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The objects of the research embodied in 

this Thesis v'ere, firstly, to determine the exact 

nature cf neurolial secdly,to observe its benavicur 

under a. normal conditions, and thirdly, froif, the mater- 

ial analysed, to make certain observations upon the 

modern nomenclature and classification of gliomata. 

It is a. very great pleasure to record' 

my indebtedness and gratitude to many colleaues in the 

Royal infirmary, but especially to Drofes: or Idwin 

Bramrell and Dr. Alexander Goodall for so generously 

alloying me to make use of cases which came under 

their care. interest in the Pathology of the 

Nervous System was criOnally stimulated by 

r. F. R. Reynolds, and his able guidance has alv.ays 

een most willingly given. The facilities for the 

1naimal e.7::.eriepts .were most courteusly liven by T.3ir 

avid Tilkie, and were carried cut in the Surgical 

_esearch / 
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Research 7De2artment. La-tly I should to acinop- 

:ledee my indebtedness to r. John Grieve for cLis 

faithful re roducti,ns of the ')re)rations ilzustrated 

in colour. 



It seems probable that the interstitial 

tissues 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 about, it 

is essential to be thoroughly conversant with the 

structure and arrangement of the elements concerned. 

As the view at present held on the struct- 

:ure of neuroglia are widely divergent, an investi- 

: ation, embodied in this thesis, was undertaken to 

ascertain which tea.c.:in I myself should follow. 

It is well, first, to recapitulate briefly 

the points in the embryological development of the 

neural tube :--hick are of importance in this study -. 

At a very early stage of embryological 

life, certain cells of the ectoderm become folded in 

as the neural groove. By further proliferation 

and / 



jig. T. - Microphotograph of a paraffin section cut 
transversely through a 124 hours' old 
chicken embryo, showing the general anatom 
of the spinal cord, dorsal root- ganglia, 
and sympathetic ganglia. a, b, c, 
Ependymal, mantle, and marginal layers 
respectively of the spinal cord. d, Dors 
root -ganglion. L, Sympathetic ganglion. 
f, Notochord. 



Fig. II. - Microphotograph of a frozen section im- 
:pregnated by the silver method described; 
taken from a 124 hours' old chicken embryo 
and showing the same general structure as 
in Fig. I., but with the dorsal root and 
sympathetic ganglia more emphasised. 
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and invagination, the groove becomes converted into 

a hollow tube. From the cells composing the walls 

of this tube are developed the parenchyma and the 

greater part of the interstitial cells of the central 

nervous system. 

Soon the cells of the neural tube arrange 

themselves into three distinct layers or zones. 

I. The Innermost or TTF; endy-Lai" Layer:- This is 

composed of large rounded cells with nuclei rich in 

chromatin. In sections of the tube sosie of the 

cells are seen to be undergoing Aitotic division, 

and to these the name of TTge.rminal cells'! has been 

given. Division of cells, that is, the so- called 

germinal cell, occurs only in this zone. 

Certain of the cells of this layer later 

become differentiated into the ependyni lining of 

the ventricles of the brain and of the central 

canal / 

Fig. I. Pig. II. 



. 

canal of the spinal cord. 

2. The Middle or "Mantle" Layer : - This is composed 

of cells derived from the germinal cells. They 

are of three distinct structural types. (a) The 

neuroblasts are large cells resembling those of the 

eperidymal zone but ', hich have developed processes, 

namely, the primitive axon and dendrons, and which 

later become the neurocytes or nerve cells. 

(b) The spongioblasts are columnar in type and their 

nuclei are much smaller than those of the neuro- 

:blasts; these cells are the precursors of the 

neuroglial cells. (c) The remaining cells are 

similar in appearance to those of the ependymal 

layer, and histologically have not yet differentiated 

into neuroblasts or spongióolasts; they are called, 

therefore, "indifferent cells" and represent a stage 

in the development of two fully differentiated 

eThmcnts. 



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. 



Fig. IV. - Hicrophotograph of a parafin section cut 
transversly thrùugh a 66 hours chic.Len 
embryo, shoing the neural ridge already 
developing. 
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elements. Indifferent cells may persist as such or 

develop into neuroglia or, during prén.tal life, 

into neurobiasts. 

'á. The Outer or fiaarginal" Layer:- This consists of 

processes of the spongioblasts of the mantle layer. 

The development processes may be summar- 

:ised in the following scheme: - 

ependymal cell 

Primitive 
cell 

rieu.roblastneurocyte 
(nerve cell) 

germinal-indifferent 
.cell cell 

yspongioblas t- +neuroglia 

There remins to be considered the devel- 

:opment of the nervous ganglia, naiely, the dorsal 

root -ganglia and the sympathetic ganglia including 

the medullary portion of the suprarenal body.* 

When closure of the neural tuLe is com- 

:plete, it is connected to the - surface ectoderm by 

a longitudinal ridge of cells called the neural 

crest. Trais soon becomes separated from the 

surface / 

Fig. ig. TII. : - Fig. . . _ 
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surface ectoderm, but remains attached to the dorsal 

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

of bud .ing, are formed the cranial and spinal 

sensory root -ganglia. 

The ventral portions of the spinal ganglia, 

from the level of the first thoracic downwards, 

separate off from the min mass and form the ganglia 

of the sympathetic chain and medullary portion of 

the suprarenal bodies. 

Historical:- By the introduction of a special 

method of metallic impregnation,* Gdgi (1873, 1885 

was the first to demonstrate satisfactorily the 

structure of neuroglial cells. His method gave a 

silhouette picture of the neurolial cell and depicted 

it / 

1,2 

The essential difference between staining and im- 
:pregnation is that in the former the colouring matter 
enters into molecular combination v ith the stainable 
tissue, whereas, in impregnatin, the metal is pre- 
cipitated on the surface of certain selected cells 

and tissue components. 
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it a.s stellate in form (astrocyte). He described 

ti o main types; in the first, which was that more 

commonly found, the cell possessed long, fine, un- 

:branched processes (fibrillar or slider cells); in 

the second, the processes of the cell had numerous 

branches which terminated near the cell body (arbor- 

:escent or protoplasmic cella). He reccgnised the 

neuroglia as cowpposed of separate and distinct cells 

with processes vdaich penetrated between the nervous 

elements. 

