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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 eff'ects in
all senses has been extracted beforehand, and that no
detail in preparation has bcen omitted that might lead
to defeat. Neurosurgery demands an apprenticeship
in which the neophyte learns tc regard all lesions as
exercises in applied physiology, and all operations as
ex.eriments, to be carried out with the greatest caution

and solicitude for the welfare of the patient.”

sses 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 tsxt has been made self-
explaratory. 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 that
chapter.

The X-rays and scatiergrams for each chapter require
comparison with each other. Grouping them together at the
end of the chapter is expected to fucilitate 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 thesuis.

xiv
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CHAPTER I

QbJECT  OF STuDY

"There is perhaps no subject in physiology of greater
importance and general interest tha: the functions of the
brain, and there are few which prese.i 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 ficld can help being
struck by the want of harmony, and even positive coatradictions,
among ihe conclusions wihich apparently the same experiments
and the same facts have led to in aifferent hanas. And when
seemingly well established facts of experimentation on the
brains of low.r animals are compared w.tn trpose of clirical
observation aid morbid anaiomy in man, the discord tetween
them is so great as to lead meny to the opinion that
physiological investigation is little calculated to throw
true light on the funciions of the human brain,"

vees Ferrier (1886)

Ferrier's classicul ascessment of the difficultien of
interpretation of nsurophysiolcgical experimentis is very
evident in the study of the internal capsule and adjacent
diencephalic structures,

The neurophysiolcgist and clinical neurologist are faced
with several problems while trying to equate animal experi=-
ments with human phencmere. Foet enimels have nervous
-systems which are in no way comparttle to the humen in
complexity of structure and function. Even animals like the
monkey and the chimpanzee which are nearer to man than other
Jlaboratory aniumals, are still different from hiu for any close
'similarity to be assumed with ref'erence to complex reurole- .
gical functions.

lhese compal'issns bocome sﬁeci&lly difi'icult in
structures like the basal ganglia and the inelamus which have
probably taken on 'new' functions in the course of evolution

as well as '"lost' some of their 'old' functions.
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Again the progressive difruse neuwrological aisorders
loosely referred to as 'diseases of the extrapyramidai system!
cannot be reperung in the nervous system of lower animais.
These difficulties have been well summarised by VYard (1958).

It has been impossibie, until very receantly, to explore
the interior of the living human brain with neurophysiolngical
tools. The advent of stereotaxic surgery during the past
r'if'teen years nas however opened up new opporzunities to do so.

Yhen such expicrations were carrsed out, it was seen that
the phenomena observed in the human were coatradictory to
previously held assumptions as ¢ result of animal work,
Numerous examiples of' such contradictions cun ve quoted.

For exauple, Kennard (194L) observed that monkeys with
bilateral i<olated stereotaxic lisions in the pallidum cid
not show any abnormelities of behaviour. ¥hen the lesiors
were larger, however, a definite nation tremor with
hypertonia was seen. The observations of Krayenbuhl, Wyss
and Yasargil (1961i) as well as those of Giliingham ana
Kalyanaraman, (1963) in the human on bilateral pallidal
stereotaxic lesions were quite different f'rom thcse.

Hunter and Jasper (1949) observed as a rssult of thalamic
stimulation in cats, arrest reaction, petit mal and grand wal
aitacks. Stimuletion of comparable areas of the human
thalamus by Hassler (1960) and Hughes (196, produced
phenomena which were different from those observed in animals.

Lassek (1954) sumwarised tne work up to date on the
pyremidal trect in wan and in subhusan arimels. It is

surprising how little work hud been Gone on the disposition



of the fibers in the intermnal capsule.

The studies of Levin (1336) ard more recently of
Barnard and Voolsey (1556) in animals led us to believe that
the anterior part of the posterior limb of the internal
capsule contained the corticobulber and cort.icospinal tracts.
This view has besn handed down from textbook to texthook
and from genzration in generaiion of medical students, 1t
was accapted as a corollary that any encroachuent 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 aid not in fact produce such a syndrome
clinically when the patient was a'ive. Guiot {1959) reported
an arrangenment of fibers in the internal capsule differsnt
from the classically held concept.

The method of stereotaxic surgery practised by
Gillingham and his colleegues (1960) afforded opportunities
to study for the rirst time in the living huma: brain the
effects of creaiion of reversible and .rreversible lesions
in the sensory relay nucleus of the thalamus, the
thalamoparietal projection, the oral ventral nucleus of the
thalamus, the postericr lim. o the interral capsule w:d
ﬁhe globus pallidus, all in the same electiode track,

This g¢. terior approach as well as the deliberate productilan
of capcular lesions by Gillinghem (196l) provided ar

apportunity not avzilable in other methods of stereotaxy

to study the internal capsule anc adjacent diencephalic

structures in the living human brain.



‘he introduction of two new methoas not used before in
humsn stersotaxic surgery facilitated these studies and
provided veluable information. The first was depth recording
using unipolar wmicroelectrodes and the second was the
technique of stersotaxic ticpsy.

The anatcmical and physlological studies presented in
this thesis are the results of ihese unique opportunities

and methods.
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CHAPTER 2
wETAODS ARkD MATERIAL
"All true scientific research in medicine stems from the
bedside"

.».» Barney Sachs.

"Clinical experiment need not mean the subjection of
petients 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 anda give the answer to a clirical problem. It is
an attitude of wind."

sses OSir Robert Platt.

(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 Clarke (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, liurks and Lee (1947) described the first
stereotaxic apparatus for operations on the human brain.
During the next f'ew years, a number of stereotaxic instrumentis
and operalive procedures were described. Among these, the
methods of bailey and Stein (1951), Bertrand (1958), Cooper
| (1955), 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.

Bach 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



drawn were carried out by this method. It 1s a mouification
of the original metnod described by Guiot. It has been
vescribed in detail by Gillinghaw et al (1960).

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 swmall number of cases, general
endotracheal anaesthesia was required. In the last hundred
operations, the local anusesthesia 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
oft’ 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 leteral 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 describea by Gillingham et al

(1960) and Donaldson and Gillingham (1960).
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With the patient in the semisitting position, three
incisions were made alove the frontal sinus, behind the
coronal suture and below the lambda. The outer table of
the skull was expose¢ 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
iderntically superimposable lateral films. The films were
superimposed and a line was drawn joining the poster.or
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 caleulations, measurements and research were based.

Two points were now marked on the X=-ray. These were called
the thalamic and pallidal itarget 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 anetomical



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 mw. below the inter-
commissural line. The thalamic target was a point on the
midcommissural line usually 5 mm. above the intercommissural
line. (1The 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
~ perpendiculer to both of them through their point of inter-
section.) In some of the early cases, the thalamic target
was taken 4 um. above the intercommissural line. In a few
cases of depth electrical recording for evoked potentials,
it was taxken at 3 mm. above the intercommissural line.

The pallidal target was now joined to the thalamic targef
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 exterml
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 .
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elevation of the cross-bar for any given electrode track
therefore could be very easily calculsted on the lateral films
by projecting the line joilning the targets backwards,
measuring the height of intersection of this line on the
oyter table of the skull above the posterior row of markers
and subtrueting 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 ratiio 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 mn, Since the
machine was accurate to 0.5 mu. 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 raked eye inspection and the other two films were taken .
at half a degree tilt of the tube to either side. On |
inepsction of the films it was seen that one of the three
films was a strict AP as regards the ventricular system of
the brain. From this film, the midline of the brain was
ﬁarked out with reference to the septum pellucidum and the
fthird 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 ai'ter an interval of two days if i$ was felt that the

patient was too tired af'ter the preliminary procedure. With
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the patient in the promne position, the midline incisions were
now reopened and the midline marker in each row was lcentified,
A lurge 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'
midsegittal plane with reference to his ventricular system
-marked in the ocuter 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. Tue lateral sights of
‘the cross-bar were now aligned against tne pallidal target
using positive contrast ventriculography (usually 3 to 5 c.c.
more of myodil were needed), the final position being guided
éby the radiologist by fluroscopic control with the image
intensifiier as the surgeon manipulated the instrument. By
keeping the target in the centre of the viewing field, X-ray
idistortion wus negligible when the alignment was made on a
target 3 mm, behind and 1 mm., below the anterior comuissure
outlined by contrast. The stereotaxic mach.ine had been
hesigned in such a way that when the centres of the two ringa
in the lateral sights coincided with the pallidal target,
ihe electrode tip would reach the target inside the brain on
ﬁhe 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 micline depending on the lateral distance



chosen by the surgeon for that particular case. The lateral
uvistance was decided on clinical grounas reather 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 mu. from the midline.
All the ‘electrodes' used traversed the brain in a

" parasagittal plane paraliel 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
jatlases, 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 & reliable guide from autopsy
material for accurate anatomical localisation of stereotaxic
jlesions. Several stereotaxic atlases and guides huve been
épublished. That of Schaltenbrand and Bailey (1959) is
iprobably the most widely used, as well as the wmost detailed
and accurate. Those of Spiegel and Wycis (1952) and of
Talairach and i:is colieagues (1957) are less widely used.
The atlas of Guiot and his coworkers (1961) is useful only
‘if their method if followed. Other atlases incliude those
‘of Delmas and Pertuiset (1959) and Van Buren and Maccubbin

_(1962).



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 Gillingham
technique, an opaque steel marker 1.5 mm. in diameter was
lefft at tiie most anterior point of coegulation. 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 crawn from the availatle
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 dififerent sized heads would not
matter., Even if the error in calculation of distortion
were 50% (for the sake of argument) the actual distortion
would te from 10 to 15% and this in terms of the distance
from the anterior comu.issure would be 2.55 mm. instead of
z.{ mm, Since the accuracy of measurement on the X-ray
was nly of the order of 0.5 mw., 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 e:rur 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 (4.

() Depth Electrical Recording and Audiomonitoring

This was the most reliavle and precise among the methods
available for eliciting anatomical and physiological
inforratiun during stereotaxic operations.

The electropnysiclogical 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
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information and conclusions in one of' the sulLsequent chaplers
is based partly on scattergram studies of the sites, where
gvoked potentials were elicited, as chartea on stereotaxic
arstomical atlases.

Stereotaxic unipolar depth electrical record.:g nas been
dore in animals by several workers. The work done by Gaze
and Gordon (1952, 1954, 1955) in the thaiamus of the cat was
the method on which the present human wori was based. Viorx
on the human thalamus using bipolar microelectrodes during
stereotaxic surgery has been dune by Guiot (1962), albe-
Fessard (196Z) and their colleagues. Vourc'h et al (1963)
showed that depth recording with microelectrodes was
unafiected by hydroxydione (viadril), an .xperi.nce siwilar
tc that of Brown (1963) with intravenous neurolepianalgesia.

Usirng intravenous methohexitone drip anaesthesie Hider
&nd Kalyanaraman (1963) found that depth electrical record.ng
was relaiively unafiected. VWhen the electrode picked up
thalamic rhythms synchrono.s withclinical tremor, this was
abtolished when the patient was rendered unconscious and the
tremor abolished by methohexitone, When the darip was siopped
and the patient awakened, the rhythm returned with the
rezppearance of clinical tremor. Spontaneous tnaiamic
background activity and cvoked potentials were not af.'ected
by wethohexitone.  During the stage of fasciculation during
incuction with or recovery from methohexitone, a deep rhythm
syrnchronous with fasciculation was otserved.

Ervin and sark (196C) reported on stereotaxic thalawotamy
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in the human where they used audiomonitoring to define the
sensary relay nucleas. They were &lso avic to obtain in
some cases evosed potentials in the thaleuus from periphceral
stimulation, although they used macroelectrodes. Hankinson,
Pearce ana Rowbotham (196C; reported a few cases where they
recorded spontaneous activity and c¢voked potentials in a
similar man:er, OSpiegel and Wycis (1961 recorded frow the
spinothalamic tract below the tnalamus, periphera.ly evoked
potentials, us.ing a concentric necdle clectrode.

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 cerried within it
a retractable tungsten wire 0.5 man, in diameter, sharpened
at tae point to a tip diameter of LG - Z( microms. The
tip was sharpeneua by grinding initially and electroplatec
" finally in saturated soaium nitrite solution, using a carbon
indifferent electrode and a voltage of 3-8 volts Jrom & bell
transformer. The sharpened electrode was then insulated with
5=10 coatings of lacqucr. After each coating, the electrode
- was baked in dry heat to about 20000.. Such electrodes
were normally ready for use without the necessity of
removing the insulation from the tip.

The outer tube which was uninsulatec, had, at its distal
end, & nyloun coliar with a small hole in 1t through which
the tip of the tungsten recording electirode could be
protruded. At the proximal end of the c¢lectrode there was s
sliding collar arrangemett whach allowed the tungsten wire

either to .be completely withdrawn within the outer sheath |



or to be protruded to & predetermined alstunce, usually

5 mue. ceyond the nylon tip. The uninsuluted 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 shaft of the
recording electrode. The upper collar served to set the
total lenzth of the instrument so that the length of the
electrode coincided accurately with those .f the other
instruments used along the electirode track. The lower
collar was used to clamp the electrode rigidly to the
JJovatle tvar of the stereotaxic wachine so that it could be
driven forward us.ng the micrometer screw. This forward
isovement could be adjusted to be as little as 10 microns at
a time. (See photographs at the end of chapter 2)

The tungsten recording «lectrode was connected through a
cathode follower of standard type to a Texktronix 122
preamplifier in the operating theatre. The preamplifier
was used at a gain of 1000, with high frequency cut-ofi at
10 KC and couplirg 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 5C2 doutle
beam oscillioscope with photographic facilities and the
secona irto an audioamplifier. iime marks from & signal
generator (Tektronix Type 1l8ChA) were put on the other beauw

o. the oscilloscope. The output of the audiocamplifier
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was then scut voth to a loudspeaker in the gallery above
the tneatre as well as to a loudspeaker in ihe operatiun
theatre, Thus both the surgeon and the physiologist could
hear the electrical responses as the slectroue was moved.
Permanent records of the cegth slectrical activity were
nrouuced by photographing the oscilloscope trace on moving
filu (Shackman <C ./0l0 camera) and/or by feeding the
output of the preacplifier on to & tape recorder,

The recording tip was protruded beyond the blunt tip of
the clectrode carrier after the latter had penetrwted the
pulvinar of the tnalamus. By mezns of this arrangement any
possitle laceration of the choroid plexus by tae sharp
recordirng tip was avoided. This ensured that there was
no added risk to the patient by using depth elecirical
recordlng.

The cistinction between grey and white matter was
relatively easy. The oscilloscope records as well as the
sound in the loudspeaker were characteristic and iistinct.
It was thus possible to de¢fine the thalamocapsulur junciion
and the pallidocapsular junction with extrewse accuracy,
usually of a fractiorn of a millimeter. The definition of
the various nuclei traversed in the tha.amus was not so
precise. If the e¢lecirode 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 obta.ned {rom 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 luteralis posterior of Guiot or
nucleus zentralis of .assler) which was traversed by a
nigher clectrode track, the background nolise of spontaneous
cellular activity wes much louder than in the pulvinar. The
entry from the pulvinar intc these siructures was therefore
usually recognisable. 'he junction nowever was rnot as sharp
as the border between white and grey watter. Guiot (1963
recognised the pulviwnar by its characleristic spincle
ectivity in the depth E.E.G.. This wus probably due to the
bijolar nature of his clectirode and the diifferent {'ilters
used tor the E.E.G. machire. Usw.ig the present technique
of unipolar recording, no spindle activity was noted.

Ure other nucleus was sometiuwes distinguishatle. when
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 zorne of
silence after which cellular activity was agair heard fr- a
inillimeter or less. ihe sound corresponded to that heard
- ir the reticular nucleus of ani.als and wa: tesen to
represent the retivular nucleus beiween the thalamus and
capsule. After this, there was greatl paucity of spike
discharges in the oscillioscope with silence in the loud=-
speaxer as the posterior limb of the .nternal capsule was
traversed hy the electrode. The entry into pallidum was
again characterised by cellular activaty shown by high
amplituce spikes in tne oscilloscope and corresgondali

sounda in the loudspeager.
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It was thus possible to define alon/ the electrove tradk,
th=2 positions of the pulvinar, the sensory or the zerntral
niucleus, 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 methoas to create
smail loca.ised lesions in the deep structures of the brain
for the treatuwent of different kinas of neurological
disorders, interest nas been stimulated in obtainuing ssall
tiopsies of these regions. Such biopsies are useful to
verif'y by histological methods the accuracy of radiological
localisation used for stereotaxic procedures. They also
serve to study by histological and histochemical methods
the p=:hology of disecase processes.

Housepian and Pool (196C; reported on thirty-four
biopsies from twenty-e¢ight patients, us.ng a leucotome
technique. The biopsies obtained were approximately
500 mgrms. specimens, Five of these biopsies were
© described as negative, being frow white natter. The same
. authors (1962) later reported further studies with
stereotaxic biopsies frow the thalamus, Heath, John ana
Fuss (1961) reported biopsies fr m the cortex of three
hucan subjects, obtained by stereotaxic m thods. The
amount of tissue removed was somewhat smaller. Jinrai and
his colleagues (196.) referred to stereotaxic biopsies of

the thalamocapsular junction carried out by them, They did
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not however give furthcr details,

In the presert study, 195 blopsies werc tagen frow 62
patients duraing 65 operations. Three of these patients
had biopsies {row both hewmispnheres on different occas.ouns.
Fifty-c.ght of thcse patients suffer.d frow Parkinsonisn,
one from dissewinated sclerosis and two from chorcoutnetosis.
In one, the pathology causing involuntary move.ents was
uncertain,

The biopsy cannula was devised by wr. G. hewell of the
University of Edinburgh. (See figures at the end of chapter)

It was introduced to the required cepth, the inner
piston was withdrawn for 2 mu. and the needle was rotated
through one full circle to enable its exposed cutting edge
to cut a slice of brain approximately & m.. in diameter.
This tissue was sucked into the needle (air tight suction
being provided by a nylon washef) by withdrawing the inner
piston for another few m.. The ¢ntire biopsy needie
was now waithdrawn and 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 mw. in
size, weighing approximately 5 to 25 mgrms, were obtainable.
Often tremor was seen to subside or lessen as soon as &
biopsy was taken from the target site in the thalamus.

Immediateiy after withdrawing the bilopsy needle, the
coagulating needle was introduced to the same point to act
as a tampon to prevent any ble.ding at the site of i.iopsy.

If a biopsy was attempted from a trac< where another

instrument had alrea.y been introduced, it was occasionally



dif icult to obtain gooa specimens. Soicetimes an attempt
at biopsy produced only blood clot especially if it was
attempted within 3 mim. of a coagulation lesion done a few
zeconds earliier, 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 interrnal capsule and through it was greater

in dyskinesias than in cases of Parkinsonism. Apart from
these exceptions it was possible to get a biopsy frum the
thalamus, capsule or pallidum whenever it was attempted.

No special postoperative complications were encountered
in 2,y of the 1%5 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 wmoderately severe
leniperesis). It was interestirg to note that there werc
10 cases of hemorrhage as judged by the above criteria in
zhe 405 stereotaxic operations in which no biopsy was taxen,

The specimens were fixed with formelin and stained with
hematoxylin and eosin. Distinction between grey and white
watter was relatively easy under ordinary mmicroscopy.

Of the 155 blopsies, 11 were not available for ordinary
microscopy e¢ither because they were subjected to e¢lectron
microscopy or because fixation with formalin was not
satisfactory. Four biopsics were tz<en during a leucotouwy
and are not corsidered any further. One was from an area

of previous electrocoagulation und showed no definite normal
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tissue.

This study was therefore concerned with the rewmaining
139 biopsies which were reported upon. s prelininary
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 identifiea as
white matter due to predominance of fiber uvundles 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 wmaterial for examina=-
tion. Biopsy failure rate was thurefore less than 10%.

Of the 81 biopsies which were identified as grey matter,
61 were from the thalamus and 20 from the pallidum. All
oostoperative 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 secen 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 correspond.ng site on the atlas. Of the nine cases
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 regzion 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 radioclogically, this information gave us very good
confirmation of the great accuracy of the radiological
methods used.

Of the 15 biopsies reported as white matter, 1l
conformed to the internal capsule on atlas charting. One
was probably & 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 diff'erences
between the patients probably accounted for this.

At the junctional tissue between grey and white mattier
the greatest degree of lack of correlation witn 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 grey or white
natter as per the atlas,

The effect of previous instrumentation along the

electrode track on accuracy of biopsy report was now considered.

Breviois Report compared to atlas charting
Instrumentation Correct Not Correct Total
Done 70 18 88
Not done 18 16 3l
TOTAL 88 34 122




Application of the'Xg test gave the following results.
%« 7.362 n=1  P<0.01
Previous instrumentation along the electrode track was
therefore associated with a significantly larger nuuber 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 stlias
and the histology report. In this final analysis all
biopsies taken when the biopsy cannula 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)

Histological Report
Intended site

Grey Matter | White Matter | Both

Thalamus (46 biopsies) L, 0 2
Pallidum (25 biopsies) i 3 8
Capsule (11 biopsies) 2 7 2

Junctional Tissue
(6 viopsies) 1 0 5

This suggested that the degree of accuracy with
radiological localisation with this method decreased in the
following order for targets in our method of stereotaxy =

thalamus, pallidum and capsule.

27
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From this study therefore the fol.ow_ng conclusions
could be drawn.

(I) Stereotaxic biopsy wws 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 palliual
target as defined radiologically in the Guiot-Gillingham
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 animalis as well as
examination of autopsy material by Maloney (1960) revealed
that the calibration of the diathermy could be standardised
with reasonable accuracy.

then 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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imuediately afterwards. For practical purposes and to
clinical neurological testing, these two types of
coagulution produced no permanent efi'ect. In fact,
temporary signs were secn depending on the position of the
electrode and these disappearcd usually w.thin a minute or
S0. For sxample, transient tingling in the fingers or
corner of the mouth, a slight jerk of the hand, miniaal
weakness of handgrip, cessation of tremor or slurring of
speech might be noted.

If the effect produced was & 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., Ie
still no motor, sensory or other neurological deficit was
seen, coagulation would be continued to calibration IV when
a lesion approximately 5 mm. in diameter was created. The
constancy in size of these lesions could be verified on
autopsy materiel 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 proauced with
this gradual process of heating was therefore almost
iaentical w.th that described by Couper (1962) for cooling
and was achieved with much less technical complexity and

cost.
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(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 G.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 .n general helpful, it could not be
fully relied upon for the following reasons, In some
patients, whatever strength of current was used, no response
wus obtainsd in any position of the clectrode. 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. Therefor:z, from
the point of view of localisation for research purposes, the
methods of deep recording, bilopsy 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 6C% of cases.

