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The cbjects of the research embodied in

|

iial analysed,; to make certain observations upon the
modern nomenclature =and classification of glicuata.

=

It is a wery great pleasurs to record

‘Royel infirwary, but especially to Professor ldwin

[Branwell and Dre. Alexander Goodall for go generously

their care. ¥y interest in the Pathology of the

Nerveus System was criginally stimulated by

J
Dr. ¥, HE. Reynelds, and his able guidance has always
been most wiliingly given. The facilities for the
animal experiments were wost courteocusly given by fir
David Vilkie, =2nd were carried cut in the Surgiecal

|

Research /
i

this Thesis were, firstly, tc deterwmine the exact

|

;

nature of neurcoclia, seccndly, to observe its benaviour

under atnormal cemditions, and thirdiy, frow the sater-

wy indebtedness and zgratitude to wany colleacsues in the




|
|

L}

Resgearch Department.

tledge my indebtedness

faithful reurcoduections

in ‘eolour.

stly I should like to acknow-
T. John Grieve for his
the preparations il.ustrated




It seems probable that the interstitial
tissuss are an important factor in the process of

nutrition of the nerve cells.
|

Before studying the method by which

nutritive exchange of the celi is brought apout, it

{is essential to be thoroughly conversant with the
|

structure and arrangement ol the elements concerned.

As the viewsat present held o¢n the struct-

:ure of neuroglia are widely divergent, an investi-

tgation, ewbodied in this thesis, was undertaken to
lascertain which teacliing I wyself should follow.

It is well, first, to recapitulate briefly
the pecints in the embryological development of the
neural tube vhich ar- of importance in this study.

At a very early stage of embryological
iife, certain cells of the ectoderm become folded in
as the neural zroove. By further proliferaticn

and /




Fig. I. - Microphotograph of a paraffin section cut
transversely through a 124 hours! old
chicken embryo, showing the general anatonmy
of the spinal cord, dorsal root-ganglia,
and sympathetic ganglia. Sy Dy C,
Ependymal, mantle, and marginal layers
respectively of the spinal cord. 4, Dorsall
root—-ganglion. &€, Sympathetic ganglion.
f, Notochord.



Fig. II. - Microphotograph of a frozen section im-
spregnated by the silver method described:

taken from a 124 hours'!' old chicken embrio
and showing the same general structure as
in Fig. I., but with the dorsal roct and
sympathetic ganglia more emphasised.
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and invagination, the groove becuises ccnverted into

a hollow tube. FTrom the c=l1ls ceowpesing the walls

of this tube are developed the parenchyma ani the

greater part of the interstitizl cells oI the central

nervous system.

Soon the cells of the neural tube arrange

| themselves into three distinet layers or zones.*

1. The Innermwost or WAcendywsal" ILayer:—~ This is
composed of large rounded cells with nuclei rieh in

the
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chromatin. In secticons of the tube
cells are seen to be underzoing witotic divisicn,
and to these the name of "germwinal cells" has been
siven. Division of cells, that is, the so-cal_.ed
germinal cell, oecurs only in this zone.

Certain of the cells of this layer later-
become differentitted into the ependymsl lining of
the ventricles of the brain and‘of the central

canal /




canal of the spinal cord.

2
e

oif cells derived from the germinal celis. The
are of three distinet structursl types. (a)
neuroblasts are large cells reszmbling those of

ependymal zone but vhich have develouved process

The Middle or M"ilantle" Iayer:- This is composed

y

The

the

es,

namely, the primitive axon znd dendrons, =2nd which

later become the neurocytes or nerve cells.

(b) The spongioblasts are coluwnar in type and
nuclel are much smaller than those ol the neuro
:blasts; these cells are the precursors of the
neuroglial cells. (¢) The remaining cells ar

similar in appearance to those of the ependymal

layer, and histologically have not yet difierentiated

into neuroblasts or spongioblasts; they are ca

therefore, "indifferent cells® and represent a

in the development of two fully differentizted

elements. /
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Fig. III. - Microphotograph, low power, from same
preparation as Fig. I., showing the
relationship of the spinal cord to the
remainder of the developing embryo at
that stage.
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elements. Indifferent celis may persist as such or
develop into neurogiia or, during prenatal life,

into neureblasts.

4., The Quter or M"iarginal" layer:- This consists of
processes of the spongioblasts cf the mantle layer.

The development processes way be summar-
:iged in the following scheme:-

ependymal cell
fneuroplast-neurocyte
Primitive( ‘ (nerve cell)
cell germinal-~indifierent
cell cell
spongioblast-neuroglia

There remsins to be considered the devel-
cpment of the nervous ganglia, nawely, tne dorsal
root-gangiia and the sympathetic ganglia inciuding
the medullary pocrtion of the suprarenal body.*

Then closure of the neural tuce is com-
:plete, it is ccnnected to the surface ectoderm by
a longitudinal ridge of celis called the neural
cresth Trnis soon beccmes sevarated from the

surface /

[ Big. TTE %5 Fig. IV,




surface ectoderm, wut remains attached to the dorsal

portion of the neural tube and frow it, by a process

of budding, are formed the cranial and spinzal

sensory root-gangliia.

The ventral portions of the spinal ganglia,
|

from the level of the first thoracic dowvmwards,
separate off frow the ma2in wass and form the ganglia

of the sympathetic chain and mseduilary portion of

the suprarenal bodies.

Historical:- By the introduction of a special

was the first to demonstrate satisfactorily the
structure of neuroglial cells. His method gave a

silhouette picture of the neurczliisl cell and depicted |

b P
# The essential difference between staining and im-

:pregnation is that in the former the colcu;ing matter
enters into molecular compinaticn vith the stainable
tissue, whereas, in impregnaticn, the metsl is pre-—
icipitated on the surface of certain selected cells
and tissue cowmponents.




it as stellate in form (astrocyte). He described
two main types; in the first, which was that more
commonly found, the cell possessed long, fine, un-
:branched processes (fibrillar or soider cells); in
the second, the processes of the cell had nuserous
pranches which terminated near the cell body (arbor-
ltescent or protoplaswic cells). He recognised the

neuroglia as couposed of geparate and distinct cells

with processes which penetrated vetween the nervous

elements.

As the outcome of wuch work, Veigert
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uced a staining wethod which was specific
%for neurcglial Iibres, and by this he demonstrated
%ith srester clearness the fibrillar elemsnts of the
mevurcgl ial cell. It is to Weigert'!s studies that

we owe wuch oif cur knowledge oI the nature of neurc-

t£1i31 fibres and their relaticnship both to each

other /




1
the fibres were developed either in the cell or under

its influence, and that later they were coupletely

separated frow its cytoplasmic body and cawe to lie

iree. This concepticon of the developiuent of neuro-

to occur in the case of fibrous tissue.

{s]

The chiefl disadvantage of Veigert's melhod

v}

ol staining were, that it was capricious even in his

own hands, and that it could be used only on huwan
tissue. lior=sover, although by this method the
nucleus was stained in addition to the fibres, the
cytoplasu was not stained; since Weigert never suc-
iceeded in combining a cytoplasuic stain_mith his
specific method, he concluded that the neuroglial

nucleus was surrounded oy so thin a filw of cytoplasm

that it was not demenstrable.

|
|
: Veigertls /
|

lother and to the nucieus of Che cell. He tsught that

;:51131 fibres was similar, therzfore, to what is unown




Weigertts work lsd to wuch investigation

on the structure of the neurocglia. A great deal of

\this research was directed tovards demonstrating
the eytoplasm of the cell in adiition to the nuclear
|
land fibrillar elements.

In connection with this work,-  special
mention must be wade of thut of Hardesty (12028)°
|
‘and Held (1%03).° These workers maintained that
the synecytium formed by the spongioblast of the
neural tube, as described by His, was retained ver-

:manently by the neurcglia. Accoriing to them,

the neuroglia was composed of a richly branched
cytoplasuic syncytium, at the nodes of wnich were
embedded nuclei, and which was strengthiened as

a supporting element by the development in it of
fibres. As a result of this conception of the

| structure of the neurcglia, Held suggested that the

neuroglial /




neuroglial cytoplasm formed a pathway for the nutrient

exchange between the lymph-vascular systems® ana the

re

functional nervous elewents. It will be noticed,

therefore, that =o important distinction between the

teaching of ths two schools of Veigert and of Hardesty

|
and Held was, that the latier malntained that the
i

[fibres were intracellular, whereas according to

Weigert they were extracellular.
The present day conception of the structure

of neuroglia is founded very largely upon Golgi's

original silvef impregnation methods 2and is associated
witkh the names of Cajal, Hortega, Denfie;d,é’ﬁ and
lothers of the "Spanish School.™ iy own investi-
:gations have led me to accept their teaching.

Stated /

ar

*¥ In the brain and spinal cord there are no closed
lymph channels. The lymphatic system is compesed of
\the clefts ("Virchow-Robin spaces®) betwesn the con-
inective tissue fibrils and cells which form the ad-
:ventitia of the blood vessels. The wmembrana liwitans
perivascularis and the external adventitial layers are
If%Osely velded together, there being no space ketween
CIEN o
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Stated brieily, neuroglia consists of

‘separate individual cells; the fibres are intra-

| tcellular;

and the cells consist of several types.

Cajallo separated the cells of the central

nervous system into three components:i:-

1. The nervous parednchyma.

2+ Astrocytes, some of which contain

fibres, "ribrous astrocytes,! and etherswhich do

|not contain fibres, "proteplasmic astrocytes.”

o, Cells differing structuraliy from

the astrocytes in that they posess no processes, and

vhich he named "the third elewent of the central

nervous system" (1213

£l
o
ot

Later Hortepa (1921)11 shoved that tne

cells comprising "the third elewent® of Cajal actually
had processes, and he differentiated this group into

vpes, according to their structure =nd vhat he




believed to be their origin and function. These

ltyres he nawed (a) oligodendroglia =nd (&) microglia.

[ I propose to ccnsider in greater detail

|

|

|

{these types of interstitizal cells and to deal not only
with their structure and distribution, but, so far as
lour present day knowledge alliows, with their functicn,
It may be wenticned here that certain
ifunctions comion to all the interstitial cells of

[the central nerveous system have been suggested. Of

thase, it is certain that the cel:i:s act as the sup-

a“e

porting structure of the nervous parenchyma.
Further, certain authors velisve that the inter-
sstitial tissues may act as an insulating medium
preventing dispersion of nervous impulses to neigh-

:bouring paths. Again, it has been waintained that




Fige V. - Coronal section through the white matter
subjacent to the cerebral cortex showing
the distribution of astrocytes. The
cells are fibrillar in type and in several
instances a orocess is seen terminating in
a vascular foot—plate,

(Section treated by Cajal's gold
sublimate method.)
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blood vessels.

Astrocytes:- As alrsady noted, astrocyles are ol

———

two types, namely, those containing fibres, and

those having no fibres developed in their cytoplasw.

Both types of cells are large and have many
|

i ~ ro IO s
|IDrOCEesses. These vary in liength; many of them can

be traced for considerable distances from the peri-

are shorter. At least

w

tnuclear ecytoplasm, othear
one of the processes of every asirocyte is implanted

upon the adventitial wall of = capillary or smaller

blood vessel. The implantation takes the form of a

3
s

U
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ismall pyramidal expansicn of the cytoplasmic process

and is known as the "vascular Ifoct-nlate”.* The

length of the orocess concerned depends naturally on

the situaticon of the cell rel:ative to the blocd

vessel. Where the process is short, it is usualily
iof considerable diameter.™ The nucleus is large,

relative /

* Piegs. ey Vle; VIT: U =S e T [




lhelative to the perinuclear cytouslasm, spheroidal

and rich in chromatin.

Most authors agree that both types of

astrocytes have the power of multiplying by amitotic

— D

Fivision

|

' In the Wibrous" type oi astrocyte the
fibres vary in length and thickness 2nd gows of them

way be traced for a very considerable distance away

%rom the cell body. The iibre distant f{rom the

cell body is covered by so thin a [ilwm of cytoplasum

that the envelope is 1ittle more than a prolongaticn

(o}

the cell mewbrane, The fibres have no free ends
1 the perinuclear cytoplasm;® each individual fibre
#ay be traced from one proces: into another, sveeping
2st the nuecleus as it passes thrcugh the overinuclear

D
[
|
| =
rytoplasm. In no instance has a libre been traced
| =

from one astroecyte into another.

T,
o}
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On the surface of the central nervous sys-
tem the neuroglia is condensed to form a limiting

membrane (rembrana limitans superficialis). As the

iblood vesszels penetrate into the central nervous

:systﬁm from the pid water they carry with them a

|

igrolongaticn of this superficial liwmiting membrane
|

|

\(nembrana limitans operivasculsris), and thus every-

b

[srhiere the vascular tissue is definitely sepaprated
|

|
|
|
|
!
jand consistence of this condensation of neuroglia is
|

1ial fipres and,

18}

iaue to a rich development of neuro
in the case of the wembrana limitans gerivascularis,
of vascular foot-plates.®

‘ Astrocytes are present throughcut the

|

jwhole of the grey and vhite matter of the central
nervous system. The majority of the astrocytes in

the grey matter are of the "protoplssmic® type; in

the /
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from that of the cerebrospinal substance. The strenztl
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the white matter and in the wewbranz limitantes the
"fibrous" type largely predominates.
Cne undoubted functicn of the astrocyte

is to support the nervous parenchyma. That every

+

astroc) te should have a process vhich brings it into

relatiocnzhip with the lymph-vascular system and that

jthe process should be expanded into the structure
|5 . ; .
alreaily described as a "vascular foot-platenm is g

fact very significant in regard tc the nourishment

of the ceil. It seems high.y probable to me that

the foot-plates are developed to give a greater ab-
isorbing or excreting surface and that they subserve
the function of nutritive exchange between the

pstrocytes and the perivascular spaces. Joreover,

such 2 thesis does not depend upon the presence

of a syncytium since each individual astrocyte is
in relaticn to a blood vessel and its accompanying

Elym_r;h /




lymoh spaces.
|
Further, if the vascular foct-plates sub-

tserve the funetion of nutritive exchange betwecn the

astrocytes and the perivascular spaces, it seems

|

possible also that the nutrient exchange of the

}

mervous parenchymal cell may take place turough the

astrocyte, as sug:oested by Held (vide supra). Ana-

:tomical support of such a theory cculd be advanced
ifrom the fact that in those areas in wh.ch the so-
|

called bodies of the nerve cells occur, namely in

fthe grey matter, the majority of the astrocytes are
foroteplasmich” in type. This type of cell cannot
give such good structural support as the "fibrousn
type but it seems justifiable tc suppose that it would
form a better channel for the passage of nourishiient
than would the cell in which so much of its cytoplasm

has bezn difierentiated into Zibres. The "iibroush

type /

|
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ltype, moreover, occurs in areas in which the need ior
|

support predowinates over that for ncurishment, namely
on surfaces and in the white matter.