As the outcome of much ,ork, ' igert 

(16:3)') introduced a staining method which was s ecific 

for neuroglial fibres, and by this he demonstrated 

with _renter clearness the fibrillar elements of the 

neu.rcglial cell. It is to Weigertts studies that 

we owe .,such of our knowledge of the nature of neuro- 

: 11,1 fibres and their relationship both to each 

other / 
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other and to the nucleus of the cell. He taught that 

the fibres were developed either in the cell or under 

its influence, and thatt-_ ter they were coi4letely 

se rated from its cytoplasmic body and came to lie 

free: This conception of the development of neuro- 

.giial fibres was simil r, therefore, to what is movvn 

to occur in the case of fibrous tissue. 

The chief disadvantage of ?Teigert t s method 

of staining were, that it was capricious even in his 

own hands, and that it could be used only on human 

tissue. Moreover, although by this method the 

Nucleus was stained in addition to the fibres, the 

cytoplasms was not stained; since Weigert never suc- 

aceeded in combining a cytoplasmic stain vith his 

specific method, he concluded that the neuroglial 

ucleus was surrounded by so thin a film of cytoplasm 

hat it was not demonstrable. 

4 "eigertts / 
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Weigertts work leo to much investigation 

on the structure of the neuroglia. A great deal of 

this research was directed tol;ards demonstrating 

the cytoplasm of the cell in ad iltion to the nuclear 

and fibrillar elements. 

In connection with this work, special 

mention must be made of th',t of Hardesty (102)4 

and Held (1903).Ö These v,orkers maintained that 

the sync ytium for,ned by the spongiobiast of the 

neural tube, as described by His, was retained !;er- 

:manently by the neuroglia. Accorting to them, 

the neuroglia was composed of a richly branched 

cytoplas_ic syncytium, at the nodes of which were 

embedded nuclei, and which was strengthened as 

a supporting element by the development in it of 

fibres. As a result of this conception of the 

structure of the neuro :iia, Held suggested that the 

neuroglial / 



9. 

neuroglial cytoplasm formed a pathway for the nutrient 

exchange between the lymph-vascular systems* and the 

functional nervous elements. It will be noticed, 

therefore, that an important distinction beteen the 

teaching of the two schools of Veigert and of Hardesty 

and Held was, that the later maintained that the 

fibres were intracellular, v;hereas according to 

Veigert they were entracellular. 

The present day conception of the structure 

of neuroglia is founded very largely upon Golgi's 

original silver impregnation methods and is associated 

with the names of Cajal, Hortega, Penfield,8'9 and 

others of the "Spanish School.,, :y cwn inv ti- 

:gations have led me to accept their teaching. 

Stated / 

In the brain and spinal cord there are no closed 
lymph channels. The lymphatic system is composed of 
the clefts (nVirchovi -Robin spacesft) between the con- 
:nective tissue fibrils and cells which form the ad- - 

:ventitia of the blood vessels. The membrana limitans 
perivascularis and the external adventitial layers are 
closely welded together, there being no space bet;: een 
them. 
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Stated briefly, neuroglia consists of 

separate individual cells; the fibres are intra- 

:cellular; and the cells consist of several types. 

Cajal10 senrated the cells of the central 

nervous system into three components. - 

1. The nervous parenchyma. 

2. Astrocytes, some of which contain 

fibres, "fibrous astrocytes," and the swhich do 

not contain fibres, "protoplasmic astrocytes.'T 

3. Cells differing structurally from 

the astrocytes in that they posess no processes, and 

Which he named "the third element of the central 

nervous system" (1213). 

Later Hortega (1921) Il shoed that the 

cells comprising "the third element" of Cajal actually 

had processes, and he differentiated this group into 

two types, according to their structure and r ha t he 

believed / 
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believed to be their origin and function. These 

tykes he named (a) oligodendroglia 'end (b) microglia. 

I propose to c._nsider in greater detail 

these types of interstitial cells and to deal not only 

with their structure and distribution, but, so far as 

our pres=ent day knowle_ige allows, v.ith their function. 

It may be mentioned here that certain 

functi_ns co ì on to all the interstitial cells of 

the central nervous system have been suggested. Of 

these, it is certain that the cels act as the sup- 

:porting structure of the nervous parenchyma. 

Further, certain authors believe that the inter- 

stiti-al tissues may act as an insulating medium 

preventing dispersion of nervous im)ulses to neigh- 

:boor. ing paths. Again, it has been maintained that 

the resilient nature of neuroglia may protect the 

delicate nervous tissue from the p-lsations of the 

blood / 
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. 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 ,process is seen terminating in 
a vascular foot-plate. 

(Section treated by Cajal's gold 
sublixuate method.) 



' - Coronai sectin through the hitu iatter 
subjacent to the cerebral cortex .,;-noing 

the fibrous type of astrocyte. -z:Lany of 
the fibres can be traced from one process 
into another sweeping .past the nucleus as 
they pass through the perinuclear cyto- 
:plasm. One of the processes is s.:lort 

and thick. and terminates in a vascular 
foot-plate implanted upon the adventitial 
Tall of a cailiary. 

(Section treated by C;-,jits 8old 
sublimate method.) 



Fig. VII - Coronal section tbrolh the ,,fhite matter 
subjacnt to the cerebral cortex shoving 
the composition of the -membrana limitans 
perivascularis around a small blood 
vessel. The membrane is formed by 
fibres and vascular foot-plates of 
astrocytes 

(Section treated by Cajalls gold 
sublimate method,) 
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blood vessels. 

Astrocytes:- As already noted, astrocytes are, oz 

two types, a_me y, thOse containing fibres, and 

those having no fibres developed in their cytoplasm. 

Both types of cells are large and have many 

processes. These vary in 'length; many of them can 

be traced for considerable dist._nces from the peri- 

:nuclear cytoplasm, others are shorter. At least 

one of the prcces -:es of every astrocyte is implanted 

upon the adventitial wall of a capillary or smaller 

blood vessel. The implantation takes the form of a 

small pyramidal expansion of the cytoplasmic process 

and is known as the "vascular foot- plate °F The 

length of the process concerned depends naturally on 

the situation of the cell relative to the blood 

vessel. Where the process is short, it is usually 

of considerable diameter The nucleus is large, 

relative / 

Figs. `T., 71., ?ITT, Fig. ill. 
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elative to the perinuclear cyto_ lasm, 3 phenol dal 

and rich in chromatin. 

