ro. of patients in
whom rigidity was
reduced by 50% or
more at a single
electrode position

15

130

31

3

181

Total no.
of explora¬
tions

6

41

323

95

10

475



A study of the scattergrams of the central points of

such positions of the electrode along medial tracks showed

them to be scattered in a fashion similar to the tremor

abolition points. They were grouped around the posterior

part of the oral ventral nucleus, the ventral intermediate

nucleus and the paiiidocapsular junction (allowing for the

smaller breadth of the capsule of the atlas brain as

compared to our patients).

Examination of the scattergrams for the standard tracks

showed these points to be widely scattered in the sentral

intermediate nucleus, the oral ventral nucleus, the ventral

intermediate nucleus and the reticular nucleus of the

thalamus, the internal capsule and the inner and outer

segments of the pallidum.

Scrutiny of the scattergrams for the lateral tracks

again showed a wide distribution but mainly centred in and

around the infernal capsule and the adjacent parts of the

thalamus and the pallidum.

Such ar, arrangement confirmed the opinion that

reduction of rigidity could be achieved at different levels

and pallidofugal impulses could be interrupted in the

pallidum, capsule or the thalamus. One of the main

advantages of the method of stereotaxy as practised by

Gillingham would therefore seem to be that effective lesions

could be placed at one or more of these three levels by a

single insertion of the electroue. It might also explain

the relatively high percentage of successful abolition of

tremor and rxgiaity.



Such a concept would also be in consonance with the

•firing lesion' theory of Parkinsonism. It could be

explained that such a 'firing1 could be effectively blocked

at several points along its pathway to the periphery.

Albe-Fessard and Guiot (1963), Gillingham, Gaze and

Kalyanaraman xm963) ana Jasper (1963) have detected by

microelectrode studies tremor activity in the thalamus.

Carrascosa, CartTsil and Sevillano observed irregular

slow and sharp waves during an oculogyric crisis by depth

recording from the subthalamic region. Spiegel and Wyeis

(1962) noted in tegmental electrograms slow waves synchronous

with peripheral tremor. Another interesting observation

(Gillingham and Kalyanaraman, 1963) was that in the present

series of more than 300 Parkinsonian patients, there was no

case of epilepsy.

Whatever the exact pathophysiological mechanism of

tremor, rigidity and other Parkinsonian manifestations may

be, there seemed to be little doubt from the scattergram

studies that they could be benefited by thalamic, capsular

or pallidal lesions.

At the thalamic level, in 95 instances, both tremor and

rigidity were benefited at the same electrode position,

In 15 explorations rigidity was reduced markedly at a

point about 2 mm. (range 1-5 mm.) in front of the point

where tremor was reduced. In 5 cases, rigidity was

reduced markedly at a point about 2 mm. (range 1-3 mm.)

behind the point where tremor was relieved.

In some cases, rigidity was reduced by about $0% at

thalamic (or thalamocapsular) level and then was totally
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abolished at a pallidal (or pallidocapsular) level several

mm. in front. The number of cases where this occurred

seemed to bear no definite relation to the laterality of

the track except that the proportion seemed to be less

on lateral tracks. One might explain this anatomically

by the fact t ... I the lateral tracks were less likely to

involve the medially placed oral ventral nucleus of the

thalamus.

Tracks No. of cases where Total no.
total abolition of of explora-
rigidity was tions.
achieved in two

stages at thalamic
and pallidal levels

Very Medial
SI 11.0 0 6

Medial
SI 13.5 4 41

Standard
SI 16.0 26 323

Lateral
SI 18.5 5 95

Very lateral
SI 21.0 0 10

A scattergram was constructed for the central points

of the electrode position along the standard tracks where

a thalamic lesion reducing rigidity needed to be

supplemented by a pallidal lesion for total abolition of

rigidity. Examination of this scattergram and its

comparison with the scattergram for all rigidity reduction

points showed no essential difference in the thalamic site

of the lesion. It was likely that in these cases the

total volume of the lesion was the crucial factor rather

than its position, thus producing a more complete section



of the pallidofugal fibres.

(d) Summary

The preferred sites of stereotaxic lesions of various

surgeons for abolition of Parkinsonian rigidity were

compared.

Scattergrams, constructed from points where rigidity

was reduced at a single electrode position, were studied.

It was concluded that rigidity could be aeait with

effectively at the thalamic, capsular or pallidal level.

It was felt that in some cases, the total volume of the

lesion is px-obably as important as its siting.



.ScatterdiagramtoshowcentralpointsofelectrodepositionswhenormorereductionofrigiditywasobtainedatasingleelectrodepositionSuperimposedonPlatekti-31lbofstereotaxicatlas.
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C H A ? 1 E R 6

Effect of Stereotaxic Surgery on Oculogyric Crises

"Before making the attempt to point out the nature and
cause of this disease, it is necessary to plead, that it is
made under very unfavourable circumstances. Unaided by
previous enquiries immediately directed to this disease, and
not having had the advantage, in a single case, of that light
which anatomical examination yields, opinions and not facts
can only be offered. Conjecture, founded on analogy, and
an attentive consideration of the peculiar symptoms of the
disease, have been the only guides that could be obtained
for this research, the result of which is, as it ought to be,
offered with hesitation."

.... James Parkinson (1817)

(a) Introduction

The author feels very much like Parkinson when offering

his analysis of the results stereotaxic surgery for

oculogyric crises. Unlike cases of tremor and rigidity,

the numbers available are small a; d no statistical proof can

be given. Wo definite co-ordinate analysis can be done

since the symptom is not modified during surgery whose

results are known only much later. Yet there appear some

very strong suggestions as to the nature of the successful

lesions. It has been worth while inducing them in the

present thesis, if only for the reason that this is the first

time any such analysis has been made.

Since the recognition of oculogyric crises as a feature

of postencephalitic Parkinsonian syndrome, many reports of

this interesting condition have appeared m the literature.

Among the more detailed ones are those of Jeliffe (1929),

hall (1931), Wilson (1954) and Onuaguluchi (1961). The

clinical features of these attacks were very well documented



by these authors and little further netds to be addeu to

their descriptions.

Diagnostic of the postencephalitic type of the disease,

these attacks usually consist of turning upwards of the eyes

over which the patient has no control. The duration,

frequency and severity of these attacks may vary widely

from one patient to another. The attacks are most

distressing to the patient and can be dangerous to him if

he us alone at the commencement mf an attack in a situation

when he needs to see clearly. The direction of movement

of the eyeballs, associated physical and mental state as

well as the methods of termination vary. In general there

is no effective way of preventing an attack or shortening

its duration after onset. Lporadic reports in the

literature have continued to appear of successful methods

of aborting a few attacks in individual instances.

Many theories have been offered to explain the

pathogenesis of oculogyric crises. The compulsive

obsessive theory of Jelifi'e (1929) was at one time favoured.

According to Jeliffe, mental or emotional trauma was

necessary to the initial onset of oculogyric attacks. The

features of the crises were regarded by him as ritualistic

and secondary to a repressed feeling usually of guilt.

Hali (1931) in his bettorstein lecture ascribed the

crises to a mechanism similar to or identical with the

relaxation of sleep. He collecteu 206 observations on the

position of the eyes during sleep. He came to the

conclusion that there was no essential uifterence between



the position of the eyes during sleep and in oculogyric

attacks.

Onuaguluchi (1961) in a detailed analysis of 67 cases

from Glasgow was of the opinion that several factors were

concerned in the production of these attacics. He favoured

the theory that an interpaly of cerebral cortical damage

producing impaired cortical inhibition, brain stem lesion

with weak extrinsic ocular muscles and excessive wax

production or other sources of vestibular stimulation was

responsible for these crises. He felt that these factors

resulted in stimulation of the reticular formation of tne

brain stem aid aiencephalon and this caused the attack which

he described as an abnormal vestibulo-ocular reflex with

tonic upward glance.

Denny-Brown (1962) identified oculogyric crises with

the phenomenon of tonic innervation of head and eyes.

Whatever may be the exact pathogenesis of the syndrome

and the theoretical controversies about it, it has b. en

universally accepted in the past that there was no

effective treatment.

Lysivane ana a number of other anti-Parkinsonism drugs

were reported to be beneficial but no statistical study of

a series of cases has ever been reported where any drug

either prevented or shortened an attach or eve- reduced the

frequency, duration or severit.y of attacks.

(b) Reports of Successful Surgical Treatment

The first and only successful case reported prior to

1963 of surgical treatment of oculogyric crises was by



Klemme (1941)• Through a frontal craniotomy he carried

out faradic stimulation of the motor cortex at the junction

of the first and second frontal convolutions to reproduce

a typical attack. Excision of the premotor cortex only

was then carried out. The patient who suffered from

severe oculogyric attacks once in three uays before

operation had none after operation on a one year follow-up.

W/cis and Spiegel (1958) operated three times on a

Parxinsonian patient with oculogyric crises. Stimulation

and partial elimination of periaqueductal grey matter and

mesencephalic tegmentum were carried out bilaterally on

the presumption that interference with pathways serving

voluntary vertical eye movements may be of benefit. The

crises were temporarily abolished but recurred after a few

weeks. They noted that the paresis of voluntary upward

movement and abolition of oculogyric spasms lasted for the

same duration. They suggested that the mechanism innervating

the oculogyric crises used the same pathways as the

corticcfugal impulses for upward movement of the eyeballs.

Matiar (1955) considered the crises to be a general

impairment of the vegetative system. He was of the view

that the encephalitic process produced a partial disturbance

in the diencephalic part of the sympathetic system with a

resultant increased excitatory state of the unaffected

part of the sympathetic system. He blocked the stellate

ganglion with local anaesthesia during an attacK ano abolished

the attack temporarily in the corresponding eye with the

simultaneous production of a Horner's syndrome.
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Hassler and. his colleagues (i960) considered that

oculogyric crises were influenced by coagulations of the

rostral portion of inner ana outer pallidum.

Bertrand (i960) reported improvement in three cases out

of five with oculogyric crises as a result of stereotaxic

snrgery.

Gillingham and Kaiyanaraman (1963) reported abolition

of oculogyric crises with bilateral stereotaxic lesios.

This was the first report of successful treatment of this

syndrome in a series of cases.

(c) Present Study

In the present series, 30 patients out of 301 suffered

from oculogyric crises. Wilson (1954) reported a

varying incidence from 15-20% in different series. The

cases in the present group were selected in the sense that

patients whose main disability was oculogyric crises

and who had only minimal tremor and rigidity were not

accepted for stereotaxic surgery.

Longterm follow-up of the results of surgery in these

cases revealed tne following data:

Group Effect on oculogyric crises
Patients with
inilateral

aperation

Patients
with
bilateral

operations

(a) Abolished 5 6

(b) Improved 5 3

(c) Unaffected 5 1

(a) . ttacKs spontaneously
ceased a few months
before first operation 2 1

(e) AttacKS started a few
months after last operation 1 1

(f) Wo definite information
available 2

TOTAL 18 12



Of the six bilateral cases in whom the oculogyric

spasms were abolished, one had total abolition after

operation on the first side and two had considerable

improvement after operation on the first side ana total

abolition after operation on the second side.

The length of follow-up period for groups (a) and (b)

is given below.

In no instance was there recurrence of attacks after

abolition for more than a few weeks ana it is likely that

the abolition and improvement are permanent effects in most

cases.

The eight patients, who showed improvement but not total

abolition, differed in the nature of improvement. One

reported improvement in the frequency, duration and severity

of attacks. One reported improvement in the frequency ana

duration of attacks only but not in severity. Two reported

improvement in severity only but not in the frequency or

duration. Three patients reported improvement in frequency

only while the duration and severity remained unchanged.