When stimulation was succeussful, nowever, it gave accurate

localisation and was dependable,

(h) Value of Scattergrams

Despite such accurate measurement, corrections and
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charting of lesions, general counclusions could not be drawn
because of the unknown factor of individual anatomical
variation between the patient's brain and the atlas brain.
This factor c¢ould be overcone 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
date. Guiot (1961) and Van Buren and Maccubbin (1962) used
similar m.thods.

The second method is idewntical in principle but is the
reverse of the first. This was o pool the information
from several lesions and to relate it to a standard diagram.
ihis 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
gimilar circumstances. It is particularly appli:able when
the Nesion' producing a neurclogical phenomenon is quite
large in relation to the exact minimal neural tissue damage
required to produce such an eff'ect and the individual
variation in the shape and size of the neural structures
between individuals necessitates the refersence to a

. standard diagram. Russell and Espir (1961) in their work
on traumatic aphasia from war injuries of the brain used
this metnod. 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 o: his studies.

(1)

Survey of Clinical Material

The present study is concerned with 334 patients who

underwent Ll ) seconu stage stereotaxic operations by the

Guiot-Giliinghawm method.

is shown below.

Parkinsonism

Dysxinesiaes

Pain

kMental Disorders

301

cases

2% cases

3 cases

7 cases

The cases of dyskinesias were a mixed group.

included the following syndromes.

Torsion Dystonia

Choreoathetosis

Familial Trcmor

Wilson's Disease

Spasmodic Torticollis

Disseminated Sclerosis

Stiff Man Syndrome

Mixed Syndromes

8 cases

3 cases

2 cases

2 cases

2 cases

2 cascs

1l case

3 cases

A classifiication by diagnosis

They

The cases of Parkinsonism are classified by age, sex

and handedness below,.

Total |Left handed-| Age at the time of the first
Sex No. ness stereotaxic operation
60 and[50=59 | 40=49 | 39 andb- low
above
Male 185 9 L8 1cl 29 7
Female 116 L L7 L7 19 3
Total 301 13 95 18 48 10
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Cf 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 sufi’ercd from tremor while 298
showed rigidity.

loderate degrece of involvement of both sides was present
in 241 patients. In 29, the disease was predominantly
righisided ana in 31 the lef't side was mainly affected.

Thirty patients suffered from oculogyric crises. Speech
was involved in 228 cases. Drib.ling of saliva orcuwired in
120 patienis.

Only 28 patients of the 3C0, were free from m&nifestatiohs
of Parkinsonism othu.r than tremor and rigidity.

In addition to these 44 ) lesions, 30 other lesions were
' studied only during the operation and by subsequ.nt charting,
They were not followed up ~losely on postoperative or
longterm assessment. Figures frowm these 30 cases are
included only with reference to uata elicited wuring the

operation,

(§) Method of Follow=up

All these paticnts were examined by a senior member of
the staff at least one month after the stereotaxic procedure.
Apart from a few pat.ents who came from abroad, everyone
was again zssessed as an outpatient 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 neur relative and the general
practitioner at ieast six months ef'ter the opcration. The
compined information from all these sources was ilaken in
assessing the efferts of treatment, The non-r.sponse

rate was very low anc the number of jatients on whom there
was no.. reliable information on & six month follow-up was

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

(k) Sumuary

The various mcthods of study of the internai capsule and
adjacent diencephalon dur_ng human stereotaxic surgery were
outlined., The radiologiral, surgical and clectrophysiolo=-
gical procedurcs were described in detail. lhe mcthods of
clinical follow-up were given.

For extremc degrecs of accuracy, the meihoc of depth
electrical recording was to be preferreu. Stereotaxic
biopsy was a.so quite reliable and useful,

In view .f the inaividual variations, the importance of
drawing conclusions only from statistical analysis anu

scattergrams was stressed.

e



Two views of the Guiot-Gillingham stereotaxic machine.

The machine in the lower figure is the latest model.
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Sagittal section (6X) 16mm. 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 S1 16. Below: Plate L8 S1 16.
TTP - Thalamic Target Point. PTP - Pallidal Target Point.

36



Track of electrode.

Above:
Below:

On Plate 47 S1 15 of stereotaxic atlas.
On X-ray showing comuissures outlined by
air and mvodil.

37
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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.



Above: Myodil outlining CA on X-ray.
Below: Sights of stereotaxic frame aligned against pallidal target using
image intensifier. Myodil outlining CA.
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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,
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Above: Recording Electrode assembled.,
Below: Recording Electrode dismantled.



(The lower trace in each photograph is the time mark

in 100 and 10 msec.)

FPhotographs 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 durin§ 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.



Pallido-Capouler Junotion
defined ot Imm,3mm snd Sem
behind the Pallidal Target
slong the three trecks

N
Thalemie

Target ] — — .__.‘___I—-_——.-_—-

yer )
& | Thalamo-Capauler Junotion 3
A ; Ay | defined at 9em,Ilnm &nd Idem f§

{ " . - behind the Pallidal Target

| slong the three tracks

| ——

ITem I%er
Lotersal Diats
Track e i

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

Lef't:

Operating end of components of biopsy forceps.

Right:




Men!) 3 3) 4 5 8 7.4 90

Left: Biopsy forceps assembled.
Right: Biopsy forceps, opague marker carrier and coagulating electrode.
Two pieces of biopsy are shown against the black background

sbove the scale.
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High Power view of stereotaxic biopsy from

grey matter showing ganglion cells.

48
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No ganglion

cells seen

Low Powar

High Power

Above:

Stereotaxic Biopsy of White matters

Below:
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CHAPTER 3

INDLVIDUAL VARIATIONS

"411 science is measurement"
sene Helmholtz.
"41l true measurement is essentially comparative"

ssee 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
myodil (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
lixe the anterior com.issure 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 magnificetion 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

sterectaxy incorporate this f'eaturse. Leksell included,

Sk
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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 bena and produce distortions of the order of a um,
or two. In the method used in this project, the tube-
plate distance was kept constant. On the other hand,
the heud 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 flactors for the
foliowing 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 1imit of
co-ordinate me .surements, not corrected for atlas, used in
this method was 10 mu. If the magnifiication was
calculated «#1ongly in such a case as 10% instead of as 15%,
the result would be 9 mm. 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.

NoJ Nature of [Actual distance| Distance ietween|Correction
bilateral |between tracks | the markers in factor for
operation (in sms.) |post-operaiive |magnification

X-ray (in mms)

1. |Thalamotomy 32.0 355 9.9%

2. |Leucotomy 34.0 38,0 10.5%

3. |Leucotomy 42,0 47.0 10.6%

L. [Rllidotomy 32.0 35.5 9.9%

5. [Rllidotomy 31.5 35.0 10.0%

These figures showed that for practical purposes, the
correction flactor used for X-ray magnification was
sufficiently accurate.

The degree of possible error due to raciological
magnification was further reduced in this project by two
other methods. Firstly, all intercommissurel distances
were standardised to that of the atlas brain for purposes
of calculation so that X-ray factor: 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
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intercommissural distance as the horizontal antero-posterior
axis, Either this line or the line Jjoining the foramen of
Monro with the posterior commissure is now used by the

ma jority of stereotaxic surgeons as tneir 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
comuissure with the anterior border of the posterior commis-
sure in the lateral film was measured in 350 patients., 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 magnifiication. cases
20 1
21 1
22 ; Mean 28.68 mm.
23 0 S.D. 2.238
2L 5 Cc.V. 7.802
Standard error
25 10 of the mean 0,12 mm.
26 28
27 56
28 73
29 61
30 46
31 3l
32 18
33 4
34 6
35 1
36 1
31 1
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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 bBuren 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 comuissures and admitted
that some distortion during fixation of the brain was
possible. Spiegel and Wycis (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 : Range 22.5 to 28.5 mm, and average 24.8 um, The.ir
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. Arador, Blundell and Wahren
(1959) in 31 brains studied at autopsy gave the range
(border to border of commissures) as 21 - 25 mu. 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 mu.

In view of the variability of the CA-CP distance the
imiediate corollary which occurred to all stereotaxic

surgeons was whether reduction of the measurements of the



co-ordinates 3f 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 anatomicsl
structure aimed at. Wehren and Braitenberg (1959) found a
genera. reduction of scattering of more than 50% when the
surface sulci were plotted in relation to the intercomuissural
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 respect to the
intercommissural distance was relevant. Van Buren and
Maccubbin (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
infornation from several standard atlases felt that the
scatter of the oral ventra. 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 diffeering 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 def'ine accurately the thalamocapsular
Junction in 22 cases and the pallidocapsular junction in
2, cases, as a basis for this particular part of the study.

The lesions were charted on the atlgs 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 len:zth 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 ihat of the atlas
after correction for CA-CP, the degree of scatter was not
significantly altered.
Case Distance between Thalamo Seme measurement in each
No. capsular junction defined case after correction of

by audiomonitoring 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
5 + 4.0 - 3.5
4. - L.9 -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 +1,..5
11. +17.5 +16.0
12, + 7.0 + 3.0
13, =19.5 -24.0
1. + 6,0 0
15. +20.0 +18.0
16. - 1,0 - 3.0
17. + 6.0 + 2.5
18. +14.0 +11.5
13, + 6.5 + 6.0
20, - 4.0 - 6.0
21. -28.5 -26.0

22. +22.0 +17.5
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Mean + 2.75 + 0,07
S.D. 12.01 11.64
Difference between the means 2.68

Standard Brror of the difference
betwecn the means 0.476

Applying the t-test, the probability that a difference
as great as that observed should arise through chance was
less then 0.01.

These 22 cases were also compared with the general
population of 350 cases with rcspect to their CA-CP length,

The following were the essential data for comparison.

350 cases 22 cuases
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 audiomonitoring 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 mis. x 4)

i O + 6.5 + Lo

2. +12.0 +10.0

3. + 8.0 + 5.0

1i-o e 5.0 "‘1200

50 +12I5 +11.0

6. +14.0 +12.0

7. +14..5 +13,0

80 + 0.5 - 3.5

9. + 75 + 3.5

10. + 3.5 0

i +17.0 +17/.0

12. +24..5 +22.5



13, +17.5 +15.5
1. + 8.5 + 5.0
15, = 3.0 - 6.5
16. +21.0 +16.5
17 +21.5 +19.5
18. +13.0 +11.0
13. +12.0 +10.0
20, +16.0 +14.0
21, +14..0 +13.0
22, +16.0 +14.0
23, + 1.0 - 1.5
2l -12.0 -13.0
Miean +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 diff'erence as great
as that observed should arise through chance was less than
G.01

The characterisiics of tnis sample of 24 cases as
compared to the general population of 350 cases wiyth

reference to the CA-CP length were studied.

350 cases 2l cases
Mean 28,68 ma, 28.13 mm.
S5.D. 2.238 1.569
Difference between the means 0.55 um,

Standard Error of the difference
between the means 0.341

Twice the standard error was greater than

the diff'erence between the means.
It was therefore concluded that the proportionate
correction of the anteroposterior co-ordinate approximated

the incividual 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) diaximum Breadth of the Body of the Lateral Ventricle

Cooper and Eravo (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 (1955)
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 make 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 Maccubbin (1962) found no statistical correla-
tion between anatomical variations and lateral ventricular
size. Spiegel and Wycis (1962) felt that any such
correction did not ensure that the lesion would not encroach
on the capsule,

Amador, Blundeli and Wahren (1959) did not feel that
any correction for ventricular size would be & simple one.

In this project, the problem was approached in the same
manrer 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

7 1
15 1
16 5
17 8
18 17
19 39
20 31
21 26
22 26
23 2
2k 17
25 18
26 17
27 2
28
29

Total 24,0

Mean 21.51 mm.
S.D. 2.963

Coefficient of Variation = 13.77

Davidoft 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 mu., to be larger than normal,

Davidoft 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 in cases of



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 tefore and after correction of the
co-ordinates of the point for the ventricular breadth.

The correction apyliei 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 obta.ned.

Case Lat. Vent.
No. Breadth

Thalamocapsular Seme measurement
Jjunction difference arter correction

(in mms.) before correction (in mms, x &)
(uncorrected (in mus. x 4)
for E-ray
magnifica-
tion)
1, 15 0.0 +60.0
2. 16 - 3.0 +23.0
3. 16 0.0 +10.0
L. 18 0.0 +13.0
S5 18 + 6.0 +25.5
6. 18 - 6.0 + 8.5
7. 18 + 2.5 +16.0
8. 19 +16.0 +22.5
BT T TR T T T T T T - 30T T T T T TR0 T
10. 20 + 6.0 4+ 6.0
1l. 20 - 6.0 - 6.0
r-TTaT T T T T " =2L.0 TR T
13, 21 +11.5 + 5.0
ik, 2z s 545 ~13.5
15. 22 +18.0 + L5
16. 23 + 3.0 - 6.0
17. 2 - 3.5 -15.0
18. 2 -10.5 <88
19. 2 +14.5 - 2.5



iean 19,95 + 0,842 + 5.895
SeDe 2.798 10,04 19.91

Difference between the means was 5,053

Standard error of the difference between the means was L.167

Applying the t-test for paired olservaiions the probability
that a difference as great as that observed should arise
through chance was seen to be between 0.50 and 0.20,
Although the shif't of the muan away from the thalawocapsular
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 eapproximated 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 wsde this evident,

240 cases 19 cases
Mean 21.51 19.95

S.D. 2.963 2.799
Difference between the means 1.56

Standard error of the difference
between the means was 0.6701

Diff'erence between the means was greater than

twice ihe 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
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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
talle listing all the 19 cases.

For these 8 cases alone, the following were the

relevant figures.

Ventric. Difference Difference
breadth before af'ter
correction correction
S.D. 1,302 14.16 11.76
Diff'erence 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 thr.ugh chance was seen to be less than 0.0l.

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 pneuncventriculography were known. The difference between

the junction of the case and that of the atlas brain, on
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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 mus. without correction for X-ray magnification
and the differences between the pallidocapsular junctions

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

Case Breadth Difference between
No. of Lat. Pallidocapsular junctions
Ventricle Before After
Correction Correction
1. 15.0 +16.5 +35.0
2. 16.0 - 3.5 +10.0
3. 16.0 + 3.5 +16.5
L. 16.0 0 +14.5
B 16.0 +11.0 +18.5
6. 18.0 +12,0 +21.0
Te 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
1z. 20.0 +13.0 +13.0
13. 0.0 +1..0 +14.0
1. 21.0 - 6.5 =10.0
15. 21.0 +14.0 + (b
16. 22.0 + 5.0 - 1.0
17s 22.0 +19.5 +11.0
18. 23.0 +10.0 = 2.0
19. 23.0 + 5.0 - L.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 1.83

Standard error of the difference

between the means 2.116
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Applying the t-test for paired observations, the probability
that a difference as great as that ob:erved should arise
through chance was between 6.50 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 :1 cases of pallidocapsular junction were not also
representative of the larger series of lateral ventricles

as the following figures indicate.

240 cases 21 cases
iean 21.51 19.62
S.D. 2.963 2,748
Lifference between the means 1.89

Standard error of the differcnce
between the means 0.6295

Diff'erence between the means was greater than

twice the standard error.

Again the group of 'hydrocepnalic' 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.

Ventric, Difference Difference
breadth before after
correction correction
Mean 22.5 + 7.188 - 1.188
S.D. 1.195 11.98 9.43
Liff'erence between the means 8.375

Steandard 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 bLe less than 0.1.

Although statistically speaking, such & correction
would appear valid for 'hydrocephalic' brains, it was rot
actually done due to the following reasons.

(1) The 5readth of the internal capsule of the atlas
brain was less than the mean of the cases operated with the
inelp 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 béen su for the entire group.

(a) The standard deviation or scatier was not very
much reduced by applying the correction.

(3) Unlike in the cuse of the thalamus, there was no
anatomical reason why the pallidum should be shif'ted by
g dilation of the lateral ventricle. Correction factors,
anatomically speaking, should be valid only for im.ediate
paraventricular structures.

(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 Ventricle

Correction factors based on this measurement are still
very controversial topics among stereotaxic surgeons.
Hughes (1963) found no redu: tion 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
Wycis (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 les:s considerable.

Gillingham and his colleagues (1960) 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 ventricuiar
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,

Talairach (1962) felt that in cases of distension of
the third ventricle, the medial limit of the lzsion should
be located at least 5 to 6 mum. 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. Hessler
measured the width of the middle of the ventricle for
thalamnic targets and the lower part of the ventricle for
pallidal targets.

Amador, Elundell and Wahren (1959) 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 increas.ng
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ventricular size. The displacement wes 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 tuird ventricle adequately out=-
lined Ly air or myodil was ueasured in 185 Roentgenograms.
The results are given below.

Breadth in ums. Numier of

(uncorrected for cases
X-ray magnification)

5 6
6 15
7 25
3 38
pJ 31
10 21
11 20
12 8
13 9
1 4
15 6
&6 2
Total 185
Mean 9.184
S.D. 2.438
Coefficient of
Var.ation 26.55

As in the case of the frequency aistribution of the
lateral ventricuiar size, the frequency distiribution 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. Twain.ng (1939) considered 10 m:. as the

upper limit of normality. Davidoff and Dyke (1951) gave



the range measured on the X-ray as 2 to 8 mm. for noramal
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 dependent 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 mua.

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

19 cases were aveilalle 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 Schaltenbrend and
Bailey before and after correction for the size of the third
ventricle,

The following results were dotained.

Case  saximum breadth Diffeerence between thalawo-
No. of Third Ventricle capsular Junctions on
uncorrected for charting between case and
X~-ray magnification atlas brain.
Before Af'ter
correction correction

(in mws. x4) (in mms. x 4)

1. 5 +16.0 +20.5
. 5 + 3.0 + 8.0
¥, 3 - 6.0 - 4.0
L. 6 +18.0 +21.0
5. 7 0 - 1.0
6. 7 + 6.0 + 3.0
T 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
1z, 9 - 3.5 -11.5
13. 9 =10.5 =-12.5



L. 9 - 3.0 -11.0
15. 10 - 3.0 -13.5
16. 10 0 - 3
17. 10 +14.5 - 0.5
18. 10 - 6.0 - 8.5
19. 11 + 6.0 - L.5
Mean 8.053 + 0.842 - 2,737
1 1.810 10.04 11.46
Difference between the means 3.579

Standard error of the difference
between the means l.234

It was noted that the mean was shif'ted from the
thalamocapsular junction by application of the correction
and the scatter as judged by the standard devieation was
increased. Applying the t-test for paired observations,
it was seen that the probability that a diff'erence 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 >f 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 reclevant

figures were studied.

185 cases 19 cases
Mean 9.184 8.053
S.D. 2.439 1.809
Diff'erence between the means 1.151

Standard error of the difference
between the means 0.4521

Since the difference between the means wag greater than

twice the standard error, it was decided that the sample

T
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was not representative of the 'universe' of Parkinsonism
cases loaded with dilated tnird ventricles.

As was dcne in the case of the lateral ventiricle 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, De 1.335 9.215 8.155
Difference between the means 55

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 wes less than 0.01. Therefore
the correction of target site flor 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 ventricular Difference between pallidocapsular

No. Ereadth in mms, junctions of case and the atlas
urcorrected for brain on charting (in nms. x &)
X-ray magnification Before Af'ter

correction correction
1. 5 + 15.5 + 19,0
20 5 + 500 + 8.0

3. 6 + 17.0 + 18,0



L, 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
g 6 + 14.0 + 9.0
12, 2 + 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
7. 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 8.286 + 9,071 + 5.524
SeDs 2,077 8,768 9. 804
Difference between the means 3.547
Standard error >f the difference
between the means 1.04

It was seen that there was & shif't of the mean towards
the pallidocapsular junction of the atlas brain but
simultanecusly 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
@8 that observed should arise through chance was seen to
be less than 0,01,

These 21 cases were compared with the larger sample of
1.5 cases for itheir third ventricle width.

1.5 cases 21 cases

Mean 9.184 8,286
2.D. 2,439 2.077



Difference betwecn 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 theheight 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 bes measured in
the X=-ray, but could be measured only at autopsy. The
thalamic height used by stereataxic surgeons (maximum height
of the floor of the body of the lateral ventricle aktove the
intercomuwissural line in the lateral X-ray) was not considered
by them as & valid correction factor.

Van Buren and Maccubbin (1962) found no statistical
support for any correction factor based on pneunoencephalo-
grams and introduced the concept of a "sphere of error".

The thalamic heights of 175 cases were measured in this



study. The frequency distribution is shown below.
Height of thalamus in mus. tio, of
uncorrected for X-ray cases
magnification
BT 1
15
16
17 18
18 2L
19 Ly
20 35
21 30
22 11
23 2
2 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 97% of cases were within the range of two standard
deviations or 3.44 mu. The usual height of thalawic
target in the series of cases under sanalysis was 4 mm.,
af'ter 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
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Justification for the intrcductior 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 mm. above the intercommissural
line. Apart from the very doubtful assumption that a
thelamic 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, Erion and Akerman (1961) found the range in the
width of the posterior limb of the internal capsule along
their electirode 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 mu, 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 mum,

26 instances were available in this project where both

the thalamocapsular and pallidocapsuler junctions were



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 mms. electrode track
(in mms.) uncorrected for and intercommis-

X-ray magnification) sural line
(in degrees)

1. 3.5 17.5 11.5
%4 5.0 16.0 11.0
3. 5.0 17.5 26.0
b 5.0 18.0 11.0
5. 5.5 19.0 0.5
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
S 9 8.0 17.5 10.0
12. 8.0 17.5 26.0
5, 8.0 18.0 0.0
. 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 2.0
19. 9.5 15.9 2745
20. 10.0 16.0 20.0
21, 10.5 18.0 27.0
22, 16.5 18.0 29.0
23. 10.5 19.5 17.0
Bl 10.5 21.5 22.5
25, 12.0 17.5 26.0
26. 12.0 17.5 27.0

For Breadth of Capsule

Hean 8.038
S.D. 2.231
CIVO 2?0?6
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It was seen that the variability of the internal capsule
was much greater than any of the previous measureuents
referreu to in this study. The number of cases were too
few to define exact degrees of correletion beiween the
variables. Scatier ciagrams were drawn and these indicated
some trends. Within the limits of the lateral distances
used in this series foor the entry of the electrode, there
was no definite. correlation between the width of the
capsule and the laterality of the track. The anzle 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 targeté, the inter-
comuissural distance, the maximum breadth of the body of the
lateral ventricle, the width of the third veuntricle and the
height of thalamus were considered.