In each situation, the requisite need for

support and for nutriticn may be provided for by the

minority of the astrocytes uresent, namely the

"fibrous" and "protoplasmic" types respectively.

Cligodendroglias— The oligodendroglial cell is
|

|
smaller than the astrocyte and, as its nawe impiies,

|
has few processes; moreover, the processes are not

| : < = <
so long as in Cthe former type of neuroglial cell.
ost of the cytoplasm lies at the bases of the larger

processes; the cell does nct possess any fibres nor
1

do any of its processes terminate in a vascular foot-

plate. The nuclieus is ccmparatively swall, but its

|
chromatin is large in amount and therefore compzactly

==

|
arranged.
|

: Oligodendroglia /
|







Cligodendroglia occurs between the uyelin
sheaths of nerve fibres and hence it is often seen
in rows in the white mattsrd A certain number of
swall oligodendroglial cells occur in the grey
matter where they act as "satellites" to nerve
cells, thelir processes wrapping theuselves arcund the
parenchymal cell.

Oligodendroglia is very abundant and
copprises the majority of the interstitial cells

of the central nervous system. It is plentiful

in young animals, especially auring the pericd

| of maximum myelinisaticn, and at this time the

¢cells are particuliariy rich in granules. ¥rom

these twe facts wmany authoritie:s believe thnat this

type of cell is concerned in the seeretion of wyelin

| around the nerve fibres within the central nervous

system., Further, from tihis anatomical relaticnship




19

to the nerve fibre, 1t has besn suggested that there

is an analogy, poth structurally and functicnally,

between olizodendrozlia within che brain and cord

!nnd the neurolewma vhich envelopes the myelin

sheath

lof the peripheral nerve fibre.
|

Oligodendrogliin is not an immature form of

L
ol

\astrocyte; it 13 s specialised neuroeglial entity, and
in svecialisation has lost tue pover of reprcdaucticn.

In passing, it snould be mentioned that cli-

odendroglia having the norwmal histological structure

5]

s seldom seen in human upost-mertem material. It

s

very rapidly undergoes awtolytic changes as a result
of agonal =and rost-mortem processzes.

|

|

‘ It is interesting to note that, in 1800,
i

|

|

3. o -I‘h a 2 3 1
Ford Robertson—~ described certain cells which he

|believed to be of mesoderwal corigin 2nd vhich he
named Mnesoglia.n It is now known that these

e







sre the cells designated oligodendroglia =nd that '
they are ectodermal in origin.
Microgiia:- These cells are comparatively small. ,

Their cytoolasmic processes, vhich have numerous

branches, are frequently so arranged ag te give the cell)

b ]
(og
153
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lar appearance. The cells ncssess nedither

fibres nor vascular foot-plates. The nucleus is

hja]

small; typieslly it is elongated in shape =2nd con-
[s+tains a relatively large amount of chrowatini®

Vierogliial cells ar

@

found throuzhout the

central nervous system, but are more plentiful in the

grey than in the white matter. A few of the
"satellites" of the nerve cells are micreglia, the
majerity, however, being oligodendroglia.

Hortega maintains that the miecroglial

cells are mesodermal in origin, =nd his view as to

the crigin of these cells is accepted by Penfield




although the actual transition from the mesodermal
cell to the microglial cell has not yet been demon-
:strated.

Microglial cells are few in number up to

near the time of birth; at birth and during the

first few weeks of post-natal 1ife, they increase

:very rapidly. They are believed to be derived,

chiefly at any rate, from the mesodermal tissue of

Ithe pia yntér in the neighbourhcoa of iﬁs invagination

[to form the choroid plexus =snd from the pia mater

|

covering the under surfaces of the cerenral peduncles.
From these sites, the microglial cells

spread torocugh the white into the grey matter, and

after some months are more numerous in the latter.
Microglia mway beccme wandering amoeboid

cells; 1t is believed that they are the chief ele-—

!
:ments concerned in ohagocytosis of particles of

|cerebral /
|




cerebral tis:iue after destructive

processes such as

ceeur in cersbral softening, and in their removal to

the perivascular lymphatiec

and relationshino

Spaces.

#]

shows the origin

o

The following scheme

of the eleuents of the central

nervous system:-

Lesodern

authors

al —mierozlia

_ reurogiia
cligodendroglia

the term "zliozoueg!

have described small rounded bodies occurring

within astrecytes 2nd celisodendroglial cells and

which they waintain are specific for neurozlial-

This guestion has not been dealt with in

| this thesis since I have not yet convinced ayself

as te the nature and significance of these bodies.

Having /
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Having now made up wy mind as to what con-
rstituted thé individual elements of the interstitial
| tissue of the nervous system, I decided tc investigate
a3 number of cases of gliowata in order to determine

what classifieaticn of thiese tumours I sheould follow.

Some twenty-iive cases were carefully examined by the

| varicus wethods which have becn described, inciuding

| both staining and impregnaticn, and I propecse to
describe several of thes: cases in detsil since
IJ..\ 1 -
| these are the ones that were examined most exhaustive-
:1y, and since the clinical features of the cases

have an important bearing on the thesis I propose

first of all to discuss certain of the outstanding

2
e
)
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Q
&
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aspscts in order that the interpretation

of the individual cases way ove wore clearly unier-

:stood.

Clinical Consideraticns:- The study of neurclogy




cannot be gufsued for long before attention is
occupied greatly by intracranisl tumours of the
central nervous system. The reason for this is
that much of the present day knowledgze of cerebral
and spinal funetion has been acguired by ecareful
cbservatisn of syumptoms snd signs produced by nec-

iplasmes in different situaticns of the central

narvous systei. lioreover, the accurate localisation
of tumcvurs has now, more than ever before, become

a matter of the utmost practical iwmportance, since

the onward march of neuro-surzery h.s be-n so

markedly rapcid. To the inexperienced clinician it

may seenm quite a simple matter to determine at what

site interference with the nervous function is -

occurring; it cannot, however, be too strongly

emphasised that much patient study =nd assessing

of the shenomena presented is reyuired before even

a /




o moderate degree of skill is attained in localising
the site of the tumour. Thus, while the grosser
pmanifestations of disease way be evideat, it is only
after much experience that it becomes possible to
separate the signs which are of importance frow

those whi.ch merely cioud the picture. The basis

of this experience must of necessity be wade at the

bedside, 2nd no amount of reading can repluce the

wnowledge thus gained. Ve who live in a generation

in which experimental method and wmethods of precigicn

=
B
o

eing ceomstantly held before us, are toc oiten
tempted to augwent our deficient powers of obser-

ivaticn by a too ready resort tc cne cf these, and
thus tiie modern tendency is to spend too much time

in a study of radiograss =and elaborate reacticans of

the cerebro-spinal fluid to the neglect ol the more

|reaqaily obtainable clinical facts of the case.

|

Thile / ,
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Vhile wishing primarily to ewsphasise the impertance
of bedside training, it is not desired to sug.est
that no nlace ig to be [found by the student of
neurology for certain laboratory tests, but only to
maintain that bthese must be regarded by him, in the
first instance at least, as of merely confirmatory
value.

In the nervous system, as in no other
systeu in the body, is the student able from the
very beginning oi his clinical studies to correlate
and to apyreciate fully the training he has had in

anatomy, physiology and pathology, hecauge it 1s in

| dealing with nerveus disease that he finds himselfl

=

for the first time constantly referring to his

knowledge of all three of these subjects. Although

this truth applies to all forms of orgsanic nervous

disease, it becomes At once apparent vhen considering

neoplasms /




neoplasms of the brain and spinal cord. Brieily
stated, a celinieal neurologist is essentially one who
is well equipped with a knowledge of the preliminary
subjeects of the medical curriculum and whe has
studisd patiently all the available clinical material
for a period of years; all things being egual,
his ezperience is directly proporticnal to the-
nunber of years he has practised.

Before any worbid condition can be ore-
:vented or before it can be treated rationally
when once it is established, the clinician pust
nave a complete understanding of the processes
which consfitute the particular disease. In this
connection, the careiul study ol the wanifestations
of disease as exhibited by the patient has been
emihasised. The researches of the e¢linician
cannot, however, stop al the bedside while the

patient /
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patient is still alive. A valuaple opy ortunity is
given him of checking the ovservations wade during

life and of augmenting his understanding of the
condition in those cases vhich terminate fatallye.
Freguently at autopsy anowalous sizns and sywptouws,
phencmena which could not be explained with certainty
during life, are isade clear. further, siice
disease is a conditicn of cells, celliular pathology,
bothh anatomical and functicnal, must be studied by
him. In many instances, the struvctural relation-
:ship of cellis to each othsr, the anatomiczl changes
in the individual cells, the pressnce of an excess of
cells of a particular Lype way give information of
the utmost value and from wilch may ue deduced much
of the process vhich was going on during life.

Hence to study fully disease, it is of
primary necessity that the clinicisn makes nis

observaticns /
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observations not only auring life bul at autopsy
and later through The microscope.

The good Iortune bo make an eriginal
cpservation of fundemental value is only bestowed
on the very few, but this does not wean that Luov-
e 15 not advanced py the aggregate of ob-

s lBeds

iservati.ns from wany different sources; undoubtedly

it is py this latter sethod that wmany of the import-
rant steps in wedicine are taken. o clearer il-

:lustraticn of these facts can be seen than that
dencnstrated by the recent szdvances in the knowledge
of the structure, wode ef growth, and seguelae of
brain tumours, particularly of those of the glioma
ETOUD.

In supite of their importance, neoplasums of
the brain are relatively infrecuent. As in the

case of all neoplastic growths, they oeccur at all

ages /




iound in every conceivable location within
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the cranial eavity, and vary greatly in their

nathologye. In these respects they differ frcom so
many cother organic nervous diseases. Previous to
1219 wany extensive wonographs had appeared, treat-

:ing the subject frowm wmany difierent standpoints.

Notable among thess arz the contributions

16

bt

o 13 : . Ze LD
of Btarr~, Von lonzkow ", Oppeshein™ ", Tooth

and Heflich.i(

These authors deall with g large
series ol cases and described tumours in almost
every regicn of ths brain. from Cthis time down
to the present day, however, the majority of authors
have been more attracted to the surgical aspect of
the problem and have concerned theimselves largely .
vith the guecstion of dividing these neoplasms into
two great groups, operable and non-operable.

Among recent studies which nave taken up-a more

general /
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general viewpelnt, both clinical and pathological,
are those of Edwin Rramwell (1921)1%, cushing (192237
Cushing & Bailey (1925)29 ang Purves-Stewart (1927)%
In most of the published monographs and
articles the authors deal with intracranial in
cocatradistinction to intramedullary neoplasas.
Maoreover, since certain other cemditicns, Ifor
example, gummata and loecalised tuberculocus lesions
within the cerebral substance (so-called "tuberculo-
:matall) parasitic cysts,ggve rise to clinieal mani-
:festaticns siwmilar to neoplasws at the same site,
it has been usuzl to iaclude these under the terus
intracranial and cerebral "tumours'. However
Justifiable this may be on clinical zand terminoclogical
grouvnds, it is apt to lead to confusion,; and
scientifically, so far as is known, lesions due to
infective micro-organisms are in an entirely difiereant,

category to neoplastic growths.

Further /



Further, metastatic neoplasms occurring

=

'y substance are included in the

new growths of the brain and spinal

It is not surprising, therefore,; that

statistics endeavouring to show the freguency of

cerebral "tusours".and also of cerebral neoplasms in

relation to other diseases of the central nervous

system vary considerably. For instance in the

Vanderbilt Clinigue in America, out of 18,000

Erunsggstates it a

the cther hand Cushing*

75 n=r cent.

=t
=y

‘pear that

was taken, it

two figures.

different /

us disease there were 48 bhrain tumours.
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high as two per cent., but on

Cn
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and RedlicH?* both give

Speaking generally, 1t would ap- -
the average from all diflferent scurces
would be souewhere between these

Then we rewmember the very numerous
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different types of tumour included, it will be
readily understood that even the wost prevalent
form can only have a very small incidence indecd.
Certain teratomata, dermoids, angiomata
have a congenital origin, and othsr very rare types
can be explained as a result of developinental
anomalies. Of neoplasms of the brain it is found
that gliomatz are the wost freguent. They opre-
svonderate over any other class in adults. In
Tooth!s=? summary of 500 cases frew the Naticnal
Hospital, London, 49 per cent. were gliomata.
As the opresent series of cases show, gliomata occur
tiircughout the brain or spinal cord as circumscribed
or diffuse tumours; the zeneral tendency, however,
is toward: diffuseness, and degeneration with
hzmorrhage and cystic formation take place

principally in intracerebral growths. Thus the

symptoms /




symptoms, psrticularly of neoplasms arising in the
hemispheres, are apt to develop intermittently.

Gliomata, as their name iwplies, arise
from the neurocglial tissue or N"glia®. Undcubtedly
the etiological factors responsible for them are of
the same nature az those which cause new growths
in general. Thess factors are unknown at the
present time and it is cutside the provinee ¢f this
thesis to discuss the various theories which have
been advanced from time to time to account for
neoplastic formations.