Most authors agree that both types of 

astrocytes have the power of multiplying by amitotic 

livision. 

In the Tiibrous!T type of astrocyte the 

fibres vary in length and thickness and some of them 

Ry be traced for a very considerable dist r ce away 

r'rom the cell body. The fibre distant from the 

Pli body is covered by so thin a :ilm of cytoplasm 

hat the envelope is little more than a prolongation 

of the cell aembrane. The fibres have no free ends 

n the erinuclear cytoplasm ;* each individual fibre 

ay be traced from one proces_ into another, seeing 

ast the nucleus as it passes ti.rough the berinuclear 

ytoplasm. In no instance has a fibre been traced 

from one astrocyte into another. 

On / 

* Fig. VI I. 
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On the surface of the central nervous sys- 

: tem the neuroglia is condensed to form a limiting 

membrane (r.e1brana limitans superfïci.aiis) . As the 

blood vessels penetrate into the central nervous 

system from the ,pia mater they carry rith them a 

prolongation of this superfici'a1 limiting L,,embrane 

(.-!embrana l?_mitans p rivascuiaris), and thus every - 

:v: ere the vascular tissue is definitely sep.rated 

from that of the cerebrospinal substance. The strengt 

:end consistence of this condensation of neuroglia is 

,due to a rich development of neurogli ,1 fiores and, 

in the case of the membrana iimitans .Jerivascularis, 

of vascular foot -plates." 

Astrocytes are present throughout the 

whole of the grey and .:hite matter of the central 

nervous system. The majority of the astrocytes in 

the grey matter are of the ttprotopiasmictt type; in 

the / 

*rig. "II. 
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the white matter and in the ..:eLbranc Iiitantes the 

'fibrous" type largely preiominates. 

One undoubted functi_.n of the astrocyte 

is to support the nervous )arFenchyma. That every 

astroc;, to should have a process v-hich brings it into 

relatjoiy,hip 'with the lymph- vascular system and that 

the process should be expanded into the structure 

already described as a ',vascular foot -plate" is a 

fact very significant in regard to the nourishment 

of the cell. It seems iaighiy probable to me that 

the foot-plates are develoed to dive a greater. a_b- 

:sorbing or excreting surface and that they subserve 

the function of nutritive exchange between the 

.strccytes and the perivascular spaces. . ; "oreover, 

uch a thesis-does not depend upon the presence 

pf a syncytium since each individual astrocyte is 

'n relation to a blood vessel and its accompanying 

ymph / 
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ymph spaces. 

Further, if the vascular foot- plates sub - 

: serve the function of nutritive exchn.nge betwe n the 

strocytes and the perivascular spaces, it seems 

possible also that the nutrient exchange of the 

ervous parenchymal cell may take place through the 

astrocyte, as sug_._ested by Held (vide supra). Ana- 

:tomical support of such a theory could be advanced 

Iron the fact that in those areas in wìi_ ch the so- 

called bodies of the nerve cells occur, namely in 

the grey matter, the majority of the astrocytes are 

"Tp?rotoDlasmi cri in type. This type of cell cannot 

give such good structural support as the "fibrous" 

type but it seems justifiable to suppose that it would 

form a better channel for the passage of nourishment 

than v-ould the cell in \hich so much of its cytoplasm 

has been differentiated into fibres. The "fibrous" 

type / 
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type, moreover, occurs in areas in which the need for 

support predominates over that for nourishment, namely 

on surfaces and in the white matter. 

In each situation, the re isìte need for 

support and for nutrition may be provided for by the 

minority of the astrocytes _resent, namely the 

nfibrous" and gr_prctoplasric91 types ris; ectively. 

Oligodendroglia: - The oligodendroglial cell is 

smaller than the astrocyte and, as its name implies, 

has fey, processes; moreover, the processes are not 

so long as in the former ty 3e of neu.roglial cell. 

Most of the cytoplasm lies at the bases of the ïa rger 

o,rocesses; the cell does not possess any fibres nor 

o any of its processes terminate in a vascular foot- 

plate. The nucleus is comparatively small, but its 

hromatin is large in amount and therefore compactly 

rranged. 

Oligodendrog'ia / 
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Oligodendroglia occurs between the myelin 

sheaths of nerve fibres and hence it is often seen 

in rows in the \ White matter* A certain number of 

small oligodendroglial cells occur in the grey 

utter There they act as ttsatellitestt to nerve 

cells, their processes wrapping themselves around the 

parenchymal cell. 

Oligodendroglia is very abundant and 

coiprises the majority of the interstitial -cells 

of the central nervous system. It is plentiful 

in young animals, especially curing the c;e, icd 

of maximum myelinisatien, a_nd at this time the 

cells are pa.rticular.ly rich in granules. From 

these two facts 2,any authorities be_leve that this 

type of cell is concerned in the secretion of myelin 

around the neT -ve fibres \ ithin the central nervous 

system. Further, from tbìs anatomical relationship 

to / 

I - Fig. VIII. 
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to the nerve fibre, it has been suggested that there 

is nn analogy, both structurally and functicnally, 

between oligodendroglia within L-he brain and cord 

and the neurolemaa vhich envelopes the myelin sheath 

of the peripheral nerve fibre. 

Cligodendroglia is not an immature form of 

astrocyte; it is a sueci=..lised neuroglial entity, and 

in specialisation has lost the power of re ec:ducticn. 

In pas :,ink;, it should rie mentioned that cli- 

odendroglia having the normal histological structure 

is seldom seen in human post -mortem ry. terial. It 

very rapidly undergoes autolytic changes a r esult 

of agonal and 12o:st-rv°o.rtem processes. 

It is interesting to note that, in 100, 

Ford Robertson 12 described certain cells which he 

believed to be of mesodermal origin and which he 

named "i esoglia.tt It is no- known that these 

are / 



- F nL section through the cerebral 
cortx cng microglia. The ar- 
:ran, :n.t of the Jrocesses CRU3,3.s rnany 
of the cel=,s to-apear biclar and 
tyoically the nuclei are elongated. 
Near the centre of the field are two 
faintly-stained nerve cells, each of 
Thich has a illicroglial "satellite". 