Detailed information about one was not available.

One of the two patients who had improvement after the

first operation and abolition after the second, obtained

such improvement in frequency, duration and severity.

1-2 years

2-3 years

3-4 years

4-5 years

less than one year 3 cases (l died)
4 cases (2 died)
4 cases

5 cases

3 cases



Information about the other was not available.

When the attacks were abolished or lessened m

severity associated obsessional thinking, lack of clear

thinking or confusion were also correspondingly benefited.

Of the 30 patients, five were dead at the time of

analysis. Only in two, autopsy reports were available.

One, who showed clinical improvement in oculogyric crises

after surgery, hac thalamic and pallidal lesions in one

hemisphere and pallidal and capsular lesions in the other

hemisphere. The second patient reported spontaneous

regression of attacks a few months before operation. He

had thalamic, pallidal and capsular lesions on one

hemisphere. Six weeks after operation he died 01 coronary

occlusion but had remained free of oculogyric crises till

his death.

On charting the lesions on the stereotaxic atlas of

Schaltenbrand and Bailey, for the groups (a), (b) and (c),

it was seen that only five patients did not show some

involvement of the internal capsule by the stereotaxic

lesion. There was however no clear distinction on atlas

charting between lesions which benefited and lesions which

did not benefit oculogyric crises, with reference to

capsular involvement as shown on charting. Lixewise there

was no statistically significant difference in the laterality

of the electrode tracks between the two groups.

(d) Discussion

A comparison of the sites of successful lesions, both

temporary and permanent by Klemme (1941)» Wycis and Spiegel



(1958)t Matiar (1955) ana the present study suggests that

all were dealing with a corticofugal pathway from the

premotor cortex passing through the posterior limb of the

internal capsule, the periaqueductal grey matter and the

stellate ganglion.

In this connection, a paper by Minckler, Klemme and

Minckler (1941) was found to be very interesting. These

authors studied sections froai the brain of a patient

subjected to premotor cortical excision for tremor. They

described on their degeneration studies a premotor bundle

which started from the area of excision and swept deeply

into white matter aggregating in a subcortical position

and in descending split over the superior aspect of the

iateral ventricle. One part entered the corpus callosum

and continued to the opposite premotor cortex. The other

part took up a well demonstrated position in the posterior

limb of the internal capsule usually ascribed to the

pyramidal tract. The degenerating fibres were traced

downwards to terminate in the midbrain and spinal cord.

They belt that the premotor bundle mediated tremor and

was distinct from the pyramidal tract.

It is noteworthy that many autnors m their experience

of several thousands of cases treated by stereotaxic

surgery have not noted total abolition of oculogyric crises

although in a few cases they observed improvement. The

lesions of most authors were in the pallidum or thalamus

and only very rarely encroached to a significant degree

on the internal capsule on both sides in the same patient.



It is significant that Guiot (1963) who used a

posterior approach but avoided rnaKing lesions in the

capsule after definition of its borders by depth electrical

recording, also considered that oculogyric crises were not

benefited by stereotaxic surgery.

Consideration of the reports of all these authors as

well as the present material leads to the conclusion that

oculogyric crises can be abolished by bilateral transcapsular

lesions in ihe anterior part of the posterior limb of the

i: ternal capsule. This site is well medial to the

position of the pyramiaal tract as shown by the present

study in earlier chapters. Is it likely that if the

borders of the internal capsule are accurately defined by

depth electrical recording and the lesions are placed

across the whole breadth of the internal capsule on both

sides along the Gillingham electrode track, we can obtain

a 'cure' rate for oculogyric crises as high as we can offer

for tremor or rigidity in Parkinsonism by present stereotaxic

methods? Only the future will give the answer when a

carefully controlled series of cases are operated with

depth electrical recording.

(e) Summary

The previous literature on the syndrome of oculogyric

crises and its surgical treatment are reviewed.

A series of cases is presented where permanent

abolition of oculogyric crises was achieved in a large

percentage by the Gillingham method of stereotaxy.

The opinion is expressed that bilateral transcapsular

stereotaxic lesions should abolish this symptom in the

majority of cases.
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TREATMENT OF OCULOGYRIC CRISES.

NUMBER LEVEL UNILATERAL

AUTHORS OF OF PROCEDURE OR BILATERAL EFFECT

CASES INTERRUPTION LESION

KLEMME (1941) 1 PRE MOTOR EXCISION UNILATERAL ? PERMANENT

GILLINGHAM (1963 ) 6 POSTERIOR LIMB STEREOTAXIC BILATERAL ?PERMANENT
OF INTERNAL LESION

CAPSULE

SPIEGEL AND WYCIS | PERIAQUEDUCTAL STEREOTAXIC BILATERAL TEMPORARY
(195 8) GREY MATTER LESION

MATIAR (19553 2 STELLATE BLOCK BY UNILATERAL TEMPORARY
GANGLION LOCAL

ANAESTHETIC

Above: Levels of successful lesions for oculogyric crises
Below: Details of previously reported, cases of successful surgical

treatment for oculogyric crises.
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CHAPTER 9

BILaTERni STEREOTAXIC L..SI0KS

"Nous estimons selon notre experience qu'une operation
bilaterale ne devrait etre tentee que chez les maiades
gravement atteints et nous n'avons d'autre alternative que
de mettre en garde les patients et leur famille au risque
d'aphonie encouru."

.... Krayenbuhl et al (1963)

"There is no more common error than to assume that,
because prolonged and accurate mathematical calculations
have been made, the application of the result to some fact
of nature is absolutely certain."

.... Whitehead

(a) Introduction

Since the establishment of stereotaxic surgery as a

therapeutic procedure of value in the management of

Parkinsonism and the dyskinesias, most centres specialising

in tnis operation have carried it out bilaterally in a

proportion of their patients. Bilateral stereotaxic

surgery, however, has been associated with a certain

amount of hazard somewhat greater than in the case of

unilateral operations. There has been a general reluctance

to subject these patients to operative procedures on both

hemispheres and the criteria for selection for surgery

have been more strictly applied before the second operation.

In contrast to the very large number of papers dealing

with unilateral stereotaxic operations anu their results,

published reports analysing the problems of bilateral

operations nave been few.

Wycis and Spiegel (1938) reported 9 cases of bilateral
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pallidoansotomy. Broager and N^rholm (1961) referred to

37 cases treated bilaterally in a series of a hundred

consecutive patients. Krayenbuhl, Wyss and Yasargii

(1961) published a detailed analysis of 31 bilateral

stereotaxic procedures. Krayenbuhl, Siegfried, and

Yasargii (1963) subsequently published a longterm follow-

up of these patients. Cooper and RiKlan (1962) referred

briefly to 200 cases bilaterally treated. Bertrand and

Martinez (1962) considered 28 patients who underwent

bilateral operations. Gros and his colleagues (1963)

reported on a series of 41 cases. Markham and Rand (1963)

discussed 35 patients subjected to bilateral procedures.

Gillingham and Kalyanaraman (1963) analysed the results of

64 bilateral operations.

(b) Analysis of Eighty-one Cases

The present study is concerned with 81 patients, in a

group of 3^4, who have been treated bilaterally. Seventy-

three of these patients had Parkinsonism and 8 suffered from

dyskinesias. Their analysis by age at the time of the

second hemisphere operation, sex and handedness is given

below

Parkinsonism - Age incidence

Age group Ro. of cases

30 - 39

40 - 49

50 - 59

60 - 69

4

19

33

17



2>v

Dyskinesias - Age incidence

Age group

0-9

10 - 19

20 - 29

30 - 39

40 - 49

Ho. of cases

1

2

2

2

1

Disease

Parkinsonism

Dyskinesias

Disease

Parkinsonism

Dyskinesias

Sex Incidence

Male

43

4

Handedness

Righthanded

68

7

Female

30

4

Lefthanded

5

1

More than half of the total number with Parkinsonism

required constant help for their daily personal routine

before operation. Five of these patients were ambulant

for only part of the uay and required part time nursing

care. Only three were doing their full work at the time

of the first operation.

All patients with Parkinsonism sufferea from rigidity

to a greater or lesser degree. All hac tremor except

one. In each case the symptoms were bilateral. Only

four were free from additional disabilities like oculogyric

crises (11 cases), festination (28 cases), speech difficul¬

ties (63 cases), excessive salivation (39 cases), pain

(22 cases) or autonomic phenomena.



The sites of all lesions were assessed, by post¬

operative chartxng on the atlas of Sc^altenbrand and Barley

(1959)• The sites of these lesions were further confirmed

by operative biopsies in 13 cases, depth electrical

recording in k- cases and autopsy studies in three. Seventy-

six of these patxents had at .Least some involvement of the

posterior limb of the internal capsule and fourteen had

planned bilateral transcapsular lesions.

The xncidence of "mirror lesions" were studied by

superimposing the cellophane charts for the two hemispheres

in 77 cases where both sides were operated in this

department.

The details are given below.

Percentage Overlap
between the two hemi¬
sphere lesions as
seen for the
smaller lesion.

hUiwnER OF CASES

Difference between
lateral distances
of tracKs on the
two sides less
than 2 mm.

Difference
between lateral
distances of
tracks on the
two sides more

than 2 mm.

6 12 2

25 11 9

50 19 8

75 8 * 2

100 5 * 1

Some of the best results were obtaxned in the thirteen

cases marked by an asterisk. ho one of this group of 13

developed any major complicatiois and all of them were good

results from the point of vxew of abolition of tremor and

rigidity. The present study would therefore seem to

xndicate that there was no greater post-operatxve morbidity



in making the so-called mirror lesions although other authors,

notably, Hassler and his colleagues (1957, I960) caution

against this.

The time interval between operations on the two sides

varied widely in the present series, as shown below.

Time interval Mo. of cases

30 minutes 1

2-4 weeks 7

5-9 weeks 5

3-6 months 8

6-12 months 21

1-2 years 24

2-3 years 9

3-4 years 3

4-5 years 3

Speed of recovery from the first operation as well as

the severity ana progress of the disease on the second side

were the main deciding factors for the time interval. £piegtiL

and Wycis (1962) reported one case where bilateral operations

were done on the same day without complications.

Krayenbuhl and Yasargil (1962) reported a similar performance.

Postoperatively their patient suffered from mental confusion,

akinesia and aphonia. One patient in the present series,

who was operated bilaterally at the same time, had temporary

reduction of intellectual performance particularly with

regard to recent memory.

(c) Relief of Symptoms in Parkinsonism cases

Rigidity was very much benefited. In 29 patients

it was abolished in all four limbs and in 26 it was very



much improved. Fifteen patients, however, had only moderate

improvement in rigidity and in 3> it was unaffected or only

slightly reduced. Pain associated with rigidity was almost

always relieved by surgery.

Tremor was equally amenable to surgery. It was

abolished in all four limbs in 21 cases and very much

improved in 34« Moderate improvement only was seen in 13

patients and only slight improvement was obvious in 2 cases.

( illingham (1961) considered a double ipsilateral lesion,

m the oral ventral nucleus of the thalamus and the inner

segment of the globus pallidus, both encroaching on the

corresponding adjacent part of the internal capsule, to be

the best lesion in cases of Parkinsonism and especially so

for bilateral cases with generalised tremor and rigidity.

Cassinari and his colleagues (1963) reported on 26 cases of

simultaneous thalamopallidolysis and considered these to be

superior to thalamic or pallidal lesions alone in controlling

tremor and rigidity.

The effect of bilateral surgery on this symptom was

considered in detail in a previous chapter.

Festinaiion was occasionally improved and rarely

eliminated. Salivation and other autonomic manifestations

were sometimes helped and they were certainly more easily

managed by medical therapy, after surgery, than before.