Each factor was analysed witn 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 taken
into consideration in the final decisiocn as to its
ap.licability.

It was decided that with the information available,

under the conditions of operation used in the present
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series, and for comparison with the standard brain of
Schaltenbrand and bdailey's atlas (brain no. LXXVIII), only
one correction was Jjustif'iable in the study of the thalamus,
internal capsule and pallicum, 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 valucs &f co-ordinates were absolute being corrected

only for X-ray maguificaticn.



Figures of Chapter 3

Explanatory Note

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 inciuded for statistical analysis but
not in the diagrams. The mean, standard deviation, etc.
on the photographs are therefore siightly different from
the corresponding figures in the text. The scattergrams
and bar charts illustrate the general point that there is
no obvious reduction in scatler 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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BAR CHART SHOWING NECESSITY FOR CORRECTION OF THALAMOCAP -
SULAR JUNCTIONDFOR INTERCOMMISSURAL

ISTANCE.
- 4
L 1
BEFORE AFTER h
CORRECTION CORRECTION &
==  E—— E
MEAN +175 +.07 =
SD nag3 I163 —
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BAR CHART SHOWING NECESSITY FOR CORRECTION OF
PALLIDOSCAPSULAR JUNCTION FOR INTERCOMMISSURAL

DISTANCE
- s

BEFORE AFTER
CORRECTION CORRECTION

[l ] —
MEAN =+ 10.04 +7.52
S.D 8.928 9.554




BAR CHART SHOWING SHIFT OF MEAN FROM THALAMOCAPSULAR
JUNCTION AND INCREASE OF SCATTER ON CORRECTION FOR
BREADTH OF LATERAL VENTRICLE

= o +

-

e ————— |
(]
——
__ .
BEFORE AFTER
CORRECTION CORRECTION
|
MEAN +0.842 +5.895
5D 10.04 19.91

=

BAR CHART SHOWING SHIFT OF MEAN FROM PALLIDOCAP-
SULAR JUNCTION AND INCREASE IN SCATTER ON CORRECT-
ION FOR LATERAL VENTRICULAR BREADTH.

BEFORE AFTER E
CORRECTION CORRECTION

MEAN  +9.07 +10.90
sSD. 8.794 16.31

—
—
pm———
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—
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BREADTH OF CAPSULE IN mms

BREADTH OF CAPSULES IN mms

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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LINE (25 CASES)

T T T T T T T T T T T T T T T T
n 12 13 14 15 & rd -3 19 20 21 22 23 24 25 26 27

ANGLE OF TRACK IN DEGREES

90



1.

2.

3.

5

7s

T Vi
REPZLLCES
ALt

Amador, L.V., blundell, J.Z.

ané Wahren, %. (1959).

o

Brierley, J. and Beck, E,
(1959).
Caracalos, A,.,, Levita, E.

and Cooper, 1.5, (1962).

Cooper, I.&. ant bravo, (.dJd.
(1358).

Dale, li. guotee by Hill,
a.b. (1961),

Davidofr, L.wm. and Dyxe,

c.¢. (1951).

Daevidofi, L,i, and

Epstein, E.S. (195.).

Dei:.s, A, and Pertuiset,

Gillingham, ¥.d., vatson,
fre0ey Donaloson, s,:.. and

baughton, J.A.L. (1960},

If. Gillingham, F.J, {(1763).

In Schaltenbrand, G. and
baiiey, P. Introauction to
stereotaxis with ar atlas
ef' the huwan brain. Thiewme,

Stuttgart. 1, 16.

J. dteurol, Heurosurg. &
Psychiat., 22, -87.

St. barnabas dospital

iedical Bulletin, I, 3, 24.

In Fielus, W.5. Ed.
Patnogenesis ana treatuent
of Parkicvsonlism. C.C.
Thozas, Springfield,

Tilinois, 325.

Principles of medical
statistics. The Lancet

Limited, London, 7th Edition
5-

The pormal Zucephalogram,
Leuw arnd ¥Febiger, Philu-

delphia, 3ra Edition. 99,106.

Te Abnorwal Pneumo-
encephalogram. H. Xiwmpton,

London, 2Znd Edition. 426.

Craniocerebral topometry
in man, bilackwell
Scientifiic Pullications.

Oxforc.

Brit, weds Joy %, 1395.

Personal Communication,

91



11. Guiot, G. (1963).

12. Guiot, G., brion, 3.
ard Akerman, M. (1961).

13, Hassler, Z. (1963).

1. Helmholtz guotzd by
Hil., A.F. (1961).

15. Hughes, B, (1961).

16. Hughes, B. (1963).

17. Spiegel, E.A., and Vycis,
oLy {2952) .

18. Spiegel, K.A, and Wyeis,
H.T. (1962).

19. Talairach, J. (1955).
quoted by Amedor, L.V.,
Blundel'!, J.E. and

¥anren, *.

20, Talairach, J. (1961).

92

Personal Comaunication.

Anri. Chlr., 15’ 55?;—(05.

Personal Communication.

Principles of wedical
statistics. The Llancet

Limited, London, 7th Zaition.
5.

in Uerling, T.H, and Ross,

J.P. Ed, Braitish Surgical

Practice. OSurgical Progress
1961, ifutterworth, London.
129.

Personal Communication,

Stereoencephalotony
(Thalr,sotomy and related
Procedurses) Part L.  lethods
and stereotaxic atlas of the
Grune &nd

Stratton, New York. 148.

huwan brain,

Stereoencephalotomy. Part LI,
Clinical and physiological
applications. Grune and

Stra-.ttor;, hew York,. 3530

In Schaltenbrand, G. and
bailey, P. Introduction to
stereotaxis with an atlas

of the human train. Thieme,

Stuttgart, 1959, I, 16.

Firs. International Syaposium
oa Stereocencephalotomy.
Philadslphia,
22, 26k.

Cornfin. heurol.,



21. %alairach, J. (1962).
ouoted by Spaegel, E.A.

and Tycls, H.T.

22. Taiairach, J., Davig, k.,
Tournoux, P., Corredor,
H. and Kvasirva, T. (1957

23. Twi.ing, P.w%. (1939).

24, Van Euren, J.i. and

Faceubbin, D... (1361).

25. Van Buren, J.n. &and

kaccurbin, U,a. (196:).

<6, Wahren, W, and Braitenter,

V. (1959).

27, Yasargil, L.G. and

Krayerbuhl, 4. (1962).

Stereoencephalotomy. Part Ll.
Clinical and physiological
Grune and

176z,

applications,
Stratton, New Yorx.
26d.

Atlas d'aratomie stereotaxique.

Paris. HKagson « Cic.

Brit. J. Laciol., 1o, 385,
First iniernatioral Sumposiu.
on Stsresoencephalotony.
Pniledelphia. Conf'in.
Neurol., 22, z55. 1962,

J. heurosurg., 1y, bli.

In Scnaltenbrand, G. and
Peiley P, Introcduction to
stereotaxis with an atlas
of the human cralr., ihicue,

bilutigart, I, 42.

Personal Couwunication.

93



PART II
NORMAL ANATORY AND PHYSIOLOGY

Chapter 4: Studies of the Sensory System
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CHAPTER L

STUDIES 9JF THE SENSORY SYSTE !

"Theories are very attractive to most persons because
they are the hilosophy, and often the poctry, of scilence,
¥ven the mont ceptivating theories are subjeet to eternal
change, Recorded observations, on the other hand, although
primorily addressed to the rational oart of one's nature,
have values which endure,"

eees EBugene Gley (French
Physiologist)

(a) Scope of Exploration

The therapcutic nature of the procedure completely
negativated all possibilities of exploration along any
other traclk other than that required for treatment. ALl
the observations made in this sroject and recorded in this
thesis were from e smell but important volume of tissue in
the diencephalon, The volume of tissue explored could be
approximately likencd to « truncated cone of tissue., This
tissue was situated in an obligue direction downwards and
forwerds in a parasagittal plane porellel to the midsagittal
plane of the brain, It inclu:ed part of the thalamus,
the posterior limb of the intornal cepsule and the globus
pallidus,

Passage of the electrode through the ventricular
cuvity was achievoed with minimal rogigtaice, Tn many
cases there was a definitc palpeble rosistence to its
passage as the esendymal covering of the pul vinar was
penetrated, In such ceses the pulvino-pallidal target
distence could be measured as the distance betwcen the

ventricular surface of the pulvinar along the electrode



track znd the radiological pallidal target., IHowever it
was not always possible to measure this distance. It was
usually between 20 and 30 mm, In cases of depth
electricel recording studies were usus 1y started at 28 mm,
behind the pallidal terget vhereas for stimulation and
coagulation, 20 mm, behind the pallidal target was the
common starting point,

The lateral distance of the electrode traeck varied with
the phase of evolution of stereotaxic surgery at Edinburgh.
The lateral distances of the tracks used, as judged by the
position of the redio-opacue steel marker in the post-
operative PA film, were analysed in 475 operations, It
was seen that the great . jority (96,6%) of the exslora’ions
could be referred to one of threc atlas plates (81 13,5,
sl 16,0 end S1 18,5) being within the range 12,5 to 19,5 mm,
from the midsagittal plane of the brain, The flew tracks
lateral to these, however, gove us very important informa-
tion regerding the motor tracts, This point would be
furthoer elzoborated in a subsequont part of the study,

Frequency Distribution of the Lateral Distance of

the Track of the Elesctrode from the ilidventricular

Line in 475 operations,

ILateral Distance in nms, Number
(uncorreeted for X-ray of
megnification) cases
11,0 & 11,5 1
12,0 & 12,5 1
13,0 & 13.5 L
1.0 & 1k.5 74
15.0 & 15.5 13
15,0 & 16,5 45
17.0 & 17.5 109

18,0 & 18.5 123
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19.0 & 19.5
20,0 o« 20.5
21.0 & 21.5
22,0 & 22.5
23.0 & 23.5
2.0 6. 24.5

98
L7
17

3

These lateral distances could be regrouped into the

following five groups.

Laterality of Irack

Atlas Plate

Number of cases

1. Electrode track teoo
medial (karker in
X-ray between 11.0
and 13,5 mm.,
corresponding to a
parasagittal plane
11.0 mm. from the
midline)

2. Electrode track medial
(siarker in X-ray
between 14.0 and 16.C
mm., eorresponding
to a parasagittal
plane 13.5 mm. frowm

the midlire)

3. Electrode track in
standard plane
(Marker in X.-ray
between 16.5 and
19.0 mi.. correspond-
ing to & parasagittal
plane 16.0 mm. from

the midline)

sl 11.0

S1 13.5

S1 16.0

L1

323
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L. Electrode track
lateral (liarker

in X-ray between
19.5 and 21.5 um.

corresponding to

a plane 18.5 mu.

from the mialine)

5. Electrode track too
lateral (liarker in

X-ray betwsen 22,0

and 24.5 mii.,

corresponding to a

plane 21.0 mis. from

the mialine)

Total

98

sl 18.5 95
sl 21,0 10
(81 21.5)

475

The angle of inclination of the electrode track again

varied with the height of the thalamic target above the

intercomuissural line.

given below,

An analysis of this angle is

Frequency Distribution of the Angle of Inclination

of the Elsctrode Track with the Intercomuissural

Line in 475 Operations.

Angle of
entry
10,0 = 11.5
12,0 - 13.5
1.6 - 15.5
16.0 - 17.5
18.0 - 19.5
20.0 - 21.5
22,0 - 23.5
2,.0 - 25,5
26.0 - 27.5
28.0 - 29.5

No. of
cases

b

2

7
i8
32
56
51
67
78
L9



30.0 = 31.5
32.0 = 33.5
34.0 = 35.5
36.0 = 37.5
38.0 = 39.5
40,0 = 41.5
42,0 = 43.5
4.0 = 45.5
46.0 = L7.5
48.0 - 49.5
50,0 = 51.5
52.0 = 53.5

-
N

5 F

How W W\

In each case the height at which (after application
of corrections for X-ray and CA-CP disiance) the electrode
track crossed the midcommissural 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=- ko,

commissural plane above the of

intercommissural line 8&a36s8

(in mms.)

-6.25 & =6.0 1
=5.75 & =5.5 1
=5.25 & =5.0 4]
“4o75 & =5 1
=25 & =0 1
=375 & =3.5 0
=3.25 & =3,0 1
=2.75 & =2.5 1
=2.25 ¢ =2,0 1
-1l.75 & <=l.5 2
-1l.25 & <=1.0 3
=0.75 ¢ =0.5 5
-0.25 &« C 5



+0.25 & 0.5 8
.75 « 1.0 8
is25 & 1.5 2l
1.75 & 2.0 26
2.25 ¢ 2.5 L3
2.75 o« 3.0 5C
3.25 & 3.5 41
3.75 & 4.0 55
L.25 <& kb 50
Lke75 & 5.0 37
5.25 & 5.5 28
5.75 ¢ 640 25
6.25 & 6.5 15
6.75 & 7.0 8
725 & 7.5 12
7.75 & 8.0 9
8.25 & 8.5 2
8.75 ¢ 9.0 3
9.25 & 9.5 6
9.75 ¢ 10.0 0
10.25 & 10.5 0
10.75 & 11.0 1
11.25 & 11.5 3

83% of these tracks crossed between the range of
1.25 ma. 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
midale 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 widcommissural plane if the trajectory had been
continued further forward from its thalamic lesion site.

The values are quoted to provide an idea of the oxtent of
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the diencephalon explored by this method of stersotaxy.

(b) Sensory Phenomena during Stereotaxic Surgery

The somatotrophic arrangement of parts of the sensory
reley nucleus and the fibres of the thalamoparietal grojec-
tion has not been stiudied extensively in the human, Prior
to 1958 all knowledge in this field was derived solely from
animal experiments or degensration studies.

Mountcastle and Henneman (1952) using the evoked
potential technique, presented evidence to show that the
sensory relay nucleus in the thalamus of the macague
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 Tor the peripheral parts of the limbs were
represented in an expanded manner ventrally. The medial
or arcuate portion of the ventrobasal complex conta.ned the
representation of the head, face and intraoral structures.
They found very few evoked responses outside the region of the
sensory relay nuclsus.

Gaze and Gordon (1954) investigated the electrical
activity of single neural units in the thalawus 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 presumebly from {'ibre
sys tems transmitting sensory impulses. They confirmed the
somatotrophic arrangement of the face, upper limb ard lower

limb regions from the medial to the lateral aspect but found



a consideratble degree of overlapring between these¢ regions.

Cohen and Grundfest (1954) on similar work arrived at
different conclusions. They observed a very considerable
degree of overlap in the topogrephical representetion 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 senscry activity from different
areas into discrete trains of messages to higher levels.

This conflict betwecen the 'strict locaiisaticn 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 ir this area and were of the opinion that the
somatotopographical segmentation of the sensory thalamic
nuclei in the human was, in general, in agreecment 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 hypesthesie in the distal part of the upper
extremity.

Ervin and Mark (1960), 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 3 mm.
from the widline, 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.
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Gillinghem (1962) proposed & 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 wedio-
lateral topographic arrangement, He further reported that
diffuse, poorly localised and large area responses from
most parts of the body were cobtained from the postero-
superior part of the nucleus. In the antero-inferior
part, precisely localised, sharply defined and small area
responses were elicited from (a) lips and corners of the
mouth, (b) fingers and haxd and (c) toes.

Spiegel and Wycis (1962) 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 kartinez (1963) presented their
data regarding sensory response points on tualamic
stimulation. They reported on antero-posterior f'ace-
arm by distribution with considerable overiap. — Their
region of exploration however was Z1 mu. behind the anterior
commissure, 11 mm, below the intercommissural line und
13 = 14 mu. lateral to the midline, Previous work
therefore was in general confusing and contradictory.
Different authors have reported face-aru-leg sensory response
distribution as lying (a) from the superior to the inferior
(b) from the medial to the lateral {c) frow the anterior
to the posterior planes ard (d) so overlapping as ue

definite classification to be possible.



In the present study the sensory responses nsted
during and after stereotaxic surgery were divided into
three groups.

(a) Sensory responses dur.ng operation as a rcsult
of mechanical disruption of fibres, stereotaxic biopsy,
two-point stimulation, minimal reversible neating lesions
and irreversible therapeutic coagulation lesions.

(b) Evoked potentials from peripheral stimuli
recorded by intracerebral unipolar microelectrodes.

(¢c) Postopcrative subject-ve and objective sensory
phenomena.,

These three groups were considered separately.

During 475 operations, sensory phenomena described in

group (&) above wers noted in 182 instances. Their
classifiication by site of sensation and laterality of

track is given belcw.

Lateral distance of track in mu,

Very Very

Site of Grade: medialliledial |Standard|Lateral|lateral [Totall

sensory atlas: S111.0{®113.5| 81 16.0|S1 18.5(S81 21.0
response X-ray: (13.5 [(16.0={ (19.0~ [(2L.5~ [(24.5~
-11.0) | 14.0)| 16.5) | 19.5) | 22.0)

Face only 0 3 22 3 0 28
Face and

upper limb 0 3 16 L 0 23
Upper limb

only 0 11 87 2l 0 12
Upper and

lower limbs 0 0 3 ] 3 9

Total nuwmber of
response points| 0 17 128 36 1 182

Total number of
explorations 6 41 323 95 10 L75
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The responses were descr.bed by the natients mostly as
tingling, very often confined to the contralateral face
(especially corners of mouth), hanc {especially fingers)
and lower limb (especially leg and %oes). Sometimes the
feeling would be uescribed as an eleciric shockx. 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 propriocception was noted. In no instance
was a sensation of pain, touch, heat, or cold described.

The qualitative nature of these responses were in full
agrecuent 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 obiained both from the sensory relay
nucleus and the thalamoparietal projection.

In view of the medio-lateral sometotrophic arrangeient
described by most workers, an attempt was first made to
classifly 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.

Classifiication 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 ones to see whether any particular trend
was discernible within the large groups. This classifica-

tion is given below,



Site Lateral distance of track in mm, on X-ray
o . [120]140] 150 160] 170] 180] 196 260 ] 210] 220[ 230|240

onse to & & o e o« & o ¢ £ o | Total
P 135 | 145| 155|165 175| 185|195| 205 | 15| 225| 235 |45
Face
only 0 1 0 3 6|11 6 1 0 ] 0 0 28
Face «

U. L, 0 21 1 2 5 7 2 3 1 6] 0 Q 23
U.L.
only 0] 2 0 |11 {30 |33 {32 |11 3 ¢ 0 0] 122
U. L. (}N

L.L. 0] G Q 0 0 O 4 z 1 0] 1 1 9
Total

no, of o
rospe | O |5 | 1|26 |41 |51 Juk 27 | 5| 0 |1 |1 182
onses

Total

o« of} g | 7 |13 |45 109 123 |98 [u7 |17 | 5 | 2 | 3 |47s
explor- 1 ; -/
gtions |

It was seen from this table that the lower limb
responses tended to be elicited from more lateral tracks
(X-ray range 19.0 mu. to 24.5 mmu.; actual range 17.0 mm. to
22,0 mui.). The face and upper limb responses were
elicited in more or less equal proportion from tracks in the
midule groups (X-ray range 14.0 to 21.5 mu.; &ctual range
12.5 to 19.5 mm.). There was no significant diff'erence
in laterality between the face and upper limb responses as

shown by the following figures.

Site of Number of Mean in Stendard
response observations mm. on X-ray deviation
Face 28 17.96 1.243
Upper limb 122 18.27 1.312
Difference between the means 0,31

Standard error of the difference
between the means 0.26
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The sensory response poinis were nert classified
according to their vertical height above the intercomuissural
line as shown below.

Medial Tracks (S1 13,5

Site of Number of Mean vertical Standard deviation
response observations  height in mm. of entire group
Face 3 8.29
3-36
Upper limb 11 534

Standard Tracks (S1 16.0)

Site of Number of Mean verticael  Standard
response observations height in mm. deviation
Face 2z 6.71 L.,01
Upper limb 87 Hell 2.54

Lateral Tracks (S1 18.5)

Site of Number of Mean vertical Standard deviation
response observations he.ght in mm, of entire group
Face 3 6.88
2.53
Upper limb 2L L.75

Application of tests for the significance of the
difference between the means in each of these groups did 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 intercommis sural
l.ne thar the mean of the uﬁpar limb responses. The
figures f'or 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.
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Height in  Number of sensory
m.. above responses noted
CA=-CP line Face Upper limb

-2 0 2
-1 3 3
0 1 0

+ 1 0 6

+ 2 1 7

+ 3 1 1z

+ 4 2 20

+5 6 1

+ 6 1 24

+ 7 3 15

+ 8 1 |

+9 2 6

+10 5 5

+11 0 0

+12 2 1

+13 1 0

+14 1 0

Total 28 122
iean 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

Tne diff'erence Letween 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 & higher level
with reference to the intercomwissural line than the ugper
liwb responses.

Talairach, Tournoux and Eancaud (1960) reported on

observations during parietal subcortical stercotaxic surgery



for pain that the somatotrophic arrangement of {itres for
the face; upper limb and low.r lint was from before
backwards in that region.

If the medio=laterally arransed 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 & concept.

The mean of the vertical height of the nine sensory
response points where lower limb sensations were elicited,
was 6.875 mm, and their standard deviation 11.J . In
view of their leteral neture in comparison to face and
upper limb responses, the heights were not strictly comparabls,
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
sonatotrophic arrangement as well. 1he 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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The difference between the means was less than twice

the standard error and was therefore not considered

significant.

-15 0
-1l 1
&13 0
-12 1
-11 i
-10 2
-9 2
-0 %
-7 3
-6 L
< g 2
- 1
-3 5
-2 0
-1 1
0] 1
+ 1 0
+ 2 2
+ 3 0
+ 4 0
+ 5 Y
+ 6 0
+ 7 0
+ 8 0
+9 0
Total 28
iean -6.21)
$.D. 4779

Difference between the means for face

and upper limb

Standard error of the difference

between the ueans

(x 0 O \n = O O

o o e o
= o~ AN N

H C O H N K O W W o~ =

122

"J{-o 751‘- '_5 . 889
4.122 3.919

= = O O
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One also has to remcuwber that when an oblique track
perallel to the miusagittael 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 in 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 signif'icant,

as wopld 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 cese, two pargllel tracks were made for
therapeutic purposes at different lateral planes but with
otherwise identical measurements. It was seen that face
responses werec elicited in the medial track while upper and

lower limb responses were elicited from the second track
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2 ma. luteral to it, Toe nuiber of patients in whox more
than one elcctrode irack was made for therapeutic reasons
was very sizall and therefvre no further data was available

on multiple track explorations of the same thalamus.