In this connection, however, menticn must
be made of trauma =ince this has been advanced by
many writers as a causative factor in the occurrence
of gliomata and was indeed a factor in one of the
cnses described below. The type of injury is
usually guite trivial and it would seem reascngble

o f




to suppose that 1n many instances this has werczly

focussed attention on z ore-existing state of

affairTs.

Cliniecal Manifestations:- Although zliowata may

have a greatly varied structure, their behaviour
from the c¢linical point of view is much @more de-
tpendent on their anatowical localisation than on
any cther consideration.

It is important to recognise that symptons,
when these exist at all, belong to on= or clhazr of
two classes; they are either focal or genersl.

The foecal symptoms ap. ear because of involvewsnt of
a particular area or region of brain; whereas

the general symptoms are a manifestaticn of the
compression to which the cranial contents as a whole
are subjected by the growth of the neoplasia. It

follows guite naturally that localisation is

dependent /
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dependent entirely upon focal symptous, a2nd dif-

:ficulty arises when the gemeral symptoms are of

such a nature as to obscure in whols or in part

the value of the loealising Moreover, it

O
=
@

frequently happens that the Zocal symobtoms rewzin
absent or only appear at a much later date than the
signs of increased iantracranial pressure; on the
other hand, however, the diagnosis way be guite
ap.arent at a much earlier date than that ¢f the on-
:set of the general symptoms, although this is more
esbecially the case with endotheliomata =z2nd neuroii-
tbromata. There can be no doubt that both these
classes of symptoms are produced more by compressiocn
than by destruction of brain tissue, because as
increased pulk of the brain arisés, first cerebre-
spinal fluid and then blocd are expelled from the

cranial eavity, and it is from paucity of the

latter /
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latter that interference with function develops.
The developwent of the Jacksonian fits which some-
:tines accompany a neoplasu in the regicn of the
cortex is due to the same mechanism, because it is
a well-knovn fact that wmotor cells bscome more ex-
scitable when their oxygen supply becciies reduced,
and when thus excited they are liable to discharge
with the producticn of the well-inown focal con-
:vulsion.

The general symptoms are indicative of the
Ttumour" as a vhole, irrespective of its special
nature or localisation. Although many difi'erent
symptoms come under this group, the cutstanding triad
are headache, vomiting and papilloedewa. of

lesser importance are such symptoms as nausea,

Q,

izziness, mental changes, scmetimes drowsiness and
different convulsive onenomenae. Then they are

present /




| tendency te be progressive, but citen they vary in

|
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| Later beccmes persistent, being either dull or severe

O -

oresent at all, these general symptoms have a

their intensity frow tiwe to tiwme. Freyuently

they remsain stationary and may in some cases even
regress and disappear.

Headache:- This sywptow is more comuonly present than
1

any cother, and is as a rule an early sign. The

headache usually starts more or less irregularly,

is frequently intermittznt in the early stages and

in type; 4if dull, periods of excruciating exacer-
:bation occur. The brain itself is insensitive, anu
the headache is due to stretching of the dura wmater
and stiwmulstion of sensory nerve endings in its
structure. Only occasionally is it of value as a
localising symptom, it being usually frontal or

occipital snd of no localising value, Frontal

tuvmours /




rise to oeccipital headaches and

tumours often zive
right-sided tumours to left-sided

vice verssa,

headache and vice versa.
This symptom is most frequently found

Veoniting:—
8 8 marked

- |

in those cases in which headache is
are accomp=nied by other signs of

feature and which
intracranial tension. It has

L

reat increacse of

been usual to describe the vomiting a2s "projectilel

lijo3

‘ in type and unassocizated with nausea, out undoubtedly
t is misleading to =emphasize this character, since
reguently the type of vomiting wet witn is indis-

e

Fh

:tinguishable from that found in other conditions,

and indeed ignorance cof this fact must sooner or

later lead to failure in recognising the true sig-

inificance of vomiting in the early stages of
cerebral tumour. hen present, vomiting most
often oeccurs in the morning, and at times it is so

persistent /




persistent as to lead to starvation, exhaustion and

Failure of Visions— This sywptew 1s of the greatest

importance in the diagnosis of cerebral neoplasm.
The actual diminution of visual acuity iz preceded
by changes in the optic nerve head which are so
definite that they czn be seen by the cnthalmoscope,
and one cught therefore te consider this symptom
more as a sign, because actually a very deiinite in-
:crease of intracranisal tension has occurred before
any noticeable defect of vision is to be cbserved.

A very large percentage of all patients show changes
of the cptic,nerve, which vary largely, depending upon
the grade of intracraniazl pressure and the size and
location of the tumour. Those neoplasms causing
intracranial pressure (those situzted in the poster-
:ior fossa particularly) force the cerebro-spinal

fluid /




fluid into the space between the outic nerve and
its sheath; this causes a papilloedema or choked
dise. It is only when this "Choked Dise" becomes
very pronounced that vision begins to fail, =nd as
in wost instances the development of a marked fap—
:illo=zdema is spread over s period varying from days
to months, the advantage of using the opthalmoscope
in every suspected case wust be at cnce apparent.
The failure of vision may be gradual,

erocesding by an increasing peripheral constriction

of the visual 7Field, or it way be of dramatic sudden-

After blindness has ensusd, the pupils

Ha)
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'tend to dilate and to be come imwobile.

Among the less comion indications of an
abnormally raised intracranial tension are a slowing
of the pulse rate, which may fall as low as fifty or

less per minute, an associated rise in the blood

pressure /
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nressure, and abnormality of the respiratory rhythm.
There is also very frequently a progressive dulling
of mental alertness, which passes on tc stupor as

the pressure within the skull rises. In any
situatiﬁn a cerebral neoplass npay give rise to sudden
transient loss of consciousness with or without
generalised convulsion. Such fits, however, have
no localising value. Foecal or Jackscnian fits, on
the oth»r hznd, are most often of localising signi-
:ficance.

Each cne of thzse general sywploms which
have been discussed may vary greatly in intensity in
different cases; all may be absent until the termin-
:al stages of the illness. As a rule general
symptoms occur with greatest intensity in rapidly
groving gliowata, and most parbicularly in neoplasms
situated in the posterior fossa of the skull. On

the /




the othzr hand they are minimal in very slowly grov-
1ing gliomata and in aged psrsons. It is important
to rememier that the clinical combinaticn of head-
:ache and vomiting which may precede any loss of
vision (though not the optie neuritis waich ultim-
:ately produces it) way be observed in individuals

o

whose zeneral state of health appears zood and who

1,

do not seem sericusly ill. Thus Cthere is fre-
tquently a fsilurs to appreciate the possibly

er significance of this symptom-complex, with
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the resultingz omission to examine the fundi of the

(11

G

eyes, and an unfortunate delay belore the correct

disagnosis is made.

Focal Siins:- Before discussing the localising signs

disease of the brain it is anecessary to describe

the variocus ways in vwhich a lesion may disturb the

functions of the nervous system. It is a well

recognised /
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recognised fact that the activities of any part of
the nervous systew which is directly involved in a
focus of disease may ce influenced in either of two
WAYSe They may be diminished or abolished on the
cne hand, or they may be stimul:ated to an excessive
degres on the other. To eite a comuon exsmple - a
lesion involving the central motor cortex way by
stimulation give rise to a foeal or Jacksonian con-
:vulsion, or alternatively by destroying its nerve
cells prcduce motor paralysis. Further, it is a
comuion experience teo find rcoth these efifects cou-
tbined, a loecaliszed fit being foliowed by motor
weskness. The terms paralytic and irritative are
@escriptions of thes< two forms of sywmptoms. lore~
iover, the central nervous system shows a high
degree of local specialisation of Ifunction, yet

normally it acts as a whole, and interference with

any /




any one part of it may be feollowed by disorder of
function in regions leit untouched by disease. Th=
fact can be easily uvnderstood vhen ons considers

the intimate snatomical asscciation and the con-
:gsequent physielogiealk relationsnip of all parts

of' the central nervous system. Disgra=rs of this

| kind are said to be indireetly preduced and like
|

those directly caused are of two crders. Thus

wnen a hzmorrhage cccurs in the internal ecapeule,

the direct result of the lesion is a hewiplegia,

but in addition there is 5 sudden loss of conscicus-—
iness. The latier is an expression of the derange-
:ment of the vhole cerebral eyuilibrium resulting
frecm the functicns ol both cerebral hemisphzres.
being disorganised as a result of the gross destruct-
Then = hzmorrhage 1s the cause, the

coma as a rule continues until death ensues; on the

other /
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other hand, when the disturbaace cof cerebral egui-

:ibrium has been caused by embolisw or throwmbesis

the M"shock" pasges ofi, ail parts ol the cerebrum not

actually destroyed resuming their activity with

the hemiplegia remaining as a more or less permanent

residuum.. But the hemiplegia undergces a curious
change in type: whereas at first it is flaceid,

in course of tiwme it becoues spastic, that is to say,
the muscles which have lost voluntary power begiﬁ

to develon zn excessive tonus and show an exaggerated
type of tendon refiexes and the extensor type of
plantar response. All these phenomena indicate that
certain neurons relesased from the control.ing in-
:fltvence of the others destroyed by the lesicn are -
in a relative state of hyper-activity. Eto¥s
therefore convenient to regard the symptoms of dis-

rordered sction of the nervous system as pelonging

to /
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to one of four EToups. Cf thes: groups, two are
directly produced by the lesion, the rewaining two
being indirectly produced. In the forwmer the
symptoms are either irritative or paralytic, in the
Latter either shock or release. Further, it will
be at once understood that of these, symptoms due to
shock and irritation tend to be transient, vhile
those resulting frowm distinction or release way
persist indefinitely. Certain other factors con-
:trolling the impairment or dissciution of rfunction

nersl

(D

need only be referred to brieily. Thus the g
law that lesions produced acutely cause usually

more intense and extensive discorders of ifunction than
similarly localised and extensive lesicns of gradual
development, applies equally to the nervous system as
tc the othsr systems of the body. Again, when a
glioma is causing dissclution of a high grade

function /
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function, the most reeently =and highly developed
aspacts of that function are impaired at an eariier

time CLhan its older and =impler canpcnents. For

example, in a hemiplegi=z due to involvement of the

mector projection fibres by a glioma, the isolated
and skillied movemsents of the fingers aie more
severzly impaired than the siwmpler aovemzsnts common
to the oroxima: parts of the arm. Again in that
complex motor function, articulate speech, the

power of expressing thought may e the Lirst to be
impaired and later lost. Finally, it must be real-
:ised that the central nsrvous sysites is dependent
te a consideraible extent on the quality snd quantity

of its blood supply. The nerve cell in particular

5

seculiarly sensitive to oxygen starvation, being

S

stimulated at first and then paralysed as the oxygen
drops below normal. The convulsicns of asphyxia

and /
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and those which may accompany sudden profuse
hezmorrhagZe Into the peritoneal cavity are examples
of the hypar—excitability developed by the cell at a
certain level of oxygen deficiency and the ensuing
coma is due to 3 complete cessation of function

from a wore severe ouygen deprivaticn. It is also
yulte oreobable that the Jacksonian fits produced by
compression of the cerebral moter cortex by a glioma
Are brougiot apout by vascular disturbance of this
£ind and not, as is so often stated, by direct
wechanical stimulaticn of the cortex.

m

The Localising S8igns of Clioma:- It now follows

from what has been said avcut the different ways in
which a glioma may disturb the functions of the
nerveous system that not only the localisaticn of the
pathologieal process but also the rate of progressive
destructisﬁ of nervous parenchyma may pe expscted to
vlay a part in determining the character_of the

syaptom /
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symptom—-complex, but actually it is the situation

of the lesion which is the determining factor in the
production of the symptams. As a rule, the more
rapidly the glioma grows, the greater 1s the dis-
sturbance of function te which it gives rise.
Conversely a slowly developing neoplasu may be cowm-
nletely masked for a long period by the development
of functional couwpensatory activities in undamaged
regions of the brain. Thus,whereas a hzmorrhage in
the neighbourhood of the internal capsule will at
once produce gross disturbance of' cerebral function,
a slowly groving sgliowa in this situaticn may reach a

‘ns of osyramidal
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considerable size before definite si
involvement develop.

Further, as will be brousht out in several
of the cases described, it is important to emphasize

that the period in the c¢linical course of a given

caze /
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case at vhich loealising signs =zppear is of great
importance in assessing their value. Ungquestion-
:ably those which develop early have deiinite local-
:ising value, whereas the steady rise of intracranial
pressure wihich acccmpanies the growth of the majorify
of bliomaté causes widespread coupression and result-
:ting defect in the circulation and therefore of the
function in regions of the brain remote freom the
neoplasm. It i3 in this way that "falise loecalising
signs" may become ap;arent in the Iaster stages of

the dizease. The most freguently observed sign of
this category is paralysis of the 6th eranial nerve, |
due undoubtedly to the long intracranial course
which this slender nervelruns. As intracranial
pressure increases, the contents of the vostericr
fossa of the sKuii, the cerebellum and brain stem,

tend to be forced downwarde towards the foramen

magnum /
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magnum, =“nd in conseguence the nerve i: stretched

tightiy over the shsru edge of the petrous bone,

and conducticn slong its fibres is interrupted.

Should, however, =an abducens balsy apoear among the

initial sywptoms of aglioma, it would indicate

direct involvement of either the nerve or its nucleus

by the neoplasm, and thus be of localising value.

"men aglioma involves thoze cortical areas

which stand in close functicnal relationship with

the nrojection fibre systemws - motor, sensory and

visual - it may be exvected to give ris. to recoz-

:nisable

negative

loecalising signs. On the otnzr hand

information may be of walue since there ave

large associaticn areas which are silent ia the scnsze

that diseas« within thew produces no focal symploms.

Hence in the nresence of general indications of a

ziioma and an absence of foeal symotoms the

involvement /




invelvewent of a "silent arca " of the hemisuhere
may be indicated. It is in such instances that

=

by & process of exclusion the site of the neoplasm

can be localised.

In this series of cases there are found
a number of outstanding examples which illustrate
many of the clinical points discussed und also
emphasises the noteworthy and interesting features
of the pathology. It is proposed now to discuss
these cases in some detail and later to reconcile
the lessoas learned Irvom them with the cothers in
the series.