Almost always patients needed less medication after operation.

It was dangerous, however, to stop or greatly reduce drugs

suddenly after operation. Two patients were thus precipi¬

tated into an acute Parkinsonistic crisis and needed

hospitalisation to get them over it.



Within broad limits, the greater the intellectual

and emotional reserve of the patient before surgery, the

fuller was the benefit obtained by surgical intervention.

Thus the presence of poor initiative, confusion and

intellectual deterioration formed a serious contraindication

to surgical treatment and especially to bilateral surgery

if it was markedly increased after the first procedure.

An abnormal electroencephalogram was often helpful as

confirmatory evidence against surgery in such cases.

Emphasis was placed throughout on conservative lesions

in treating the second side. It was felt that further

small lesions could always be added with benefit. In most

cases the midline screws were left in position after

operation. In many cases the opaque marker left at the

pallidal target was seen not to be shifted from that site

on taking X-rays before a subsequent operation. These

factors made the second or any subsequent operation much

easier and shorter than the first procedure. The number of

operations done on the 81 patients is shown below.

Total number of' operations fiumber of patients

Left hemisphere Right hemisphere Parkinsonism Dyskinesias

1 1 64 3

1 2 3 1

2 1 3 0

2 2 0 1

3 1 0 1

3 2 1 0



V.hile 8 patients with Parkinsonism required one

additional lesion after bilateral operation, only one

patient needed more than one additional lesion. This was

a young woman with advanced disease and she was back to

full time activity as a housewife, shortly after her last

operation.

(d) Mortality and Morbidity

There was no immediate postoperative mortaiity. Late

postoperative mortality (between three months and a year

after the second operation) occurred in four in this series.

In two of these the operative result was excellent and

death was due to intercurrent chest infection and coronary

attack respectively. In one, death was indirectly

attributable to progress of disease. In the last (one

of the early cases) mortaiity was traceable to a poorly

placed lesion with intraventricular hemorrhage.

Incidence of major postoperative complications was

rare. There were no cases of dense or prolonged heini-

paresis or sensory changes, hemianopia, large intracranial

hemorrhage or pulmonary embolism in this series. Minor

hemorrhage at the site of the lesion (presumed by s;.ift

in the position of the opaque marxer in the postoperative

X-ray associated with extreme drowsiness) occurred in 3

cases'. One (referred to earlier) died after a few months

and the other two recovered fully after a few days.

(e) Postoperative Hemiballismus

This interesting complication appeared in three

patients after their second hemisphere operation, an



incidence of 3»1% in contrast to its appearance in one

patient after unilateral operation, an incidence of 0.3>o.

In all four it appeared within a few days after operation,

was temporary and was associated with an excellent operative

result on longterm followup.

This relatively greater incidence of hemiballismus

after second hemisphere surgery was also reported by

Dierssen, Gioino and Cooper (1961). Thexr figures were

1+fo and 10% for the unilateral and bilateral operations

respectively. Hughes (1963) had one case who developed

hemiballismus some months after operation while in another

case it appeared in the immediate postoperative perioa.

He considered that a combination of factors or lesions was

necessary for the clinical appearance of hemiballismus.

The initial factors whxch are not associated wxth clinical

hemiballismus and the last factor which precipitates it

may be supplied by progress of disease or the stereotaxic

lesion, alone or in combination. Such a theory by Hughes

would explain (1) the incidence of hemiballismus wxthout

surgery, (2) its appearance immediately after surgery,

(3) its appearance some txme after surgery wxth progress

of disease and (4) xts greater incidence after bilateral

surgery than after unilateral surgery.

Charting of the lesions on the stereotaxic atlas of

Schaltenbrand and Bailey (1959) did not reveal any involve¬

ment of the subthalamic nucleus in these cases. It xs now

generally recognised that hemiballismus is not always

associated with lesions of this nucleus. (martin 1957;

Dierssen, bergmann, Gioino and Cooper 1961.)



241

(f) Postoperative Dysarthria and

Reduction of Voice Volume

The main risks of operation on the second hemisphere

were its effects on speech. Krayenbuhl, Wyss and Yasargil

(1961) reported deterioration of speech in 7 out of 23

bilateral thalamotomies and in 1? out of 28 cases with

pallidal lesion on one side and thalamic on the other.

Krayenbuhl, Siegfried and Yasargil (I963) on a longterm

followup of bilateral cases reported aggravation of speech

difficulties in G0% of cases with postoperative aphony in

1355. Meyers (1963) found reduction in voice volume and

central dysarthria in two-thirds of patients with bilateral

lesions in Forel's tegmental field. Cooper (1961) reported

incidence of temporary and permanent speech difficulties

after unilateral surgery as 1% and 10% respectively. In

bilateral surgery these figures increased to G% and 18/fc.

Approximately one fifth of his patients had dysphasia which

was not included in tne figures of the other authors quoted

above. On the other hand, Gros and his colleagues (1963)

and Wyeis (1963) did not feel that speech disturbances occurred

to a greater degree after second hemisphere surgery. The

numbers of cases studied by them, however, were relatively

small.

In conformity *ith the findings of many autnor3 it

was seen in the present series that speech was improved

especially if the preoperative deficit was mainly due to

rigidity of chest, jaw and tongue. However, further

reduction of voice volume occurred in patients in whom

it was already poor. Of the 73 patients with Parkinsonism

treated in this series, this complication occurred in 27



patients. Of these, 21 had some reduction of voice volume

before the second operation, usually following the first

operation. Reduction of voice volume after the first

operation therefore would he a relative contraindication for

the second.

A similar situation applied to the presence of

slurring. Of 25 patients who had severe and permanent

slurring after the second operation, 13 had some degree of

slurring before or after the first operation.

Most of these lesions involved both the capsule and the

thalamus and it was difficult to determine whether either

or both were involved in the production of these complica¬

tions. Krayenbuhl and his colleagues (1961) implicated

the thalamus and pallidum in similar situations. Guiot

(1961) and Penfield (1963) implicated the thalamus.

Bertrand and Martinez (1961) implicated the capsule. A

study of the lesions created after depth electrical recording

would provide the final answer to this problem.

(g) Pftyrhnlng-irtw. i TntftlT Pc.tnal hatnrim-Rtinw

Krayenbuhl and his colleagues (1961) noted psychomotor

disturbances in 8 out of 23 bilateral thalamic lesions ana

17 out of 28 cases with thalamotomy on one side and pallido¬

tomy on the other. This high incidence of psychological

and intellectual complications in sharp contrast to unilateral

operations was confirmed by them on longterm followup

although some of the disturbances proved to be temporary.

In the present series, gross preoperative psychological

and intellectual deficits contraindicated second hemisphere

surgery. hevertheles ., these complications tended to

occur in a small DroDortion of patients considered to be



within normal range after the first operation or only

slightly deteriorated. Precipitation of mental depression

associated with some return of tremor and festxnation was

noted in 9 cases after the second operation. In six of

these, the symptoms responded very well to Imipramine

(Tofranil) or Amitriptyline (Tryptizol) which restored the

patient to his satisfactory preoperative state.

Intellectual or emotional deterioration was noted xn

six cases. Four of these were affected by such deteriora¬

tion moderately severely preoperatively (early cases in

the series). Such deterioratxon was aggravated after

surgery on the second side. The other two, however, had no

such preoperative deficit. In one of these, the lesions

were too large. In the other, no definxte precipitatxng

factor could be found.

Spiegel and Ulycis (1962) suggested that bilateral

lesions affecting the nucleus ventralis anterior also

interrupted fiber systems connecting the dorsomedial nucleus

w-uth the frontal lobe, since these fibers passed through the

former nucleus. They were of the opinion that a psychie

syndrome similar to that following bilateral thalamofrontal

interruption may then ensue. No such complxcatxon was

encountered in the present serxes, probably because the

lesions were not sufficiently large or medial to affect these

fiber systems.

A point of particular xnterest and importance in this

series was that the patxents continued to improve for a

long period after their second operation, sometimes for more



than a year. Thus, longterm followup studies were much more

encouraging thar short term assessments when a slight

reduction in overall intellectual performance and initiative

tended to cloud the early result and suggest a poor prognosis.

The other dyskinesias formed a small group and were

concerned with the treatment of spasmodic torticollis,

Wilson's disease, idiopathic intention tremor, familial

(2 cases). The case of Wilson's disease was extremely ill

at the time of operation and responded poorly to it. He

eventually died some months later of bronchopneumonia.

Spasmodic torticollis was difficult to correct even with

bilateral lesions. The others responded satisfactorily,

the best results being acnieved in cases of xntention tremor

(familial and idiopathic) in whom the involuntary movements

were totally abolished enabling them to resume full and normal

activity.

In the 73 cases of Parkinsonism operated bilaterally,

overall assessments of results could be classified as below.

(h) Tjyskinfisifts

tremor, choreoathetosis (2 cases) and torsion dystonia

(i) T/>nCt.flrm agflpasmant

ftrada Hn. nf cases

1. Cured 0

2. Satisfactory reduction of symptoms without

complications

(a) Total abolition of tremor and

rigidity

41

4 cases

(b) Satisfactory reduction of tremor
and rigidity 37 cases



3. Satisfactory reduction of symptoms with

complications 27

(a) Total abolition of tremor and

rigidity 8 cases

(b) Satisfactory reduction of tremor
and rigidity 19 cases

4. Slight reduction of symptoms 5

'iuiiijj 73

On a long term followup, the patients (and relatives)

classified their own condition as shown below. (6b cases

with a minimum period of followup of 5 months)

Classifinat.ion nf Grades1

A - Full working capacity
B - Reduced working capacity
C - Protected circumstances with minor home

responsibilitie s

D - Ambulant but requiring some nursing care

E - Bedridden invalid requiring constant nursii^j
care

Preoperative Postoperative
improved

Postoperative
worsened

Grade No. of
cases

To higher
grade

In same

grade
In same

grade
To lower

grade

A 2 0 2 0 0

B 27 5 18 2 2

C 21 6 11 * 3 1

1) 16 9 4 * 2 1

E 0 0 0 0 0

Tl/UL 66 20 35 7 4

* include one patient who had two coronary attacks

and three who sustained fracture of the neck of femur some



weeks after operation. The patient's grading includes

disability due to these complications.

(j) .Summary

Eightyone cases treated by bilateral stereotaxic

lesion^ most of them capsular, were analysed. Mirror

lesions were shown to be harmless.

Relief of tremor and rigidity was achieved in a large

percentage of cases. Other symptoms were benefited to a

varying degree.

Postoperative morbidity was quite small. Speech

disturbances, intellectual and emotional deterioration and

hemiballismus appeared to be complications with a greater

incidence after bilateral surgery than after unilateral

surgery. Yet they occurred with less frequency than in

other published series.

Longterm assessment confirmed the persistence of

immediate postoperative improvement and in fact showed in

many cases further improvement.
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CONCLUSION

Chapter 10: Pure Capsular Lesions



CHAPTER 10

Pure Capsular Lesions

"In 1935, it appeared, we knew everything; today we

know nothing. This is the consummation of a century of

investigation upon the pyramidal tract as Bucy now presents

it to us. Of course, it is inoredible".
— Walshe.

"If a nan will begin with certainties he shall end

in doubts; but if he will be content to begin with doubts

he shall end in certainties"•

— Bacon.

(a) Introduction

The present study started with many doubts. No

previous assertion was accepted just beoause it was printed

in textbooks.