(¢) Evoked Potentials from the Thalamus

Chang (1959) defined an evoked potential as the
detectatle electrical change of any part of the brain in
response to deliberate stimulotion of a peripheral sense
organ, & sensory nerve, & 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
potentia. sechnique has been done by Gaze and Gordon (1952,
1954, 1955), kountcastle and Henneman (1949, 1952), Rose
and Mountcastle (1952), Hunt and 0'Lezry (1952) and Cohen
and Grundfest (19547.

Depth recording in the human thalamus with microelectrodes
has been successfully accomplished by Guiot, Hardy and
Abte-Fessard (1962), Ervin and Mark (1960), Hankinson (1961),
Bertrand, Hardy and Martinez (1963), Jasper (1963) and
Spiegel (1963).

In the present series, depth electricel recording was
attempted in 30 cases. In 4, no recording was at all
obtained presumebly 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 1l from the
upper limb,

One case of this group was operated under local
aneesthesia and one had an intravenous drip of methohexitone
as well. In the other 16, local anaesthesia was
supplemented by intravenous nauroleptanalgesia using
dehydrobenzperidol and phencpyridine. No difference was
noted in the quality of recorded evoked potentials under
the diff'erent forms of anaesthesia used.

The quality of the spontanecus background activity
changed distinctly as the recording elcctrode 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 & few
microns. When the sensory relay nucleus was entered, there
was no doubt about the presence of evoked potentials which
were quite distinet on peripheral stimulation both in the
oscilloscope and in the audicamplifier. The demarcation
between the sites where evoked potentiels 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 sersory relay nucleus of the atlas brain, thus giving
further indirect confirmation of the accuracy of the method
of charting used and the corrections epplied for it.

In no instance were evoked potentials elicitable
from the homoleteral face or lihbs. In almost all of the
similar work done on arimals, ipsilateral stinulation 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 1l cases where evoked poteniials
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 Jjoints. In the other
six, responses were obtained on both exteroceptive and
proprioceptive stimuli, Of'ten the positions of the tip
oft the eluctrode which responded best to exteroceptive and
proprioceptive stimuli were different, ¥rom the small
number of cases studied there was no suggestive correlation
for differential spatial representation for exteroception
and proprioception in the sensory rela;, 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, presuwably depending on walch part of the nuclieus

the electrode was passing through. in no instance
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were definite resporses from both face and upzcr limb
obtained on the sume track. Guiot (1963) hzd cne such
case in more than a hundred explorations, Probably the
direction of exploration in :‘he Guiot=Gillingham techniaque
did not favour this in view of the somatotrophic arcange-
ment in the nucleus. In one case, there was a sug-estion
that evoked potentials from the upper limb were elicited

at a point just behind the area where defnite evoked
potentials from the fuce were obtained. This would be

in accordance wxth Guiot's finding and the present suthor'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.

Wnen 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. kore anteriorly,the response from the radial
fingers completely disappeared ahd 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.
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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 sug,estive rcsults about somatotrophic represent-
ation were ovtained on statistical snalysis. 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 Sl 16.0 (marker in X-ray between
16,5 and 19.0 mu,)

Face Upper limb
liean 6443 mu. 5.0 mm,

S.D. for entire
group 1.936

No. of cases 7 6

applying the t-test, 0.5)FP)0.2

This suggested that the face responses were perhaps
obtained at a higher level than the upper limb responses
a3 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 S1 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 mn,

No. of cases O 5
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It is interesting to note that at this level some of

the upper limb responses were obtained at & lateral plane
but 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 obtalned on & more lateral plane but not at
a lower level. Although the numbers are tco 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 pas:s to the
thelamoparietal 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 (merker in Yeray) 17.79 mam. 19.09 mu,
S.D. for entire
group 1.362
No. of cases T 11

Applying the t-test, 0,10)P)»0.05
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
Jateral while all the 7 face responses were obtained on
tracks at 18.5 mm. or further medial. Such a finding

sug;ested that with greater number of cases one may well
find a medio-lateral stetistically significant difference

for the face and upper limb regions in the sensory relay

nucleus.



The central points of the distances over which
evoked potentials werec elicited, were next coupared for the
face and upper limb for their position behnind the mid-

comnissural plane.

Face Upper 1limb
Mean distance behind
Midcommissural plane 6.74 mu, 10.29 mm,
S.D. for entire group 24365
No. of cases 7 11

Applying the t-test, P{0.01

This difference was therefore quite significant.

This group of centrel points of evoked potentials
(CPEP) was then compared with the group of sensory response
points on stimulation and coe.ulation (SRPS) which were
analysed in the previous section of this chapter. They
were compared in 81l the three Cartesian co-ordinates and
for face and uppcer limb separately.

Mean Height above CA-CP line

Face Responses

SRPS CPEP
Mean 7.00 mu, 6,429 mm,
S.D. 3.78 1.043
No. of
cases 28 7
Difference between the means 0.571 mm,

Standard E:ror of the differcnce
between the means 0.8158
Result not sigrificant

Mean Height above CA=~CP line
Upper limb Responses

SRPS CPEP
liean 5.082 mu, 6.47 mn,
S.D. 2.65 2,605

No, of
cases 122 11
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Diff'erence between the means 1.388 mm,
Standard Error of the diff'erence

between the means ¢.8213

Result not signif'icant

Lateral Distance from Midsagittal Plane

Face Responses
SRPS CFEP

liean 17.96 mm, 17.79 mu,
(marker in X-ray)

No. of cases 28 7
Difference between the means 0,17 mu. in

X=-ray was too small to merit further analysis,

Lateral Distance from Midsagittal Plane

Upper limb Responses

SRPS CPEP
Mean 18.27 mn. 19.09 mm,
(marker in X-ray)
S.D. 1,512 1,53
No, of cases 122 11
Difference between the means 0.82 mm.

Standard Error of the diit'erence
betweer the means 0.4763
Result not significant

Distance behind Midcommissural Plane

Face Responses

SRPS CPEP
lean 6.2l mm, 64743 ma,
S.D. L.779 : 1.516
No. of cases 28 7
Difference between the means 0.522 mm.

Standard Error of the differcnce
between the means 1,069
Result not significant
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Distance bbhind iKidcommissural Plane

Upper limb Responses

SRPS CPEP
Mean L.754 mu. 10.29 mm.
S.D. 4,122 1.647
ho. of cases 122 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 standurd error and was

therefore highly significant.

Considering the risults 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 sensory rcsponses to stimulation and small
reversible heating lesions for the face were elicited from
the sensory relay nucleus and probably from the thalamo-
purietal 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



overlapping between these two regions. It was likely

that some of this overlapping was artifiicial 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 cases where evoked
potentials were recorded, they were done from both the

face and upper limb from different parts of the nucleus
along the same c¢lectrode 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 & hypothesis can explain all the findings
of the present study. Only such & 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-

inflerior arrangemenrt, further forwards.

(@) Sensory Phenomena after Stereotaxic Surgery

In comperison 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 f'ew sensory disturbances were encountered since more than
half' the ceses had relatively large lesions in the
ventrolateral region of the thalamus,

Bertrand and Mertinez (1962) reported permanent
sensory loss over small areas in 3 patients out of a series
of 250. Bertrand, Martinez and H#rdy (1963) reported
again 4 cases of hypoesthesia in a series of 150, a
percentage of 2.7.

Markham and Rend (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
(1960), #ark and Ervin (1961) and sark, 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 tke main sites of lesions included the
parafascicular nucleus and the intralaminar nucleus. The
third syndrome of the dorsomedial and anterior nucleus was
characterised by & pronounced change in affect with little
modification of perception of pain but with development of
an indifference to it.

Talairach 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.

Gillingham (1960) 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 obJjective

sensory disturbances.



From 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.

(v) Limited damage to the thalamoparietal projection
was not associated with subjective or objective sensory
disturbances.

(¢) It was difficult to produce permanent sensory
loss, even deliberatery, by smell lesions of the
thalamic relay nucleus.

(d) Paresthesise 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 nothave any sensory
disturbance in the imuwediate 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 dus to scer formation or associated
irritative lesion at the site of or near the therapecutic
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 elong another treck 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

L
sensory disturbances cleared up completely within a few
days.

Group D,: Eleven patients of this subgroup had total

o*
resolution of their sensory disturbances within two years
after operation.

Group D,: Six patients belonged to this group. Four

2
of these had subjective sensory features without objective
deficit. Two had both objective and subjective 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 opersted under local anaesthesia, in twenty=-

seven the sensory disturbance could perhaps have been
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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 uifficulty 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 elsctrode
swung medially due to faulty midsagittal plane alignment,
or, if extreme anatomical varietions existed, the electrode
could lie with part of its coagulating surfuce in the oral
ventral nucleus and part in the sensory relay nucleus,
Coagulation at the radielogical thalemic target therefore
would abolish tremor and at the same time produce sensory
features.

This difi'iculty could not be solved simply by moving
the electrode further forward. For the electrode might
rot 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 oxut of the oral ventral
nucleus. Giliinghem (1961) overcame this difficulty
by moving his electrode track fuither upwards, alterin; his
thalamic target from 3 mwm,. to 5 mm. above the intercommis-
sural line on the X-ray. This made the elesctrode reaci
the target above the sensory relay nucleus and the

thalemoparietal 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) Cases without any
postoperative
sensory features L00 3,76 wmu, 2.337
(2) Cases with immed=-
izte postoperative
sensory features
not attributeble
to hemorrhage or
multiple electrode
insertion 35 2.89 mm. 2.124
(a) sensory features
temporary 29 3.10 mm. 1.934
(v) sensory fatures 6 1.83 wm. 2.858
pcrmanent
(3) Cases with delayed
onset of tingling 5 3.80 um. 5.550

(4) Ceses where sensory
features could be
attrituted to
hemorrhegs or
multiple electrode
insertion

Total number of
operutions

£ .

Track advocated at present by
Gillingham 4.5 mm,
(540 mi. on X-ray)
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Groups (1) and (2) were compared.
Difference between the means was ¢.87 mm.
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 secn in the following table.

Site of Number  lMean lateral  HMean height of inter-

sensory of daistance of section above CA=CP

phenomenon cases track (marker line of electrode track
in X-ray) with plane midway

between Thalam.c target
and posterior commissure

Face only L 18.75 mm. 5.72 mm.
Face and upper

limb 14 18.39 mu. 6.16 mm,
Upper limb

only 13 18.23 mm, 5.77 mm,
Upper and

lower limbs 4 20,00 mm, 4,10 nm,

This table further suggested that the lower 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
sug: ested, In fact, the means were remarkably close
together considering the small number of cases studied.
This confirms the iwpression 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 Sernsations during Stereotaxic Surgery

Ten patients in this series experisnced sensations
of 'flashes of light' during stimulation or coagulation at
the pallidal targeti. A study of the scatiergram of these
points suggested that the phenomenon was probably due 4o
spread of current or heat to the optic tract dus to
inaccurate alignment or anatomical variations. This
phenomencn nas hot been observed since November 1959 during
the last 390 consecutive operations.

One patient with a familial tremor reported sensation
of 'flashes of light' in both eyes during coagul.tion a
few mm. (4 end 12 on the two sides) behind the pallidal
target and this sensation persisted for a few days post-
operatively. Presunably this was due to involvement of
the optic radistion in the posterior limb of the internal

capsule,

(f) Summary

Sensory featurcs 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 microelectrodes.

Senisory responses as & result of stimulation and
coagulation could arise either from the relay nucleus or
the thalamoparietal prejection. Evoked potentials and
postoperative phenomena were due mainly to the nucleus,

Comparison of the Cartesian co-ordinates of these

points, statistically, suggests thuat 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 sug.est that the fibres in the
thalamoparietal orojection are arranged from above downwards
for the face, 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 'warning' signs
of tingling reported Ly 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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Seatter diesgram ahowing sites where sensory responses were obtained
from the upper 1lirb on stimulation eand creation of reversible and
irreversible lesions, (Superimposed on Plate 48 - S1 16 of stereo-

taxic atlas.

\ Scatter Diagram to show sites where sensor
¥y responses were obtainedV.Sff
é’i-om the upper limb on lateral tracks. Superimposed on Plate ::B :d
weréa;‘gt:fngze;:g;mt(;: atlas. Itlia suggested that these responses
sensory rele
Torletnl Sraie ey ry ¥ nucleus as well as the thelamo-

ApY “R /_



Points where sensory responses were obtained from the face on
stimulation end creation of reversible and irreversible lesions.
Scetter disgram superimposed on Plate 48 - 81 I6 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,

Cetr

Sites where sensory responses were obtained from the lower limb in
nine csses on atimulation ond creation of reversible and irreversible
lesions., Scatter disrram superimposed on Plate L& - 51 I8+5 of
atereotaxic atlas, It is supgested that these responses were obtalned
both trom the sensory relay nucleus and the thalamoparietzl nrojection.
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Distances over which evoked potentials were elicited from the

upper limb on standard tracks (Superimpozed on Plate 48-51 \\
16 of the sterectaxic atlas)- Six cases

Distances over which evoked potentials were elicited In
five cases from the upper limb at lateral trocks (Super-
imposed on Plate -as—gl 18.5 of stereotoxic atlas)
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- y .
Dlatuncu over which evoked potentiols were elicited in seven

cases from the face (Sup:rimpoud on Plate 48-Sl 16 of ~
sterectoxic ull’ob) N

Central points of sites where evoked potentials were elicited
at parasagittal plane 16 mm. from midline (Superimposed

on Plate 48 Sl I6 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 Sl I6,
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Diagrammatic Representation of the Relative Position of the

Upper Limb and Lower limb Fibres in the Spinothalamic Tract,
Sensory Relay Nucleus and Thalamoparietal Projection.

Face,

Four Frontal Sections are shown from behind forwards.

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

Superior Superior
Thalamus Thalamus
3 3 ‘ 3
g g : 3
L] o
3 = 3 2
Llulr’
Inferior Inferior
(1) In the spinothalamic (2) In the sensory relay
tract. nucleus
Superior Superior
Thalamus
i pre! = -
o 5 5 G
W v ﬁ F o
] F 2 e U .
- — 2
U L
L
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 48-51 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

/N

Scatter Diagram to show sites where
flashes of light were seen by ten
patients (superimposed on Plate L8-
81 I6 of stereotaxic atlas)
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CdAPITER 5

ciubleS OF 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 Pyrumidal tract is such a HUMAN feature"
esss 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."
seses Artemus Ward.

"Is there a pyramidal tract?”

esess 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 pueriod in which they were paralysed.  Before the
advent of stereotaxy many eiforts 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 Vycis (1952) 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 Ior 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
end to avoid the creation of a lesion where motor responses
were provoked.

Accumalating experience soon showed that the problem
could not be def'ined in such simple terms., Although
Guiot and nis colleagucs (1959) claimed precise
delimitation of the capsule along their elcctrode track by
stimulation, tne majority of workers felt thatl stimulation
was not hundred pcr cent recliable as an agent for avoiding
the capsule., liotor 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 vurious
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
aid not produce any stetistical evidence for their
conclusions and reported as if' their findings were true in
aell their cases. They often used a distance of 5 to 7 mm,.
between the two poles of their stimulating slectrode and
accurate localisation was then questionakle,

Smith (1962) published very important findings from
autopsy studies of cases operaied by stereotaxy. She
demonstrated clearly, what nas been suspected by many
sterectaxic surgeons for some time, that limited destruction

of the posterior limb of the internal capsule was not



necessarily associated with clinical evidence of hemiplegia.

Gillingham (1962) presented for the first time in
stereotaxic surgery, a scries of cases where del.berate trans-
capsular lesions were made. These patients had no
clinical evidence of hemiparesis and had good relicf of
tremor and rigidity. Charting of the lesion showed that
it wes very difricult to confine it to the capsule without
some involvement of tne thalamus or palliduu, [lowever it
was proved beyond doubtv that nis transcepsular lesions were
not associated with capsular heuwiplegia,

Hughes (1963a) presented for the first time,
clinical evidence with statistical support that motor
responses could bs elicited from the lateral thalamic
area.

Evidence tuus slowly bejan to gather that movements
could be elicited from cutside 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 (1960), Guiot and his collesgues (1959),
Hassler (1962) end Talairach and Szikla (1963) believed
that the corticobulbar and corticospinal tracts were

confined orly to & small part of the posterior limb of the

internal capsule.



The present study of the motor responses elicited
during stereotaxic surgery was Zdone on 475 second stage
stereotaxic procedures, during which motor phenomena were
cbserved on 1:3 occasions. This number cxcluded those
cases where paresis was observed due to a presumed minor
hemeorrhage et the site of the lesion. The central point
of the elecirode was taken when an sffect was proddeced Ly
mechanical disruption of minimal heating lesion. In case
of coagulation, consideration was given to the fact that the
lesion extendsd anterior to the electrode but not behind it
and therefore the central point of the lesion and not the
electrode was tasen. This rule was &p.lied throughout
the present study -~ for sensory and motor responses as well
as for tremor and rigidity.

A very striking fleature became obvious on plotting
these points on ihe stereotaxic atlas of Schaltenbrand and
Bailey. The points could be sharply distinguished into
two large proups, 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 distinguishcd from the capsuler
movements on the following criteria,

(1) Thalamic movements were elicited several mm.
behind the radiological thalamic target.

(2) They were often elicited at or very near points
Hwhere sensory responses were elicited, from points which
lay in the sensory relay nucleus on charting.

(3) They werc never associated with facial paisy,

weakness of handgrip or extensor plantar response.
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(4) Coagulation at a site where a thalamic movement
was elicited was never associated with motor deficit or
pyramidal signs.

(5) Stimulation or coagulution for several mm., in
front of the points where thalamic movements were elicited
provoked no motor phenomena. Wnen the corticobulbar and
corticospinal tracts were reached by the electrode just in
front of themllidal 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 thalemic and
capsular origin, it could still be argued #hat 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 cepsular origin.

Twentyfour cases were taken as a 'control' group where
the borders of the internal capsule had been def'ined by
audiomonitoring. The midpoint between the thalamocapsular
junction and the pallidocapsular junction thus defined could

be taken as a midcapsular point with three Cartes.an



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
guscle 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
(¢) 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

opague marker in the postoperative film,

No. Mean lateral co-ordinate  S.D.
of in mm, uncorrected for
cases X-ray
liidcapsular points
defined by audio=-
monitoring 2L 18.083 1.275
Muscle twitch points
during stereotaxic
surgery 116 18.664 1.884
Diff'erence between the means 0.581pn,

Standard error of the difference between

the means 0.3134



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
samnples were different,

The antero-posterior co-ordinates were then compared
for the midcapsular points defined by audiomonitoring and

the muscle twitch points.

No. Mean antero-pesterior S.D.
of co-ordinate on chart
cases
Midcapsular points 24 + 2,458 mu, 2.084
Muscle twitch points 116 - 1,810 mu, 5.478
Difference betwsen the means 4,268 mm,

Standard error of the differente
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 & 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
-7 10
-6 11
-5 7



_— 16
-3 11
- 9 5
-1 12

0 3
+ 1 1
+ 2 4
+3 3
+ 4 1
+5 3
+ 6 3
+ 7 5
+ 8 1
+ 9 5
+10 3
+13 1

Clinical classification of this group into thalaumic
and capsular twitches revealed the following distribution.

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

commigssural plane for thalamic twitches

Co-ordinate hNo. of
in mu, cases
-12 2
-11 0
-10 3
-9 2 Mean - 4,818 mnm,
-8 4 S.D. 2.771
-7 )
-6 11
-5 7
-4 15
= 3 9
- 2 5
-1 8
0 1
+ 1 0
+ 2 4 5

Total 77
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Frequency distribution of anteroposterior
co-ordinates with reference to the mid-

commissural plane for capsular twitches

Cofordinate No. of
in mu, cases
i P 1
-6 0
-5 0
s 1
-3 2
-2 0 Mean + 4,128
-1 4L S.D. 4.578

0 2
+ 1 1
+ 2 3
+ 3 2
+ b 1
+ 5. 3
+ 6 3
+ 7 5
+ 8 1
+9 5
+10 3
+11 1
Total 39

A comparison of these two groups with reference to

the anteroposterior co-ordinate shovied them to be quite

distinct.
No. of Mean AP S.D.
cases co-ordinate
Capaular twitches 39 + 4,128 L.,578
Thalamic twitches 77 . - 5,818 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
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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 L.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

= 109?

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 SeD.
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 mm,

Standerd 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
3hat the corticobulbar and corticospinal tracts dia 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 Face Upper Upper Entire Total

only &nd limb and contra
upper only lower lateral

1limb limbs hemibody
Thalamic movements 5 2 63 L s 1r
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

end capsular) and the midcapsular points defined by

audiomonitoring.
No. Mean vertical S.D.
of co-ordinate in
cases mi,
i.Tccapsular points 2L + 1.375 1.498
All muscle twitches 116 + L..490 3,283
(thalamic and capsular)
Difi'erence between the means 3.115 mu,

Standard error of the difference
between the means 0.4319
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Difference between the means was more than 7 times
the stendard error and the result was therefore highl;
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.

MNo. mean vertical S.D.
of co-ordinate in
cases mn. above CA-
CP line
Thalamic twitches 77 + 6.1, 2.275
Capsular twitches 39 + 1.23 2.411
Difference between the means + 4,91 mm,

Standard error of the difference
between the means 0.4650

Diff'erence between the means was more than ten times
the standard error. The probability that a difference as
great as that observed should arise through chance was
extremely unlikely.

The vertical co-ordinates were then compared for the

capsular twitches and the midcapsular points défined by

audiomonitoring.
No. Mean vertical SeDa
of co-ordinate above
cases CA=~CP line
Midcapsular points 24 + 1,375 mu. 1.498
Capsular twitches 39 + 1,230 mm., 2.411
Difierence betwecn the means 0.1 mm,

Such a small difierence was not considered important

especially as it is universally accepted that the cortico-
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bulbar and corticospinal tracts are pas.ing 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
predcainatly 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 McLaruy (1947) and Barnard
and Woolsey (1956).

Dejerine's observations were based upon the study
of pyremidal 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 genersally
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 (1960), 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 iiinciler, XKlemme and
Minckler (1944). These authors observed from degeneration
studies in man thati the anterior part of the posterior limb
of the internal capsule was occupied by the premotor
bundle and not the pyramidal tract. Despite the fact
that this was the only human case studied efter several
decades, their cobservation 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 sole 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
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backwards till a slight weakness of' the patient's hand
appeared on the opposite side. He therefore assumed that

he had just reached the posterior limb. There were no
autopsy studies of these caseg 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 cepsule.
Guiot and his colleagues (1958, 1959, 1960) repeatedly
confirmed that they obtained motor responses on stimulation
of the posterior limb of the internal cepsule at 17 mi.
lateral to the midline. They obtained responses from
the leg, arm and face in that order from behind forwards.