It is noteworthy that thres of the series
were gliomata in the cervical portien of the spinal
cord, a situation in which these neoplasms are

relatively /




relatively uncommon. Two of thess cases cceurred
in hospital, o¢ne in 2rivate practice; each was

| thoroughly investigated clinically and all were

o

| operated upon; 1in the case of the hespital patients
[ complate and detailed patholiogical investigations were

wade, but in the case of the third paticnt it was

only pcszible to examine histologically the waterial

lobtained at operation. The following record
|
I 4 i - "
| brings out clearly the features of thess cases and

| espeeially the pathological lessons that they
| previde.

W.D., male, aged 81, a nmotor mechanie,
irst consulted Professor FEdvin Bramwell on October
20, 1987. The patient had been well until a couple
I months previously; he then began to have sowme
E »ain about the left shoulder, which he was incliined

to attribute to a twist while wzuilhb up the engine
of his car. The pain had gradu=lly got better, but
the upper part of his left arm hrd slowly becoue
weaker; a little later he noticed that the rizht arm
was becoming affected; the weakness in the arss in-
icreased progressively. The deltoids, the biceps
and infraspinati muscles on both sides showed pro-
:nounced weakness with accowpanying wasting The
upper parts ci both trapezii, the sternomastoias and
the pectoral wuscles were acting well, but on the
left side the action of the lower part of the trapezius
was defective. The movements of the hands and of
the wrists were unimpaired. On the thuwmbs, index
tingers /
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| 1eft hand, 90; right hand, 110« There was no inco-

55,

fingers and outer sides of both fore-arms there was

scwe sensory loss to pain though not to touch. The
pupils and palpebral fissures were eqgual. No deform-

:ity, tenderness or limitation of movement of the .
cervieal spine was present. There was no weakness [
in the lower limbs; the knee-jerks were hyveractive
and equal; the plantar reflexes werzs flexor in type.
The tentative disgnosis wade at this tine was that of
a loealised lesion, most probably intermedullary, at
the level of the fourth and fifth cervical segments.

On October 28, 1827, the patient was ad-
imitted to Professor Bramwell's ward at the Royal
Infirmary, “dinburgh. Some days previcusly he had
wakened in the midile of the night with pain in the
back of the neck, but this disappeared after he made
some movemsnts. The weakness of the arms had beccwe
progressively worse 111, when examined in hospital,
the patiznt was qguite unable to 1ift the left arn
and, with the right arm, movement was possible only
below the elbow. On both sides, but to a greater
degree on the left side; the deltoid, biceps, bracho-
radialias, infraspinatus and supraspinatus were
markedly atrophied. The dynamometer readiugs were:

:ordaination or intention tremeor and there were no
fibrilliary tremors of muscles. The wrist and triceps
Jerks were active and egual on the two sides, put the
viceps—-jerk was only Jjust perceptible on the right
side and absent on the left. The abdominal reflexes:
were active. The jaw-jerk was unusually active.

nee and ankle Jjerks were hyperactive, put there was
Nno cicnise. Plantar resoonses were {leior. Tender-
:ness was elicited on pres:ure over the fourth cer-
:vical =pine, but, in contrast to the sensory dis-
tturbance present eight days previcusly, no loss to
pain could now be detected in the arums. 3

On Nowezber 1, 1927, the cerebrospinal
fluild was examined for Wasserwann's reaction and gave
a negative result; the globulin was slightly increas-
:ed in amount; cells were 2 per c.mi.; and the
colloidal gold curve was 0012331100. Y-ray photo-
:zraphs of the cervical region showed no abnorwal
Appearances.

The patient remained in hospital until
January 14, 1S28. During the first part of this
period /




period pain was occasionally prezent in the middle
line at the level of the fifth and sixth cervieal
spines, but was controlled by pyramidon, 5 gr.

Nearer the end of his slay in hospital, houever, the
pain was wore constantly oresent and keot him awake

at night. Treatment at first cgnsi%t =d of potassium
iodide, 25 gr. t.i.d., and mercurial 1nunctlon, later,
hypodermic iﬂj&cticna of '-fr'yr'hru}:lta in increasing and
decreasing doses were substituted. ome tline after
the course of inject¢on. had commenced the increased
tendon reflexes in both legs becalie more exaggerated.
Throughout the patiect's stay in hospital the jaw-
jerk was always eliecited very easily. Befcre his
discharge no additicnal auscles had becouwe noticeably
| atrophied, and the weakness in thosealready afiected
had beccrnie cnly slightly more marked.

On February 14, 18928, the patient reported.
He hai sufiered a considerable amount oif pain in the
neck, varying in intensity. The wuscular weakness
had gradual_ y become more proncunced. Dyranocneter
reaiings were: left hand, 60; rj“ht nand, £5.
There was now a definite ex tﬂn“cr res.onse on the
1eft side, but the right plantar refleh was still
.11e 0T . The patiznt had never experienced any dif-
| :ficulty in walking.

On March 10, 1928, the patisnt again re-

sperted. In Ghe 11te‘va1 uhP neck had become some—
c7nat stiff, but the pain had not been so severe.

The weakness in the hands had progressed and bcth arms
were now practically poweriess. Dynamometer readings
rere: left hand, %5; right hand, 60. hen walking

he experienced a stiffness of the legs and at times he
| tended to stagger. The plantar reflexes were the
same as on the previeus cccasion.

Cn April 13, 1828, the patient was re-
:admitted to hospital. The weakness in the lef't
hand had now advanced until it was absolutely power-
:less, Dynamometer readings were: left hand, 0;
right hand, 20. Examination revealed over the
limbs and trunk, from the fifth cerviecal distribution
dovnwards, a general impairwent of sensation to pain
and temperature, but not to touch. Cerebrospinal
fiuid was withdrawn, simultaneously by cistern and
lumbar punctures. The fluid from the lumbar route
was xanthochromic and the pressure did not vary
either on ccughing or on compression of the jugular
veins; that from the cisternal route was clear and,
on both tests, showed a sharp rise in pressure.
Examination /




| looked and felt tense; the normal space petween it

Clsternal:— Cells = 2 per c.mm. Globulin - a trace.

Examinaticn of the two fluids shoved:-

Jumbar:—- Cells = 17 per c.unm. Glopbulin markedly
increased.

Following these punctures the patient ex-—
:perienced considerapie pain in the geck and snoulders
on both sides, and rapidly became paraplezic with in-
icontinence of bladder and bowel.

The r=espective conteznts of the cerepro-
gpinal fluid frow the two sources showed that a
blockage existed within the spinal theca, somewhere
between the cisternal and lumbar regicns; frowm the
other clinical data, the level of' the lesicn was ' |
undoubtedly in the neighbourhood of the fifth, sixzxth
and seventh cervical sezments.

Professor Vilkie was asked to sse the
patisnt with a view to cperaticn, and it was decided
to perform an exploratory laminectomy.

Cn April 19, 1828; the fourth to the
seventh cervical spines and lawlinz were r=moved

and the underlying dura mater exvosed. The membrane

2nd the posterior arch was opliterated, but the oony
surfaces were nob eroded. The third and seventh

vertebral arches were then removed. The dura was
ineised in the mid-line about the lesvel of the fourth
cervical vertebra. There was a sudden gush of

cerebro-spinal fluid under tensicn, but it was clear
and net pigwented. The incision in the dura was
extended tc the extremities of the wound =and, so far
as could be seen, the vertebral canal was fillied
couplately oy, a grovwth. The growth was exemmined ,
above, below, and at the sides, but no point of :
separation of tumour frcom cord was [ound. The
tumour ccnsisted of a fusilorm expansicn of the sub-
:stanee of the cord. Removal therefore was out of
the guestion, and 10 mg. of radium were laid in tubes

on th§ surface (one tube of 5 mg. and five tubes of
1l ng,).

A/




Fige X. — Illustrates the fusiform expansion of the
cord due to the zlioma.
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A fevw hours after the ocieraticn the
patient died of shock.

Autopsy:~ At autcpsy the brain, spinal cord and

ETin 1 Leninges were rewmoved in one piece. The
fusiforw expansicn ¢f the substance ci the cord
was found to extend from about the third cervical

to the first thoracic seguent. Laterally, and
algo pesteriorly, bz=tween the levels at vhich the
nerve roots entered the cord, ncidular swellings were
present.” The vhole tumcur was surrounded by the
pla-arachnoid wmewbranes and at no place was it ad-
therent toc the dura mater. Away from the swelling,
no apnoruality of the soinal cord was ovbserved.

fter fixing in formeol-aswoniuvm-browmide
for a few days, the cord was examined by wakin |
J 2y ;
transverse incisicns at various levels.

Two szparace and swall hemorrhages were
ftund, cne on eacin side ia the sntero-lateral portions
the cord and extending from the sixth cervical to

.hn first thoracic segnents. The maximuiln zsrza of

thut on the right side occurred in the seventh cervical
Segment. The hsworrhage on the leit side was smaller |
in transverse extent tunn was that on the rizht.

In sections talen transversely thrcugh
the centre of the fusiform smnll ing, no difierentiation
into grey and white matter was seen. To the naked
eye the medulla was not invoLveu by the neoplasi,
cut subsequent wicroscoplc examination showed that it
had extended for scie distance into thalis regicn.

ficroscosic exawmination:-—

1. A portion comprising the whole trans-
:verse diameter was taken from th~ centre of the
fusiform swelliing and was placed for twenty hours in
Helly's modificaticn of Zenker's fixative and there-
:after carried throuszh the routine procedure for
arafiin secticns. These wers stained by Meyer's
acii heawuatin and eosin.

2. Frozen sections of cthe tissue removed

from /
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| ¥ig. XII. - Paraffin secticn stained by h=zmatoxylin

and eosin. Smwall globular masses of
calcareous material have been deposited
! in an area of the glioma undergoing
necrotic changes. In the centre of
the field the deposition is seen to have
occurred around a small blood vessel.
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from various levels were impregnated by Cajal's
gold chloride sublimate metiod and by various s
metiiods.

ilver

sections cut in paraffin and stained by
heratin and eosin dewonstrated that in the centre of
the fusiform swellinz the entice internal structure
of the cord had disappeared, the vhole tissue being
a mass of protoplasm very rich in nuclei. As cowm-
spared with the nuclel ¢f the periphersl protoplasa,
those in the central parts were swall, deeply stain-
:ing, and were losing their structure (py«notic

changes) .

The nuclei of the pericherally situated
protovlasm varied in size; the great majority of
them were round or cval, large, and rich in chromatin.
Some of the oval nuclei were oi great size and con-
ttained a large amount of deeply staining chromatin.

In certain places the nuclei were grouped
together, giving the appearance of a wulti-nucleated
or polyuworpho-nucleated giant cell. In some in-
rstances, these groups of nuclel were of the extremely
large type. *

The structure of the neoplasm, thereiore,
as demonstrated in paraffin sections, was typical of
the "giant-celled zlioma of Stroebe."

For the most part, the blood vessels in
the neoplasm were not numerous and their walls not
thickened. In a few instances the smaller vessels
contained hyaline thrombi.

Numerous small rounded or oval masses of
caleareous material were sressent in those portons
in which the nuclei were undergoing pyknotic changes;
the deposition had occcurred in the form of small
spherular bodies, and hsnce the whole mass had a
crenated outline. In certain instances the small
Spherules were discrete and scatiered over a rather
iarger area than that occupied by the aggregations.
In other instances the deposition had occurred in the
perivascular shesths of swall blood vessels.”

e
% Fige XI. % Fig. XII.




Fige XIII. - Frozen secticn treated by Cajal's gold
chloride sublimate method. Two of
the pre-existing astrocytes involved
by the glioma are in process of
disintegratioen.
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- Transverse sections taken from the centre
of the fusifcrm swelling kCPerC“L snent ), treated
by various silver impregnation methcds and by Cajal's
lecld metheod, showed that Lol the wost paet the neuro-
Ealial septa had diss Uyuwred, small porticns only
remaining; no btrace of the central canal was seen. !
A certain number of astrocytss in various stages of '
disintegraticn were still present; their bodies and
processes were swollen 2nd the latter were to & greater
or lesser extent fragmented (clasmatodszndrosis) st

The structure of the neonlosm was that of

a syncytium: numercus large nuclel, VaArying 5ruat;y in
size, ware eshbedded in 2 ;fotoyitn,ic matrix in which
were no cell boundariess*

Transverse sections taken throuszsh the lower
part of the nsoplasm (level of cervical & and thoracic
1) showei that the neoplastic gro%th in the cord was
nfined to the nosterior columns the wembrana

rficialis and the septa were -ntact, but the pia-
ch old wmeshes dorsal to the posterior porticn of
cord werz distended and filled by the nsoplasm.
hesz situations the structure of the nsoolasu was
the same syncyulﬁL character as was found elsewhere.
rial sections cut in parafiin showed that the nso-
lasm had resched the pia-arachnoid spaces by infil-
rating aleong the posterior roots.
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A cyst sowe Z mme in diameter, due to

tive necrcsis of neoplastic tissue was present
I the posterior columns im~-di"£e1y benind the
ssure., Its wall was cowmposed of the pre-
nterstitial elements of the cord in vhich
vere islands of more or less nscrotic neoplastic tissue;
t contained fluid with a certain nusber of frlﬁusntud
fibres and granular coriuscles

et
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Paraffin sections showed that certain
nortions of the tissue arouand the cyst were very
vascular, numerous well-formed plood vessels being
present, and in this area a segment of the wa2ll con-
:sisted of very recently proliferated capillaries.

The a:frocvtps of the grey natter, put
particularly those of its antero-lateral sorticn on

both / S
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both sides, were undergoing very active amitotic
proliferation; they were numercus, large, and deeply
impregnated by gold; some of them contained two
nuclei =nd many of .them were closely approximated in
pairs.

Longitudinal sections were wade from a
portion 2.5 cm. long, comprising the upper par

the spinal cord and lower part of the redulla.
These secticns showed that strands of tnﬁ neoplasm
had infiltrated uowards; at the lower levels sone
of the strands were oif considerable size. In the
wedulla they were numerous but narrow, passing be-
stween s2nd narallel to thse nerve fibres.