(Section treated by Hortegats silver 
carbonate oethod for wicroglia.) 



20. 

are the cells designated oligodendroglia and- that 

they are ectodermal in oriçLin. 

Micro :iia: These cells are comparatively small. 

Their cytoplasmic processes, which have numerous 

branches, are frequently so arranged as to give the cP11 

a bipolar appearance. The cells possess neither 

fibres nor vascular foot -plates. The nucleus is 

small; typically it is elongated in shape and con - 

tains a relatively large amount of chromatin 

Yicrolial cells are found throughout the 

central nervous system, but are more plentiful in the 

grey than in the t hite matter. A few of the 

nsatellitesU of the nerve cells are microglia, the 

majority, however, being oligodendroglia. 

Hortega maintains that the microglial 

cells are mesodermal in origin, and his view as to 

the origin cf these cells is accepted by Penfield 

although / 

7i.. IX. 
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although the actual troniticn from the mesodermal 

cell to the microglial cell has not yet been demon- 

strated. 

Microglial cells are few- in nu,ber up to 

near the tine of birth; at birth and a ring the 

first few weeks of post -natal life, they increase 

very rapidly. They are believed to be derived, 

chiefly at any rate, from the mesodermal tissue of 

the pia mater in the neighbourhood of its invagination 

to form the choroid plexus and from the pia mater 

covering the under surfaces of the cerebral peduncles. 

From these sites, the microglial cells 

spread through the white into the grey matter, and 

after some months are more numerous in the latter. 

Microglia may become wandering amoeboid 

cells; it is believed that they are the chief ele- 

ments concerned in _.1hagocytosis of particles of 

cerebral / 



ce :ebral tis.nle after destructive »roces3es such as 

occur in cerebral softening, and in their ro oval to 

the perivascular lymphatic spaces. 

The foll g scheme shows the origin 

and rela.tionshi > of the eleents of the central 

nervous Strstem:- 

Hrvcus parenchyma 

: ctodermal 
^ strocytes 

.ndroglia 

c esodermaï icro 1ia 

ieuro;,ïia . 

interstitial 
tissue 

Under the term ri 
, lio so: .es it several 

authors nave described small rounded bodies occurring 

vi t_hfn astrocytes and oligodendrogli.al cells and 

Mich they maintain are specific for neurolial 

cells. This ouestion has not been dealt :-.ith in 

this thesis since I have not yet convinced :1ï,yself 

as to the nature and significance of these bodies. 

Having / 



 

Having noT fa..de up any mind as to what con- 

stituted the individual elements of the interstitial 

tissue of the nervous system, I decided to investigate 

a number of cases of gliomata in order to determine 

what classificati, n of these tumours I should follow. 

Some twenty -five cases were carefully examined by the 

vari. s methods ,Ahich have been described, inci ud ing 

both stainin g. and impregn tti:;n, and I ;pro,. ose to 

describe several of then_ cases in detail .since 

these are the ones that were examined most exhau.tive- 

:ly, and since the clinical features of the cases 

have an im..crta.nt bearing on the thesis I proose 

first of all to discuss certain of the outstanding 

clinical aspects in order that the interpretation 

of the individual cases may be more clearly unzer- 

:stood. 

Clinical Considerations: - The study of neurology 

cannot / 
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cannot be .ursued for long before attention is 

occupied greatly by intracrani.1 tumours of the 

central nervous system. The reason for this is 

that much of the prr ?sent day Eno-led e of cerebral 

and spinal function has been acquired by careful 

observati- n of symptoms nd :- i; ns ;Jroduced uy neo- 

clasms in differ =nt situations of the central 

nervous system. ?;oreover, the accurate localisation 

of tumours has now, more than ever b- fore, become 

a r a.tter of the utmost practical importance, since 

the onward march of neuro-sur.ery h ,s be .n so 

markedly rapid. To the inexperienced clinician it 

may seem quite a simple matter to determine at what 

site interference with the nervous function is 

occurring; it cannot, however, be toó strongly 

emphasised that much patient study and assessing 

of the phenomena presented is required before even 

a / 



a moderate degree of shill is attained in localising 

the site of the tumour. Thus, vhile the grosser 

manifestations of d :sease may be evident, it is only 

after much experience that it becomes possible to 

seocrate the signs vhich are of importance from 

those MTh] ch merely c Loud the picture. The basis 

of th . s experience must of necessity be made at the 

bedside, and no amount of reading can replace the 

knowledge thus gained. i?=e v'ho live in a enera.tion 

in wh.ch experimental method and methods of precision 

are being constantly held before us, are toc often 

I tempted to augment our deficient powers of obser- 

:vatic;n by a too ready resort to one of these, and 

thus the modern tendency is to spend too much time 

in a study of radiograms and elaborate reacti:_ns of 

the cerebro- s:inal fluid to the neglect 01 the more 

re lily obtainable clinical facts of the case. 

' hi l e / 
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?`ïhile wishing l,rima.rily to emphasise the importance 

of bedside training, it is not desired to sug_,est 

that no Place is to be found by the student of 

neurology for certain laboratory tests, but only to 

maintain that these must be regarded by him, in the 

first instance at least, as of merely confirmatory 

value. 

In the nervou system, as in no other 

systeo in the body, is the student able from the 

very beginning of his clinical studies to correlate 

and to ap_reciate fully the training he h -s h -<i in 

anatomy, physiology and pathology, ecause it is in 

deal ino vrith nervous disease that he f_` nds hïuself 

for the first tii,e constantly referring to his 

knowledge of all three of these subjects. Although 

this truth applies to all forms of organic nervous 

disease, it becomes at once ap:;arent i -hen considering 

neoplasms / 
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neoplass of the brain and spinal cord. Briefly 

stated, a clinical neurologist is es :entialiy one who 

is Tell equipped with a knowledge of the ¡Jreliminary 

subjects of the medical curricuJ_um and whe has 

studied patiently all the available clinical m terial 

for a period of years; all things being equal, 

his e: ierience is airectly proportional to the 

number of years he has practise 

Before any morbid condition can be pre- 

:vented or before it can be treated. rationally 

1,hen once it is established, the clinician must 

have a complete understanding of the processes 

which constitute the particular disease. In this 

connection, the careful study of the manifestations 

of disease as exhibited by the patint os been 

mi.hasised. The researches of the clinician 

cannot, however, stop at the bedside while the 

patient / 



patient is still alive. A valuable oportunity.is 

given him of checking the observ,AiLns mde during 

life and of augmenting his understaning of the 

condition in those cases vhich terminate fatally. 