Gillingham (1960) noted that in medial tracks (13 to
15 mm., from the midline) he seldom got any motor response
from the internal capsule. In leteral tracks (16 to
18 mu, 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 cclieagues (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 paliidal lorder.

Talairach and Szikls (1963) used the anterior
approach to the thalamus, crossing the palliuum and the
posterior limb of the internal capsule. They used
continuous stimulation under light general anassthesia as
the e¢lectrode was moved slowly fowards the target. They
observed motor responses from the capsule only if their
track was 18 mm. or 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
unaccepiable 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 of'ten not associated
even with a trace of facial paresis provided such lesions
were sufficiently medial. Cortical exocisions by Horsley
(1909), Sachs (1935), Foerster (1936), Putnam (1940),

Bucy (1944) and Krynauw (195C) were all followed by paralysis

in the immediate postoperative period although there was a
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surprising degree of recovery on longterm follow=-up.
There was therefore no reason to assume thut 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 initiel 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 surge:ry. The
postoperative recovery then closely parallels the recovery
of hemiparesis af'ter cortical excisionsg 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 disgrams.
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 cspsule, the anterior limb and the
genu no longer existed having become incorporated with the
posterior limb at e higher level. They conjectured that
the frontopontine tract from the anterior limb had now
displaeced 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.
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it was siready seen in the previous section of this
chapter that the mean of these points was situated
significantly in front of the midpoint of the capsule
suggesting that the pyrami.al tract was close to the
pallical 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 Very
medial| Medial| Standard®| Lateral | Lateral
Site S1 110{S1 135/s1 1&0 S1 18,5 | S1 21.0 | Total
Mark:r| darker| Marker Marker | Marker
11-0 ~ 14.0 - 16.5 - 19,5 o 22.0 -
13.5 116.0 |19.0 21.5 2.5
Face only 0 2 13 5 3 23
Face and
upper limb 0 0 2 1 o] 3
Upper
limb 0 2 26 12 4 L
Upper and '
lower
limbs 0 0 1 4 1 6
Total
number of
mo tor
responses 0 L L2 22 8 76
Total
number of
explora~
tions 6 L1 323 95 10 475
Percentage
of motor f
responses 0 9.8% [13.Cw 23,24 80.0% 16.0%

159



It wus seen that the percentuge of motor responses
oLteined rose steadily till at a iateral distance of 21.0 mm.
807 of the explorations were associated with pyremidal
tract signs. -

The'X? test was not applicable te this table as the
expected number in one cell was less than 5 and in another
cell was less than ona. The coluuns were therefore

regrouped as siown below and the'X? test was applied.

Group tzroup zroup
vl B C
sedial Standard Lateral
tracks tracks tracks
Number of motor L 42 20
responses
Totel number »f
explorations L7 323 105

3? value 16.46 and for n=2, P was less than 0.0l.
This was a very signifiicant 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 pyramical tract at the
level of the internal capsule. The face f'ivers are
believed to be situated anteromedially and ihe 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

very depending on the following factors. (1) The
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luteromedial representation of face-arm-lcg in the motor
cortex rotates to mediolateral in the internal capsule.
Depending on the level of horizontal section during tihdis
change, somatotrophy would vary. Toe anteroposterior
+onatotrophy continues unchanged at both levels and
durirg the above rotation. (2) The angle made by
the axis of the posterior limb of the internal capysule with
the midcommissurul plune &s seecn in a horizontal section is
variable from person to person and in the same person at
difrerent lcvels, In the brain of the horizontal
microseries of the atlas of Schaltenbrand and Bailey (1959)
this angle is seen to change {rom avout 60° at the level
of Hd +6.5 to about h5° at the levsl of Hd +0.5. Tne
greater the angle of' inclination, the wore 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 o:ly an antero-posterior
somatotrophic arrangement and not & 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 enalysis was done for the antero=-
posterior and lateral co~ordinates of these motor response
points in the capsule. Upper limb response points were
taker. as those predominantly with the upper limb component
and a similar rulc was apslied for the lower Limb response

points.



Comparison of lateral co-oidinates of all

capsular motor response points

162

Site of motor No. of Mean in mit. Standard
response cases (Marker in deviation of
A=Tay entire group

uncorrected)

Face 23 18.95
Upper limb L7 18,97 2.029
Lower limb 6 21.17

Comparison of face and upper limb:

Difference between the means 0,02 mu.

Difference was too small to merit further analysis.

Comparison of face and lower limb:
Lifierence between the umeans 2,22 mbe
Standard error of the difference
between the meeans 0.9303

Result significant

Comparison of upper and lower limbs:
Difference between the ieuns 2.20 nm,
Standard error of the aiffurence

tetwecn the means 0.8796

Result significant

Compzrison of anteropo:teria co-ordinates of

capsular motor response points.

Site of motor No. of Liean in mm. in front

response cases of midcommissural
plane in chart

Face 23 +6.913
Upper limb L7 +4.,170
Lower limb 6 +3.330

Comparison of face and upp.r limb:
Dift'erence between the means 2.743 mu.
Standard error of the daifference
between the means 1.022

Result significant

all

Standard
deviation
of entire
group

4,018
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Comparison of face and lower limu:

Difference between the means 3,583 mm,
Standard error of the aiiference
Letween the means 1.842

Difference betwecn means
Standard error

= 1.945

Since this value was quite close to the cunventionally
accepted level of significance, the result was very suggest-
ive that with greaticr numbe:s for the lower limb response
points, the groups may well show a significant difrerence.
Comparison of upper and lower limbs:

Difference betwecn the means 0.84 wui,

Standard error of the difference between

the means 1.742

Result not significant

These results show that, at the level of exploretion
with the present technricue, the lower limb fibers cf the
pyramidal tract are situaied latleral to the face and upper
limb fibers between which there was no significant ¢ifferencea
in laterality. The face fibers of the p ramidal tract
are situated in front of the upper and lower limb fibers

between which there was no anteroposterior diffcurent.ation.

(a) Lateral Thalamic lovements

The role of the ventrolateral nucleus of the thalamus
in the extrapyramidal motor system is being increasingly
recognised. Hassler (1960) 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 (1960, 1961, 1963) elicited
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movements from stimulation of the oral ventrel nucleus
of the thalamus,.

Hughes (1963%&, 1963b) described motor responses on
stimulation of the lateral thalamic area. He f'ound iwo
$ypes of responces., Cne was corfined to the face, upper
limb or lower limb and the other ruvolved the whole of one
side of the bcdy. The latter was much less frequently
obtained than the former. In tone first type, he found
upper limb responses to ve most common, the face responses
to be less comuwon and the ldwer limb responses, least
frequent.

He also found a somatotrophic arrangeaent for these
responses with the face area posteromedial end the lower
limb area anterolateral. Upper limb respomnses were
obtained in between.

In the present atudy, movements were obtaiued from
the lateral thalamic area in 7/ instances. Their
vifferentiation from ca.sular wmovemants orn aratomical,
clinicel and statistical grounds was discussed in an
eariier ssction of this chapter.

74 of thesc responses corresponded to Type 1 described
by Hughes in thet they involved predominantly the face,
upper liwb or the lower limb. 3 responses belonged to
Type iI of Hughes in that they involved the entire
contralateral hemibody.

ilost of these responses were elicited during the
period when stimulation was used as a rouvine in the
department, that is, prior to 1961. A few were

obtained during creation of reversible and irreversible
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lesions. Since stimulation was done by means oi' single
shocks, the nmovement was only a single cuutraciion of'ien
described as a jerk or twitcr arnd involving predominatly
the flexor group of umuscles, It wes moct 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 znd all
the lowsr limb cases showed slight involvement cf the
upper limb as wel:,

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 e movement was obtained and no
effort was made to study the movewent in detail as to its
pattern or methods of elicitation. In some instances
the distance of the clectrode was too faur from the capsule
and a ceutious lesion was wade at the site where u
movement was cbtained,. Thenever such a lesion was mad.,
paresis was never produceéd.

While the nature, distribution, types and general
pattern of these thalawic wovewents closely corresponacd
to that described by Hughes, lhere was no significant
somatotrophic arrangement Ho be made out on analysis of
their co-ordinates. This might have been due to (&) the
different parametcrs of stimulation used (b) the fact
that thcse movements were not particularly sought for and
documented in detall (c) the very small number of cases
involving ths face and the lower liab ané (d) the lack of

application of a correction factor for lateral ventricular
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width. The general patiern however was 3i.ilar to that
sug ested b Hugh s althoush the r sulis were ot statistic-
ally significant.

Comparison of the anteroposterior co-crdinetes of

the points wher: latersl thalamic movements were

elicited.
Site of response No, of Mean AP co-ordinate S.D. for
cases in m., bevird . ide N
comuissural plane group
Face 5 - 4,00
Upper limb 68 - 1,88 2.771
Lower limb L - L.75

Comparison between face and upper limb:

DEfference between the means C¢,86 mm,
Standard error of the difference

between the means 1.284

Result not significant

Comparison between face and ldaver limb:

Numbers too small to merit further analysis,

Comparison tetween u per and lower limbs:

Difference betwecn the means 0.13 i,

Difference was too small to merit {urther analysis,

Comparison of the lateral co~-ordinates of the points

whare lateral thalanic movenents were elicited.

Site of response No, of idean laieral co=-ordiratse S.D.
casges (Marker in X-ray for
in mm.. uncorrected) entire
grouwp
Face 5 18.05
Upper .imb 65 18.1¢€ 1.788

Lower limb L 18.50



Comparison of face and upper limb:
Difference betwe=n ths mcans 0.1l mu.

Difi'vrence too small to merit further analysis

Comparison of face and lower limb:

Numbers too small to merit further analysis

Compurison of upper oi1d lower limbs:
Difference between the means 0.34 wmm.

Standard error of the c¢ifference
between the weans 0.9212

Result not significant.

¥hile the generali nature <f the thalamic movements
studied in this project conformed to that descrilted by
Hughes (1963a, 1963b) the circumstances of elicitation
and observaiion were not standardised sufficiently for a

scientif'ic compurison to be made.

(£) Dysarinria duraing Stereotaxlic Surgery

in wost patients with Parkinsonism or other dyskinesias,
there 1s usaally some preoperative speech disturbance.
Rigidity of lips, tongue, jaw, phar,nx, vocal cords, chest
and abdomen contribute to difticulty in speech. Generalised
physicel and wmental siowing, .wuemory defects, difficulty
of initiation and akines.s are other factors affecting
speech. The resu.tant efiect is a combination in varying
dgegrecs of the dirferent manifestations in one patient.
Inability to initiate speech, reduced voice volume, slurring
of speech and festination are soue of the wajor components
of the speech disorder. Excessive salivation and dryness

of mouth due to drugs may further add to the patient's
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difficulties ir specch.,

The surgicel procedure mey worsen speech in one or
nore of four main says postoperatively. These are (1)
dysphasia, (2) aysarthriz, {3) dysphonia and (4) worsening
of preoperative actinesis, inability to initiate ard
festination of speech. Postoperative speecn dilf'iculties,
espacially after bvilateral iesions are 21l recognised and
are discussed in detall in a subsequent chapter.

During opesration, speech phenomena have not been
extensively stuliea, probably because the limited time
aveilable for clinical testing heas been largely taken up
in the e¢stimation of motor ana semsory functions. Vhat
litile has been reported in the literature, has been on the
subject of changes in speech as & result of stimulation.

uiot, Hertzog, Rondot and lLiolina (1261) observed arrest
or acceleration of speech evoked by thalamic stimuluation.
flassler and Riechert (1961) reported sumilar paenomena., It
is very debatable how wuch fhese stimulution studies elucidate
the exceedingly complex mechanism of speech. Hugnes (1961)
warned against postulating simple direct relationships between
the erfects of svimulation and coegulatzon at a given site.
Provably this applies to speech cven more than to other
phernomena. Penfield (1963) felt thet stimulation of the
pulvinar during stereotaxy mi:cht result in valuable data
ragaroing the rcle of the thalamus in specch mechanisms.

There is usually no opportunity auring surgery for a
deteiled tusting for dysphasia, In & tired and of'ten
sedated patient, voice volume is @ifficult to measure and

compare, especially under operating theatre conditions.
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Dysarthria, appearing suddenly during operatior for the
first time or becoming marksdly worse as compareu to the
pecoperative state, is easily reco;nised anu correlated with
the position of the electrode. This thcorefore is the
orly aspsct of speech with which the present study is
COnLCEIrNCG,

In foriyfive instances in this series, siurring of
specch was noted during stereotaxic surgery. The
mejority of these responses were uue to the creation of
revers.ble heating lesions.

There was no oovious relation to the occyrrernce of
dysarthris anu the laterality of the electrods track as

shown by the tavle below.

Track used mnediael Standarad Teteral Totel
(31 13.5) (Sl 1€) (81 18.5)

Number of cases

of dysarthria

during surgery € 29 10 L5
Total number of

explorations L7 323% 105 L75

Study of the scacvtergraus composed of the co-ordinates
of the central points of electrode positions when
dysarthria was prodiced was not particularly helpful for the
medial and lsteral tracks. The number of points were
¥ew and they werc wide'y scattered.

The study of thewe points in the 'standard tracks' group
suggested that they tendeu to concemtrate in two separate
areas, One was in the aistul capsule and themllidocapsular
junction, {In studying this scat.ergram, one has to

remember that the mee: Lreadin of the capsule in this
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series &8 defined by cepth elecirical recordilg anc
audiomouitoring was preater than that of ihe atlas brain,
Points in the pallidum neur its posterior eage on the atlas,
therefore, would be actuaily situated in the palilidal
border of the internsi capsule in our patients.) The
other gr .up was ciustercd around the thalamic nuclel necr
the capsular border.(See scattergrams at end of chapter)

If oniy one slite or structure is responsicle for a
phenomenon, it is logical to expect a scatier around oune
area as was noted in the cases ¢. the evoked potentials
from the thalawus, thalamic movementis, causular mwotor
phenomena and visual phenomens. If two sites closely
adjacent tu each other are respousitle for the same
phenomenon, one might expect to see a scatiergrum with a
long wide scaltier, as was seen in the case of sensory
response points in the thaluwic relay nucleus and the
thalamoparietal projection. In the cuse o1 Gysariar.a,
however, the points tended to sroup around two difrerunt
structures separated by a clear interval of the thaismic
border of tine int.rnal capsule.

This suggests that the thalamic nuciel are intiuavely
concerned wiiia speech and their stimulution can produce
alterations oi spesch (Guiot et al, 1961). Permanent
coagulation here, especiaiiy bilateraliy can cause severe
slurring of speech (Xrayenburl et al, 1961}. Un the other
hand, dysarthria at more anterior livels may be produced
by interierence with the wotor fibres to the tongue in
the pyramidcl tract in the internal czpsule (Gillingham 1961,

Clinically these two types of dysarthria seem to be



indistinguishanie vu the speruviing iable. _herei’ore these
points were not subjectea to furth.r stati. Tocul analyiis
of their co-ordinatus. The analogy of thalawic ana
capsule r movewentis springs Lo tue weild DU Ll Uiedir case,
they could be weli cifiersntiatcd freui vach otuur,  Quly
a careful study of a largs numwver of cases oi dyserturvia
produced during stereoiaxlc surgery woulda sioew sunether lliis
hypothesis, sugyested py the sceiiergran, s toue.
(f) Samsary

Trie controversies regarding the intesgretatlza of the
presence and aksence of motor phenomena during stereo.anic
surgery were outlinec. The neced for an untilased ap.rcach
to the study of the structure ol lhe iniernel capsule was
emphasised,

The differentiation tetween thalamic and capsular
movements was stressed.

It was shown that the pyramiasl tract is cowut'ined to

a relatively small portion of' the posterior iimb or the

internal capsule in 1its middie part and close to the pallidal

border.

It was shown that the race, upper liuwb ana lower liwb
fibres withir the pyramidel tract are arranged in that
order from tue anteromeaial to the postervicteral direction,
There is, however, considerable overiap velwecin the
different groups of fibres.

It was suggested thaet qysarthria during stereotaxic
surgery might arise by two dufferent mechanismis. Yhese
are (1) the irvolvemwenti of the Lua.&uic nuciel ana
(2) the involvement of the motor fibres to the tongue in

the pyraemidal tract.
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3ites where thalamic movements were elicited from the upver lirb.
Seatter diagrem sunerimposed on Plate 48 - S1 16 of stereotaxic atlas.

Sites where capsuler responses were elicited from the upper limb,
Scatter diagram superimposed on Plate 4B - S1 I6 of stereotaxic atlas,
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== gites where thzleric (squares) and cepsuler (circles) motor resnonses
were elicited trom lateral tracks in the upper lirb, Scatter diepren
superimposed on Plate 13 - 31 I8.5 of stereotaxic atlas.

Scatter diagram to show sites where
glurring of speech was produced during
operetion using medial tracks.
Superimposed on Plate 47 - 81 I3-5 of
stereotaxic atlas.




L7k

Sb.m.ib.

Scatter diagram to show sites where slurring of speech was

produced during operation along standard tracks. Super-

imposed on Plate 48 - Sl Ib of stereotaxic atlas. It is

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 \__
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 slong lateral tracks.

Superimposed on Plate L8 - 81 I18.5

of stereotaxic atlas. Cetr
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CLASSICAL CONCEPT OF OUR CONCEPT OF THE

(1) (1)

THE INTERNAL CAPSULE. INTERNAL CAPSULE.

MODERN CONCEPT OF THE
INTERNAL CAPSULE.

(1)
TF —~THALAMOFRONTAL FIBRES

F —-FACE
FIBRES OF CORTICO-BULBAR
A —ARM AND CORTICOSPINAL TRACTS.

L —-LEG

TP —THALAMOPARIETAL PROJECTION
O —OPTIC RADIATION

FL —FASCICULUS LENTICULARIS

FP —FRONTOPONTINE FIBRES

DIAGRAMS OF HORIZONTAL SECTIONS THROUGH THE INTERNAL CAPSULE TO
SHOW CHANGING CONCEPTS ABOUT ITS STRUCTURE .




LXXVIII
K\Hd +35
SN

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
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PTP - Pallidal Target Point TTP - Thalamic Target Point

CA - Anterior Commissure CP - Posterior Comuwissure

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.

Caﬁggrison 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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EFFECT OF STEREQTAXIC SURGERY
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Chapter 6: Effect of Stereotaxic Surgery on Tremor

Chapter 7: Effect of Stereotaxic Surgery on Rigidity

Chapter 8: Effect of Stereotaxic Surgery on
Oculogyric Crises

Chapter 9: bBilateral Stereotaxic Lesions



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 comwonly in one of the
hands and arws. 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."

ssss 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.”

eess 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 globtus pallidus and the ansa lenticuleris (Wycis and
Spiegel, 1952). It soon became obvious however that
rigidity was better controlled by pallidal lesions than
tremor (Narubayashi 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).

Ly 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 regiomn.
4 comparison of the sites of lesion preferred by various
workers 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 mm., lateral to the foramen of konro.

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.

Gillinghaw (1960) considered tremor to be controlled best
by a thalamocapsular lesion, His thalemic 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 def'ined
above.

Gillingham (196z) 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 thalawus, 14 mm. lateral to the wid-
line. He avoided the capsule by (a) demonstrating its
position by depth electrical recording with audiowonitoring
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 10.5 mm, in front of the
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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 4.5 mm. above the intercommis-
sural line. The lateral distance was 17 mu. 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.

Jinrai and his colleagues (1961) preferred thalawmv=
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 paraullel to Reid's linse. It
was approximately 19 mm, lateral to the midline of the
third ventricle.

Krayenbunl (1962) used a thalamic target 12.5 mu.
behind the anterior commissure on the intercommissural line,

Ill.5 mm. lateral to the wall of the third ventricle.

Leksell and Strang (1965) used a thalamic target, 11 mu,
from the midline, 3.5 mm. behind the midcommissural piane
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 intercomwmissural

line and 12 mm. lateral to the midline.
Narabayashi (1963) preferred a target 3 wm. behind and
2 mm. above the midcomuissural point. His lateral distance

was approximately 15 mm,



Riechert and Hassler (1963) coagulated the ventral oral
posterior nucleus of the thalamus for tremor. According to
them, this nucleus was locateu around a point on the Fi-CP
line, 12 mm. behina the foramen of kionro 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 intercomuissural line and 3 mm. behind the mid-
commissural plane, for brains with an intercommlssural
length, less than 25 mm. This point was situated 12 mm.
lateral to the midline.

Spiegel, Wycis and their collieagues (1963) carried out
campotomy. The target site was 6 um,., lateral to the midline,
10 mm. anterior to the posterior commissure (for short
intercommissural lengths) and was sitmated on the inter-
commissural line.

Talairach and Szikla (1963) used a slightly different
target than most workers. They defined their CA=CP line
by Jjoining 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 placedl/ mm. lateral to the midline.

Walsh (1962) defined as his thalamic target, a point on
the line joining the centres of the commissures and uividing
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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Parkinsoniam treuwocr. Wnether 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

discussion.

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:

(e)

(v)

(c)
(d)

(e)

minimal variability of target site with
relation to individual variation of
anatomical structures

possibility of extension of lesion to

an imcediately adjacent tremor abolition
site if it was not abolished at the aimed
target

minimal risk of complications

safety of lesions at the same target in
both hemispheres and

possibility of influencing other symptoms
like rigidity and oculogyric crises at the

target site for tremor.

(b) Scattergram Studies of Sites of Tre.or 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

e¢lectrode position. Such & 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 stuaies were not included in these figures since
the resulits 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.

humber of cases of Total no, of
abolition of tremor | explorations
at single electrode
position during
operation
Very Medial Tracks
S1 11.0 2 6
Medial Tracks
S1 13.5 v Ll
Standard Tracks
S1. X640 117 323
Lateral Tracks
81 18.5 29 95
Very Lateral Tracks
Sl 21.0 1 10
Tulau 163 L75

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)
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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 (1962) and the opinion of Hassler that the posterior
part of the oral ventral nucleus is 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 cepsular border. The opinion that this is an ideal
site for lesion for tremor has been expressed by Gillingham
(196C) 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. G1llingham
' (1960) 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 (1963) 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) Trewor Abolition at Pallidal Level

The direction of the electrode track in the Guiot-
Gillingham operation made it difficult to evaluate the
effaect o pure pallical lesions on tremor, since there was
'tlways 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 (196C) felt that even when tremor
wes abolished by a pallidal lesion, the tendency to

-recurrence was much greater tha: after a thalamic lesion.