Using the Gdllingham method of stereotax and

analysing the results of 475 operations, several conclusions

were reached on scientific and statistical grounds

It was shown that the sites of lesions could avoid the

sensory relay nuoleus by eliciting evoked potentials during

depth electrical recording. It was also shown that

sensory complications could be avoided by using a high traok

to reach the targets.

The structure of the posterior limb of the internal

capsule was shown to be different from the classically

accepted view. It was demonstrated repeatedly that

capsular lesions in the medial part of the posterior limb



of the internal capsule were situated sufficiently far away

from the pyramidal traot to avoid any postoperative

pyramidal deficit.

It was demonstrated that tremor could be abolished at

different levels. Rigidity was considerably reduoed by

thalamic lesions but often required additional pallidal or

capsular lesions for total abolition. It was shown that

both rigidity and tremor could be favourably influenced

by capsular lesions, probably by causing interruption of

the ansa and fasciculus lenticularis.

Capsular lesions were seen to possess a special

advantage as compared to thalmic or pallidal lesions. Only

capsular lesions appeared to abolish or improve oculogyric

attaCiCS.

Bilateral capsular lesions were not associated with

any major deficit. In fact the incidence of complications

was shown to be lower than in bilateral lesions at other

sites.

Capsular lesions have been carried out in the past by

Guiot and his colleagues (1959), Gillingham (196*0 and

Jinnai and his colleagues (1961). Only Gillingham carried

out transoapsular lesions extending across the whole breadth

of the internal capsule. Individual anatomical variations

however made it difficult to plaoe a lesion only in the

capsule without enoroaohment on the adjacent thalamus or

pallidum.



(b) Pure Capsular Lesions

The development of depth electrical recording with

audiomonitoring made such an achievement possible for the

first time in neurosurgery. At the suggestion of

Professor Gillingham the present author operated on seven

cases in whom the borders of the internal capsule were -

accurately defined and a stereotaxic coagulation lesion

was placed entirely in the oapsule. This was the logical

next step in the evolution of stereotaxic surgical treatment

at Edinburgh after the oreation of transoapsular lesions by

Professor Gillingham, the development of depth electrical

recording and the findings of the present author

elaborated in the previous chapters of this thesis. The

details of the lesions, with their effects on the patients,

in these seven instances are given below.

Case 1: Mrs. S.C., aged 57, had suffered from tremor

in her right limbs for 22 years. Preoperatively she had

advanced rigidity and marked tremor in both right limbs with

minimal involvement of the left upper limb. There were no

autonomic features or other widespread effects of the

disease.

On 20th September 1963, a pure oapsular lesion was

made on the left side. The anterior end of the oral

ventral nucleus was defined at 13.5 ram. behind the pallidal

target. The anterior end of the reticular nucleus was

defined at 11.5 bub. behind the pallidal target. The

pallidocapsular junction was defined at 3.5 mm. behind the

pallidal target. A single coagulation with the electrode
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tip at 7 ®ni. behind the pallidal target was done up to

calibration 3 on tin. iiathermy machine. It was estimated

that the lesion would extend from 5 aim. to 11 rum. behind

the pallidal target. This was a pure capsular lesion but

did not involve the whole breadth of the capsule or the

reticular nucleus.

There was immediate and total abolition of tremor and

rigidity. No pyramidal deficit was apparent at the

conclusion of the operation, although there was minimal

weakness of handgrip during the coagulation.

Forty-eight hours after operation, presumably as

oedema extended around the coagulation lesion, she developed

slight dysarthria, minimal weakness of the right handgrip

and dragging of the right foot. She was incontinent for

36 hours after operation. All these features rapidly and

fully resolved over the succeeding 48 hours. There was

no evidence of dysphasia at any time.

??hen reviewed nt the convalescent hospital ten days

after operation there was slight reour.ence of tremor in

both right limbs under stress although it was still very

much less than the amount of tremor she had preoperatively.

Two months after operation she was back to full activity as

a housewife. There was still minimal tremor under stress.

Rigidity remained fully abolished and there were no signs

of any pyramidal deficit.

Twenty weeks after operation she still maintained her

improvement and the neurological status was unchanged as

compared to the review two months after operation.



Subjectively she felt muoh more improved and was more active

than she had been for many years.

Lateral distance of the track was 15.75 mm.

Case 2; Miss C.S. aged 58 had notioed leftsided

tremor for three years associated with some stiffness.

Preoperatively she had a moderate degree of tremor and

rigidity in the left li:bs with only a trace of tremor on

the right. There were no autonomic features or other

widespread effects of the disease.

On 25th September 1963, depth electrical recording with

audiomonitoring was carried out. Thalaaiooapswlar j\inction

was defined at 12.5 mm. behind the pallidal target and the

pallidooapsular junction was defined at 4.5 mm. behind the

pallidal target. A single coagulation was done with the

electrode tip at 7.5 mm. behind the pallidal target up to

calibration 4 on the diathermy machine. It was estimated

that the lesion would extend from 5 mm. to 11.5 mm. behind

the pallidal target. This was a pure capsular lesion

which was involving almost the entire breadth of the capsule

but not all of it. The position of the reticular nucleus

could not be separately defined in this case. Probably it

was not involved in the lesion.

During coagulation or immediately after it, there was

no evidence of pyramidal deficit. v.ithin 24 hours she

developed a minimal facial palsy which cleared rapidly over

the next few days. There was slight recurrence of tremor

in both left limbs a few days after operation. Reviewed two

months after operation she showed no pyramidal deficit.



There was complete absence of rigidity in the left limbs

with minimal tremor under stress.

Twenty weeks after operation she maintained her

clinical improvement. Her neurological status was

unchanged as compared to the review two months after

operation. Subjectively however she felt much more

improved and was more active than she had been for many

years.

Lateral distance of the track was 17.1 aim.

Case 5: Miss J. KcA., aged 38, had suffered tremor

and stiffness for three years when she was first seen in

the department in 1962. In July of that year a left

hemisphere stereotaxic lesion was carried out in spite of

a reduced voice volume. Tremor and rigidity were fully

abolished in the right limbs following this procedure.

Symptoms on the left side continued to progress.

She was readmitted for second (right) hemisphere stereotaxy

which was done on 4th Ootober, 1963. There were no

autonomic features or other evidence of widespread effects

of the disease. Psychometric and psychiatric assessment

suggested somewhat abnormal personality features.

External medullary lamina, reticular nuoleus,

thalamccapsular junotion and pailidocapsular junotion were

defined at 9.5 mm., 9 mm., 8.3 mm. and 2.3 mm. behind

the pallidal target respectively. A lesion was made with

the tip of the electrode at 5 mm. behind the pallidal

target using a maximum calibration of 4 on the diathermy

machine. It was estimated that the lesion would extend



from 2,5 nun, to 9 ma. behind the pallidal target. This

was a pure capsular lesion but involvement of the retioular

nucleus could not be ruled out.

During coagulation and immediately after it she did

not show any involvement of the pyramidal tract. Voice

volume was unaffected by surgery.

Twenty four hours after operation she developed a

mild central facial palsy with slight falling of the

outstretohed arm. The3e features rapidly resolved over

the next few days.

There was total abolition of tremor and rigidity

immediately after the creation of the lesion. The effeot

was fully maintained for several weeks after operation.

Eighteen weeks after operation she complained of

mild recurrence of tremor in the left lower limb under

conditions of stress. Otherwise she maintained her

improvement and showed no evidence of pyramidal or other

complications.

Lateral distance of the track was 15./5 mm.

Case L: Mrs. J.',V., aged 56, bad shown Parkinsonian

symptoms since 1945. Bilateral advanced tremor,

generalised rigidity, reduced voice volume, slurring of

speech, akinesia, oxoessive sweating, ankle edema and

festination were present.

Depth electrical recording with audiomonitoring was

carried out on 8th November 1963. External medullary

lamina, reticular nucleus, thalamooapsular junction and

pallidocapsular junction were found to be at 16.75 mm.,



15.5 am., 14.5 mm. and 2.5 mm. behind the pallidal target.

Three coagulations were done with the electrode tip at

5 mm., 7.5 mm, and 10 mm. behind the pallidal target,

using calibration 4 each time. It was estimated that the

lesion would extend from 2.5 mm. to 14 mm. behind the

pallidal target. This would be a pure capsular lesion

without involvement of the reticular nucleus.

During coagulation or immediately after it, she did

not show any facial palsy, weakness of handgrip or shoulder

power or extensor plantar response. Both tremor and

rigidity were fully abolished by the procedure.

In the early postoperative period, she showed

minimal recurrence of tremor. Iler main difficulties

however were with regard to posture and gait. She showed

a tendency to fall to the right. Her voice volume was

reduced and slurring was increased. There was however no

evidenoe of dysphasia. She had a long period of

convalescence during which time she had intensive

physiotherapy, occupational therapy and speech therapy.

At the time of her discharge home two months after

operation her posture, speeoh and gait had improved.

There was no evidence of pyramidal deficit. Tremor was

very minimal under stress and rigidity remained fully

abolished.

Lateral distance of the track was 15.75 ma.

Case 5: Mr. A.&.C., aged 40, had suffered for 18 years

from Parkinsonian symptoms. Mild tremor and moderate

rigidity was present in all the limbs, the right side being



more affected. There was reduction of voice volume with

extrapyramidal dysarthria. There were no autonomio

features or other evidence of widespread effects of the

disease.

On 29th November 19^3, depth electrioai recording with

audiomonitoring was carried out. Thalamooapsular and

pallidooapsular junctions were defined at 13 and 1 mm.

respectively behind the pallidal target. The retioular

nuoleus could not be defined with aoouraoy. Coagulations

were done with the electrode tip at 3.3 mm. and 9 nun. behind

the pallidal target using calibration if. The lesion was

expected to extend from 1 mm. to 13 mm. behind the

pallidal target, a pure capsular lesion.

During coagulation or for 24 hours afterwards, the

patient did not show any evidenoe of pyramidal deficit.

Presumably as the oedema round the lesion extended, he

developed a slight central facial palsy 48 hours after

operation. This fully resolved in about 4 days. There

was total abolition of tremor and rigidity which continued

to be absent on a 7 week follow-up. Voioe volume was

somewhat improved and slurring was unaffected by the

operation.

Lateral distance of the track was 15.3 mm.

Case 61 Mr. D.C., aged 53, first noticed dragging

of his right foot three years prior to admission. At the

time of operation his symptoms and signs were almost

exclusively confined to the right limbs and face.



Rigidity was moderately severe but tremor was mild and

confined to the upper limb. There were no autonomic

features or other widespread effects of the disease.

On 20th December 1963, depth electrical recording

revealed the thalamocapsular and pallidocapsular junctions

at 11 and 3 ram. respectively behind the pallidal target.

Coagulations were done with the electrode tip at 5#5 and

7 mm. behind the pallidal target for calibration 4. It

was expected that the lesion would extend from 3 to 11 mm.

behind the pallidal target, a pure capsular lesion. The

reticular nucleus could not be defined separately in this

case.

There was at no time any evidence of pyramidal

deficit, during or after operation. Both rigidity and

tremor were fully abolished but a trace of rigidity

returned within a few days after operation.

At a second review, seven weeks after operation about

50;b of preoperative rigidity was seen to have returned and

he was again dragging his foot. It was not oertain whether

the lesion was too small or too far lateral.

Lateral distance of the track was 18 mm.

Case 7; Mrs. A.W. was 45 years old when she was

operated on the right hemisphere in our department in

January 1961 for predominantly left-sided Parkinsonian

symptoms. She had noticed them for 5 years at that time.

There was subtotal abolition of tremor and rigidity and this

improvement was maintained over the next three years.



She was readmitted for operation on the second side.

There was moderately severe tremor and rigidity in the

right limbs with no evidenoe of involvement of the voice

or autonomic functions.