Fre4uently at autoosy anooalous signs and symptoms, 

phenomena which could not be exlJlained with certainty 

during life, are made clear. Further, since 

disease is a conditin of cells, (2.1Thiar pathology, 

both anatomical and functional, 12t be studied by 

him. In many instances, the structral relation- 

;ship of cells to each othr, the anatomical changes 

in the individual cells, the presence of an excess of 

cells of a particular type may give information of 

the utmo5t value and from which may oe deduced much 

of the process which was going on during life. 

Hence to study fully disease, it is of 

primary necessity that the clinician makes his 

observations / 
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observations not only during life but at autopsy 

and later through the microscope. 

The good fortune to make an original 

observation of fundemental value is only bestowed 

on the very few, eut this does not mean that kilav:- 

:leae is not ,,,dvauced by the agregate of ob- 

:servati ns from many different sources; undoubtedly 

it is by this latter ..DeLhod that many of Lhe imvort- 

:ant steps in '2edici-le are taken. No clearer il- 

:Lustratir.n of these facts can be seen than that 

dem,nstrated by the recent advnce. ILl the inowledge 

of the structure, mode of growth, and seAuelae of 

brain tumours, particularly of those of the glioma 

group. 

In dite of their importance, neoplasms of 

the brain are relatively infrectuent. As in the 

case of all neoplastic growths, they occur at all 

ages / 



ages, are found in every conceivable location within 

the cranial cavity, and vary greatly in treir 

th.o'_ogy. In these respects they differ from so 

many ether organic nervous diseases. Previous to 

1919 many extensive ,JonograAhs had appeared, treat- 

ing the subject from many different standpoints. 

Notable among these are the contributions 

of Starr , Von . =onakow14, 15 
p penheim , Tooth l6 

and Red1ich.1 7 These authors large 

series of cases and described tumours in almost 

every region of the brain. From this time down 

to the present day, however, the majority of authors 

have been ;oL °e attracted to the surgical aspect oÿ 

the problem and have concerned themselves largely 

with the c7a- stion of dividing these neoplasms into 

two great groups, operable and non -operable. 

Among recent studies which have taken up a more 

general / 
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general viewpoint, both clinical ,n1 aa- .tñological, 

are those of Edv,in Brai:, ;ell (1921)16, Cushing (192219 

Cushing 8c Bailey (1925)20, and Purves -Ste °.art (1927) 

In most of the published monographs and 

articles the authors deal with intracranial in 

contradistinction to intramedullary neoplasms. 

P(oreover, since certain other carit.itions, for 

exam)le, gummata and locwlised tuberculous lesions 

within the cerebral substance (so- called '1tuberculo- 

:mata71), - >arasitic cysts, give rise to clinical maani- 

:f estaticns similar to neoplasms at the same site, 

it has be-..m usual to include these under the terms 

intracranial and cerebral tTtumoursf. However 

justifiable this may be on clinical and terminological 

grounds, it is apt to lead to confusion, and 

scientifically, so far as is knovwn, lesions due to 

infective micro -organisms are in an entirely dif: erent. 

category to neoplastic grove ths. 

Further / 



Further, metastatic neoplasms occurring 

in the medullary substance are included in the 

statistics of new gr oTths of the brain and spinal 

cord. 

It is not surprising, therefore, that 

statistics endeavouring to show the frequency of 

cerebral "tur ourst . and also of cerebral neo, lasms in 

relation to other diseases of the central nervous 

system vary considerably. For instance in the 

Vanderbilt Clini:jue in America, out of 18,000 

cases of nervous disease there were 48 brain tumours. 

Bruns22states it as high as two per cent., but on 

the other hand Cushing26 and Redlicl -P4 both give 

.75 per cent. Speaking generally, it would ap 

:pear that if the average from all different sources 

was taken, it 'j euld be äo ey here between these 

two figures. Then we remember the very numerous 

different / 
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different types of tumour included, it will be 

readily understood that even the .,ost prev.- ..lent 

form c-,.n only have a very small incidence inde>d. 

Certain teratomata, derr:oids, an, iomata 

have a congenital ori`in, and other very rare types 

can be exJlained as a result of developmental 

anomalies. Of neoplasms of the brain it is found 

that gliomate. are the cost frequent. They ore - 

:ponderate over any other class in adults. In 

Tooth's summary of 500 cases from the National 

Hospital, London, 49 per cent. were .liomá.ta. 

As the present series of cases show, gliomata occur 

throughout the brain or spinal cord as circumscribed 

or diffuse tumours; the ,general tendency, however -, 

is towaris diffuseness, and degeneration with 

hemorrhage and cystic formation take place 

Princiral__y in intracerebral gro'ths. Thus the 

symptoms / 



symptoms, particularly of neoplasms in the 

hemispheres, are apt to develop intermittently. 

Gliomata, as their name im flies, arise 

from the neuroglial tissue or Tglia!T. Undoubtedly 

the etiological factors responsible for them are of 

the same nature as those v.hich cause new groihths 

in general. These factors are unknown at the 

present time and it is outside the province cf this 

thesis to discuss the various theories which have 

been advanced from time to time to account for 

neo Mastic formations. 

In this convection, however, entiLn must 

be made of trauma .since this has been advanced by 

many writers as a causative factor in the occurrence 

of gliomata .end was indeed a factor in one of the 

cases described below. The type of injury is 

usually quite trivial and it would seem reasonable 

to / 
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to suppose that in many instances this has mer.y 

focussed attention on a pre -existing state of 

affairs. 

Clinical `anifest-ations :- Although glioma.ta may 

have a greatly varied structure, their behaviour 

from the clinical point of view is .much more de- 

:pendent on their anatomical localisation than on 

any other consideration. 