In eight instances in the present series, tremor was not
abolished by a lesion in the (presumed site of) thalamus
'but was abolished dramatically by a lesion in the (presumed

site of) capsule or pallidum, These points were studied
'by drawing scattergrams and superiﬁposing them on the
stereotaxic atlas of Schaltenbrand and Bailey (1959). They
seemed to be remarkably close together for a scattzrgram.

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
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present series, these points secmed to be well inside

pallidum.

(d) Increase in Ipsilateral Tremor by Stereotaxic Surgery

In fifteen cases in the present series, there was a
sudden 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 taxen into consideration in the
study of this phenomenon. This was a marked increase in
:ipsiiataral tremor which could not be explained by the
. stress of the operating theatre atmosphere or as a relative
increase in comparison to the opposite 1limb 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
Ifollowxng the first operation might r:turn to a mild iegree
during and after the second operation. The phenorenon
. has been recorded by Bertrand and sartinez (1962), French
" and his colleagues (1962) and Gillinghau and Kalyanaramen
(1963).

Inspection of the scatter diagram showing the central
~points of electrode positions when this phenomenon was
jobserved, showed no perticular 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 (1960) sug;ested the pallidum as the site

of a discharging oscillatory lesion producing Parkinsonian
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tremor. Gubels (1963) recorded evidence from animal
experiments tnat 'firaing' 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
wdvanced by Gillingham (1360) 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 diff'erent stereotaxic surgeons were considered.
These were found to be widely scattered - in the paliidum,
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 mmn. to 19.5 mwm. might be
equally effective as judged by the immediate effect.

Theseresults suggested that tremor abolition was
possible by effective interruption of a complesz neuronal
circuit(s) at ary one of several levels, It was suggested
that the ansa and fasciculus lenticularis might be part of

such a pathway.
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only without being influenced at thalaric level.

Superimposed on Plate 48 S1 I6 of stereotaxic atlas. Sbmibor




3.

k.
5.

9.
10.

11.

12,

13,
14.

15.

=02

REFERENCES

Aguinis, M, (1963).

Bertrand, C., and Hartineg
M. (1962),

Caracalos, A., levita, E,
znd Cooper, I,S. (1962),

Cooper, I.S. (195¢).

Cooper, I.S. (1961).

French, L.:,,
Falicich, J.%, and
Schultz, E.2, (1962),

Story, J.7.,

¢illingham, F.J. (1950).

Gillingham, F,J, (1961).

6illingham, F.J. {1962).

Gillinghaz, F.J. and
Kalyanaranman, S. (1963),

Guiot, G. (1963).

Gybels, J.1. (1963).

Heniinson, J. (1953).

Hassler, R, (1955).

Hassler, R, and Riechert, 7. “uoted by Spiegel, E.A%.

fete Heuroechir.,, 9, 1, 151,

Confin, Neurol.,, 22, 27k.

5t, Barnabas Hospituel edical
Bulletin, 1, 3, 24.

Neurology, &, 703.

Its
Vedical and Surgical

Parkinsonismn,
Therapy. C.C, Thonas,
Soringfield, T1linois, 57.

Confin, lieurol,, 22, 265,

Personal Communication,

Proec. Roy Soc. Yed., 54,
575.

Confin, Heurol,, 22, 385.

Excer.ta Medica Internztional
Congress Series No, 60.
Second. Buropean Congress of

Neurologicel Surgery, 115,

Personal Communication,

The Neural Mechanism of
Perkinsonian Trenor,

oo

Tiitions rseia 2,4,

Brussells,
Personel Communication,

Proc. 2nd Intr, Cougr,
Ijar‘t IV.

Excerpta !ledice.

Neuropath, London.

637.

Amsterdam,




16.
17.

16,

19.

20.

21.

22

23.

26,

(1958).

Hassler, R. (1963).
Hughes, B. (1963).

Jefferson, G, (1956).

Jinnai, D,, Hishimoto, A.,
Hatsumoto, K, and
Herda, 0, (1961).

Krayenbuhl, H, (1962).

Ieksell, L. and Strang,
R, (1963).

MeCaul, IR, (1963).

Narabsyashi, H,, Okuma,
T., and Shikiba, S,

(1956).
Narabayashi, H., (1963).

Parkinson, J. (1&17).

Riechert, T, and
Hassler, R. (1963),

2C3

and Yyeis, H,T7, Stereo-
ence~halotomy. Part TI,
Ciinicz2l ond Physiological
Applications, Grune and

Stratton. New Yor:k., 1962,
328,
Personal Communicstion,

Porsonel Communication,

In Turner, G.G. and Rogers,
L.C. Ed, lodern Opcrative
Surgery. Cassell and
Company Limited, London,
Fourth edition, 2. 1423.

Ixcerpta Medice Internati ml
Congress Series No. 36.
Second Intermational
Congress of Neurological

Surgery. B 9.
Confin, Neurol., 22, 314,

Personal Communication.

Persongl Communication,

AJ A, Arch, Neurol,
Psychiat,, 75, 36.

Personal Communication.

An Essay on the Shaking
Palsy, Sherwood, Heely
and Jones. London,
Reprinted in Critechley, M.
d, James Parkinson,
Macmillan and Company.
London, 1955, 155.

Personal Communication,



27.

28,

31.

525
33

Ruch, 7.C. (1960). In Ruch, T,C, and Fulton,
J. P, EBd, iledical
Physioslogy end Bilophysices,
V', B, Saunders Company.
Philadelphia end Londo::.28L.

Schaltenbrand, G, and Introduction to Stereotaxis
Bailey, P. (1959). rvith an atlas of the Human
Brain, Thieme, Stuttgart. 2.

Spicgel, E,A, and Stereoenceshalotomy.
Wyeis, H.T. (1962). Part II. Clinical and

Physiclogical fpplications,
Grune and Stratton.
New York., 338.

Spiegel, E.A,, Vycis, J. Neurosurg., 20, 871.
H.T., Szekely, E,G.,

‘dams, J., Flanagan, M.

and Baird III, H.¥. (1963).

Talairach, J. and Personal Communication,
Szikla, G, (1963).

Talsh, L,S. (1962). Personal Communication,
Wycis, H,T, and Confin, Neurol., 12, 245,

Spiegel, E.A, (1952).

204



CHAPTER 7

ey ECT  OF STEREQOTAXIC SURGERY O  RIGIDITY

"Hitherto the petient will have experienced but little
inconvenience; and befriended by the stron. inluence of
hatituzl e¢ndurance, would p.rhaps seldom think of his heing
the subject of disease, exce¢pt when reminded of it bty the
unsteadinese of his hard, whilst writing or employing
himself in any nicer kinc of wmanipuiution, bBut as the
disease proceeds, similar employments are accomplished with
considerable diff'iculity, the hand failing to answer with
exaciness to the dictates of the will, TWalking becomes &
task which cannot be perflormea without considerable
attention., The legs are not raised to that height, or with
that promptitude which the wiil dirests, zo that the utmost
care is necessary to prevent frequent falls.”

*aone James Parkinson,
"Actually, there 1s & constant play of forces acting
on the central rsrvous system, simulating inactivity wshen
there is a state of equilibrium, aprearing as function
when therc are shifts of equilibrium and sanifesting itself
as a pathologic sympvom wien only o disequilibrium exists."

csasse Weha Iless,

(a) Introauction

Parkinson (1817) mude the observation that tremor
ceased when a state of hemiparesis supervened on limbs
affected by Parkinsonism. Ruwerous operations waich
followed in the earlier part of this century were bvased on
this observation. All of taem aimed principally at
interruption of the pyremidal tract at sowe level.

The cortical operations of Klemwe (1940, and of Bucy
ard Case (1945), the capsular operations of krowder (1948),
the peduncular operations of Walker (1952) and ine spinal
cord sections of Putnam (1938) end ot Cliver (1y53) are
very well known. They were however mainly directed towards
the alleviation of tremor. They wer= {oliowsa by a

flaccid paralysis, soon replaced by spasticity wkich was
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sonetimes zevere. Such a state was not always a preferred
alternative to rigidity.

Meyers {1342) chzngsd tne directiorn or reurosurgical
thinking by his oiservation that surgical interrupiicn of
pallidofugal iicvres migant wodify rigidity aend tremer in
patients with Parkinsonism. For the iirst time it was
possible to reduce or abolish rigadity withoul producing
paresis or spasticiiy.

The transveniricular agyroach of leysrs {(1351; vas
associated with a4 relatively nigh wortarity and sorzidivy.
However, tae c.un subfrontal operations oi Fenelon (1359)
ané of Guio® wad “rion (1953) wer:. less nhagardous.
Stereotaxic prucedures warkedly incruased uhe salety of
surgery for Farcinsonism by greatly reducing the incidence
of complications. Fgllizal targeis werc soon changed to
thalamic targeis to ceal with tremor bevter. Although
a large nuaber of surgsons wers satusficd with tne degree
of reduction of rigidity obtained a2t thalumic levels, a
few still preferiec 10 wafe palilaal lesions, wuea

rigidity was lue precominst.ng facior.

(b) Ideal Siteof Lesion for Purkinsonian Rigidity

It was interesting to compare the views of various
surgeons with regard to what the; cousidered as the
optimum site for stereotaxic lesions in case of rigidaty.

Bertrand and Muvtinez (1962) preferred a slightly
more anterior lesion for rigidity than for tremor, both
lesions being in the thalawus. Their preferrea z1te was
13 mm. benind ana 6 mu, below the toramen ot Monro and

14 mm. lateral to the midline.




Gillingham (1960) preferred a pallidocapsular lesion
for rigidity. His pallidal target was 3 um., behind and
1 mmn. below the posterior border of the anterior comuissure.
Gillingham (1962) demonstrwted that rigidity could be
effective.y 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 & flew days until both rigidity end
tremor was controlled without side efi'ects.

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 (1965) extended his standard lesion used for
tremor anteriorly by 2 mw, 3f rigidity wes 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 thalawic
lesion at a slightly more anterior site if rigidity was
more prominent than tremor.

Riechert and Hassler (1963) preferred & lesion in the
anterior part of the oral ventral nucleus for rigidity and
in the posterior purt 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 hemi.sphere

if rigidity was the main feature, Their pallidul target
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lay 5 wu. behind and 4 mu. below the foramen of Honro with
reference to the Fi-CP line. Corrections were applied to
these figures for the Fl-CP lengtk iifference between their
standard brain and the patient. The target lay 17 mu,
lateral to the lower part of the wall of the third ventricle
and this distance was again corre:ted for the lateral
ventricular width of the individual put.ent,

Talairach and Szikla (1963) preoferced & 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 foor tremor and rigidity.

(a) Surgeons like Gillingham and Talairach who
preferred pallidal anu thalamic lesions respectively for
rigidity and tremor.

(b) Surgeons like Riecherti who preferred a pallidal
lesion for rigidity only in some cases of second hemisphere
operation.

(¢) 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 Coopcr and Guiot who used the saume
target for both rigidity and tremor.

The majority of surgeons belonged to the latter two

groups.
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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 efi'ective interruption
at any level could achieve the desired clinical result.

(¢) 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 uisruption
or by the creation of minimal heating iesions, reversible
for practical purposes. & few wem due to coagulution
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 No. of patients in Total no.
whom rigidity was of explora=-
reduced by 50% or tions

more at a single
electrode position

Very Medial 2 6
g1 11.0

liedial 15 41
81 13.5

Stancard 130 323
S1 16.0

Lateral 21 95
s1 18.5

Very Lateral 3 10
81 21.0

Total 181 475



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 grouged around the posterior
part of the oral ventral nucleus, the ventral intermediate
nucleus and the paliidocapsular junction (allowing for the
smaller breadth of the capsule of the atlas brain as
compared to our patients).

Exawination of the scattergrams for the standard tracks
showed these pocints to be widely scattered in the gentral
intermediate nucleus, the oral ventral nucleus, the ventral
intermediate nucleus and the reticular nucleus of the
thalamus, the internal capsule and the inrer 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 injernal capsuie and the adjacent parts of the
thalamus and the palliaum,

Such ar arrangement confirmed the opinion that
reduction of rigidity could be achieved at different levels
and pallidofugel impulses could be interrupted in the
pallidum, capsule or the tha_amus. 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 threc levels by a
single insertion of the electroue. It might also explain

the relatively high percentage of successful abolition of

tremor and rigidity.
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Such & concept would also be in consonance with the
'firing lesion' theory of Parkinsonism. It could be
explained that such a '"firing' could be effectively blocked
at several points along its pathway to the periphery.
Albe-Fessard and Cuiot (1963), Gillingham, Gaze and
Kalyanarawan _.;63) and Jasper (1963) huve detected by
microelectrode studies tremor activity in the thalamus.
Carrascosa, Cart~rsil and Sevillano observed irregular
slow and sharp waves during an oculogyric crisis by depth
recording from the subthalamic region. Spiegel and Wycis
(1962) noted in tegmental electrograms slow waves synchronous
with peripheral tremor. Another interesting observation
(6illingham and Kalyanaraman, 1963) was that in the present
series of more than 30C Parkinsonian patients, there was no
case of epilepsy.

Whatever the exact pathophysioloyg.cel mechanism of
tremor, rigidity and other Parkinsonian manifestations may
be, there seemed to be lititle doubt from the scattergram
studies that they could be benefited by thalamic, capsular
or pallidal lesions.

At the thelamic level, in 95 instances, both tremor and
rigidity were benefited at the same electrode position,

In 15 explorations rigidity was reduced warkedly at a
point about 2 mi:.. (range l=5 mm.) in front of the point
where tremor was reduced. In 5 cases, rigidity was
reduced markedly at a point about 2 mu. (range 1l=3 mm.)
behind the point where tremor was relieved.

In some cases, rigidity was reduced by about 50% at

thalamic (or thalamocapsular) level and then was totally



abolished at a pallidal (or pallidocapsular) level several
mine 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 lsss

on lateral tracks. One might explain this anatomically
by the fact t'..i the lateral tracks were less likely to

involve the wmedially placeloral 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 pal:idal levels

Very Medial

31 11.0 0 6
Medial

S1 13.5 4 41
Standard

S1 16.0 26 323
Lateral

S1 18.5 5 95

Very lateral
S1 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 & pallidal lesion for total abolition of
rigidity. Examination of this scattergram and its
comparison with the scattergram for all rigidity reduction
points showed no essentiasl difierence 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

212



N
[
An

of the pallidofugal fibres.

(d) Suamary

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 aecalt with
efifectively at the thalemic, capsular or pailidal level.
It was felt that in some cases, the total volune of the

lesion is prebably as important as its siting.



21,

reRTIE
‘Uo Ty peod Bpodl0eTe eTdutre
ANG usya suoiiieod epod

STIVIOSISIE JO 9T TE - @h 91874 uo peeodmisedng
¥ 18 PeUTEIQO BEM AITIPIFTIL Jo UOTLONDES edoW IO

A998 Jo sjutod TBIIUSD MOUE 0F wwaBeip Jd933w08

]

3S

3D IA

|
X
|
]
|« !
I o (
| A0 @w
A (
N n
biss
~" N\
o il
S

] o /




215

aen ar dinETes t s ow gentral p ar lt\!‘ 10 v 0l wnen T
e reducti rigidity wes o\: 1 d . :-ﬂ.rw‘ pesition
M-rl.—gmuﬂ P).l' W7 = 81 13«5 of sters l lI: l]

|
D.im

I
=t

Seatter disgram to ohow central pointa of e]cetru! R aitions wnen Suf
or more reduction of rigidity was cbtained at le electrole position.
Superieposed on Plate 48 - 31 I#+9 of stersots 1: !1 nn.




216

pointa of alestrode posltichs in cases

peatier dlisgram to anow cestral
Figidity but nesded to be supplesented

ehate n tnalamic lenton Teducsd
By R pailidad eaion for toial sbelitim of rigidity-Buparisssend on
Flate o - B1 16 of atersotsrie stiss. _\




1.

2.

3.

10.

11,

REFERELCES

Albe-Fessard, D.
(1963).

and Guiot, G.

Pertrand, C. and Yartinex, N.

(1962).
Browder, J. (1948).

Bucy, P.C. and Case, J.T.
(1945) .

Carrascosa, Carbonell and

Seviliano.

Cooper, I.35. (1961).

Fenelon, ¥. (1950).
Giliingham, F.J. (1960),

Gillingham, F.J. (1962).

Gillingham, F.J., Gaze, R.M.
and Kalyanaraman, S. (1963).

Gillingham, F.J. and
Kalyanaraman, S. (1963).

Guiot, G. and Brion, S.(1953).
Guiot, G. (1963).
Hankinson, J. (1963).

He:s, W.R. (1957).

Personal Coumunication,

Conf'in, Neurol,, 22,

2?15'1
AEQ Jn Surg-’ 75, 2611--

AT e Surg., 122, 93}.

Quoted by Obrador, S.
Confan, lieurol., 22,
283, 1962,

Its
liedical and Surgical
C.C.

Springfisld, Illinois.57.

Parkinsonism,

Therepy. Thomas.

Rev. Neurol., 83, L37.
Personal Communication.

Conf'in. Neurol., 22,
385.

Unpublished Infooruation.

Unpublished Information.

Rev. Neurol., 89, 578.
Persoral Communication.
Persoral Communication.

The Functional
Organisation of the
Diencephalon. Grune and

Stratton, New York. X.



16. lughes, B. 1{1%61).

17. Jdesper, H.H. (1963).

18, Klemwe, R.M. (1940).
19. Krayenbunl, H. and

Yasargil, M.G. (1963).
2C, seyers, R. (1942).

21, Meyers, R. (1951).

22, Oliver, L.C. (1953).

23, Parkinson, J. (1817).

2J+o Putnam, Tode (1938)1

25. Riechert, T. and Hassler, R.
(1963).

26, Spiegel, E.A. and Wycis, H.1.
(1962).

In Carl.ng, E.R. and
Ross, Jd.P. Ed, British
Surgical Practice,
Surgical Progress. 1961.
Butterwortia, London. 129.
Quoted by Gillinghau,
F.J. Personal
Communication.

Arch. Neurol. & Pesychiat.,
bh, 96,

Personal Communication.

i"‘-n‘.‘{o State Ja Medo, }+2’
317.

Acta Psychiat, et
Neurol., Suppl. 67, 1.

Parkinson's Disease and
Its Surgidal Treatment,
Lewis. London.

An Essay on the Shaking
Palsy. Sherwood, Neely
and Jones. London.
Reyrinted in Critchley,
K. Ed. James Parkinson.
Macmillaan and Co.
London. 1955, 156.

Arch, Neurol. ¢ Psychiat.,
L0, 1049,

Personal Communication,

Stereoencephalotomy.

Part II. Clinical and
Physiological Applications.

Grune and Stratton.
New York, 407.

218



219

2{. Talairach, J. and Szikla, G. Personal Communication.

28. Walker, A.E. (1952). J. Nerv. & Ment, Dis.,
116, 766.



CHaAPITER &

Efrect oi Stereotaxic Surgery on Oculogyric Crises

"Before making the atiempt to point out the nature and
cause of this disease, it is necessary to plead, that it is
made under very unfavourable circumstarces. Unaided by
previous enguiries im.ediately directed to this disease, and
not having had the advantage, in a single case, of that lignt
which anatomicel exum.nation yields, opinions and not facts
cun 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 oblained
for this research, the result of which is, as 1t ougat to be,
offered with hesitation.”

eess James Purkinson (1817)

(a) Introduction

The suthor feels very much like Parkinson when offering
his analysis of the resulis stereotaxic surgery for
oculogyric crises. Unlike cases of tremor and rigidity,
the numbers available are small a.d no statistical proof can
be given. No cefinite 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 incluuing thew 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 postewcephlitic Parkinsonian syndérome, many reports of
this interesting condition have appeared .in the literature.
Among the more detailcd ones are those of Jeliffe (1929),
dall (1931), Wiison (1954) and Onuaguluchi (1961). The

clinical features of these attacks were very well documented
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by these authors and little further necds to bLe addeu to
their descriptions.

Diagnostic of the postencephalitic type of the uiscase,
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 1s alone at the comuencement af an attack in a situation
when ne needs to see clearly. The direction of uovement
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 shorting a flew attacks in indiv.dual instances.

Many theories have been offered to explain the
pathogenesis of oculogyric crises. The compulsive
obsessive theory of Jelifie (1929) was at one tiuwe favoured.
According to Jeliffe, mental or ewmotional trauma was
necessary to the initial onset of oculogyric attacks. The
features of the crises were regarded by hiw as ritualistic
ard secondary to a repressed feeling usually of guilt.,

Heli (1931) in his Scnorstein lecture ascribed the
crises to a mephanisu similar to or identical with the
relaxation of sleep. He collecteu 206 observations on the

pos.tion of the eyes duriig sleep. He came to the

conclusion that there was no essential uif:.erence between
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the position of the eyes during sleep and in oculogyriec
attacks.

Onuaguluchi (1961) in & detailed wnalysis of 67 cases
from Glasgow was of the opinion that several factors were
concerned in the production of these attacxs. He favoured
the theory that an interpaly of cerebral cortical damage
producing impaired cortical inhibition, brain stew l.sion
with weak extrinsic oculer 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 ard diencephalon and this caused the attack which
he described as an abnormal vestibulo-ocular reflex with
tonic upward glance.

Denny=-Ercwn (1962) identified oculogyric crises with
the phenomenon of tonic innervation of head and eyes.

VWhatever 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
- eff'ective treatment.

Lysivane and a number of other anti-Parkinsonism drugs
were reported to be beneficial but no statisticai study of
a secries of cases has ever been reported where any drug
either prevented or shortened an attac« or eve. reduced the

frequency, duration or severity of attacks.

(b) Reports of Successful Surpical Treatwent

The first and only successful case reported prior to

1963 of surgical treatment of oculogyric crises was by
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Klemme (1¢41). Through a frontal craniotom, he carried
out faradic stimulation of the motor cortex at the junction
of the first and second frontal convolutions to reproduce
a typical atiack. Excision of the premotor cortex only
was then carried out,. The patient who suffered from
severe oculogyric attacks once in three uays before
operatiun had nons after operation on a one year follow-up.
Wycis 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 interflerence with pathways serving
voluntary vertical eye movements may be of benefit. The
crises were temporarily abolished but recurred after a few
weeks. They not=d that the paresis of voluntary upward
sovement 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 systemn. 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 anv abolished

the attack temporarily in the correspondin: eye with the

simultaneous production of a Horner's syndrome.



Hassler and his colleagues (1960) considered that
oculogyric crises were influenced by coagulations of the
rostral portion of inner ana outer pallidum.

Bertrand (196C) reported improvement in three cases out
of five with oculogyric crises as & result of stereotaxic
surgery.