On 10th January depth electrical recording with

audiomonitoring was done. External medullary lamina,

reticular nucleus, thalamocapsular junction and pallido-

capsular junction were defined at 15 mm., 14 mar.., 13.75 mm,

and 3.25 mm, respectively behind the pallidal target.

Coagulation was done up to calibration 4 with the needle

tip at 5.75 mm. and 9.75 mm. behind the pallidal target.

This was expected to produoe a lesion from 3.25 mm. to

15.75 mm. behind the pallidal target, a pure capsular

lesion probably without involvement of the reticular nucleus.

There was no pyramidal deficit during or after

coagulation. Both tremor and rigidity were fully abolished

immediately after the creation of the lesion. A slight

degree of tremor under stress reappeared in the early

postoperative period.

Lateral distance of the track was 19*35 mm,

A review of these seven cases of Parkinsonism treated

by pure capsular lesions suggested that such lesions

(a) were followed by considerable reduction or

abolition of tremor and rigidity

(b) were not always capable of causing total

abolition of tremor or rigidity

(c) were fully free of pyramidal deficit in the

form of even minimal faoial palsy, weakness



of limbs or extensor plantar response, and

U) were fully free of postoperative speech

difficulties like dysarthria or reduction of

voice volume.

It should be noted that these lesions were 5 ram. in

diameter and ranged in length from 6 to 12 mm. All of

them were smaller than the standard double ipsilateral

thalamic and pallidal lesions or transcapsular lesions

done by G-illingham and considerably smaller than the

lesions of most stereotaxic surgeons.

(c) Conclusion

The structure of the posterior limb of the internal

capsule was deduced by statistical studies and scattergrams

in the previous chapters. These pure capsular lesions,

entirely confined to the posterior limb of the internal

capsule provided the most direct evidence of such a

structure.

Will pure capsular lesions be acoepted in future as

the ideal lesion for Parkinsonism because they seem to

interrupt the ansa and fasciculus lenticularis and abolish

tremor and rigidity without complications of speeoh?

Will they be definitely preferred to other lesions for

second side operation and for cases with oculogyric crises?

Will they compare favourably on long-term follow-up with

the double ipsilateral (thalamocapsular and pallidocapsular

leaving a free strip of capsule in between) advocated by

Gillingham (1961b)? '.ill they be modified to include the



reticular nucleus in each case to produce total abolition

of tremor as predicted by A&uinis (l9b3)? ill the

discovery of tie ultimate site of origin of abnormal

"discharges" in It rkinsonism make capsular lesions

obsolete?

No one can answer these questions adequately now.

Long years of painstaJking and intelligent research vrill

ultimately provide the answer to the riddle of Parkinsonism.

But the new concept of the structure of the internal

capsule might soon be accepted by all in the face of

increasing evidence in its favour.

I cannot conclude more appropriately than by quoting

James Parkinson (1817) from liis celebrated 'Essay on the

Shaking Palsy*.

"By these repeated observations, he hoped that lie

had been led to a probable conjecture that

analogy had suggested such means as might be productive of

relief, and perhaps even of cure He therefore

considered it to no a duty to submit his opinions to the

examination of abhors, oven in their present state of

immaturity and imperfection"•

"Should the necessary information be thus obtained,

the writer will repine at no censure which the preoipitate

publication of mere conjectural suggestions may incur; but

shall tMnk himself fully rewarded by having excited the

attention of those, who may point out the most appropriate

means of relieving a tedious and most distressing malady".



Above j

Below:

The double ipsilateral lesion advocated by Professor Gillingham.
The long transcapsular lesion first done by Professor Gillingham.
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The pure capsular stereotaxic lesion

author. Diagrammatic representation on

Plate 48-SI.16.

carried out by the

the stereotaxic atlas.
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Ansa

Lenticularis

Thalamus

Fasciculus

Lcnticularis

Pyramidal tract in

the posterior limb
of the internal

capsule.

Ansa

Lcnticularis

Pyramidal tract in
the posterior limb
of the internal

capsule .

Thalamus

Fasciculus

Lent icularis

Diagrams to explain how the double ipsilateral lesion and the transcapsular
lesion are effective in abolishing symptoms.
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aP^EKDIi A

Method of charting lesions on stereotaxic, atl-.s

j.s soon as the surgical procedure was completed, a

lateral and a PA X-ray were taken of the opaque steel

marker left at the most anterior site of coagulation. This

was done keeping the patient still prone so tnat the marker

could not move backwards along the electrode tracx.

The following measurements were then made on these

post-operative films.

(1) Distance of the marker "behind the posterior

border of the anterior commissure along the

inte rcoralis sural line.

(2) Distance of the marker above or below the

inter-commissural line.

(3) Distance of the marker from tne mid-sagittal

plane of the brain determined by the

ventricular system and the midline screws

inserted at operation.

(4) Angle between the electrode tracA and the

intereommissural line (the eiectroae tracK

was marked by joining the central point of

the posterior burrhole in the X-ray with

the marker).

Taking an example; for Mr. P.C., a patient operated on

the 17th of August 1962, tee following were the relevant

measurements:



(a) Intercommissural Distance 27.3 mm

(b) Marker behxrid CA 3.0 mm

(c) marker below CA-CP line 1.0 Om

U) Marker lateral to midline 17.3 m n,

(2) Angle of track 26°

Measurements (a) ana (b) above were converted

proportionately to suit the CA-CP length of the train of the

atlas of Schaltenbrand. and bailey from wnaeh the sagittal and

horizontal microsomes were prepared. This length was

23 nun. and therefore for a four times magnification for the

microseries, the length would be 92 nun. So measurements

(a) and (b) for the above case would be changed as follows:

(a) intercorm.'dssural biotance 92 mm.

92 x 3
(L) Marker behind CA = = 10.03 mm.

27.5

Measure, ents (c) and (d) were reduced 10/, for X-ray

magnification and then multiplied by A to suit the

microseries as shown below:

(c) Parker below Ca-CP line 3»6 urn..

(d) Parker lateral to midline 63.0 mm.

The angle was kept unchanged since magnification would

not affect the angle between two lines.

Gn a millimeter graph paper, the intcrconimissural line,

CA, CP and the midcommissural line were drawn so that

C.A-CP = 92 mm.

The m&raer (in. this case at PTP or pallidal target

point) was plotted 10 mm. behind and 3*6 m... below CA. The

electrode track was drawn backwards and upwards from the

marker so that its angle of inclination with the CA-CP
o

line would be 26 •



It was assumed from autopsy studies that a single

coagulation with the tip of the electrode at zero point up

to a maximum current strength of 4 on the diathermy machine

for a duration of iivs seconds would produce a bullet

shaped lesion resembling a cylinder 4 mm. in length

(corresponding to the length of the coagulating surface of

the electrode) and 5 mm. in diameter on which was placed

end-on a hemisphere 5 mm. in diameter, corresponding to the

coagulation maae by the tip of the electrode in front of it.

It was assumed that there was no corresponding hemisphere

of coagulation Denxiidthe electrode since this portion of it

was insulated.

For a maximum current strength of 3, the diameter was

assumed to be 4 mm. and for 2, 1 mm. Current strength 1

produced no permanent macroscopic lesion and current

strength 5 was not usually used.

For each point along the electrode track wnere a lesion

was made, such a bullet shaped lesion was drawn and the

composite lesion of tne coagulations done in Mr. P.C. is

shown in the diagram. In his case, coagulations were done

as show., below:

Maximum current strength

(a) At the pallidal target 4
(opaque marker)

(b) 3.5 mm. behind pallidal
target 3

(c) At the thalamic target
(11.5 behind pallidal
target) 4



Since the graph is a four times magnification all

distances and diameters were magnified four times for

purposes of drawing.

Tee entire diagram was now copied on cellophane paper

and superimposed on the atlas for comparison.

It is to be noted tnat the size of t/ic lesion ana the

alleged vagaries of diathermy did not interfere with any o

the calculations or conclusions m this thesis for the

simple reason that arxy point studied was taken as the

central point of a lesion on the electrode track. The

Cartesian co-ordinates of points on the electrode track

only were taken into consideration for statistical analyse
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P.U. - Charted Lesion superimposed
on Plate 1+8 - SI 16 of stereotaxic
atlas. Position of the lesion in
thalamus, capsule and pallidum were
confirmed at autopsy.

Sb m lb or

Coronal
section
3.5 mm.
in front of
midcommissura

plane at
autopsy
showing
lesion in

pallidum
and capsule



APPSi.DIX B

Questionnaire Usea for Follow-up

(i) Proforma to be fillea in by patient.

FaRT a

Have you arxy tremor?

If so, is it the same, better or worse since

operations?

Which side do you have tremor now?

Right side Left roth

V.orse ...

Better ...
Same ...

Have you any stiffness?

If so, is it the same, better or worse since

operations?

Which side do you have stiffness now?

Right side Left both

Worse ...
Better ...

Same ...

Do you have difficulty in speaking now?

If so, xs it the same, better or worse since

operations?

If any difficulty, was it after the first or second

operation?

First operation

Second operation

Third operation

First operation

Second operation

Third operation



What is the nature of this difficulty?

Slurred

Difficulty in finding words
Loss of voice
Hoarseness of voice

Do you have difficulty in writing now?

If so, is it the same, tetter or worse since

operations?

What is the nature of this difficulty?

Example - Irregular
Small

Do you have difficulty in walking now?

If so, is it the same, better or worse since

operations?

What is the nature of this difficulty?
(forwards

Tendency to tilt )backwaras Tendency to run
(sideways

Do you have difficulty in passing water?

If so, is it the same, better or worse since

operations?

Vvhat is the nature of this difficulty?

Hesitancy/leaking

Do you have difficulty in swallowing?

If so, is Jt the same, better or worse since

operations?

Do you have attacks of turning upwards of the eyes?.

If so, is it the same, better or worse since

operations?



9. Are you troubled with salivation?

If so, is it the same, better or worse since

operations?

10. Do you have pain?

If so, is it the 3ame, better or worse sxnce

operations?

11. Do you get swelling; of the foot?

If so, is it the same, better or worse since

operations?

12. Do you have difficulty with memory or concentration?

If so, is it the same, better or worse since

operations?

PART B

Please mark in the blank columns below, against each

activity, the grade to which you belong.

Grade A: No difficulty at all.

Grade E: Can manage but rather slowly.

Grade C: Can manage but only With assistance.

Grade D: Require help for entire procedure.



activity
before op-seat iok after operation

1st 2nd 3rd 1st 2nd 3rd

Walking

Cutting up meat

Feeding

Dressing

Doing up buttons and
shoe laces

Getting into ana out
of bed

Turning over in bed

Attending the toilet

PART C

Please state briefly your own assessment as to what

extent you have been ,-ielpea by the operation and any other

detail which you think; will be of help to us.



APPENDIX B (ii)
Proforma to be filled, in by relative

PARI A

Ref:

Please mark in the blank columns below, against each

activity, the grade to which belongs:-

Grade A: No difficulty at all.

Grade B: Can manage, but rather slowly.

Grade C: Can manage, but only with assistance.

Grade D: Requires help for entire procedure.

ACTIVITY
BEFORE OPERATION AFTER OPERATION

1st 2nd 3rd 1st 2nd 3rd

Walking

Cutting up meat

Feeding

Dressing

Doing up buttons and
shoe laces

Getting into and out
of bed

Turning over in bed

Attending the toilet

PART B

1. Please state briefly, under the following headings what

you assess to be since

ths first, second or third operation.



Has changed and if so, what is the

change?

a. Memory.

b. Concentration.

c. Emotions.

d. Personality.

a. General Activity,

f. General Interest in Life.