Secticns prepared by Gross—-Bielschiowsky!'s
method demonstrated that where the neopnlastic tissue
was large in amount the majority of the nerve fibres
had disapveared. Those vhich had persisted were

greatly atrophied ana some of them showed fragmentatiods

Nodular swelling and the other feorws of degeneration of
nerve fibres found in experimental lesions (Cajal =nd
others) were not observed.

Longitudinal secticns of the lower part of

4

the neoplasm -and of the adjacent cord rnresented a
similar picture to the above, the neoplasm extending
in the form of wider and narrover strands. Pro-
»Liferaticn of astrocytes was again warked, espse~
tially in the grey matter vhich had not been invelved
by the new growth.

From the spove it will be observed that in
no part of the neoplasm was there sny differentistion
of the syneytium into cell Lleﬂ:nts resembling
spongioblasts or sst: rocytes.

Deductions from the Csse.

1. Clinical Course:- The case presents several

features of clinical interest. "hen first seen
the /
7 Figs XV




the distribution of the progressive wasting and 1ts
syminetry, the painlunicn had been complainzd of about
the spine of the left scayula, and the sensory im-
:pairment along the radial aspect of the upper limbs,
pointed to a gross lesion at the level of the fourth,
fifth, and sixth cervical segwents of the spinal
cord- The preponderance of the motor symptoms and
the absence of evidence of interference with con-

:duecticn in the spinal cord sugsested that the lesion

was situated anteriorly, althcugh it was doubtful

5
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n the substance or on the surface

the cord. Again, the X-ray examination showed

result of Waszerwmann's reacticn and the inefficacy of
treatment with iodide and mercury appeared to justify
the exelusion of a syphilitic 1lesion. farther, the

examination of the cerebro-spinal fiuid at tais

&




period afforded no positive diagnostic evidence. The
facts that after the patisznt's adwmissicn te hosopital
no sensory disturbances were detected, that the
jav=jerk was unusually active, and that the pain
complained of had never been zn obtrusive symptom,
raised the guestion vhether the case wight be one

of amyotrephic lateml sclerosis. The muscular

wasting, however, was strikingly symietrical and

| conformed with a nerve-root distribution; woreover,

there were no fibriilary' tremors.

At a2 later date the results of compined

O
(D
5

cistern and lumbar ounctures, tog r with the onset
of senscory disturbance with a spinal distributicn
corresinonding to a particular level, afforded

definite proof of the presence of = gross lesion
not only interrupting the circulation of the c:rebro-

spinal fluid but also iuvelving the cord in the

mid-cerviecal /




mid-cervical region. The lesicn was undoubtedly

a neoplasm, but: vhether sitvated in the substance or
on the surface of the cord was still doubtrul, =and
this was only determined at the operaticne.

As demonstrated at autopsy, the relaticn-
+ships of the neoplasm showed thatthe 2in complhained
of must have been due to pressure by the tumour upon
:the fourth and fifth posterior cervical rootse.

Again, the paraplegia which developed so suddenly

| after the cistern and lumbar punctures was caused
most probably by disturbance of pressure folloved

by hzEmorrhaze. It may be that the cerebro-spinal
fluld above and below the tumour was exerting a
protective influence by distending the theeca, =nd
that its removal resulted in rupture of two or wore
liseased blood-vessels.

2+ Pathology:- It is commonly stated that a glioua

rarely /




rarely, if ever, spreads from the substance of the
brain or cord into the pia-arachnoid spaces, whereas
an ependymonma of the brain-stewm or cord freguentliy
does soO. It might be maintained, therefore, that
the neoplasm in this case had arisen fron the eye“dymal
| and not from the neuroglia. Such a differentiaticn
is of no moment, however, since genetically both the
ependywa =and neurogliis are identical. At most,
the so-called "ependymoma can be ccasidered only as
a type of glioma.

The preparatiocns treated by the gold and
silver methods demonstrate the neoplasm to be a
synecytial glioma throughout. The type of neuroglias
of which the neoplasm is composed has its counterpart
in the earliest form oi developing neuroglia present
in the neural tube, namely, the syncytium described
first by His. The only histological difference

between /
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between the elements of the neoplasm and of the
normal syncytium of the neural tube in its earliest
stages is in the increased numbser and varied size

of the neoplastic nuclei and in their iarge chrowatin
content.

Had the patient survived longer, it is
conceivable that the neoplastic syncytiuw would have
become differentisated into individual neuroglial
cell elements, having as their prototypes normal
spongioblasts or even astrocytes. It seems pro-
:bable to me, however, that such differentiation
would not have occurred, since it is justifiable to
presume that the neoplasm weuld have continusd to
extend, but that the relative phases present =t the
time of deafh would have been maintained,lnﬂmely, a
progressive zone of newly-formed living neovlacm
surrounding a cere in which necrctic changes were

simultanecusly /
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simultanecusly advancing.

In the present cass the necrobiotic
changes in the central porticns ef the neoplasm
might be explained by the increasing pressure of the
growth against the dura mater and surrounding beny
canal gradually diminishing the vascular supply and
50 leading to inadeyuate nourishment. In general,
however, necrosis occurring in neoplasws can be
explained c¢nly to a certain extent by insufiicient
blood-supplys; some other factor, at present un-
idaefined, must came into play.

8o far as I am aware, no neoplasw having
a structure typical of the "large-celled glioma of
Stroebe" has been investigated nitherto by gold and
silver imporegnaticn methods. In the pressnt caze
the latbter metheds have shown that the structure

associated with the Mlarge-celled gliowa is that of

&/
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| a syncybium.

' The depesition of the calcarecus material

in the present case requires consideration. Ne—

iposition of ealcarecus salts in dead material is a

frequent occurrence and, speaking generally, it is

| quite commonly wet with in the portions of neoplasws
vwhich have undergcne necrosis. Although necrosis
occurs almost invariapbly in parts of gliomata, it is
exceedingly rare to find caicareous deposition taking
place within it. hy this is se¢ is difficullt to
expiain; calcarecus deposition in neecrotic tissue
is intimately related to fatty materizl deposited

in the process of disintegration. In areas of
necrosis in the central nerveous tissues, lipoids

and othzr bedies of a2 fatiy nature are found in
large amounts, =nd it might be expected therefore

that the brain and cord would be a freyuent site of

caleareous /
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calcarecus deposition in conditicns in which dis-
sintegration of their tissue takes place. A thoagh
the large amount of fatcy bodies resulting from the
disintegration of elewents of the cord nay explain

the depositicn of the lime salts in the present case,
it seems to shed no light as to vhy similar deposition

does not occur fregquently in glicmata.

The last point to discuss: in the pathology

| of this case is the preliferaticn of the astrocytes
adjacent to the neoplasm.
It has been noted that both at the upper

snd at the lower ends, where the neoplasn was not

oceceupying the whole area of the cord cut was extending |
in the form of narrow infiltrating frocesses, the
astrocytes in the neighbourhood were undergoing
setive preliferatiye changes.

In the majority of theose gliomatain

vhich /




which the neoplastic cells beconme differentiated
to the degres of forming astrocytes, it is this
change at or near the growing porftions which gives
rise to difficulity in deciding, firstly, whether
the proliferating astrocytes are neoplastic or

pre-existing, bkelonging to the "normal" tissue of the

(=

cord, and secondly, whether the change.is one aflect-
iing the pre-existing astrocytes, causing them to
become neoplastic under the influence, as it were, of
the neighbeuring new growth.

In the pres=nt case there can be no poss-

:ible confusicn bhetwecen the neoplacstic tissue and

that pre-existing, since the structure cof the former
is syneytial throughout its whole extent. loreover,

the complete differentiation and histological per-

:fection of the proliferating astrocytes in this ecase

 make 1t certsin that the ehanges are those of

proliferaticn /




nrolifersation and not a metamorphosis into a neo-

|

:plastic state.
Turther, proliferative changes in the
! connective tiszue in the neighoourhecod of a neoplasnm
i cceur in many infiltrating new growths other than
‘ aiiomata. The question as to whethsr the pro-
erative changes in the neisghbouring stroma are to
i he interpreted as a neoplastic coange deoes not arise
in these cases, since the tuwour cells and the stroma
cells are of an entirely different structural
character, e.g., eplthelial and connective tissue.

Varicus interopretations hzave been given

to the significance of the proliferative changes in

the stroma. One ¢f the commonest sut forwasrd is

that they are an expressicn of a derfensive mzchanism;
|
in other words, that it is an attempt on the part of

the bedy to form a barrier to the invasion of the

neoplasm /




neoplasi.

That wherever damaz2 and destructiuvn of
tissue occurs, proliferative cananges take place in
those cells which have retainea the potentiality to
divide, is a law of general application. Thiss ds
seen, for example, in the case of a wound in any part
of the body and in infliamoatery processes vherever
they oceur. It is outside the present purpose
to discuss the nature of the stiwmulus to this re-
taction, but it might be suggested that probably it is
associated migh the products of autolysis of the
aying tissue elements and that the reaction iz the

sult of phylogenetic development, sinece it is the |

(4]
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fundemental process underlying healing snd repair.

In the case of an invading neoplasm, tissus |
iz destroyed znd, according to the general law
enunciated atove, the neizhbouring cellis, capable of

preliferating /
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proliferating, will pass into an active vegastative
phase and begin to divide. Moreover, if the
stimulus te proliferate be in whole or in part

what 1s suggested, the lytie products may be rein-
:forced by products derived irom the metabolism of
the neoplastic cells. It is known that these differ
from the products of the "nermal'" cells and, being
abnormal®, they may act on the neighbouring cells,
stimulating them to repreduce just as do the products
oflysis,

Z. Gliomata of the Cord in General:- The great

majerity of cases published under the title of tumours |
of the cord refer to neoplasmg arising not from
the cord, put in association with its membranes.

The only neoplasis which can arise frow

elements of the spinal cord are: (a) gliowata
(including ependymomata); and (b) those in which




the svecific cells have as their prototype the
nervous parenchyma (asurccytomata)e.

In a seriés of 187 cases collected by
Ewingge of neoovlasms occurring within the beny
canal of the spine, only 45 (84 per cent.) were
actually neoplasms of the cord.

Statistics, quoted by Elsberg<? from
different sources and collected by various authcrs,
vive the number of intramedullary as compared with

extramedullary neoplasms of the cord as between Z0O

and 285 per cent. In his own ecases, out of 100,
only 14 wers found to be iutrawedullary. A further

anslysis of these 14 cases showed that & (37 per cent.
cccurred in the cerviecal snd 8 (4c per cent.) in the
thoracic porticn. But it should bes rewewbered

that ZElsberg's Tigures are taken from the statistics

of a surgical cliniyue.

e &
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Schlesingerts statistics®® show that
whereas in the dorsal region weningeal neoplasus
are four tiimes as freguent as medullary growths,
in the enlargewents the latter tend to predowminate.
Miany authorities lock upon the neuroglial
hyperplasia, which is the essential change in
syringomyelia, as being of the nature of a nesoplasm
(glioma) extending for a shorter or lcnger distance
in the cord. It weuld secm wore likely that the
egsential difference between hyperplasias of the
nsuroglia (glicsis), such as ccecurs in syringouwyelia
and neoplastic growth (glioma), is that in the former,
although reproducticon of the neurcglial elements

oceurs, the growth is resirained, whereas in neoplas-

‘tic proliferation the grovth is uncontrolled.

The /
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The pathology of this case ol a cerebral

glioma followsin natur=l seqyuence to the prsvieus

one. foreover. the investigation has helped to

confirm my views as to the unscientifie basis of

f gliomata which have been

o
197

certain classificaticns ©
advanced in recent years - views which nave been
impressed upon me by the investiggtinn of all the
present series of cases.

J.D., male, aged 46, a lining Inspector,
was admitted to the Royal Infiruary on February o,
1988, comiylaining of severe frontal Leadache, drowsi-
tness and vomiting. The patisnt had enjoyed ex-
scellent health up to a wesek pefore adwission to
hospital when symptoms had comuienced sudienly.

On examination the patient was apatzetic

but he was not aphasic. Papilloedems was marked in
both eves. There was no suscular weakness or in-
co-ocrdinaticn. The reflexes were brisk and egual

and Vassermann's reacticn on the bloocd gave a usgative
result.

later the patient developed

; ne gradually passed into a
¢ pneumonia superv ening, died
s, some four weeks after the

Some day
2 left sided paresi
coma and, a hypostat
on February 24, 192
onset of symptoms.

@O W

Autopsy:— The cerebral convulsicns on both sides
were found to be markedly flat.

After removing the brain a medial sagittal
section showed the body and knee of the corpus cal-

*losum to be involved by a ueoplasm, bul The gplenium
Had / ’ :
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had not besn invaded. The porticn of the neoplasy
situated in the corpus caliosum was pinkish in colour

with dark aress of necrosis.

Sagittal secticns were iwade through each
hemischere. On the right side the neoplasm which was|
rather paler in colour than the cerebral tissue ex-
:tended diffusely both in an anterior, posterior and
in a lateral direction, involving a cousideraple por-
:tion of the whilte matter, but its limits were not well
defined to the naked eye, the obvicusly neoplastie
tissue merzing into that which ap eared normal. i
hemerrhage rather were than 1 cm. ia disweter was [
situated in the subcortical white matier in the
neighbcurhood of the pgrecentral zyrus, l.2 cnms. pbelow
the surface. The extravasated blocd was dark red
in colour 2and the clot was very loosely held topgether.
The tissue lying decp to the hsmmerrhage was considered
te be neoplastic but thal superficial showed ne
macroscopic change frow tine normal. (Later micro-
ecopnic examinaticon revesaled however that n=oplastic
tissue was present superficial bo the hmuorrhige and
had invaded the cerebral cortex).

On the 1lelft side the neoplasm had lavaded
the white matter of the hewmisphsre in a siwilar
gmanner, but as far as could be s=en it was not so
extensive as from the rizht side.