It is important to recognise that symptoms, 

when these exist at all, belong to one or other of 

two classes; they are either focal or g Lieral. 

The focal symptoms ap;:ear because of involvement of 

a particular area or region of b °ain; v Cher °eas 

the general symptoms are a manifestation of the 

compression to r Which the cranial contents as a whole 

are subjected by the growth of the neoplasm. It 

follows quite naturally that localisation is 

dependent / 



dependent entirely upon focal symptoms, and iif- 

:ficulty arises when the general symptoms are of 

such a nature as to obscure in whole or in part 

the value of the localising ones. Moreover, it 

frequently happens that the focal symptoms remain 

absent or only appear at a much later date than the 

signs of increased intracranial pressure; on the 

other hand, however, the diagnosis may be quite 

ap,arent at a much earlier date than that of the on- 

set of the general symptoms, although this is more 

especially the case with endethei.iomata and neurofi- 

: bromata. There can be no doubt that both these 

classes of symptoms are produced more by compression 

than by destruction of brain tissue, because as 

increased bulk of the brain arises, first cerebro- 

spinal fluid and then blood are expelled from the 

cranial cavity, and it is from paucity of the 

latter / 
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latter that interference with function develops. 

The tevelopment of the Jacksonian fits hich some- 

:times accompany a neoplasm in the region of the 

corte s. is due to the same mechanism, because it is 

a well -known fact that motor cells become more ex- 

:citable Then their oxygen suy)ply becomes reduced, 

and when thus excited they are liable to disch2.rge 

with the production of the well- r_nown focal con- 

:vulsion. 

The general symptoms are indicative of the 

ntumour" a.sa hole, irresiective of its special 

nature or localisation. Although many difi er -int 

symptoms come under this group, the outstanding triad 

are headache, vomiting and papilloedema. Of 

lesser importance are such symptoms as nausea, 

dizziness, mental changes, sometimes drowsiness and 

different convulsive , .)henoruena. ','.bien th .y are 

present / 



 

.resent at all, these general symptoms have a 

ten.ency.tc be progressive, but c ten they vary in 

t eir intensity from time to time. Freuently 

they remain stationary and may in some cases even 

regress and disappear. 

Headache:- This symptom is more comonly present than 

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

headache usually starts more or less irregularly, 

is frequently intermittent in the early stages and 

later bac ._es persistent, being either dull or severe 

in type; if dull, periods of excruciating e:xac r- 

:bation occur. The brain itself is insensitive, ana 

the headache is due to stretching of the dura mater 

and stimulation of sensory nerve endings in its 

structure. Only occasionally is it of value as a 

localising symptom, it being usually frontal or 

occipital and of no localising value. Frontal 

tumours / 
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tumours often give rise to occic,ital h.==adaciîes and 

v- ce versa; right -sided tumours to _eft -sided 

headache and vice versa. 

Vomiting:- This symptom is most frequently found 

in those cases in which headache is a maned 

feature and which are accompanied by other signs of 

great increase of intracranial tension. It has 

been usual to describe the vomiting as "rojectile" 

in type and unassociated with nausea, but undoubtedly 

it is misleading to emphasize this character, since 

frequently the type of vomiting net with is indis- 

:tinguishable from that found in other c cnai.tions, 

and indeed ignorance of this fact must sooner or 

later lead to failure in recognising the true sig 

:nif'icance of vomiting in the early stages of 

cerebral tumour. when present, vomiting most 

often occurs in the morning, and at times it is so 

2ersistent / 
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persistent as to lead to starvation, exhaustion <tnd 

even death. 

Failure of Vision:- This tc_. is O-i- the greatest 

importance in the diagnosis of cerebral neoplasm. 

The actual diminution of visual acuity is ,preceded 

by changes in the optic nerve head 7 .pith are so 

definite that they can be seen by the o_,thai-rnoscope, 

and one ought therefore to consider this symptom 

more as a sign, because actually a very de- finite in- 

:crease of intracranial tension has occurred before 

any noticeable defect of vision is to be observed. 

A very large :Jercentage of all patients show changes 

of the c Dtic nerve, which vary largely, de.;ening upon 

the gr-de of intracranial pressure and the size and 

location of the tumour. Those neoplasms causing 

intracranial pressure (those situated in the ,,oster- 

:ior fossa oarticularly) force the cerebra- spinal 

fluid / 
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fluid into the space between the o ,tic nerve and 

its sheath; this causes a papilloedema or choked 

disc. It is only hen this "Choked Disc" becomes 

very pronounced that vision begins to fail, md as 

in iJost instances the development of a marked pap- 

:illoedema. is spread over a period varying from days 

to months, the advantage of using the opthalmoscope 

in every suspected case must be at once apparent. 

The failure of vision may be gradual, 

proceeding by an increasing peripheral constriction 

of the visual field, or it may be of dramatic sudtaen- 

:ness. After blindness has ensued, the pupils 

tend to dilate and to be come iìm obile. 

Amongthe less common indications of an 

abnormally raised intracranial tension are a slowing 

of the pulse rate, 7hich may fall as low as fifty or 

less per minute, an associated rise in the blood 

pressure / 



pressure, and abnormality of the respiratory rhythm. 

There is also very frequently a progressive dulling 

of mental alertness, which passes on to stupor as 

the pressure within the skull rises. In any 

situation a cerebral neoplasm may give rise to sudden 

transient loss consciousness with or without 

generalised convulsicn. Such fits, however, have 

no localising value. Focal or Jack.cnia.n fits, on 

the oth :r hnd, are r: ost often of localising signi- 

ficance. 

Each cne cf thase general symptoms vcnich 

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 

gro ing gïicmata, and most particularly in neoplasms 

situated in the posterior fossa of the skull. On 

the / 
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the oth r hand they are minimal in very slowly grov,- 

:ing gliomata and in aged persons. It is important 

to remember that the clinical combination of head- 

:ache and vomiting which may precede any loss of 

vis_cn (though not the optic neuritis which uitim- 

:ateiy produces it) may be observed in individuals 

whose general state of health appears good and who 

do n seem seriously ill. Thus there is fre- 

:quently a failure to appreciate the possibly 

sinister significance of this symptom-complex, with 

the resulting omission to examine the fundi of the 

eyes, and an unfortunate delay before the correct 

dia gnosis is made. 