2. Please state to which Grade

belongs to, before and after operationss-

Grade a: Full working capacity.

Grade B: Reduced working capacity.

Grade C: Protected circumstances - minor home

responsibilities.

Grade D: Ambulant but requiring some nursing care.

Grade E: Bedridden invalid requiring constant

nursing care.

PART C

Please state briefly your own assessment as to what

extent has been helped

by the operations and any other detail which you think will

be of help to us.



APPENDIX B (iii)

Proforma to be filled in by doctor

PART A

Please state against the following signs and symptoms

whether the patient has shown any change since operation.

If so, what is the nature of thj.s change.

1. Tremor Right Upper Limb.
2. Tremor Right Lower Limb.

3. Tremor Left Upper Limb.

4. tremor Left Lower Limb.

5. Rigidity Right Upper Limb.
6. Rigidity Right Lower Limb.

7. Rigidity Left Upper Limb.
8. Rigidity Left Lower Limb.

9. Difficulty in speaking.
10. Difficulty in writing.
11. Difficulty in walking.
12. Difficulty in swallowing.

13. Difficulty in micturition.

14. Oculo-gyrxc crises.

15. Salivation.

16. Pain.

17. Oedema Feet.

18. Memory.

19. Concentration.

20. Drowsiness.

21. Confusion.

;22. Dysphasia.

4-3. Personality changes.

24. Sensory deficit or paraesthesia (face and upper limbs).
'25* Motor weakness.

26. Reflex changes (especially extensor plantar).
27. Imbalance.



PART £

Please state briefly your own assessment of the patient

before and after operation with regard to any other matter

waich you think will be of help to us. In particular, I

will be glad to know whether the operation has helpeo. in

the medical management of the case and whether the patient

requires the same dosage of drugs now as before operation.
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APPBKDIX b (iv)

Proforma regarding attacks of oculogyric crises

(turning upwards of the eyes)

Patient's name:

Present address:

Before l3t After 1st after 2nd

operation operation operation

Frequency of attacks

Duration of attacks

Severity of attacks

Are the attacks assocxatec with sleepiness
or a feeling of confusion?

What, if any, drug or action relieves these
attacks?

How much do these attacks disable you and
interfere with your work and daily life?
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Reprinted from Excerpta Medica, International Congress
Series No. 60 containing abstracts of papers read at the

SECOND EUROPEAN CONGRESS OF

NEUROLOGICAL SURGERY

Rome - Italy, April 18-20, 1963

*84, Bilateral stereotactic lesions in the management of Parkinsonism and the
dyskinesias

GILLINGHAM, F. J. and KALYANARAMAN, S. Edinburgh, Great Britain

Sixty-four patients have been treated in Edinburgh by bilateral stereotactic operations
over the five-year period from 1957. Apart from Krayenbuhl's work no detailed analysis
of any large series of patients treated bilaterally have so far been published.
Thirteen of our patients were above the age of sixty. More than half of the total number

required constant help for their daily personal routine before operation. All suffered from
tremor and rigidity, except for two. In one tremor was predominant, in the other there
was only rigidity. Only four were free from additional disabilities such as oculogyric
crises, speech difficulties or autonomic phenomena.
The time interval between operations on the two sides was usually between three and

twenty-four months, although in one case bilateral procedures were performed at the
same operation. Charts of the electro-coagulation lesions from post-operative radiographs
were made in all cases on stereotactic atlases. The sites of some lesions were further con¬
firmed by operative biopsies and autopsy studies. Sixty-one of these patients had at least
some involvement of the posterior limb of the internal capsule and twelve had planned
bilateral transcapsular lesions.
Detailed follow-up studies were carried out in all the patients. Half had been observed

for more than two years after the operation in the other hemisphere.
A large lesion did not necessarily mean that it was effective. The first essential to success

was strategic siting of the lesion. The targets chosen were the ventro-lateral nucleus of
the thalamus, internal capsule or pallidum, and some formed a combination of all three.
In general, thalamo-capsular lesions gave the best result for tremor and pallido-capsular
lesions for rigidity. The bigger the lesion, the greater were the chances of post-operative
complications and neurological deficits. With small lesions, 7 mm. x 5 mm. x 5 mm., per¬
manent neurological deficits were minimal. There was no immediate post-operative
mortality.
All patients were benefited. Apart from two patients who had advanced disease and

needed permanent institutional care befoie operation, all were discharged home to an
independent life or suitably protected circumstances.

* Selected for presentation.
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Rigidity and tremor were always improved and in a number abolished. Oculogyric
crises were often reduced in frequency and severity and sometimes abolished after
bilateral surgery. Festination was often improved and sometimes eliminated. Autonomic
manifestations were sometimes helped but could often be considerably relieved by selective
specific medical therapy after surgery. Almost always patients needed less medication
after operation. Within broad limits, the greater the intellectual and emotional reserve
of the patient before surgery the fuller was the response obtained by stereotaxy.
The main risk of operation on the second side was further reduction of voice volume

in cases where it was already poor. Judicious siting and control of size of the lesion could
sometimes avoid this. Slight return of tremor at the second operation to the previously
treated limbs sometimes worried the perfectionistic type of patient. Another minor risk
after bilateral operation was the precipitation of depression, responding however to drug
therapy very satisfactorily.
A point of particular interest and importance in this series is that patients continued to

improve for a long period after their second operation, sometimes for more than a year.
Thus, long-term follow-up studies were much more encouraging than short-term assess¬
ments. There is also evidence that in a significant number of cases, rapid pre-operative
deterioration had been arrested and stabilised at a satisfactory clinical level. The ultimate
duration of control of disability from the dyskinesias would seem to be dependent on
accurate siting of the lesion which is large enough to be effective yet not so large as to
cause neurological, emotional or intellectual deficit.
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Parkinson's Disease

F. JOHN GILLINGHAM, F.R.C.S. Eng. and Ed.

Professor ofNeurological Surgery, University of Edinburgh

and

S. KALYANARAMAN, M.S. (Madras), F.R.C.S. Eng. and Ed.
Research Fellow, Dept. of Surgical Neurology, University of Edinburgh

IN 1817 James Parkinson published his celebratedessay on ' the shaking palsyand this detailed
description of the disease remains a classic in
medical literature. It was over a hundred years
later before surgical treatment was considered, and
then it was largely concerned with destruction of the
corticospinal pathways. Various operative pro¬
cedures were devised to interrupt these connections,
at the cerebral cortex, internal capsule, cerebral
peduncle, and spinal cord. The results of these
different methods were not encouraging, and the
physiological basis of their application was in¬
sufficiently secure to pursue the problem in this way.
Russell Meyers of New York (1942) changed the
direction of our thinking by the observation that
operative interruption of the pallidofugal fibres
might modify rigidity and tremor in patients with
Parkinsonism. His open operative approach,
through the corpus callosum and third ventricle, was
formidable and necessarily hazardous. Neverthe¬
less, the early results indicated that his basic
concept was correct. In 1920, Horsley and Clark in
London devised a stereotaxic instrument for use

in animals, and many years later, in 1947, it was
adapted by Spiegel and Wycis in Philadelphia for
use in the human. Since then many other types of

stereotaxic apparatus have been developed, some
complex, some of simple design.
Parkinson's disease usually manifests itself in late

middle age, but it appears in all age-groups from
the mid-twenties to over seventy. The sexes are
equally affected. A stooped posture, flexed neck,
short shuffling steps, and the absence of automatic
arm-swinging, will reveal the disease on sight. A
tendency to festination and to falling forwards,
backwards, or to one side is often observed.
Encephalitis, ' Spanish 'Flu ', ' Sleeping Sickness '.
and, in the older age groups, cerebral atherosclerosis
may appear in the patient's history. A very small
proportion owe their symptoms to carbon-monoxide
poisoning or to drug or metal intoxication, but in
our experience no definite causative factor can be
detected in a large number of histories.

The Symptoms
The symptoms of Parkinson's disease may be

broadly classified into four groups—tremor, rigidity,
akinesia, and autonomic phenomena.
Tremor commonly occurs at rest. It is diminished

by voluntary muscular effort but it may also be
aggravated by action; often the patient endures a

378
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mixture of both types. One or more limbs may be
affected as well as the face, eyelids, tongue, jaw, and
neck. Tremor is variously increased by tension,
excitement, concentration on a mental problem, or
by consciousness of being observed, but it is absent
during sleep. Unfortunately it is always worse in
company and can be a great social nuisance, making
the sufferer self-conscious and embarrassed, with
the result that he tends to withdraw more and more

from his fellows.
Rigidity chiefly affects the limbs. In the face it

is apparent as the classical mask with a fixed
expression and slow smile. Speech is impaired when
the tongue, pharynx, and vocal cords are involved,
and rigidity of the respiratory muscles may pre¬
dispose to the terminal complication of broncho¬
pneumonia.
Lack of initiation, coupled with the inability to

produce organised movement, results in the akinetic
syndrome which may be a major factor in the
disease in some patients.
The excessive production of saliva is frequently

associated with kyphosis, a flexed neck, open mouth,
and difficulty in swallowing. Voice volume is
reduced in the advanced case, sometimes severely.
Attacks of involuntary up-turning of the eyes,
known as oculogyric crises, occur in some patients
for several hours at a time, and are sometimes
accompanied by confusion. Often there is difficulty
in passing water, or urgency of micturition.
In the early stages of the disease full movement

of all joints is observed, the patient being able to
move about and attend to his personal daily routine
and work, although more slowly and stiffly, leading
to increasing difficulty. There is slow or more
rapid deterioration, and muscular contractures
eventually supervene, resulting in secondary deformi¬
ties of joints. The patient tends to keep his limbs
in a fixed posture best suited to the chair or
bed in which he lies. Gradually the disease pro¬
gresses to a stage when the sufferer has a fixed stare
and an open mouth. He is unable to feed himself
and requires help for almost every simple human
activity. Ultimately he becomes bedridden and
succumbs, usually from bronchopneumonia.

The Use of Drugs
Before resorting to surgical treatment, drugs may

be administered in an attempt to alleviate the
symptoms and may well relieve rigidity and subdue
tremor for some time, but the disease progresses
undeterred. Some years ago the belladonna group
of alkaloids were used, but they have now been
replaced by the synthetic drugs, such as Benzhexol
(Artane; Pipanol), Orphenadrine (Disipal), Pro-
cyclidine (Kemadrin), Benztropine (Cogentin), and
Ethopropazine (Lysivane). More recently other
drugs have shown themselves to be of value, for
example, Dexamphetamine (Dexedrine) for the

relief of drowsiness, Chlorphenoxamine (Clorevan)
to reduce excessive salivation, and Imipramine
(Tofranil) or Amitriptyline (Tryptizol) to combat
mental depression.