¥icroscopical Examination:- Portions of tissue
were taken from each side, about 2 cws. from the
middle line and, having been divided inte pisces of
suitable size, wer: fixed in Helly's modification of
Zeniczr's solutione. Thersafter the pleces were
carried tirough the routine preecedure for parafiin
section =2nd were stained by layerts acid hzpatin 2nd
eosin znd by Heddenhsain's Azan wethod.

Pieces of tissue wers taken from various
portions of the neoplasm, including those near the
cerpus callosum and tlose near the periphery in the
neigzhbourhood of the subcorticzl hzworrhage, zand
were fixed in forwol'= amwonium brouide soluticn.
Frozen sections made irom these were treated by
Cajalt's gold chloride supliuate, by Hortega's silver
gar?onate and other silver impregnation methods, =nd

iy '
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From the neighbourhood

caliosum. The neoulas

are larze and nlLmerc
reached a hizh degree
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by Morgan's wethod ‘for demonstrating myelin sheaths.

1. Bection of the more central part cut
in paraffin and stained by hamatin and ecsin and
by the. Azan method shoved the neoplasm to be a glioma
rich in nuelel. The nuclei varied in size, the
average being considerably larger than that of the
normal astrocyte anda thesy contained a large awount
of chromatin.

Throughcout the secticns were many areas of
necrosis; these areas consisted of a central mass of
granular and structureless material surrounded by a
zone in which the neoplastic nuclei were pyknotic and
in various stages of disintegration. This appearance
therefore, was that frequently referred to by authors
as the "palisade arrangewment!. '

In many instances the neoplastic cells
inmediately around blood vessels were not nscrosed,
but the tissue situated more distal had disintegrated.
Thus the picture presented in these portiocns was that
of the so-called M"yseudo-rosetien.*

The walls of most of the arterioles were
e , the thicsening being chielly in the inner
zone although cconsiderable fibrosis was present in the
lar zone. In many caces thrombosis of swaller
sels had occurred, and in scwme of theszs the
tiirombus had been organised into hyaline {ibrous
tissue.

9« 1a) Secticn taken from the neizghbour-|

thood of the cornus callosum and treated by Cajal's
gold chloride method demonstrated this gorticn of the
glioma to be composed of numercus large astrocytes
which had reached a2 high degree of differentiation.
Many of their processes were long and thiek and some
of them were seen te come into relationship with
blood vessels, but vascular foct-plates were nct well
formed. Occasionally a [fibre had developed in one
of the processes, but for the mest part the nsoplastic
astrocytes were of the prcotoplaswmic type.*#*

e
=

) At some distance from the wain mass of the
porticn /

* Fig. XVILI. #*¥ Rig. XVIII.










porticn of the giioma, invoiving the corpus callosum,
sm21l groups of [ibrous astrocytes were ssen whiech
vers large and with thickened orocesses but vhich
showed structural perlection. Some of them
gontained two anuclesi, belng in a state of amitolic
division.

(e

Kt the periphery of the nzcrctic areas the
neoplastic astrocytes were swollen and thelr processes

were fragmznting. (Claswatodendrosis).
(b) Seecticn taken frowm the peripheral
orticnsof the glioma, treated by Cajal':s gold chlor-

:ide and by Horteszals silver car.onate metlod, demon-—
:strated that differentistion of the nsoplastic cells
was not nearly so advanced as in the central portion.
The nuclel were numercus and showed zreat varistion
in size; some of them being excesdingly large.

In certain areas some oi the neoplastic

cells viere elongated .resembling The qjongioblast of
tne develo_1n5 central nzrvous system.™ In other
areas the structure was that of a syncytium, numerous
large nuclel being ewbedded in a protoplasmic matpix i

astroecytes involved by
cns ol the neoplasm vere

LA

these a?tlv
underzol Ig

Sa Section of the periph
the EﬂOkl sm wade by Morgan's uethed. s r
syelin sheaths nad disagaeﬁrei in the ’

At the ehtreh; neriphery of the neoylasn
nunber of them persisted, but they were irre: hnfr in
cutline and the wyelin had disintegrated lntq dropletst

4. Sectivn of the periphneral eovti:n of
the neoplasm wade by Cross-Bielscihowssy's o od,
showed nerve fibres persisting in the nsopnla s {or |
a considerable distance below the costal 1a 991 =nd
2 certain number of them were present in these por-
:tions of the neoplasm which were necrotic. In these
areas many of the nerve fibres present zhoved nodular
swellings / :
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swellings =and were disintegrating into granules.

structure of porticns cf the glioma which forwms the

[subject of the present case.

Discussion of the case.

llany of the pathological problems raised

by this case have been discussed in the previcus

one. To avoid neegdless repetition these points will

be referred to only so far as they reguire amplifi-

tcation in view of the differences in the histological

From the comparatively large amount of r

3
[{]
o
Fy
(]
(n
=
{07}
L o |
H
o
¥yl
()
]
(-‘-
o)
i}
(w3}

the high degree of specialisation
|

o

reached by the neoplastic astrocytes, there i

€3

no
dcubt that the portion of the glioma in and around the
corpus callosum was of colder standing than the peri-
:cheral porticn. Further, whereas the cells in the
older part had passed into a yuiescent phase the

iy

elements in the peripheral portion were in a very

active /
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active vegetative cendition.

The glioma had arisen therefore in the
central porticn of the brain and had extended widely
in both cerebral hemispheres. The structure of

the actively growing perigheral portions was largely

that of a syneytium, and the only differentiaticn of

the elements near the periphery was inte cells, having

v

as their »rototype the spongioblasgst of the developing

central nervous system.

Hence the gliomatous elementsshowed all

grees of gtructural differentiation from the

syncytium tc cells having a very clese resemplianece to

| the fully devslcped mormal astrocyte.

The demconstration of the manner of growth

of the glioma iz the special feature of this case and
is a syneytial infiltration of the surrounding cersbral

% 5
=+

ssue which explainsg the difficulty experienced in

differentiating /
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differentiating by the naked eye betwe=n the normal

cerebral tissue and the adjacent neoplastic glia.

It is orobable that many gliomata grow as

PRl
=

a syncytium. Veszoreni®

¢

maintained that in the

wmajority of cases the glioma has a sync);tial character |

|
|

in its actively growing peripheral parts, whereas in

the older central porticn the elem=nt has differsntiat-

ted into individusl isolated cells.

Under the microscopic examination of the

oresant caze it was noted that at scme distance from

the neoplastic tissue small groupgs of enlarged fibrous

astroeytes were present and that scwe ol them were

leven in s stage of division. Th=at these astrocytes

|
| were nre-—ex

(il

sting cells and not those of an invading

proc

,
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the glioma which had been cut transversally,
was concluded not so much from their veosition in

relaticn to the neoplaswm as from the structural
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periection vhich they represented.
The significance and exylanstion of groups
of astrocyt=s similar to those described has been

discussed in the previous case.

The present case well illustrates the

necrosis which is so common & feature in gliomata.

| Death of the cells 1s due, probably, to a number of

factors. Of these, an insufficient nourishwent of

the cells is present in most instances and results

firstiy from the rapid proliferaticn of the neoplastic

cells, causing the tumour to outgrow the blood supply

and secondly, as demonstrated in this case, to

| thrombesis of blocd vessels in the neoplasa. Cn
general prineiples these thromboses cccur owing to
injury of the endothelium lining ths lumen of the
blood vessel, and hence the guestion arises as to the
nature of the agent which causes the damage.

e/




It is an asnatemical fact that every astro- |

:cyte, normal or neoplastic, has at least one or pro-

:bably more of its processes vhich come into relation- |
:ship with the perivascular adventitial lymph sheath |
of the blood vessel and which enters into the form-

tation of the membrana limitans perivascularis. In

my opinion, as a result of this anatcmical relaticn-

:ship in the case of the astrocyte, absorption and ex-

icretion of metabeolic substances occur throuzh these

progesses. During rapid reproductiocn of these cellsf
not only are metabolic orcaucts exereted inte the |
perivascular lymph clefts in much larger amounts than

under normal conditions but ia the case of neeplastic

cells it is knovn that the chemical nature of their

: =l
effete products differs from these of the normsl cells,|
It is justifiable toc presume that the wechaniswm Gy i

vhich the waste products are drained away whilst

sufiicient / ‘
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sufficient for more ordinary conditions, cannot cope

with the great excess of excretion. Consequently

the fluid in the perivascular lymph sp:

saturated with the waste product, and I suggest that it

is their presence together, pessibly, with their
altered chemical nature, which is responsible for the
damage to the vascular endothelium.

Tn the present instance, thsrefore, it is
seen that all stages of structural development are
present from the simplest, namelf the syncytiuam, to

the nost cosplex, the astrocyte, and this fact vould

| sug=zest that it might be betier to interpret the

structure of the gliomata along lines of progressive
specialisaticn of their elements rather than to at-
:tempt to allocate them to a partiecular structural
category.

From the point of view of ieterﬁining and

interpreting /
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interpreting the struecture of a glioma, the present
case illustrates the neceszity, firstiy, of placing
material of suitable size into fixatives as soon as
possible after death so that it way be exmamined ad-
tequately by gold and silver impregnation methods,

and, secondly, of examining different porticns of the

glioima.

Deductions frem the Casge.

i The present study is of a glioma

ecerepri which began in the central portion of the

brain and extended widely inte both cerebral hemi-

:spheres,
e The older parts of the neoplasm con-
:sisted cf astroecytes which had attained a high

degree of specialisation, whereas the activeiy ex-—

:tending and recently formwmed porticns were composed

of a syncytium and of cells having

3k

i
B
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their prototype

the /
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the spongioblast of the develc ing neural tube.

Se At some distance from the neoplasztic

tissue there were small zroups of pre-existing astro-

:eytes which were prolifer=ating.

4., Necrozis in the neoplasm was due

|probably in part to its ocutgrowing the blood supply
I
|
|and to the accumulation in The tissue of the waste
products of neoplastic metabolism.
G It is suggested that it is better
to interpret the structure of gliomata along lines of

progressive speclalisation of their elewents than to

allocate them to a particular structural category.

These two cases which have now been
lconsidered in great detail showed from a structural
|

|
standpoint = great contrast. In the zlioma of the

spinal /
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lspinal: cord, it was demonstrated that the tumour con-
|

isisted of a syncytium; novhere h=d differentistion

inte dmdividual celis taken olace. In the cas=z of

the large glioma of the brain, it was shown that,

whereas the growing portion and nevwly formed parts

ccnsisted of a syneytium® and of e¢clls which had as

ct

heir prototype the spongioblasts of the develeping
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The interpretation of the latter case

in which all stages of structural differentiation from
the simplest form of neuroglia, nawely a syncytium,
tc the most highly developed fﬁrm, napely the astro-
:cyte, was obvicusly to be made along the lines of

rogressive specisalisation, an opservation which is of

creat imvortance when one considers the teadency of

=) =




|
ﬁhe neurco-surgeon to classify thess neoplasusaccoriing ]

[to the histological structuré of a small portion ob-

:tained at operation.

H. 8. Steenstand®? in 1906 =nd R. Stumpfol

lin 1811 described a syneytial part of the glioma and,

a3 nas been menticned previocusly, Veszpremi in 1£13

:islly in the peripheral parts of the tumour,

| The cases in this series which have
|
|

mlready be-n described focussed attention so strongly

ion certain features that it was decided te study the

|
ifollowing important pathologiecal opcints in all the
}cases ungder reviewi—

| !
| Lo The manner in which gliomata grow. '
' Se The reacticn in the surrcunding tissus
a e The occurrence of necrosis.

4o The oeccurrence ol hmmorrhage.
|
| = e : : _ =
A1l of these characteristicd concern the general
|

ratholozy of gliomatas

de  The /
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Tige XXVIIe — Fpom the syncytial margin of a zlioma.

The neoplastic nucliel are large and
numerous,; many show karyorrnexis.

1=

(Parafiin sect
Ll

n stained by haiatin
geosin).
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1. The Vode of Growth ol Gliocmatas— In the largce

majority of cases the periphery of the neoplasm con-
:sisted either of & pure syncytium of of a syncytium
cut cf vhich indiwvidusl cell elewents had different-

lziated. Inmne of the cases had differentiaticn

ur
D

Ereached the stage in which the =sstrocytes showed a
high degree of structural developusnt. On the con-

itrary, the astrocytes were almost invariably undevel-

l.oped =nd jossesased only a Iew short processes,
orecver, not c¢nly were many of thesz celis of the
spongioblast type, but much of the Lretoplasm had net

ferentisted into individual cell units.* In most

=2
et
h

of these cages the gliomata appeared to have growvn as

a syncytium. In the s

g4

meytial corticns the nuclel
" .

were very numerous =znd although they were of different
|

size they were all very large and hy_uer-chromatic;

L3e,

many of them showed kawarhexis.

1t /

XXV &% XXVI.
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It may be rewarked here that not only was

the sfructure of the neoplastic nuelei typical of

‘nuclei in a prroliferative phase but also other signs
!
IJJ growth were present. The previcusly existing

astrocytes of the brain tissue were gecn in the peri-

| :pheral zone of the syneytium, and these -showed great |

legenerative change; moreover, necrobiotic changes
wele present in the a2strocytes of the neighbourhood

witieh had not yet becn invadsd by the neoplasm but

| which were still ocutside the margin of the gliomatous '
|

f

syneytium. In those parts in which these appearances |

|was in = phase of =sctive growth.