Gillingham and Kalyanaramen (1963) reportecd abolition
of oculogyric crises with bilateral stereotaxic lesio:s.
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:

Patients with | Pat.ients
Group | Effect on oculogyric crises unilateral with
bperation bilateral
operations
(a) Atolished 5 é
() Improved 5 3
(c) Unaffected 3 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) No definite inforwation
available 2 -
_ TOTAL _ B | 18 12
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Of' the six biluteral cases in whom the oculogyric
spasms were abolished, one hed total abolition after
operation on the first side and two had counsiderwile
improvement af'ter operation on the first side anu total
abolition af'ter operation on the second side.

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

is given below.

less than one year 3 cases (1 died)
1 - 2 years 4 cases (2 died)
2 = 3 years L, cases
3 - 4 years 5 cases
4 - 5 years 3 cases

In no instance was therc recurrence of attacxs after
abolition for more than a few weeks and it is likely that
the abolition and improvewent are permanent eii'ects in most
cases.

The eight patients, who showed improvement but not total
abolition, @iffered in the nature of improvement. One
reported improvement in the frequency, duration and severity
of' attacks. One reported improvewent 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.
Deta.led information about one was not available.

One of the two patients who had improvement af'ter the
first opcration and atolition after the second, obtained

such iwprovewment in frequency, duration and severity.
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Inf .rmation about the other was not ava.lable.

When the attacxs were abolished or lssseneu in
severity associated obsessional thinking, lack of clear
thinking or confusion were also correspond.ngly benefited.

0f the 30 patients, five were dead at the time of
analysis. Only in two, autopsy reportis were available.
One, who showed clinical improvemert in oculogyric crises
after surgery, hac thaiamic and pallidal lesions in one
hemisphere and pallical and capsular lesions in the other
hemisphere. The second patient reportea spontaneous
regression of attacks a few months kefore operation. He
had thalemic, pallidal and capsular lesions on one
hewis here. Six weeks after operation he died oi 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 f'ive 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 chart.ng. Likewise there
was no statistically significant diff'erence in the laterality

of the electrode tracks between the two groups.

(d) Discussion

A compar.son of the sites of successful lesions, both

temporary and permanent, by Klewuwe (1941), Wycis and Spiegel



(1958), Matiar (1955) and the present study suggests that
all were dealing with & corticofugal pathway from the
preuwotor cortex pass.ng through the posterior limb of the
interral capsule, the periaqueductal grey watter and the
stellate ganglion.

In this connection, a paper by hAinckler, Klemiwe and
Minckler (194).) was found to be very interesting. These
authors studied sections from the brain of a patient
subjected to prewotor cortical excisior for tremor. They
described on their degeneration studies a premotor bundle
waich started from the area of excision and swept decply
into white matter aggregating in a subcortical position
and in descending split over the superior aspect of the
lateral 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 term.nate in the midbrain and spinal cord.
They lelt that the premotor bundle mediated tremor ana
was distinet from the pyramidal tract.

It is noteworthy that many authors in 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 & significant degree

on the internal capsule on both sides in the sawe patient.
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It is significant that Guiot (1963) who used a
posterior approach but avoided making 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
lesiors in ihe anterior part of the posterior limb of the
i: ternal capsule. This site i1s well medial to the
position of tne pyramical tract as shown bty the present
study in earlier chapters. Is it likely that if the
borders of the internal capsule are accurateiy defined by
depth electrical recording and the lesions are placed
across the whole breadth of the .nternal 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
cerefully controlied series of cases are opcrated with

depth electrical recording.

(e) Sumuary

The previcus 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 expressea that bilateral transcapsular

stereotaxic lesisns should abolish this symptom in the

ma jority of cases,
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CHAP1TER 9

BILATERAaL STEHEOLAAIC L:i.SIUNS

"Nous estimons selon notre expérience qu'une opération
bilatérale ne devrait ctre tentée que chez les maliades
gravement atteints et nous n'avons d'autre alternautive que
de mettre en garde les patients et leur famille du risque
d'aphonie encouru."

«ees Krayenbuhl ¢t al (1963)

"There is no more comuon error than to assume that,

because prolonged and accurate mathematical calculations
have becn made, tiie application of the result to some fact

of nature is absolutely certain,"

ssss Whitehead

(a) Introduction

Since the establishment of stereotaxic surgery as a
therapeutic procedure of value in the management of
Parkins.nism ard the dyskinesias, most centres specialis.ng
in tnis operation have carried it out bilaterally in &
proportion of their patients. +ilateral stereotaxic
surgery, however, has been associated with a certa.n
amount of hazard somewhat greater than in the case of
unilateral operations. There has been a general reluctance
to subject these patients to opevrative procedures on both
hewnispheres 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 becn few.

Wycis and Spiegel (1958) reported 9 cases of bilateral
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pellidoansotomy. Broager and Ngrholm (1961) referred to
37 cases treated bilaterally in a series of a hundred
cornsecut.ve patients. Krayenbuhl, Wyss and Yasargii
(1961) published a detailed analysis of 51 bilateral
stereotaxic procedures. Krayenbuhl, Siegfried and
Yasargil (1963) subsequently published a longterm follow-
up of tihese pat.ents. Cooper and Riklan (196Z) referred
briefly to 200 cases bilaterally trcated. Bertrand and
Martinez (1962) considered 28 patients who underwent
bilateral operations. Gros and his colleagues (1963)
reported on a series of 41 cases. Markhau 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 trecated 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 No. of cases
30 = 39 4
L0 - L9 19
50 = 59 33

60 - 69 17
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Dyskinesias = Age incidence

Age grou ho. of cases
0-9 1
10 - 19 z
20 - 29 2
30 - 39 2
LO - L9 1

Sex Incidence

Disease liale Female
Parkinsonism L3 30
Dyskinesias 4 L

Handedness
Disease Righthanded Lefthanded
Parkinsonism 68 5
Dyskinesias 7 1

fiore than half of the total number with Parkinsonism
required constant help for their daily personal routine
before operation. Five of these patienis were ambulant
for only part of the cay und required part time nursing
care., Only three were doing their full work at the time

of the first operation.

All patients with Parkinsonism suffereu froum rigidity
to a greater or lesser degree. All hao tremor except
one. In cach case the symptoms were bilateral. Only
four were free from additional disabilities like oculogyric
crises (11 cases), festination (28 cases), speemh difficul-
ties (63 cases), excessive salivation (3% cases), pain

(22 cases) or autonomic phenomena.
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The sites of all lesions were assessed by post-
operative charting on the atlas of Sc.altenbrand and Ba.ley
(1959). The sites of these lesions were furiher confirmed
by operative biopsies in 13 cases, depth electrical
recording in 4 cases and autopsy studies in three. Seventy=-
six of these patients had at .east some involvement of the
posterior limb of the internal capsule and fourteen had
planned bilateral transcapsular lesions.

The incidence 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 detaiis are given below.

Percentage Overlap NUmsER  OF CASES

between the two hemi-

sphere lesions as Difference between | Difference

seen for the lateral distances between lateral

sualler lesion, of tracks on the distances of
two sides less trecks on the
than 2 mm. two sides more

than 2 mm.

0 12 2
25 11 9
50 19 8
75 g = 2

100 5% 1

Some of the best results were obtained in the thirteen
cases marked by an asterisk. No one of this group of 13
developed any major complicatiors and all of them were good
results from tne point of view of abolition of tremor and
rigidity. The present study would therefore seem to

indicate that there was no grecater post-operative morbidity



in making the so-called mirror lesions although other authors,
notably, Hassler and his colleagues (1957, 1960) caution
against this.

The time interval between operations on the two sides

varied widely in the present series, as shown below.

Time interval No. of cuses
30 minutes 1
2 = L weeks 7
5 = 9 weeks 5
3 - 6 months 8
6 - 12 wmonths 21
1l - 2 years 24
2 = 3 years 9
3 = 4 years 3
L - 5 years 3

Speed of recovery from the first operation as well as
the severity and progress of the disease on the second side
were the main deciding factors for the time interval. Spiegel
and Wycis (1962) reported one case where bilateral operations
were done on the same day without complications.

Krayenbuhl and Yasargil (1762) reported a similar performance
Postoperatively their pat.ent suffered from mental confusion,
akinesia and aphonia. One patient in the present series,
who was operated bilaterally at the suwe time, haa tewporary
reduction of intellectual performance particularly with

regard to recent memory.

(¢) Relief of Symptoms in Parkinsonism cases

Rigidity was very much benefited. In 29 pat.ents

it was abolished in all four limbs and in 26 it was very
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much improved. Fifteen patients, however, had only moderate
improvement in rigidity and in 3, it was unaffected or only
slightly reducea. Pain associated with rigidity was almost
always relieved by surgery.

Tremor was equally amenable to surgery. It was
abolished in all four limbs in 22 cases and very much
improved in 34. Moderate improvement only was seen in 15
patients and only slight improvement was obvious in 2 cases.

(illingham (1961) considered a double ipsilateral lesion,
in the oral ventral nucleus of the tnalamus and the inner
segnent 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 ai;d considered these to be
superior to thalamic or pallidal lesions alone in controlling
trewor and rigidity.

The effect of bilateral surgery on this symptom was
considered in detail in a previous chapter.

Pestination was occasionally iwproved 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 medicution 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.
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Within broad limits, the gr:cater the intellectual
and emotional reserve of the patient vefore surgery, tne
fuller was the benefit obtained by surgical intervention.
Thus the presence of poor initiative, confusion and
intellectual deterioration formed a serious contradirdication
" to surgical treutment and especially to bilateral surgery
if it wus markedly increased after the first procedure.
 An abnormal electroenrcephalogram was often helpful as
confirmatory evidence against surgery in such cgses.

Emphasis was placed throughout on conservative lesions
in treating the secona side. It was felt that further
small les.ions 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
.factcrs wade the second or any subsequert 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 Number of patients
Lef't hemisphere| Right hemisphere | Parkinsonism | Dyskinesias
1 1 6L 5
1 2 3 1
2 1 5 0
2 2 0 1
3 1 0 1
3 2 1 0
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%hile 8 patients with Parkinsonism required one
adaitional lesion after bilateral operation, only one
patient needed more than one additionsal lesion. This was
a young woman with advanced disease and she was back to
full time activity «s & housewife, shortly after her last

operation.

(a) Mortality and siorbidity

There was no imiuediate postoperative mortaiity. Late
postoperative mortality (between three months and a year
after the second opecration) 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 hemi-
paresis or sensory changes, hemianopia, large intracranial
herorrhage or pulmonary embolism in this series. Minor
heworrhage at the site of the lesion (presumed by s:.ift
in the position of the opaque marker in the sostoperative
X-ray aussociated with extireme drowsiness) occurred in 3
cases, One (referred to earlier) died after a few months

and the other two recoverea fully after a few days.

(e) Postoperative Hemiballismus

This interesting complication appeared in three

patients after their second hemisphere operation, an
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incidence of 3.7% in contrast to its appearance in one
patient after unilateral operation, an incidence of 0.3%.

In all four it appeared within a few days after operation,
was temporury and was associated with an excelient operative
result on longterm followup.

This relatively greater .ncidence of nemiballismus
after second hemisphere surgery was also reported by
Dierssen, Gijino and Cooper (1961). Thear figures were
4% and 10% for the unilateral and bilateral operations
respectively.  Hughes (1963) had one case who developed
hemiballismus some months af'ter operation while in another
case it appeared in the imuediate postoperative perioa.

He considered that & combination of factors or lecsions was
necessary for the clinicel appearance of hemiballismus.,
The initial factors which are not associated with clinical
hemiballismus and the last factor which precipitates it
may be sup.lied by progress of disease or the stereotaxic
lesion, alone or in combination. Such a theory by Hughes
would explain (1) the incidence of hemiballismus without
surgery, (2) its appearance immediately after surgery,
(3) its appearance some time after surgery with progress
of disease and (4) its greater incidence after bilateral
surgery than after unilateral surgery.

Charting of the lcsions on the stereotaxic atlas of
Schaltenbrand and bailey (1959) did not reveal any involve-
ment of the subthalamic nucleus in these cases. It is now
generally recognised that hemiballismus is not always
associated with lesions of this nucleus, (iartin 1957;

Dierssen, bergmann, Gioino and Cooper 1961.)



(f) Postoperative Dysarthria and

Reauction of Voice Volume

The main risks of operation on the second hemisphere
were 1ts effects on speech. Krayenbuhl, Wyss and Yasargil
(1961) reported deterioration of speech in 7 out of 23
bilateral thalamotomies and in 17 out of 28 cases with
pellidal lesion on one side and thalamic on the other.
Krayenbuhl, Siegfried and Yasargil (1963) on a longterm
followup of bilateral cases reported aggravation of speech
difi'iculties in 60% of cases with postoperative aphony in
137, hieyers (1963) found reduction in voice volume and
central dysarthrie 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 f.gures increased to 6% and 18.
Approximately one fifth of his patients had dysphasia which
was not included in tane figures of the other authors quoted
abvove. On the other hand, Gros and his colleagues (1963)
and Wycis (1963) did not feel that speech disturbances occurred
to a greater degree after sacondhhsmisphera SUrgery. The
numbers of cases studied by them, however, were relatively
small,

In conformity with the findings of many autnors it
was seen in the present series that sg eech 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 safter the first
operation therefore would be a rclative contraindication for
the second.

£ sinjlar situation applied to the prcsence of
slurring. Of 25 putients who had severe and permanent
slurring after the second operation, 13 had sowe degree of
slurring before or after the first operation.

Most of these iesions involved both the capsule and the
thalamus and it was aifficuit to determine whether either
or both were involved in the proauction of these complica-
tions. Krayenbuhl and his colleagues (1961) implicated
the thalamus and paliidum in similar situations. Culot
(1961) and Penfield (1963) implicated the thalamus.
Bertrand and Martinez (196.) implicateu the capsule. A
study of the lesions created after depth electrical recording
would provide the final answer to this problem.

(g) PEsychologicai and Intellectual Deterioration

Krayenbuhl and his colleagues (1961) noted psychouwotor
disturbances in 8 out of 23 bilateral thalamic lesions and
17 out of 28 cases wit: 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. Nevertheles ., these complications tended to

occur in a small provortion of patients considered to he
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within normal range after the first operation or only
slightly deteriorated. Precipitation of mental depression
associated with some return of treumor and festination was
noted in 9 cases after the second operation. In six of
these, the symptoms respondea very well to Imipramine
(Tofranil) or Amitriptyline (Tryptizol) which restored the
petient to his satisfactory preoperative state,

Intellectual or emotional deterioration was noted in
six cases. Four of these were affected by such deteriora-
tion moderately severely preoperatively (early cases in
the series). Such deterioration 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 definite precipitating
factor could be found.

Spiegel and Wycis (1962) suggested thaut bilateral
lesions affecting the nucleus ventralis anterior also
interrupted fiber systems connecting the dorsomedial nucleus
w.th the frontal lobe, since these fibers passed through the
former nucleus. They were of the opinion that a psychis
syndrome similar to that following bilateral thalamofrontal
interruption may then ensue. No such complication was
encountered in the present series, probably becauss the
lesions were not sufticiently large or medial to affect these
fiber systems.

A point of particular interest and i.portance in this

series was that the patients continued to improve for a

long period after their second operation, sometimes for more
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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.

(h) Dyskinesias

The other dyskinesias formed a small group and were
concerned with the treatment of spasmooic torticollis,
Wilson's disease, idiopathic intention tremor, familial
tremor, choreoathetosis (2 cases) and torsion dystonia
(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 .ntention tremor
'(familial and idiopathic) in whom the involuntary movements
were totally abolished enabling them to resume full and normml

activity.

(1) Longterm assessment
In the /3 cases of Parkinsonism operated bilaterally,
overall assessments of results could be classified as below.
Grads lo. of cases
1. Cured 0
2. Satisfactory reduction of symptoms without
complications Ll

(a) Total abolition of tremor and

rigidity 4 cases

(b) Satisfactory reduction of tremor

and rigidity 37 cases
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3. Satisfactory reduction of symptoms wiyth
complications 27

(a) Total abolition of treumor and

rigidity 8 cases

(b) Satisfactory reduction of tremor

and rigidity 19 cases
4. Slight reduction of symptoms 5

TUiaL 73

On a leng term followup, the patients (and relatives)
classified their own condition as shown below. (66 cases
with & minimum period of followup of 5 months)

. s ) > s
A = Full working capacity

b - Reduced working capacity
C - Protected circumstances with minor home
responsibilities
D - Ambulant but requiring some nursing care
E - Bedridden invalid requiring constant nursing
care
Preoperative Po§toperat1va Postoperative
improved worsened
Grade | No. of To higher In same In same | To lower
! cases grade grade grade grade
& @ 0 2 0 0
B 27 5 18 2 2
c 21 6 11 * 3 1
b 16 9 L * 2 i
E 0 0 0 0 0
TUial 66 20 35 7 i

* include one patient who had two coronary attacks

and three who sBustained fracture of the neck of femur some



weeks af'ter operation. The patient's grading includes

disability due to these complications.

(§) Sunuacy

Eightyone cases treated by bilateral stereotaxic
lesions, most of them capsular, were analysed. iirror
lesions were shown to be harmless.

Reilef 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
hewiballismus 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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CHEAPTER 10

Pure Capsular Lesions

"In 1935, it appeared, we knew everything; todey we
inow nothing, This is the coneummation of a century of
investigation upon the pyramidal tract as Bucy now presents
it to us., Of course, it is inoredible".

«= Walshe,

"If a zan will begin with certainties he shall end
in doubts; but il he will be content to begin with doubts
he shall end in certsinties”,

-- DBacon,
(e) Introduction

The present study started with many doubts., No
previous assertion was accepted just because it was printed
in textbooks.

 Using the Gillingham method of stereotaxy 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 nucleus by eliciting evoked potentisls during
depth electrical recording. It was also shown that
sensory complications could be avoided by using a high track
to reach the targets.

The structure of the posterior limb of the internal
capsule was shuwn to be different from the classically
accepted view, 1t was demonstrated repeatedly that

capsular lesions in the medial part of the posierior limb



252

of the internmal capsule were situated sufficiently far away
from the pyramidal tract to avoid any postoperative
pyramidal defiecit,

It was demonstrated that tremor could be abolished at
different levels, Rigidity was considerably reduced by
thalamic lesions but of'ten 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 thabmioc or pallidal lesions, Only
capsular lesions appeared to abolish or improve oculogyrie
attacks,

Bilateral capsular lesions were not associasted with
any major deficit. In fact the inecidence 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), Gillinghem (196%) and
Jinnei and his colleagues (1961)., Only Gillingham carried
cut transcapsular lesions extending across the whole breadth
of the internal capsule, Individual anatomical variations
however made it difficult to plece a lesion only in the
capsule without enorcachment on the adjacent thalamus or

pallidum,



253

(b) Pure Capsuler 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 intermal capsule were -
acourately defined and a stereotaxic coagulation lesion
was placed entirely in the capsule, This was the logical
next step in the evolution of stereotaxio surgical treatment
at Edinburgh af'ter the creation of transcapsular lesions by
Professor Gillinghem, the development of depth electrical
recording and the [indings of the present author
elaborated in tne previous chapters of this thesis, The
details o' the lesions, with their efleets on the patients,
in these seven instances are given below,

Case 1: MHrs, £,0,, aged 57, had suffered from tremor
in her right limbs for 22 years. Preoperatively she had
advanced rigidity and merked tremor in both right liabs 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 capsular lesion was
made or the left side. The anterior end of the oral
ventral nucleus was derlined at 15.5 mm, behind the pailidal
target. The anterior end of the reticular nucleus was
def'ined at 11.5 mm, behind the pallidel target. The
pallidoecapsular junction was defined at 3.5 mm, behind the

pallidal target. A single cosgulation with the electrode
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tip at 7 mm. behind the pallidal target was done up to
calibration 3 on th: (izthermy machine, 1%t wns estimeted
that the lesion woull extend from 5 mm., to 11 mm, behind
the pallidel target. This was a pure capsuler lesion but
did not involve the whole breadth of the capsule or the
retieculsr nucleus,

There was immediate and total abolition of tremor and
rigidity. HNo pyramidal deficit was apparent at the
conclusion of the operation, although there wes minimel
weakness of handgrip during the coaguletion,

Forty=eight hours after cperation, presumably as
oe dema extended around the coagulation lesion, she developed
slight dysarthria, minimal wealness of the right handgrip
and dragging of the right foot. She was incontinent for
36 hours after operation., All these features rapidly and
fully resoclved ovir the succeeding 48 hours, There was
no evidence of’ Cyspnnsia at any time,

#hen reviewed ot the eonvalescent hospiuel ten lays
after operation there was slight reour:cnee of Lizmor in
both right limbs under stress slthough it was still very
much less than the amount of tremor she hed preoperatively.
Two months after operation she was back to full activity as
a housewife, There was still minimsl 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 o the review two months after operation.
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Sub jeetively she felt much 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 noticed leftsided
tremor for three years associated with some stiffness,
Preoperatively she had 2 moderate degree of tremor and
rigidity in the lei't 1irbs with only a trace of tremor on
the right, There were no autonnic fectures or other
widespread effects of the disease.

On 25th September 1963, depth electricel recording with
audiomonitoring was carried out. Thalamocapsvlar junetion
was defined at 12,5 mm, behind the pallidal target and the
pallidocapsular 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 breedth of the eapsule
but not all of it, The position of the reticular nucleus
could not be separstely defined in this case, Probably it
was not involved in the lesion,

During noagulstion or immediately after it, there was
no evidence of pyrs:idel defieit, ithin 24 hours she
developed a minimal faciel palsy which elcared rapidly over
the next few days. There was slight recurrence of tremor
in both left limbs & few days after operation. Reviewed two

months after operation she showed no pyramidal deficit.
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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. Subjeotively however she felt much more
improved and was more sctive than she had been for many
years,

Lateral distance of the track was 17.1 mm,

Case 5: iiss J. ked,, aged 38, had suffered tremor
and stiffness for tiree yeers when she was first seen in
the department in 4362, In July of that yesr a left
hemisphere stereotexic lesion was carried out in spite of
a reduced voice volume, Tremor and rigidity were fully
abolished in the right limbs flollowing tixis procedure,

Symptoms on the lef't side continued to progress.

She was readmitited for second (right) hemisphere stereotaxy
which was done on 4th October, 1963, There were nc
autonemic features or other evidence of widespread effects
of the diseuse., Psychometric and psychiatric assessment
sugegested somewhat abnormal personality features.