Stereotaxic Surgery
Stereotaxic surgery has brought new hope to

these chronic invalids and there are now many
methods of performing such operations. Unless
patients are bed- or chair-ridden they are accepted
for operative treatment, and even advanced cases
benefit to some extent from surgery, although total
abolition of symptoms is impossible. In Edinburgh
some 320 patients have been treated by means of
small ovoid electrocoagulation lesions of 7 mm. x
5 mm. x 5 mm., and seventy-six patients have been
treated bilaterally. Lesions are placed in the globus
pallidus for the most satisfactory relief of rigidity;
in the ventrolateral nucleus of the thalamus for the
abolition of tremor; and at both these sites when
tremor and rigidity exist together.
Preliminary stages of the operative procedure

determine the midline of the brain, as distinct from
that of the skull, and delineate radiological target
points in the course of the electrode track. Local
anaesthesia is used, supplemented by some of the
more modern intravenous analgesics, so that the
patient is asleep for much of the operation but
awake and able to co-operate at certain stages of
the procedure. The outer table of the skull is
exposed in the frontal, coronal, and lambdoid
regions through small incisions, and a row of small
dental drill holes made at each site. Small opaque
lead markers are inserted into the holes and a

rubber catheter is placed in the frontal horn of the
lateral ventricle through a burr-hole in the coronal
region.
Small quantities of Myodil (a radio-opaque oil

containing iodine) and air are inserted into the
ventricular system and X-rays are taken to determine
the marker at the three sites which correspond to
the midline, which is shown by the line of the third
ventricle and septum pellucidum. The pallidal and
thalamic target points are also determined. The
patient is now returned to the operating theatre
where a small steel screw with an inset conical head
is fixed into the skull at the three selected positions
in the midline. The stereotaxic frame is fastened to

these points, and radiological screening (using an
image amplifier) is employed to align the electrode
track. An accuracy of 1 mm. is essential for the
complete success of the operation.
Following this, the electrode is introduced by a

posterior burr-hole and, with the aid of mechanical
and low-voltage electrical stimulation and by
recording spontaneous activity of the discharging
cells of the grey matter, an ideal site is chosen for
the lesion. By means of heat, a small reversible
lesion is made. If the symptoms are then relieved
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and no untoward effects occur, the lesion is extended
and made permanent, using electro-coagulation of
increasing intensity. Throughout this part of the
procedure the patient is fully conscious and co-oper¬
ates with the surgeon and his assistants in their efforts,
answering questions and performing tasks to demon¬
strate that consciousness, motor, sensory, and other
functions are undisturbed.
In general, lesions in the thalamus and globus

pallidus adjacent to and slightly involving the
posterior limb of the internal capsule give the best
results. At the end of the operation a small opaque
marker is left at the site of the lesion, and from
post-operative X-rays its exact position is charted
on stereotaxic anatomical atlases.
The entire procedure requires about two hours

and is tolerated very well, even by the old and
infirm.
Rigidity and tremor are nowadays almost always

benefited. Autonomic manifestations and akinesia
are lessened only in a proportion of patients. Pain
from rigidity, especially when severe, is strikingly
relieved from the moment of electro-coagulation.
Detailed assessments of the results of operations

have been published elsewhere.

Importance of the Team
The successful outcome of the surgical inter¬

vention from the practical aspect of the patient's life
depends on the skill and co-operation of a team, in
which the physiotherapist, occupational therapist,
and speech therapist are important members.
The patient is usually kept in hospital for about

three weeks for post-operative convalescence, and
during this period intensive physiotherapy is given.
Before the operation, however, the therapists not
only help to prepare the patient to benefit to a
maximum degree from the procedure but also
co-operate with the surgeon in assessing the exact
disability in each individual patient. Thus they are
important members of the clinical research team.
Post-operatively, apart from the routine care of the
chest and limbs which is so necessary, physiotherapy
has a vital role to play in the re-education and
rehabilitation of these patients who have now found
a new freedom of mind, body, and limbs as a result
of surgery, for there is often a tendency in some
patients to neglect the improved limbs for a period.
Physiotherapy is also a useful adjunct to secondary
orthopaedic procedures carried out after stereo¬
taxic surgery, although in the moderately disabled
most deformities are corrected in a remarkable way
by relieving rigidity.
After discharge from hospital the patient is

reviewed at regular intervals as an out-patient, and
continues with physiotherapy, occupational therapy,
or speech therapy for some weeks.
Originally an interval of three to six months was

allowed before the patient was treated bilaterally,

but in the younger age-groups in which there is no
mental deterioration this has been reduced to a

month or less.

Bilateral Operations
Bilateral operations which are necessarily per¬

formed in patients with advanced and widespread
symptoms have often brought great relief by con¬
trolling tremor and rigidity in all four limbs.
Surprisingly, other features like festination and
oculogyric crises are occasionally greatly improved
by bilateral operations. It appears from our
follow-up of these patients that the disease process
is slowed down by surgery, and it would seem that
sometimes its progress is arrested. A particular
hazard of bilateral operations appears to be the
reduction of voice volume, especially in patients in
whom it is already low.
In view of the more advanced clinical stage of

patients with bilateral disease, greater support and
longer treatment are demanded from the nursing,
physiotherapy, occupational therapy, and speech
therapy members of the team. Such time is well
spent, for with patience and perseverance they
benefit a great deal, gaining a measure of indepen¬
dence and freedom which gives great pleasure.
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STEREOTACTIC SURGERY *
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During the past fifteen years a new
subspeciality has arisen within
neurosurgery. The first human
stereotactic operation was performed
by Spiegel and Wycis in Philadelphia
in 1947. Already the scope of this
type of surgery has widened so much
that approximately twenty per cent
of neurosurgical procedures now in
some advanced centres of the world
are stereotactic. In Paris Stockholm,
New York, Philadelphia and Tokyo
there are clinics which deal only
with stereotactic work.

Principle : The principle of stereotac¬
tic surgery is very simple. Modern
neurosurgery was started by Harvey
Cushing in the United States at the
beginning of this century. Unlike
surgery on other organs and systems
of the body, neurosurgery has always
had some special difficulties and draw¬
backs. To enter the intracranial
cavity by means of an osteoplastic
craniotomy is itself a formidable
procedure requiring more time and
involving more blood loss and trauma

* Specially contributed to this Journal.

to the patient than most surgical
approaches. The surgical approach
to deep intracerebral structures like
the thalamus and the basal ganglia is
fraught with a high incidence of
mortality, morbidity and irreversible
neurological deficit if carried out by
an open method. For, there are no
natural planes of cleavage or serous
sacs separating the constituent parts
of the brain.

Methods: Neurosurgeons have long
dreamed of a method which would
enable them to reach deep intracere¬
bral targets without the dangers of
the open approach. Horsley and
Clarke devised the first stereotactic
instrument for use in animals. It
took forty years before instruments
were devised for man and now there
are nearly a hundred different
varieties. All of them work on the
basic principle that a frame is
attached rigidly to the skull and by
means of air or positive contrast
media introduced by lumbar puncture
or a frontal burrhole the ventricular

4
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system of the brain is outlined. The
co-ordinates of the desired deep intra¬
cerebral target are now calculated
from the X-rays on the stereotactic
machine. The surgical instrument is
now passed to the target by a single
burrhole. Its exact location within
the brain is identified by neurophvsio-
logical methods like novocaine injec¬
tion. stimulation, reversible cooling
or heating and depth electrical
recording. Destruction of the target
is then carried out as a therapeutic
procedure. The size and extent of
the lesion is usually guided by simul¬
taneous neurological testing. Usually
the lesions are only a few mm. in size
and serve to interrupt pathological
neural circuits without producing
clinically demonstrable neurological
deficit.

The details of the procedure
vary in each method. In general
stereotactic operations belong to one
or other of the following methods,
(a) The technique devised by Cooper
and various modifications of it. Here
temporary inflation of a balloon or
moderate cooling by a probe is first
done. If this is satisfactory, injection
of destructive agents (chemopallidos-
tomy. chemothalamotomy) or deep
cooling (cryothalamotomy) achieves
a permanent lesion (b) The instru¬
ment and method of Leksell is proba¬
bly the most widely used. The
electrode carrier reaches the centre
of a sphere which is adjusted to be
the target, in whatever position the
burrhole may be placed on the skull.
Destruction may be done by radio-
frequency, diathermy, cooling,
cutting loop, radioactive isotopes or
injection of alcohol, (c) The instru¬
ments devised by Spiegel and Wycis,
Talairach, Riechert, Hughes, Sher¬
wood and others work on similar

principles but are relatively more
complicated. It is questionable

whether they achieve greater
accuracy than the groups (b) and (d)
despite their cost and size, (d) The
methods used by Guiot and Gillingham
depend on a much simpler instrument
but require the image intensifier for
the final part of the alignment. The
electrode reaches the target only
along a fixed plane. This is an adven-
tage as well as a drawback in these
methods, (e) McCauks instrument
is an example of a group which is
very simple, small and not costly.
These advantages however are
achieved at the cost of a slight degree
of inaccuracy, (f) Less well known
methods. Some of these are practised
by only one centre.

There is no single method which
would suit all situations requiring
stereotactic surgery. Just as different
cases of carcinoma of the stomach
may require esophagogastrectomy,
total gastrectomy, partial gastrec¬
tomy, gastrojejunostomy, gastric
exclusion, gastrostomy or morphia,
different neurological diseases require
different degrees of accuracy, methods
of approach and number of lesions in
stereotaxy. In general three methods-
one very accurate, another modera¬
tely accurate ( with an error of not
more than ± DO mm.) but versatile
and adaptable and a third very quick
and simple method (with an error of
not more than ± 2'0 mm.) should
serve all situations. In Britain, the
Leksell, Gillingham and MeOaul
methods are the most commonly
used. With these three methods any
stereotactic procedure from aspira¬
tion of a cyst in a few minutes to
implantation of multiple depth elect¬
rodes for epilepsy requiring a few
hours can be satisfactorily done.

Complications: With increasing ex¬
perience, the risk of mortality and
morbidity has been extremely low.
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In Professor Gillingham's series in
Edinburgh the immediate operative
mortality has been 0'25",,. This is
perhaps a record for any centre but
the mortality rate in most clinics has
been less than that of laparotomy.
Morbidity depends on the primary
condition treated, the general condi¬
tion of the patient and the experience
of the surgeon. In Professor Gillin¬
gham's series again, hemiparesis
(0'5",,), hemianopia (nil), hemianes¬
thesia (025'i,), hemiballismus (1)
and other major complications have
been extremely rare. Even when
they occur, they recover completely
in a few months. Minor temporary
complications like facial palsy, in¬
continence, slurring of speech, drow¬
siness, confusion and dysphasia occur
in a slightly larger percentage of
cases and again last only for a few
days. Compared to the immense
benefit of the therapeutic procedure
to diseases which have no other
treatment, these risks are really
very small.

THE PRESENT SCOPE OF STEREOTACTIC
SURGERY

Parkinsonism: This is the syndrome
most commonly treated by stereo¬
taxy. Several thousands of patients
have been operated upon so far in
many countries with great benefit.
Lesions are now made in one or more

of the following structures— oral
ventral nucleus, lateral posterior
nucleus, and ventral posterior nucleus
of the thalamus, the ansa and fasicu-
lus lenticularis, fasciculus thalamicus,
inner segment of the globus pallidus
and upper part of the midbrain. It
is likely that the same extrapyra¬
midal circuits conveying abnormal im¬
pulses mediating tremor, rigidity and
other manifestations are interfered
with by any of the above lesions.
Increasing experience has enabled

many clinics to perform bilateral
stere itactic surgery with minimal
complications.
Tremor : A thalamocapsular lesion
almost always reduces and often fully
abolishes tremor in the contralateral
limbs. Tremor of the jaw and
tongue is relatively more difficult to
control but good results are often
obtained. Intenfciontremor of
Parkinsonism can also be treated by
a similar lesion.

Rigidity : A pallidocapsular lesion
almost always reduces and often
fully abolishes rigidity in the entire
opposite half of the body-face, jaw,
limbs, chest and spine. Action
rigidity (akinesis) is more difficult to
control than passive rigidity.

Oculogyric Crises : Bilateral lesions
from the posterior route fully abolish
this symptom in more than half the
cases. In other cases the frequency
and severity of the crises are reduced.

Blepharospasm: This is another
symptom which is very amenable to
stereotactic surgery.

Pain: When rigidity of muscles
produces pain, it can be greatly
relieved by stereotaxy.