Focal Si4,ns :- Before discussing the localising signs 

of disease of the brain it is necessary- to describe 

the various ways in which a lesion may disturb the 

functions of the nervous system. It is a well 

recognised / 



44. 

recognised fact that the activities of any part of 

the nervous systeí which is directly involved in a 

focus of disease nay ce influenced in either of tip o 

ways. They may be diminished or abolished on the 

cne hand, or they may be stimuï,ted to an excessive 

degree on the other. To cite a toms: on ex,m ;ie - a 

lesion involving the centr i .otor cortex may by 

stimulation give rise to a focal or Jacksonian con - 

:vulsicn, or alternatively by destroying its nerve 

cells produce motor paralysis. further, it is a 

common experience to find c th these effects com- 

:biped, a localì ed fit being followed by motor 

weakness. The terms paralytic and irritative are 

descriptions of these two forms of symptoms. fAore- 

:over, the central nervous system shows a high 

degree of local s_)ecialisation of function, yet 

normally it acts as a whole, and interference with 

any / 
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any one part of it may be followed by disorder of 

function in regions left untouched by disease. The 

fact can be easily understood Then one considers 

the intimate anatomical association and the con - 

=Sequent physiological relationship of all }arts 

of the central nervous' system. Disord rs of this 

21ªJ are said to be indirectly yecàuced and like 

those directly caused are of tto orders. 'Thus 

when a h iorrhage occurs in the internal capsule, 

the direct result of the lesion is a heliplegia, 

but in addition there is a sudden loss of conscious - 

:sees. The latter is an expression of the derange- 

:ment of the 1-hole cerebral e4uilibrium resulting 

from the functions of both cerebral hemispheres. 

being disorganised as a result of the gross destruct- 

:ive lesion. Then a hemorrhage is the cause, the 

coma as a rule c»ntinues until death ensues; on the 

other / 
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other hand, +.:hen the disturbance of cerebral equi- 

ibrium has been caused by embolism or throü ucsis 

the "shock" passes oft, all parts of the cerebrum not 

actually destroyed resuming their activity with 

the herniplegia remaining as a more or less ermanent 

residuum. init the hemiplegia undergoes a curious 

change in type: whereas at first it is flaccid, 

in course of time it beco_:es spaastic, th at is to say, 

the muscles which have lost voluntary power begin 

to develop an excessive tonus and show an exaggerated 

type of tendon reflexes and the extensor type of 

plantar response. All these phenomena indicate that 

certain neurons released from the controlJ.ing in- 

:fiuence of the others destroyed by the lesion are 

in a relative state of hyper- activity. It is 

therefore cc venient to regard the symptoms of dis- 

ordered action of the nervous system as belonging 
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to one of four groups. Of thes groups, two are 

directly produced by the lesion, the remaining two 

being indirectly produced. In the former 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,. while 

those resulting from distinction or release may 

persist indefinitely. Certain other factors con- 

:trolling the impairment or dissolution of function 

need only be referred to briefly. Thus the general 

law that lesions ;produced acutely cau e usually 

more intense and extensive disorders .of function than 

similarly localised and extensive lesions of gradual 

development,applies equally to the nervous system as 

to the othr systems of the body. Again, when a 

glioma is causing dissolution of a high grade 

function / 



function, the most recently nd hihîy developed 

aspects of that function are impairer at an earlier 

time than its older and simpler ca cnents. nor 

example, in a hemiplegia due to i .vclve_ rent of the 

motor projection fibres by a glioma, the isolated 

and s.ille movements of the fingers axe pore 

severely impaired than the simpler movements common 

t -, the Proxima- parts of the arm. Again in that 

complex motor function, articulate speech, the 

power of ex-pres:.ing thou`ht may be the irst to be 

impaired and later lost. Finally, it must be real- 

:ised that the central nervous system is dependent 

to a considerable extent on the utility and quantity 

of its blood supply. The nerve cell in particular 

is peculiarly sensitive to oxygen starvation, being 

sti_eulated at first and then paralysed as the oxygen 

drops below normal. 

and / 
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and those hich may accompany sudden profuse 

hemorrhage Into the Peritoneal cavity are examples 

of the hyper-excitability developed by the cell at a 

certain level of oxygen deiciency and the ensuing 

coma is due to a complete cessation of function 

from a more severe o-_:ygen deprivation. It is also 

gLite iorobable that the Jacksonian fits pro.luced by 

compression o' the cerebral motor cortex by a glioma 

are brotgJt about by vascular disturbance of this 

hind and not, as is so often stated, by direct 

ßechanical stimulation of the cortex. 

The Localising Signs of Gli oma :- It now follows 

from what has been said about the different ways in 

which a glioma may disturb the functions of the 

nervous system that not only the localisation of the 

pathological process but also the rate of progressive_ 

destruction of nervous parenchyma may be expected to 

play a part in determining the character of the 

s y:_, ; t om / 
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symptcm- complex, but actually it is the situ.ition 

of the lesion which is the determining factor in the 

production of the symptoms. As a rule, the more 

rapidly the glio a grows, the `reater is the dis - 

:turb ?nce of function to rich it dives rise. 

Conversely a slowly developing neoplas;J inay be com- 

:letely masked for a long period by the development 

of functional co.i:pensatory activities in und 

regions of the brain. Thus,whereas a hmmorrhage in 

the neighbourhood of the internal capsule will at 

once produce gross disturbance of cerebral function, 

a slowly growing glioma in this situaticn may reach a 

considerable size before definite signs of pyramidal 

involvement develop. 