External medullary lamina, retiocular nucleus,
thalamcoepsular junotion and pallidocapsular junotion were
defined at 9.5 mm., 9 mm,, 8.5 mm, and 2.5 mm, behind
the pallidal target respectively. A lesion was made with
the tip of the eiectrode at 5 mm, behind the pallidsl
target using a maximum calibration of 4 on the diathermy

maehine, It was cstimated that the lesion would extend
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from 2,5 mm, to 9 mm, behind the pallidel turget. This
was a pure ccpsular lesion but involvement of the reticuler
nucleus could not ve ruled out,

During coangulation and immediately after it she did
not show any involvement of the pyramidal tract. Voice
volume was unaffected by surgery.

Twenty four hours af'ter operation she developed a
mild central facial palsy with slight falling of' the
outstretohed arm, These features rapidly resolved over
the next few days.

There was totul 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
oconditions of siress, Otherwise she msintained her
improvement and showed no evidence of pyramidal or other
complications.

Lateral distence of the track was 15,75 n,

Case k: MHrs. J.'., aged 56, hed shown Parkinsonian
symptoms since 1945, Bilateral advanced iremor,
generalised rigidity, reduced voice volume, slurring of
speech, akinesis, excessive sweating, ankle edema and
festination were present,

Depth electrical recording with audiomonitoring was
carried out on 8th November 1963, External medullary
lamina, reticular nucleus, thalamocapsular 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
pellidal target, This would be a pure capsular lesion
without involvement of the reticular nucleus.

During coagulztion or immediately -ficv it, she did
not show any f2eisl pslsy, weakness of hundgrin or shoulder
power or extensor planter response, Eoth tremor and
rigidity were fully abolished by the proecedure,

In the early postoperative period, she showed
minimal recurrence of tremor, Iller mein difficulties
however were with regard to posture and galt, She showed
a tendenocy to fall to the right., Her voice volume was
reduced and slurring was inoreased. There was however no
evidenoce of dysphasia. She hed 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, speech and galt had improved,

There was no evidence of pyramidal defieit, Tremor was
very minimasal under stress and rigidity remained fully
abolished,

Lateral dist:nce of the track was 15.75 mm,

Case 5: iir, A.G.C., aged 40, had suffTered for 18 years
from Parkinsonian symptoms, }ild tremor and moderate

rigidity was present in all the limbs, the right side being
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more affected., There was reduction of voice volume with
extrapyramidal dysarthria. There were no autonomio
features or other evidence of widespread effecis of the
disease,

On 29th November 1963, depth electrical recording with
audiomonitoring was carried out, Thalamocapsular and
pallidocapsular junctions were defined at 13 and 1 mm,
respectively behind the pallidal target. The retiocular
nuoleus could not be defined with accuracy. Coagulations
were done with the electrode tip at 5.5 mm, and 9 mm, behind
the pallidal target using calibration 4.  the lesion was
expected to extend irom {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 evidence of pyramidal deficit.
Presumebly as the wdems round the lesion extended, he
developed a slight central facial palsy 48 hours after
operation, This fully resolved in about i days. lhere
was total abolition of tremor and rigidity which continued
to be absent on a 7 week follow-up, Voice volume was
somewhal improved and slurring was unaffected by the
" operation.

Lateral distance of the track was 15.3 mm,

Case 6: 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 coniincd to the right limbs and face.



Rigidity was moderately severe but tremor was mild and
conf'ined to the upper limb, There were no sutonomioc
features or other widespread effects of the disease,

On 20th December 1963, depth electrical recording
revealed the thalamoqapsular end pallidocapsular junctions
at 14 and 3 mm, respectively behind the pallidal target.
Cosgulations 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 14 mm,
behind the pellidal target, a pure capsular lesion., The
reticular nuoleus could not be defined separately in this
ease,

There was at no time any evidence of pyramidal
deficit, during or after operation., Both rigidity and
tremor were fully zbolished but a trace of rigidity
returmed within a few days after operation.

4t a second review, seven weeks aiter cveration about

507% of preoperative rigidity was seen to have returned and

he was again dragging his foot, It was not certain whether

the lesion was too small or too far lateral,
Lateral distance of the track was 18 mm,
Case 7: Mrs, AW, was 45 years old when she was
operated on the right hemisphere in our department in
January 1961 for predominantly lef't-sided Parkinsonien

symptoms, She had noticed them for 5 years at that time,

There was subtotal sbolition of tremor and rigidity and this

improvement was maeintained over the next three years.
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She was readmitted for operation on the second side,
There was moderately severe tremor and rigidity in the
right limbs with no évidence of involvement of the voice
or autonomic functions.

On 10th January 1964, depth electrical recording with
audiomonitoring was done. External medullary lamina,
reticular nucleus, thalamocapsular junction and pallido-
capsular junction were defined at 15 mm., 14 mm,, 13,75 mm,
and 3,25 mm, resnectively behind the psllidal tsreet,
Coagulation wzs done up to calibration 4 with the needle
tip at 5.75 mm, and 9.75 mm, behind the pallidsl target.
This was expected to produce a lesion from 3.25 mm, to
13.75 mm, behind the pallidal target, a pure capsular
lesion probebly without involvement of the reticular nuocleus

There was no pyramidaldeficit during or after
coegulation, 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 ocases of Parkinsonism treated
by pure capsular lesions suggested that such lesions

(a) w:re followed by considerable reduction or

abolition of tremor and rigidity

(v) were not always capable of causing total

abolition of {remor or rigidity

(¢) were fully free of pyramidal deficit in the

form of even minimal facial palsy, weakness
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of limbs or extensor plantar response, and

(8) were fully free of postoperative speech
dirficulties like dysarthria or reduction of
voice volume,

It should be noted that these lesions were 5 mm, in
diameter und ranged in length from 6 to 12 mm, All of
them were smaller than the standard double ipsilateral
thalamic and pallidel lesions or transcapsuler lesions
done by Gillinghem and considerably smaller than the

lesions of most stereotaxic surgeons.

(e) Conclusion

The structure of the posterior limb of the internal
capsule was deduced by statistieal studies and seattergrams
in the previous chwepiers. These pure canaular lesions,
entirely confined to the posterior limb of the internal
capsule providad the most direet evidence of such a
structure.

Will pure capsular lesions be accepted in future as
the ideel lesion for Parkinsonism because they seem to
interrupt the snsa and faseiculus lenticularis and abolish
tremor and rigidity without complications of speech?

Will they be def'initely preflerred to other lesions for
second side operation and for eases with oculogyric crises?
¥ill 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

Gillinzham (1961b)?  ill they be modified to inolude the



reticular nucleus in ecch cese to produce total abolition
of tremor zs .rcdicted by Aguinis (1963)?  ill the
diseovery of 4l¢ ultinute site of origin o skrormal
"discharges” in [rritinsonism make eapsulor Lesions
obsolete?

No one can answer these gquestions adequately now,
Long years of painstaking snd intelligent research will
ultimately provide the answer to the riddle of Paridinsonism,
But the new concept of the structure of the internsl
capsule might soon be accepted by all in the t'ace of
increasing evidence in its favour,

I camot conelude more appropriately than by quoting
James Parkinson (1817) from his celebrated 'Essay on the
Shaking Palsy*,

"By these repeated cbservations, he hoped thal he
" had been led to a probable conjecture.......... that
analogy had suy;csted sach means as mijght be productive of
relief, and perhans even of cure...... lle therefore
considered it to ve & dubty to submit his o:ninions to the
examinaetion oi’ ohiors, even in thelr preouent stabte of
immaturity and imperfection”",

"Should the necessary information be thus obtained,
the writer will repine at no censure which the precipitate
publication of mere conjeotural suggestions may incur; but
shall think 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”.
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Above: The double ipsilateral lesion advocated by Professor Gillinghaum.

Below: The long transcapsular lesion first done by Professor Gillingham,
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The pure capsular stereotaxic lesion carried out by the

author. Diagrammatic representation on the stereotaxic atlas.

Plate 48-S1.16.
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Diagrams to explain how the double ipsilateral lesion and the tfﬁ;;capsular
lesion are effective in abolishing symptoms.
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i

wetnod of charting lesions on silercotaxic atl-s

5 soon as the surgical proceaure was completea, a
lateral and a PA h-ray were taken of the opaque steel
merker left at the wost anterior sitc of cuagulation. This
was done Keeping the patient still proie su that the marker
could not move hacitwards along the clectirode tracx.

The followins measurements were then mads on these
prst=operative filus.

(1) Distance of the marker behird the posterior

border of the anterior comwissure along the
intercom.issural line.

{2) Distance of the uerker above or below the

intercommissursal line.

(3) Distance of the marker from tne mid-sagittal

plane of the brain determined by the
ventricular systeu and the midline screws
inserted at operation,

(4) Argle between the electrode track and the

intercommissural line {the clectrode track
was marked by joining the central point of
the posterior burrhole in the i-ray witn
the marker).

Taking an example; for Mr. P,C., a patient operated on
the 17th of August 19€2, tue following were the relevant

measuremwents:



(a) Intercommissural Distance 27:5 mn.,
(b) lWarcer behind Ca 3.0 mm,
(c) marker below Che=CP line 1.0 ma.
(d) Marker latersl to micline 17.5 ma.
(e) Angle of track 26°

keasurements (a) anc (b) above were converieo
proporticnately to suit the Ca=-CP length of' the brain of the
atlas of Schnaltenbrand and railey from wnich the sagittal and
horizontal microseries were prepared. This length was
23 mmn. and therefore for & four times magnification for the
microseries, the length would be 92 mn. 50 ueasurements

(a) and (b) for the above case would be charged as follows:

(a) intercom-issural bListance 92 mia,
(L) marker behind Ch = 2 xd 10.03 mm,
27.5

Mcasure. ents (c) «nd (&) were rceduced 107 for X-ray
magnif ication and then multiplied Ly L to suit the
microseries as shown below:

{¢) Marker below Ci=CP line 546 mu,
(a) Marker lateral Lo widline 63.0 mu.

The an:le was kept unchanged since magnificetion would
nct affect the anzle ltetween two linss.

Cn a millimeter graph paper, the intercowwissural line,
C4i, CP ard the wmidcommissural linc were drawn so that
(A=CP = 92 wui.

The werzer {(in this cese at PIP or psallidel turget
point) was plotted 10 mm. bohind and 3.6 ni.. below CA.  The
electrode track was arawn backwaras and upwards f'rom the
marker so that its angle of inclination with the CA-CP

0]
line would be 26 °*



It was assumed from autopsy studies that a s.ngle
coazulation with the tip of the clectrode at zero point up
to a maximum current strength of 4 on the .iathermy nachine
for a duration eof r.ve seccnds woula produce a tulict
shaped lesion resembling a cylinder 4 mu. in length
(corresponding to the length of the coagulating surface of
the electrode) and 5 sw. in d.aweter on which was placed
end=-on a hemisphere > . in diameter, correspondang to the
coagulation made by the tip of the ¢lecirode in front of it.
It was usssused that there was no corresponding hemisphere
of coagulation veninctoe electrode since thas portion of it
was insulated.

For a meximun current strength of 3, the diauctcr was
assumed to be 4 uwm, and for 2, 1 mu. Gurrent strength 1
produced ne permanent macroscopic lesion and current
strength 5 was not usually used.

For each point along the elecirode track wnere a lesion
was made, such a buliet shaped lesion was dreawn and the
composite lesion of ine coagulations done in hr. P.C. is
shown in the ciagram. In his case, coapulations were done
as show.. below:

maximum current strength

(a) At the palliael turret N
(opaque marger)

(b} 3.5 mu. behind pailical
target

N

{¢) &t the thalamic target
(11.5 mw. behind pallidal
targetl; iy
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Since theé graph is a [our times magnification all
distances and dilameters were wagnified four times for
purposes of drawing.

Trhe ertire diagrem was now copisd on celiophane paper
and supeflmpose& on the atlas {or comparison,

It is to pe noted tmat the size of tae lesion ana the
allcged vagaries of diathermy did not interfere with any of
the calculations or conclusions iun this thesis for the
simple rzason that any point studied was tuken as the

central point of a lesion on the clectrode track. The

C#rtesian co~ordinates of poinis on the electrode track

-only were taken into consideration for statistical uanalyses.
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APPELLIX B

Cuestionuaire Usec for Follow-up

(i) FProforma to e fillea in by patient.

FART &

Ref':
1 Have you any tremor? ..cececicecccsscscsns

If so, is it the same, beiter or worse since

oPerations? seeecscescsscscccsscnscne
Yhich side do you have 1iremor NOW? ecisesecccscsvsses

Right side Lef't roth

First operation

[ VOr'Se see |

! Better ... B
| Saie vus S
|

Second operation

Third operation

|
i
i
i
i
|
|
|

ea Huve you any sStiffness? seesscecsscsnnes

If so0, is it the same, better or worse since

Oper&tionS? L R R R I I A I W A ]
Wnich side do you have stiff'ness now? .eeeecesvecuces

Right side Left both

First operation Worse <. W

Better werw A
Same .es S

Second operation

Third operation

3. Do you have difficulty in speaking NOW? .e.essssssass

If so, 1s it the same, better or worse since

OperatlonS? N e N I N A A

If any difficulty, was it after the first or second

operation? ssessssscvessscsccconnsans



L.

7

8.

Vhat is the nature of this Aifficuliy? seescecsccssss
Slurred
Difficulty in finding words
Loss of voice
Hoarseness of voice

Do you have difficulty in writing NOw? eceeecccecsees

If so, is it the same, better or worse since

operations? sesseesecsssssscocssnnssass
What is the nature of this difficulty? .eesecscscecanes
Example = Irregular
Small
Do you have diff'iculty in walking NOW? sceececscccces

If so, is it the same, betier or worse since

operation&'? L B BN B B BN R BN R BN BN B B
What is the nature of this difflculty? sesscansessess
(forwards
Tendency to tilt )backwarus Tendency to run
(sideways

Du you have difficulty in passing water? .ceseecescsse

If so, is it the same, betier or worse since

Operations? LI O BN B B B B B RN B B BN R B B BB B OBE BN B N B A )
What is the nature of this difficulty? seeecesecscses

Hesitancy/leaking

Do you have difficulty in swallowing? eeeeccescscccces

If so, is i the same, better or worse since

operations? ..eseessccccsscccsconsnnes

Do you have attacks of turning upwards of the eyesl..s..

If so, is it the sane, betier or worse since

operations? LR B B L N B B O B
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10.

11.

12,

Are you troubled with salivation? ...ceeeecccesccncss

If so, is it the same, better or worse since

OperatiQHS? Sssevsesssevsnseseases O
Do you have pain? .ceescesscessesnccscans

If so, is it the same, better or worse since

Operations? .eesesesssssasscsssssssass

Do you get swelling of the foot? ...ee..

if so, is it the same, better or worse since

operations? sieececsoccececnccncsonsss

Do you have difficulty with memory or concentration?

If so, is it the same, betier or worse since

Dperationa? sesesssEAsesRsEITESEESRSERSRE S

PART B

Please mark in the blank columns below, against each

activity, the grade to which you telong.

Grade A: No difficulty at all.
Grade B: Can manage but rather slowly.
Grade C: Can manage but only w.th ass.stancs.

Grade D: Require help for entire procedure.

2o



ACTIVITY

BLiFODE

OP<RATTION

LR

OFERATIOn

1st

2nd

Ard

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

Please state briefly your own assessment as to what

PART C

extent you have been aelped by the operation and any other

‘detail which you think will be of help to us.
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APPENDIX B (ii)
Proforme to be filied in by relative

PuR: A
Ref':
Please mark in the blank columns below, against each
activity, the grude to which sceeesecsceccsccccssesss belongs:-
Grade A: No aiffliculty at all.
Grade B: Can manage, but rather slowly.
Grade C: Can manage, but only with assistance.

Grade D: Requires help for entire procecure,

EEPORE OPZIRATION | AFTER OPERATION
ACTIVITY

1st Znd | 3rd|lst Z2nd 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 (E R N ENEREEEEENENEEREEEEEEEEEE RN to b& Slr)-ce

ths first, second or third operation.



H4S eevceesssscaneaese Ccnanged and if so, what is the
change?

a. liemory.

b. Concentration.

c. Emotions.

d. Personality.

~« General Activity.

f. General Interest in Life.

2, Please state to which Grade ssevesssssssssnsssasssscnsse
telongs to, before and after operations:-
Grade a: Full working capacity.
Grade B: Kkeduced working capacity.

Grade C: Protected circumstances - minor home

responsibilities,
Grade D: Awmbulant but requiring sowe nursing care.
Grade E: Bedridden invalid requiring constant
nursing care,

Please state briefly your ownr assessment as to what
extent IE R NN RSN EEENEEEREENENENENNENENRNENNENENRH:S}N] has ‘been helped
by the operations and ary other detail which you think will

be of help to us.

27



230

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 cnange since operation.
If so, what is the nature of th.s change.

1. fremor Right Upper Limb,
2. Tremor Right Lower Limb.
3. Tremor Left Upper Limb.

e S“remor 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.

1l. Difficulty in walking.

12, Lifficulty in swallowing.

© 13, Difficulty in micturition.
t 14, Oculo=-gyr.c crises.

15. Salivation.,

16. Pain.

17. Oedema Feet,

18. kiemory.

.19, Concentration.

- 20. Drowsiness.

.21. Confusion.

12z, Dysphasia,

<3. Personality changes.

24. Sensory deficit or paraesthesia (face and upper limbs).
5. iotor weakness,

26. Reflex chunges (especially extensor planter).
27. Imbalance,



PART B

Pleause gstate brisfly your own assessuent of the patient
before and after operation with regard to any other matter
wiiich you think will be of help to us,. In particular, I
will be glad to xnow whether the operation has helpeu in
the mecicel managewent of the case ana whether the patient

requires the sawe cosage of drugs now as before operation.

281



APPLNDIX B (iv)

Proforma regarding attacks of oculogpyric crises

(turning upwards of the cyes)

Patient's name:

Present address:

pefore lat After 1st After 2nd
operation operatlion operation

Frequency of attacks
Duration of attacks

Severity of attacks

Are the attacks associlatec with sieepineds
or a feeling of confus.on?

What, if any, drug or action relieves these
atiacks?

How much do these attacks disable you and
interfere wiilh your worx and daily 1ife?
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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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N 1817 James Parkinson published his celebrated

essay on ‘the shaking palsy’, and this detailed
description of the diseass 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
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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



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 kyph031s, a flexed neck, open mouth,
and difficulty in swallowing. Voice volume 1is
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 mow 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
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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
5Smm.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-opague 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 meglect 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,
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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 Wyecis 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. Tn 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. [t
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 wventricular

288



130 The Madras Clinical Jowrnal — December 1963

system of the brain is outlined. The
co-ordinates of the desired deep intra-
cerebral target are now ecalculated
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 neurophysio-
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 thisissatisfactory, injection
of destructive agents (chemopallidos-
tomy. chemothalamotomy) or deep
cooling (eryothalamotomy) 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.
Destruetion may be done by radio-
frequency, diathermy, cooling,
cutting loop, radioactive isotopes or
injection of aleohol. (¢} 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 ulignment. The
electrode reaches the target only
along a fixed plane. Thisis an adven-
tage as well as a drawback in these
methods. (e) MeCaul's 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 practisced
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. Ingeneral three methods-
one very accurate, another modera-
tely accurate (with an error of not
more than =10 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 MeCaul
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.



In Professor Gillingham’s series in
Edinburgh the immediate operative
mortality has been 0:25%,. This is
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many clinies to perform bilateral
stere tactic surgery with minimal
complications.

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 (0°25".), hemiballismus (1'.)
and other major complications have
been extremely rare. Kven 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 farin
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

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. Intentiontremor 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.  Aection
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.

Gaif : Dragging of the foot, shuffling,
lack of swinging of the arms and
slowness can be improved by surgery.
Propulsion, retropulsion, festination
and rooting to the 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
nuuscles from hypertonus. Exercise
and supervised physiotherapy can
easily correct the faulty posture in
the postoperative period.

Handwriting : 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 : Tixed 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 : Thisis 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. 1In
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 foel
not revealed otherwise can be detec-
ted and destroyed using chronically
implanted multiple deep cercbral
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 el-ctric chorea as
well but 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

o
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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 controlliug
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 ahscess 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 Gillingham 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 the
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

The Madras Clinical Journal — December 1963

group and stereotactic surgery would

be required to a much greater
extent.

I am grateful to Professor T. 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 Nucliei

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 (19uL3/ 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 avove 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 (1) the anterior ventral with striatal
connections (2) the lateral ventral with cerebellar
conrections and (3) the posterior part consisting of (a)
posteromedial ventral receiving trigeminotialamic fibres
and (b) posterolateral ventral receiving the spinothalanmic
tract and lemniscus.

The terminology followed in tnis 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 VP of cat and monkey) would seem to be
VeCeBoiay, Veceped. and V.c.p.ca.i. The part of’ the

sensory relay nuclei receiving fibres from the trunk and
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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
simplifiied extract. Apart from those of Guiot and his
co-workers, the present study is the first detailed one on
hulan 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 facc, of upper limb, etec. rather than the

minute subdivisions of Hassler which cannot be recognised
in the living patient by present methods.

The names Voa and V8p for the anterior and posterior
parts of Hassler's oral ventral nucleus neve 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.s. Dorso-oralis externus
D.o.1i. Dorso-oralis internus
D.im.=s. Dorso-intermedius superior
D.im.e. Dorso-intermedius externus
D.im.i. D

Orsg-intermedius internus

D.c. Dorso-czudalis

D.sf. Dorsalis superficialis




Zentral Nucleus

Za0a

Z|in1.e‘

Z.i-m.i.

Z-c.en

Z.c.i.

Ventral Nucleus

Zentrolateralis oralis
Zentrolateralis intermedius externus
Zentrolateralis intermedius internus
Zentrolateralis caudalis externus

Zentrolateralis caudalis'internus

V.0.a. Ventro-oralis anterior
Veo.i, Ventro-oralis internus
V.o.p. Ventro-oralis posterior
V.0.m. Ventro-:ralis medialis
Ve.im.e. Ventro-intermedius externus
V.im.1. Ventro-intermedius internus
Vecoas Ventrocaudalis anterior
V.c.a.e.
V.c.a.i.
Vec.pe Ventroca.dalis posterior
VeCopeto
VeCoPels
V.c.pc. Ventrocaudalis parvocellularis
V.copc.o.
V.c.pcais
V.c.po. Ventrocaudalis portae
Jaterapolar ucleus
Le.poes. Lateropolaris supurior
L.po.e. Lateropolaris externus
Lejp0eds Lateropolaris internus
L.po.mc, Lateropolaris magnocellularis
L.po.be Lateropolaris basialis
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