' Tt is easy to understand how these
gliomata growing as a syncytium spread by infiltrating |

the surrcunding tissues, and why in consequence, it

12 often difficult or impossible on exapinaticn by

the / [
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1eyhial
unpar
e ywnich has
& tumour.
both nethods of

Tige XXVITI. - The lower porticn

:filtration and that by pressure; the
marzin is fairly sharily dew: ted; |
the proliferated (non-necpl: )
satrocytes at the wmargin of the tu

are elongated and their lor
narallel to the margin {
=r@saurp) :
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| the naked eye to find a sharp boundary between the

neoplasy and the surrounding tissue; whereas infil-

straticn is = fregquent mode by which the giioma in-

=4

icreases, microscopical examination of this series
nas shown that in certain cases, or at any rate, in
!certain parts of scue of the gliowata investigated,

!

| the syncytial wargin is sharply differ=sntiated frowm

|

| the surrounding brain tissue; further, that the

| surrounding brain tissue is cowpressed and the astro-
| tecytes in it have assumed an elongated form, their

|

|

Ilong diameler being parallel to the margin of the

|

!neoplasm.*% These appearances are brougnt about owing
to the glioma growlng by pressure. Hugo Ribbert®<

| recognised this method of growth and recorded that
increase in size by pressure was the yethod adoupted by
those gliomata in which a sharp demarkaticn could be
e between the neoplastic and the

seen by the naked e;

surrounding /

55
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surrounding tissue.

| cases Tibre forsation was a warked Teature, they dif-

! In the first case the neovlssm made itself
‘msnifest three weeks before death.
|

tumour was fownd to have involved a2 Iarge part of the

left cerzbral hewisrhsere and to have sassed through

| cerebral hemisphere.

astrocytes /

He)
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There were twe cases found in whieh the

peripheral zone was not syagytial. Although in beth

:fered frow each cther in many characteristics.

At autopsy the

the rostrum of the coryus callosum into the right
Necrosis with the formaticn of
cysts was a pronounced feature snd small hxuorrhages
were numerous; further it was seen that the neoplasn
was somevhat fibrous.

‘ ficroscopical examinaticn of portions of
the periphersl zone demonstrated nc sgpeytium; thes:

parts consisted of astrocytes and large fibres. the

e







|astrocytes were lumature and large, their processes
I
|

ey

vere thick and some of them were of great length¥*

Q

living parts the astrocytes were wmore mature and the
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| fibres, althougn stil
:meter than in the peripheral parts.

The astroeytes in the brain tissue sur-

This feature made it impossible to say vwith certaiaty
|whether sinzle astrocytes at the margin belonged to
ithe tumcur or not. Welil without the neoplastic zone
awitosis of the previcusly existing astrocytés was
demonstrated. Certain ap earances ian the néoilastic
cells seemed to suggzest that they were undergoing a

similar process of divisicn. The neoplastic cells,

hovever, were so numerous that they a.peared often in

roups /

i
|
&

fany astrocytes had two or evea more nuclei. In the

entral oarts, the tissue showed wuch necrosis; din the

‘rounding the tumour had undergone great proiiferation.
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groups, in waich they were so closely approxinated

and showed structural characters so far rewoved from

Torwal"m astrocytes that at best only an opinicn, and

Ithat by no weans certain, could be given that the
| arpearances denoted amitosis in the neoplastic cells.
The second case of glioma was of the
[fibrous type and first showed symptoms twelve months
| before death, During the last five or six weeks of
life while the patient was under cbservation in
| i : . "
| changes =nd therefore a diagnosis of tumcur could not
e wade with certainty. Death was due to an scute
1eft sided cedema of the iungs.
At autopsy a large carcinoms was found on
| the postericr vwall cof the stomach, but no secondary
!I
igrgrth had ccecurred in the neighbcuring lymph nodes or
|

|in the liver. A tumour abcut S cw. in diameter

vas /

——

hospital the cerebral lesicn wmanifested no progressive |
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was found in the neighbourhood of the right thalamus.
It was sharply demarkated, shovel no neecrosis, and was
avascular =nd so hard to touch that it was dlagnosed
as a fibroma (astrocytoma).

icroscoric examination demcnstrated that
the cerebral neoinlasm was composed of a thick felt-

swork of fine neuroglial Tibres. The neoplastic

in number, were fairly rsgularly dis-

|stributed over fthe wiecroscopical field, were rounded
land of fairly regular size In sections iﬁpregnated!
I

iby gold, some astrocytes were sesn which had reached a
high degree of structural perfecticn, but around uost
lof the nuclei no delimited cell body was dewonstraple.

In the neighbourhcod of the gliowa a certain awmount of

glicsis had occurred. This change had taken place

iin foel and was not diffuse. ,

The case therefore was one of s glioma in

wvhich /
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vhich the astrocytes had developed numercus fibres

and then had underzcne regress
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conmmection the astrocytes had progressed through

those stages of non-neoplastic astrocytes which

eventually lead to gliosis. Moreover, the gliosis

1ad oecurred in the tumour and it had nad little

| effect on the neighbouring brain tissue; the case

was doubtless an example of a regressing glioma.
A glioma way congist of a syncytium
throughout. One of the cases referred to previcusly, |

namely a glioma of the cervical portion of the spinal

(¢)

ord, is an ex=mple of this type, and, as noted, the

eries ccntains another similar case of cerviecal

(e

lioma. In both these cases the tumour grew quickly,

i

|
i
|
i

the patients living only six and eight wonths respect—!

l

sively after the first manifestations appeared. Thisi
|
|

can be easily understood since the syneytisl tumcur

|
J
|



exerts its whole energy in growth and none in dif- |

:ferentiation. |

A case ia the series, however, showeéd the

fact that even a syncytial glioma may rewsin guiescent

‘for 2 nuaber of years., Althouzh I am ready to be-
:lieve that this is an exception, the ecase is so
instructive from the viewpoint of the pathclogy of
tumours that it is interestiag Lo give the fcllowing
short history.

a miner, aged 42, for the first ,
; in Decewber, 1926. The following
February he w admitted to Prefessor Bramwellls
Ward. Frow the cliniecal history, mode of attack
and the investigation there, a tumour in the neigh-
:bourhoed of the gyrus centralls posterior was
disgnosed. The patient rewained three wecks in
hospital and during this time had two fits. He
|was then sllowed home and treated with luminal. The
fits decreassd in number and severity and the paticnt
rewained fairly well until Deccuber, 1850, Then the
fits recurred and he developed marked loss of pover
in the right hand.

JC {l
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time took a
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On January 31, 1931, he was re-admitted
hospital in a semi-consecicus state and with paralys-
s of the right side. On the evening of February 5
cerebral h=morrhage occurred and he died the fol-
o

t
a
tlowing morning.

Autopsy:i- Fairly well demarkated tumcur ol about
23 cm. in diameter was found imwediately under the
c

ortex /
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ripheral portions were firm. A second tuwour wag
esent in the neighbourhood of the lsft pedunculus
ol

Microscopic Examination:— The tum;ﬂ in the gyrus
centralis postericr was CduiOsﬂi a syncytium;
nowhere had iﬂllVliu?l cells 4if r atlﬂted out.
Around the tumocur areas of gl 1:%¢¢ nad formed an
|incomplete cak¢ule, the non-neoslastic astrocytes in
the neighbcurhood showed no sign of preliferation.

In the seccnd tumour, namely that in the
| Teft peduriculus cerebri were demonstrated astrocytes

vhich had reached a high degree of structiral per-

-P C{‘.Llnt

Tt should be noticed that in certain

cases of the series astrocytes were seen which had

differentiated out of the neoplastic syncytium;

orecver. in certain of these cases the neoplastic

The guesticn arises do these necplastic

‘o further divisivn and thus give

astrocytes underg

rise /

rtex in the neighbourhood of the left syrus centralis
LL,L¢Of, the centre of the tumour was cystic; the |

ebri, and it was into this that the [atal hmuorrhage




| structural perfection
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spible to

developuent which

older parts of many glicmatahave reached.

in Wwillch the

showed a high degree of

in their older parts, the cells

were not only large but nuserous.

In

This, howsver, |

is in sccordance vwith the fact ocbserved in the

wicroscopical pre

regparations that vhen individual cells

differentiate out of the neoplastic syncytium, a

nuwber of individual celis are formed.

It is = well-known fact that the non-

neoplastic astrocyte has retaines

degres the pover of reproductien and in many cases of

dam=ge /

to

=

very nigh
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damage te the brain astrocytic oreliferation is not

only very marked but sireads to a great distance

larcund the damsge. As a result new {ormed astro-
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cvtes oeccur in great numbers.

Jastrocytic nuecleus cccursalyby amitosise. This is
|

a fact recoznised by all investigatorsand my exper-

ience confirms it. I have never observed mitosis

gulckly they are reproducing.

in astroeytes hovever

|
It is by no means easy in human tissue
lobtained at autopsy to desonstrate with absolute

|

certainty the different stages of amitosis in non-

neoplastic astrocytes, even when proliferation is in
progress. It is therefore easy to understand that

|the difficulty is much greater in the case ¢f neoplastid

astrocytes.
. It way be maintained that grovth by
|

preszure indicates a proliferation of the neonlastice

cells /




reytium itself can exert a considerable pressure.

In one cf the cases already described, the tumour

had invaded the pia-arachneid scaces =2nd pushing the
dura mater in front of it had made deep pocliets
:between the transverse processes of seversl vertebrae.

I am inclined to believe that in these

iglionata which have a syneytial periphery the spread
lof the growth is for the most part an increase of the

syneytial protoplasm and not through division of the

ntiated necplastic cells.
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h astrocytes i those parts
matai—
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In all the cases of the series there

pation of the astroeytes in the

had ocecurred prolifer

|tisﬁue surrcunding the glioma.

‘ Tt has been alr-ady recorded that in
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two cases of quiescent tumour, namely that of a
syneytial glicma and that of an astrocyteoma, reaction
around the neoplasm of the proliferated

astrocytes; fibres had been formed and the cells

;had regressed. In the other cases the neoplasus
were 1ln the process of growth and the surrounding
astrocytes were activeiy proliferating. As the
tumour advanced there occurred a correspondingly ad-

g astroeybes; Wvhen the

éndVancing neoplastic zcone involved these astrocytes
they underwent necrobiotic changes vhich led to their
degeneration =nd disapearance. These appearances
are exactly the same as in all cases of advancing
degenerative orocesses of the central nervous system.
It was found that the proliferation of the
"normal" astrocytes occurred over an area which

extended widely from the neoplastic zone, and

moreover /
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poreover the prcliferation was profusedt In the
cade of cervieal glioma, I have stated that the

nroliferation of the neighbouring astrocytes is not
a transiticn of thess cells to a neoplastic phise, and

further I have given the opinion that the proliferation

is not an expressicn of a protective mechanism on the

Epart of the surrounding non-neoplastic tissue, but is
1
an exawple cf the general rule that vherever dawage

or destructicn of the tissue occurs, there takes place

s proliferstion of those cells which have retained the
power of division. The study of all this series of J
cases coafirms this contention and this opinion.

Moreover, 1t is found that in the neizﬁ—

N

: tourhood of the glioma not only does the fibrous type

b astrocyte proliferate, but alsc the osrotonlasmic

Trom what has besn said it is to be

understood /
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understoed that astrocytic proliferaticn oecurs not
only around gliomata, but arcund other neoplasus and
injuries. I have investigated two cases of car-
icinoma secondary in the brain; both showed prolifer-
tation of the surrounding astrocytes although in neithes
of these cases was the apiearance so marked or so

widesoread as in cases of gliomata; the proliferation

occurred only in cert2in small foel in the neighbour-

| thood of the new growth.

I have investigated a third case ol a |

non-gliomntous neoplasme. This cceurred in a patisnt

of 13 years and was composed of round cells with large

hyperchromatic nuclei which varied litble in size.

I'The necnlasm way have been a neurccytoma put &as
sections imnregnated according o Gross-Bielgeciiowskil's

silver method shoved ne nerve fibres and since the

cells showed no other structural characteristic by

|
which / '
I
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which it was possible teo determine their nature it is
preferable to classify it by the indefinite and
comprehansive term of Merateomatous-like! tunmour. In

£

thiz case the proliferation of' astrocytes was widespread

land profuse. This marked proliferation of the astro-
| |
icytes in the neighoourheoced of the tumour is probably l
I l

tc be accounted for by the age of the patient: growth

is a characteristic of youth and proliferative changes

in cells are often wuch wore evident in the early

Tith a view to determining the deziree
snd the type of response of the interstitizl tissue of
the central nervous system to traumata, I carried out a
‘nunber of animal experiments, the results of vhich
jcan be briefly stated in so far as they have a pear-

Rabiits were chosen

:ing on the present problem.

because of the relative ease which which thz brain
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could be reached ani because they are readily pro-
icured in large numbers.
In the first group, after the akull had

been opened, the cortex was plerced to a deuth of

.2 Cm. by 2 sharp needle and anizals were killed at

] oS

intervals of B4 hours up to 14 days. Secticns were

prexared in a similar wammesr to those of the neoplasws
under review, and it was found that a preliferation
oi astrocytes had occurred vwhich in 24 hours was
limited tc =2n area imwedistely around the injury and
o

which by 48 hours had spread until almwost the vhole
hemisphere was involved, vhereas the specimen obtained|

|
a2t the end of 14 days was little different frow that
after 48 hours. That is to say, that the reaction
tc the trauma was imuediate snd had become paxiual
after an interval of only <8 hours.

Tn the second group it was decided to

damage /




damage the brain by means of a cautery instead of a

wound, and the aniwals were killed at siwmilar inter-

.
<
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.

On this oceasicn very little reacticn nad
taken place in 24 hours, & Slizht reacticen in 48 hours
and by 72 hours the reszponss was maximal and as
videspread as in the first greup. Thus the only
difference betwesn these types of trauma was in the
time taken to stimulate the astrocytic response.

From these experimsnts it would be seen therefore

that once the necessity for a defence had arisen the

amount or the degres of the reaction was not con- ;
itrolied by the type of injury but was deterainezd
more Ly the capacity of the tissues to respond.

A third group of animals, which might

be pegarded as a control was used in this connection.

Tn these the skull was opened as before but the skin
sutured without damaging the brain. In all the

sections /
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sections examined in this group no proliferatiocn of

=strocytes was seen, which enabled cne to say
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he mere opening of the skull itself

did net producs a reaction unles: the brain was actusl+

From the point of vier of diagnosis,

1

the importance of recognising the secondary vrolifer-

tation of "normal®' astroeytes in the neighbourhood

of gliomata 1z gelf-evident. In the exsminaticn of

nieces of tissue from parte which show these

[N

small
changes — and it is often only a very small piece of

tissue that the operating surgeon can give to the

#igt for him to investigate - the erroneous

==}

patholc

conclusicn may well be made that the tissue is

=1

neonlastic and that the -lioma therefore 1s composed
of astrocytes which have reached 4 high degree of
structural differentiation. dorecver, 1t tust be

rewmenbered /




rewenpered in this connection, that wany non-neoplast-
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astrocytes in cases of rapid yroliferation show

a wider departure from the "normal" structure than do
many neovlastic astrocytes. Therefore the study
of single celis cannct reveal mhether tney are
neoplastic cr not. Their true nature ean only be
diagnosed frem their position in reiaticn to the

necnlasnm and to the non-neoplastic tissue.