Gait: Dragging of the foot, shuffling,
lack of swinging of the arms and
slowness can be improved by surgery.
Propulsion, retropulsion, festination
and rooting to tbe spot are more
difficult to treat. Prolonged post¬
operative physiotherapy can be of
great value.
Salivation: Dribbling due to open
mouth, flexed neck and difficulty in
swallowing can be benefited by opera¬
tion. Intrinsic hypersecretion is
better controlled by drugs or a small
dose of radiotherapy.
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Posture: Surgery releases the
muscles from hypertonus. Exercise
and supervised physiotherapy can
easily correct the faulty posture in
the postoperative period.

Handivriting : When tremor inter¬
feres with writing, surgery can
produce a steady hand. Micrographia
however needs prolonged postopera¬
tive training to improve.
Edema,: When the ankles are

swollen due to the adoption of immo¬
bile rigid posture, stereotactic
surgery cures this secondarily by
mobilising the patient.
Mental Deterioration: This is not
benefited by surgery and in fact can
be made worse. Advanced mental
deterioration is a definite contrain¬
dication to operation.

Secondary Deformities : Fixed defor¬
mities of joints are more amenable
to orthopaedic correction after
stereotactic procedure reduces the
hypertonus of the muscles involved.
Slurring of Speech : This is some¬
times improved but often made worse
by surgery, especially when done on
both hemispheres.

Reduced Voice Volume : This is very
rarely improved and often made
worse by stereotactic operations
especially if done bilaterally.

Dependance on Drugs: Dosage of
anti-Parkinson medication is often
reducible after surgery. However, in
advanced cases requiring large doses
total withdrawal of drugs postopera¬
tively is not advisable.

Obviously surgery does not deal with
the fundamental cause of the disease
and only aims at producing sympto¬
matic relief. Yet there is some

evidence that surgery done early in

the course of the pathological process
helps to slow down or even arrest its
progress.

Intractable Pain: Stereotaxy offers
hope in some cases of intractable
pain not amenable to other forms of
treatment. Post-herpetic and other
forms of facial pain and painful
inoperable tumours of the head and
neck come under this group. The
spinothalamic tract in the midbrain,
the nucleus ventrocaudalis-parvo-
cellularis, higher portions of the
sensory relay nucleus, dorsomedian
nucleus, centromedian nucleus,
thalamoparietal projection in the
internal capsule or at a subcortical
level and the thalamofrontal projec¬
tion have been used as targets for
destruction. Results are not uni¬
form. Relief is often obtained only
for a few months and often at the
cost of some sensory deficit. In
cases of intractable pain not treat¬
able otherwise and where life expec¬
tancy is anyway limited by incurable
malignancy even such results are
often worthwhile.

Mental Disorders : The disadvantages
of classical leucotomy can be avoided
by small discrete lesions strategically
placed. These produce the desired
effect without personality alterations
of an undesirable nature. Targets
used include the dorsomedian nucleus
of the thalamus and anterior limb of
the internal capsule. The aim is to
interrupt connexions between the
thalamus and the frontal lobe.
Stereotactic isolation of area 13
has been achieved by Knight by
introduction of radioactive isotopes
and is probably effective by interrup¬
tion of fronto-hypothalamic path¬
ways. Syndromes which are bene¬
fited include obsessional states,
involutional melancholia, maniac
depressive psychoses, selected cases
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of schizophrenia, some hysterical
manifestations, drug addiction, un¬
differentiated tension states and
excessive emotional reaction to in¬
tractable pain. Tranquillisers and
other modern drugs have reduced the
number of cases requiring psycho¬
surgery but there is still a percentage
best treated stereotactically.

Epilepsy: Functional surgery of the
brain reaches its greatest complexity
in epilepsy. Talairach and Naraba-
yashi have made significant contri¬
butions in this field. Epileptic foci
not revealed otherwise can be detec¬
ted and destroyed using chronically
implanted multiple deep cerebral
electrodes. Some forms of epilepsy
and behaviour disorders not amen¬

able to medical or other non-surgical
treatment have been cured by unila¬
teral or bilateral amygdalotomy.

Spasmodic Torticollis: This is a parti¬
cularly difficult disease to manage
stereotactically or otherwise. Bila¬
teral stereotactic surgery has recently
offered hope to this otherwise intract¬
able condition.

Chorea : A few cases of Huntington's
chorea have been reported where
pallidal lesions have reduced the
involuntary movements. Probably
the procedure might be of use in
senile chorea and eh ctric chorea as

well hut too few cases have been
recorded. Mixed choreo-athetotic
movements certainly benefit from
surgery. The exact reason why
surgery is able to influence these
movements is debatable. As in
Parkinsonism we seem to be strate¬

gically interfering with extrapyra¬
midal pathways.
Intention tremor of diverse origins: Heredo¬
familial tremor is particularly
amenable to bilateral stereotactic
thalamocapsulotomy. Intention

tremor due to disseminated sclerosis
responds to surgery equally well.
Intention tremor of unknown origin
and persistent for several years can
be similarly abolished. In these
cases the aim is to interrupt the
cerebellar connexions to the ventral
intermediate nucleus of the thalamus
( according to some authors ).
Other involuntary movements : Athetoid
movements of multiple origin usually
but not always are reduced. A few
cases of Dystonia Musculorum Defor¬
mans have strikingly responded while
others prove difficult to control. Even
in the latter group physiotherapy and
sedatives have a greater controlling
influence after surgery than before
it. Involuntary movements and
hypertonus associated with cerebral
palsy have been successfully treated
especially by the Japanese. When
hepatolenticular degeneration is
slowly progressive and the condition
is not too far advanced, stereotaxy
can give some symptomatic relief.
Of course surgery cannot affect the
basic biochemical disorder of this
condition. A few cases of myoclonus
have been reported as improved by
lesions in the posterior oral ventral
nucleus of the thalamus. In general,
results in the cases of involuntary
movements are not as satisfactory
as in cases of Parkinsonism.

Tumours of the Brain : In a small
selected group, stereotaxy may be
helpful in implanting radioactive
seeds as the only measure or as
supplementary to subtotal excision.
It may also be useful to instil
chemotherapeutic agents into deep
seated small tumour or abscess or

cysts. Rarely it may guide the sites
for multiple biopsies.
Stereotactic Surgery of the Pituitary Gland :
This is another field where mortality
and morbidity has been lowered
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considerably with the advent of
stereotaxy. Carcinoma of the Breast,
Carcinoma of the Prostate, Diabetic
Retinopathy, Cushing's Syndrome,
Primary Tumours of the Pituitary
and severe Thyrotoxicosis have been
treated by stereotactic implantation
of radioactive seeds into the pituitary
fossa either from above or by the
transnasal route.

Foreign Bodies : Deepseated foreign
bodies of the brain are best removed
after localisation by accurate stereot¬
actic guides.
In addition to the vast therapeutic
benefit of stereotactic procedures,
they have provided unique opport¬
unities to study the neuroanatomy,
neurophysiology and the living
patholgy of the human brain. Depth
electrical recording with audiomoni-
toring has been successfully practised
by Guiot in Paris and Gillinghain in
Edinburgh. This method has not
only eliminated the errors involved
in individual variation of the brain
but has provided electrophysiological
data of fundamental importance
regarding the structure of the
thalamus and posterior limb of the
internal capsule.

The improving economic and health
standards in India have raised tire
life expectancy sharply during the
past few years. In the next few
decades, when infectious diseases and
deficiency disorders are brought under
control, we will be faced with the
problem of degenerative conditions
and neoplasms affecting the older age

group and stereotactic surgery would
be required to a much greater
extent.

I am grateful to Professor F. J.
Gillingham for stimulating my
interest in this field and for
permission to quote his figures.
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APPENDIX (-D)

Nomenclature of Thalamic Nuclei

There is no universal agreement on the nomenclature of

human thalamic nuclei. Different methods are used by

different authors and this has tended to produce confusion.

Guiot (19^3/ used a very simple terminology for

practical purposes. The sensory relay nuclei (the region

where, at operation, he was able to record with a micro-

electrode evoked potentials on peripheral stimulation) were

together called the VP nucleus. The region posterior to

this was the pulvinar. The region above was the LP nucleus.

The region in front was the VL nucleus. What was lost in

accuracy, was certainly gained in terms of clarity, by such

a usage.

Brain (1962) divided the lateral nuclear mass into a

larger ventral and a smaller dorsal part. He subdivided

the ventral part into (l) the anterior ventral with striatal

connections (2) the lateral ventral with cerebellar

connections and (3) the posterior part consisting of (a)

posteromedial ventral receiving trigeminotnalamic fibres

and (b) posterolateral ventral receiving the spinothalamic

tract and lemniscus.

The terminology followed in this thesis adopted from

Hassler (1959). He divided the thalamus into a very large

number of subdivisions. From his description, the part of

the sensory relay nuclei receiving fibres from the face

(corresponding to VPk of cat and monkey) would seem to be

V.c.a.i., V.c.p.i. and V.c.p.c.i. The part of the

sensory relay nuclei receiving fibres from the trunk and



limbs (corresponding to VPL of cat and monkey) would seem

to be V.c.a.e., V.c.p.e. and Z.c. But his description of

fiber connections is rather detailed and not very clear and

it is difficult to make an accurate comparison or

simplified extract. Apart from those of Guiot and his

co-workers, the present study is the first detailed one on

huMan sensory relay nuclei by the method of evoked potentials.

In our present state of knowledge (or rather, of ignorance)

it was felt wise to use the general terms sensory relay

nucleus of face, of upper limb, etc. rather than the

minute subdivisions of Hassler which cannot be recognised

in the living patient by present methods.

The names Voa and Vtjp for the anterior and posterior

parts of Hassler's oral ventral nucleus have come to be

widely accepted by stereotaxic surgeons making thalamic

lesions. These terms are therefore freely used in the

te xt.

The following detailed nomenclature is abstracted from

Hassler (1959) to facilitate reference to the scat^ergrams

superimposed on the atlas plates.

The lateral nuclear region is subdivided into

(a) Dorsal (b) Zentral (c) Ventral and (d) Lateropolar

groups.

Dorsal Nucleus

D.o.e. Dorso-oralis externus

D.e.i. Dorso-oralis internus

D.im.s. Dorso-intermedius superior
Dorso-interiuedius externusD.im.e

D.im.i ^orso-intermedius internus

Dorso-caudalisD.c.

D.sf. Dorsalis suptrficialis
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Zentral Nucleus

Z.o.

Z.im.e*

Z.ioi.i.

Z.c.e.

Zj • C • X •

Ventral Nucleus

V.o.a.

V.o.i.

V.o.p.

V.o.iu.

V.im.e.

V.im.i.

V • c •a •

Zentrolateralis oralis

Zentrolateralis intermedius externus

Zentrolateralis intermedius internus

Zentrolateralis caudalis externus

Zentrolateralis caudalis internus

Ventro-oralis anterior

Ventro-oralis internus

Ventro-oralis posterior

Ventro->ralis medialis

Ventro-intermedius externus

Ventro-intermedius internus

Ventrocaudalis anterior

V.c.a.e.

V.c.a.i.

V.c.p. Ventroca-dalxs posterior

V.c.p.e.

V.c.p.i.

V.c.pc. Ventrocaudalis parvocellularis

V.c.pc.e.

V.c.pc.i.

V.c.po. Ventrocaudalis portae

Knnlpiia

L.po.s. Lateropolari3 superior

L.po.e. Lateropolaris externus

L.po.i. Lateropolaris internus

L.po.mc. Lateropolaris magnocellularis

L.po.b. Lateropolaris basialis
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