3. The Occurrence ¢of Necroasis:- In the eentral

older parts of the glioma necrosis is a usual
ocetrrence, 2nd in most cases is so marked that it is
recognisable by the naked eye. Dwing to the
liguefaction of the necrotic tissue, cysts occur;
their walls are cowposed of neoplastic tissue,

These changes are so well known that for a long

time they have besn regarded as a characteristic ap-
:pearance of gliocwata.

Neecrosis /
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Neerosis without cyst formation not only

occurs in those glimath vhich are composed of dif=

throughout of a syneytium. One of the cases of cer-

3

vical zlioma and the case o

.

gyrus ceatralis _osterior are examples of this oe-

Wicroscopical areas of necrosia were

frequent in the groving syneytial mzrgins of the

Further, since nuwercus
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disintegrating nuciei were found in thess portions of

Iastly, necrosis occurs in the non-neo-
splastic tissue around the growing glioma and waich

h=s not yet been invaded by the tumour. Yany of

the cases gave an examﬁlﬁ of necrcsis and of

disintegration /

syncytial glioma of the




disintegration of the re-existing non-neoplastic

astrocytes in the zone bordering on the syncytium.

Thrombosis of bloed vessels, with con-

ssequent diminution of the bloed supply is probably

a factor in the occurrence of the warked necresis in
[the substance of the glioma. In general, however,
the occurrence of necrosis in the tuwmeur is not sclely

devsndent upon the diminuticn of the blowd supply;
|0th_r faetors as yet unknown play s part. Certainly

4

the small foel of necrosis and the degeneraticn of the

ﬁuciei whieh cecour threugh the whole syneytial margin
of =2 glibma cantiot be explained merely by a disturbance
of the blocd supply, nor yet the neﬁrobiotio chrnges

of the astrocytes in the neighbouring zone. Ag
menticned before, it 1s sossible that during uuick
growth of the tumour the mechaniswm in the braim and

fcr draining away the effete products of

spinal cord

metabolism /
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mass of tissue. Heuce the fluid bathing the

tiszues and the £fluid in the reri-vasecular spaces ds

|saturated with effete metabolic products. Further,
|

it is a well known fact that the chewical composition |

o
h
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d product of tumocur cells differs from that
of "normal" tissue.
It ap ears justifiable to suggest that the

-

presence of an excess of used metabolie products, to-

[tgether vith perhaps their altered chemiecal composition|

swerable nct only for the damage te the endothel-

i
L4}
4
)

ds

um lining the bloud vessels - a condition prelimin-

|tary to thromb-us formation - but also for the necros—

tdis in the syneytisl wargin and in the surrounding

brain tissue.

4, The Decurrence of Hmmorrhage:-  The occurrence

of larger and smaller hmuorrhages in gliomatous tissue
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is a further characteristic of this type of tumour.
IIt is well recozhised that the hameorrhage may be so

o
=

massive that it quickly leads to the death of the

|patient; on the other hand Ilittle hiemorrhages lay

occur and theseappear often multiple and net single.

iLastly, the hzmorrhages in the tumour way be only sesn
|

i ; S : e

jon microscopical examination.

| Examples of all these types occurred in

lmy series.

ge may ocecur not enly in the
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:gliOﬁa but also in the non-neoplastic tissue in
neizhpourhood. Here also, the hzmeorrnage may be

massive or small. In two cases death was brouzht

sbout by a hamorrhage in a part distant to the

tumoOur. In both cases the glioma was in the ieft
cerepral hemis here. In the first case the hamorr-

thaze had oe urred into the cerepral veduncles and
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‘;ons, and ia the second into the pong. It should ]

| f

|

|be noticed incidentally that in neither of these cases
Was there a second tumour into wiich heworrhage had

occurred.
|

In the case of a large glioma oif the left

cerebral hemisohere, aumerous petechial hemorrhages
hed ocourred in the cortex and inte the sub-cortical

tissue of the temporal lobe on the side opnosite to

'that in which the tumour was situated. ~ierosco ical

|
|
‘examination demonstrated that no glicuatous tissue

as present in the region of the hamerrha-es. |

L massive hsworrhage into a glioma way
occur through the rupture of a fairly large blood

vessel ia a necrotie jortion of the tumour, or by

l
i

a punture of an aneurysm which has occurred there.

sorrhages, as also the smp=1l

rurther, massive ha
R

vemorrhsgzes vhich are usually present in a clioma,
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Cne ol the cases of syneytial cerviecal F
lglioma shoved a further condition whieh eould give

irise bto n=morrhage. A porticn of the tumour had become

understand that iz this condition hmmorrhasge into the

|
i
|

linterior of the cyst wmay readily cccur.

way be brotght about oving to thrombosis of the blocd

vessels in relation to the tumocur.

cystic and the wall of the cyst presented; over a
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large surface, new formed blood ves:-els which
gave the apnearance as though the lining of the eyst

ormed of granulaticn tissue. It is easy to

It is possible that large, fatal hmmorr-

s occurring at a distance frou the tumour have a |

thag

[0}

pelaticonshio to thrombosis at the site of the hzimorr-—

&

:hage, but this is a point which 1s difficult to prove.
In all cases whether hamorrhige oCCUTS

owing to rupture of a blood vessel, owing to rupture

o
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]
|

lof an aneurysm or following a thrombosis, davaze to
|the arterial wall must have preceded the occurrence.
As discussed under the heading of "The
Occurrence of Necrosish, I am'of the ovinion that
metapboliec products are the most itrobsble factor in

causing a local injury of the vessel wall; these

rroducts strengthened by the abnormal products of

tissue necrosis, especially in large rapidly groviing

tilomata, are doubtless in the psri-vascular spaces

|o€ blood vessesls in the tuiour and in parts of the

i

|

|{brain distant from it, and present therefore a2 poss-

:ible explanaticn for the damage in these places.
The numerous h=morrhages which cccur near the tumour arg
|
|
iorobably to be explained in the same way as those in
cases of acute infections. I sug.est again that

hamorrhages related to 2 glioma are derendent on

metabolic o~ other products of neoplastic tissue. ;

|

o
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5. Nomenelature and Classification:- Since much of

|the work on gliomata which hos appeared during the last

few years perhays especially in Snglish and American

|periodicals deals with the nomenclature andi eclassi-

) r
‘fication of these neoplasms I wish to expand a little

!
upon this, but especially to discuss the wisdom of

|accepting finally the elaborate clas:ification of
Aany one author until complete proof is availaple that
multinle terminology subserves a useful purpose either

clinically or nathclogicaliy.

The great pathologist, Hugo Ribert=<,

says conceruing the name "soongioblastomata™ given to

that type of neoplasm which has as its prototype the
spongioblasts of the developing neural tube, "One pust
not forget that these tumours are genetically identical

with those formed of true glia ........ The true

'zliomata are really therefore differentiated
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spongioblastomatal (Byttrue glia" he mesans astrocytes).
;nvertigation of this series of cglicmata has demon-
:strated that tumcurs way consist not only entirely of
a syncytium, but also that in the same neoplasm all

stages of structural differentiation occur, from the

mplest, the syncytium, to the most complicated, the

well formed astrocyte.

Pathology seeks to elucidate the nrocesses
lin 1iving tissue which constitute a disease. If the
aration of gliowata into different classes - be

they many or few — leads to a better understanding of

their course, of their origin, of their growth and of

their biological prouerties, then it is one of the
functicns of pathology to classify them. 1L, on the

other hand, their classificaticn adds nothing to cur

knovledge of these problems, it is useless frcm the

penfield /




Penfield” constantiy points out that an
essential to the intelligent use of any classification

£

|of zliomata is a knowledge of the developmentsl and

pathological forms of nopmal neuroglia snd of the be-

o

shavdour of the neuroglia under various conditiuns.

|
|
|
!-e has besn able in conseyuence to wodify considerably
|
lthe or izinal classificatiﬂn of Bailey & Cushing.éé
Panfield svbwits that eight types are juite suiffieicnt,
nanely:—~

feuroepithelioma. (2)  Swongioblsstoma Lultiforme;

stroc toma (&) Ependymoma  (5) iedulloblastam
Astroblasztoma (7)) Olisodendroglioma.
Ynigolar Spongioblastomna.

e,
G O
Sy SR, S

‘™ ¢

i Although this eclassific=ticn is a very

|

idistinct improvemsnt on that much more unwelldy cne of
!

|Bailey & Cushing, it would seem that even yet it is

sich too elaborate, especially when one remenbers for

|instance that developuent is a continuous proces: and

that there is no hard and fast line between the solar

spongioblast /
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gpongioblast and the agtroblast or betwesn

cr.
=
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|astroblast and the astrocyte.

From a clinical point ol view it would

tvmovr to search for the " difierent-

i

\be necessary in waking a classification of any given
I

‘ eneral stage of
|

iation reached and to remember that except in

s

spon:ioblastoma wultiforme neuroglial differsntiation

has no sharply distinet stages. Neuroglial cells

v/

differ in form according to the part of the brain
ch they ars found.

Since for obvious reascas this foruula

=

making classification is impracticable, I would

o
=

|suggest that a better understanding of gliomata 1is
reached if one studies thew as biological problews
irather thnan divides thew into single and suecial

catezories which are more or less only artificial.
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|1. The embryological developwant of the ianterstitial
|

1

tissue of the central nerveous system was demonstrated

land discussed.

Ze Certain clinical problems in diagnosis were

|
|
debated, and these were discusced with espeecial ref-
revence to the cases in the series.,

-

25 ecases of g¢licwmata were investigated.
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In 2 cases the growth had been guiescsnt for several

years; in the remainder growth was active.

SR o b v o £ ‘eases the grcowing margin of the

(4]
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Tioma consicsted of a syneytium or of a syncytium from
which single cells were differsatisting. 1ln the
other cases the'neo;lnstic uaréin was compo3sd of large
and immature astrocytes. Yany syneytial nuclei

showed necrobiotic changes.

B

5 . - Wlzpon 8 et o HnE O
5., Tor the most part the neoplasis wers grovibg B3

infiltration /




infiltration into the surrounding tissue, but notably

in one case the tumeur, or nart of it, was groving

& In & cases the gliowa consisted tircughout of a

enained quiescent for
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Te Some of the cases shewed all sbtages of different-
tiation from a syncytium to an astrocyte which had

reached a high degree of structural developuent.

0]
4]

8 1t is uncertain vhether neoplastie aztrocyt
which have reached a high degree of structural per-
tfection are able to mwultiply.

] In 211 cases the pre-existing non-neoplazstic

astrocytes in the neighbourhood of the glioma had

Hh

spoliferated; this proliferaticn was cften marhed

seen /
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seen in animal exXperiments and also non-zliomatous

tuiioure was described and discussed.

1. lecrosis was tound not only in the old parts

lasm but also in the growing marginal

d the surrounding tissue; sn exulanation of

L]
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U5 H=morrhazes occurred in different degrees from

ize to those which

193]

theose vwhich were microsecopical in
were magsive and fatal. In certain cases the hzm-
:orrhage occurred at a distance frou the neoplasm.

15, The modern tendency to wultiply nomenclature

te

-

fnnd elassificaticn was criticised from both 1

[ i )y y
elinical and vathological standpointse.

14. It was submitted that a better understanding ¢f

s1iomata is reached if they are studied as biological

;rotlems.
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Technical Iethods HREoployed.

.ﬁnaline dyes stain neuroglial nuclei but
show the perinueclear cytonlasm uﬁ1y in a general w

: ] k_‘-“vl- [l jl
Ceecasicnally certain astrocytes in a very active shase
iof reproduction are demonstrated. Veizert's neuro-—

rglial staining method demonstrates the nuclei snd the

glia fibres. FPor the demonstration of the vhole

n%+r0ﬁ‘+f it is necessary to use Cajal's Gold Chloride
ubhlimste llethod.,

Fer the detsails of techniyue of this
‘unthod I have referred espeecially to those articles
|den1ing with it by 3. Ramon y Cajal, B. Romelg,
iw' Soeilmeyer snd C. Da Fano.

lMany authors of the latesli papers con
intain or imply that the Gold Chloride

Iﬂh-'!""‘ J"I-I )

|Sublimate Yethod is variable and difficult. This is
‘ﬂut true. According to my experience of this metihod

lextending nov cver several years, I can $say eaphatic-

:ally that the technigue gives such universally con-

:stant results that it can be carried out in every

histologiesl laboratory, pgrovided that scrupulous

nt*@a«l n is given to the cnemical purity of the

=nd to the cleanliness of the a ,qrntbs. iy
'ence is that not only routine work in glicnata

'P“Q be well earried ocut but that the ‘reparaticns

nde according to tinis method are constant.

A

The Gold Chloride Sublima e
certain limitatiocnse. It does not qu,q 8 o
ﬁXﬁm“1ﬂ, the sirueture of a glioms coOm; owrl i “matuve"
I"“tv*"'-w ic fibres. Tn this case the negative picture
lobtained wust be converted into the ,oalt_V" picture
p X

by Weizertls Glia Yethod or by one of 1S ;oiificqti@ﬂi
c.2. Holzér'!s Lrystall-Violett fiethod; further, the
~uolel and the trotoplzsm of a neuroglial syncytium are
lnot demonstrated. The negative picture obtained by
these wmathods must be sup |1 e.ented by the TJiCtUI’e

obtained frow Hamwatin and Fosin wrenqrationa and by
sections impregnated by the different silver metheds.

The use to which the differen@ metiods

are put to dewmonstrate the structure of glic Lnta is
indicatel in the illustratiocns.

(
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