Further, as will be brought out in several 

of the cases described, it is important to emphasize 

that the period in the clinical course of a given 

case / 
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case at which localising signs a »;ear is of great 

importance in assessing their value. Unquesticn- 

:ably those which develop early have definite local- 

ising value, whereas the steady rise of intracranial 

pressure f.ìch accompanies the growth of the ma jc:rity 

of gliomata causes widespread co_Lpression and result - 

sting defect in the circulation and th.srefore of the 

function in regions of the brain remote from the 

neoplasm. It is in this way that TTfalse localising 

signs« may become aparent in the later stages of 

the disease. The most frequently observed sibn of 

this category is paralysis of the 6th cranial nerve, 

due undoubtedly to the long intracranial course 

which this slender nerve runs. As intracranial 

Pressure increases, the contents of the posterior 

fossa of the skull, the cerebellum and brain stem, 

tend to be forced downwards towards the foramen 

magnum / 



magnum, , nd in consequence the nerve i . stretched 

tightly over the sharp edge of the petrous bone, 

and conduction along its fibres is interrupted. 

Should, however, an abciucens palsy ap ear among the 

initial symptoms of aglioma, it would indicate 

direct involvement of either the nerve or its nucleus 

by the neoplasm, and thus be of localising value. 

hen aglioma involves those cortical areas 

which stand in close functional relationship With 

the projection fibre systems - motor, sensory and 

visual - it may be expected to give ris .. to recc - 

:nisab;le localising signs. On the othr hand 

negative information may be of value since there al!e 

large associatic:n areas which are silent in the sense 

that disease within them produces no focal symptoms. 

Hence in the )resence of general indications of a 

iioma and an absence of focal symptoms the 

involvement / 



involve<<ient of a ',silent ar,:a r, of the hemisl, here 

.;.ay be indicated. It is in such instances that 

by a 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 :nd 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 les so is learned from them vith the others in 

the series. 

It is noteworthy that three of the series 

were gliomata in the cervical portion of the spinal 

cord, a situation in which these neoplasms are 

relatively / 
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relatively uncommon. T o of then cases occurred 

in hos vital, one in erivate practice; each was 

thoroughly investigated clinically and all were 

operated upon; in the case of the hosvital eatients 

complete and detailed 3atholoeical investiea.ti.ns were 

rude, but in the case of the third patient it wes 

only possible to examine histologically the material 

obtained at operation. The following record 

brings out clearly the features of these cases and 

especially the pathological lessons that they 

provide. 

''..D., male, aged 61, a motor mechanic, 
first consulted Professor Edt,in Brannell on October 
20, 1927. The patient had been well until a couple 
of months previously; he then began to have some 
pain about the left shoulder, which he was inclined 
to attribute to a tist while winding up the engine 
of his car. The pain hed h :. gra.u,lly got better, but 
the upper part of his left arm had slowly become 
weaker; a little later he noticed that the right arm 
was becoming affected; the weakness in the arms in- 
:creased progressively. The deltoids, the biceps 
and infraspinati muscles on both sides showed pro- 
:flounced weakness with accompanying wasting. The 
upper carts of both trapezii, the sternomastoids and 
the eectoralmuscles 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 thumbs, index 
fingers / 
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fingers and outer sides of both fore --rms there wns 
some sensory loss to pain though not to touch. The 
pupils and palpebral fissures were equal. No deform - 
:ity, tenderness or limitation of movement of the 
cervical spine was present. There was no weainess 
in the lower limbs; the L.nee -jerks were hyperactive 
and equal; the piantar reflexes were flexor in type. 
The tentative diagnosis made at this time was that of 
a localised lesion, most probably intermedullary, at 
the level of the fourth and fifth cervical segments. 

On October 28, 1927, the patient was ad- 
mitted to Professor Bramwell's ward at the Royal 
Infirmary, Edinburgh. Some days previously he had 
wakened in the mid'xle of the night with _gain in the 
back of the neck, but this disappea. °ed after he made 
some movements. The weakness of the arms had become 
progressively worse till, when examined in hospital, 
the patient wns quite unable to lift the left arm 
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 readings were: 
left hand, 90; right hand, 110. There was no inco- 
:ordina.tion or intention tremor and there vere no 
f ibrillary tremors of muscles. The v'rist and triceps 
jerks we re active and equal on the two sides, but the 
biceps -jerk was only just perceptible on the right 
side and absent on the left. The abdominal reflexes. 
were active. The jaw-jerk was unusually active. 
Knee and ankle jerks were hyperactive, but there was 
no cienus. Plantar resJonses were Ple.,or. Tender - 
:ness was elicited on pressure over the fourth cer- 
vical spine, but, in contrast to the sensory dis- 
:turbance present eight days previously, no loss to 
pain could now be detected in the arms. 

On Nove-_!ber 1, 1927, the cerebrospinal 
fluid was examined for Wassermann's reaction and gave 
a negative result; the globulin was slightly increas- 
ed in amount; cells were 2 per c. ì;:.;:.; and the 

colloidal gold curve was 0012331100. X -ray photo- 
: graehs of the cervical region showed no a bnoreal 
appearances. 

The patient rema_ned in hospital until 
January 14, 1928. During the first _-ert of this 
period / 
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period pain v'a occasionally ¡?re _ ent in the middle 
line at the level of the fifth and sixth cervical 
spines, but was controlled by pyramidon, 5 gr. 
Nearer the end of his stay in hospital, however, the 
pain was _:iore constantly present and teat him aake 
at night. Treatment at first consisted of potassium 
iodide, 25 gr. t.i.d., end mercurial inunction; later, 
hypodermic injections of strychnine in increasing and 
decreasing doses were substituted. eome tine after 
the course of injections had commenced the increased 
tendon reflexes in both legs became more exag erated. 
Throughout the patient's stay in hospital the jaw- 
jerk was always elicited very easily. Before his 
discharge no additional muscles had become noticeably 
atrouhied, and the weakness in those alre ady aft. ected 
had become_ only slightly more marked. 

On February 14, 1028, the patient reported. 
He hai suffered a consider.Lble amount of pin in the 
neck, varying in intensity. The muscular weakness 
had gradual: ._y become more pronounced. Dyl a.noweter 
readings °sere: left hand, 60; right hand, 85. 
There was nov, a definite extensor res. onse on the 
left side, but the right plantar reflex was still 
flexor. The patient had never experienced any dif- 
ficulty in walking. 

On j arch 10, 1928; the patient again re- 
:ported. In the interval the neck had become some- 
. ,-e-t stiff, but the Jain ha.:). not been so severe. 
The weakness in the hands had progressed and bcth arms 
Ter-e now practically poTerless. Dynamometer readings 
-ere: left hand, 35; right hand, 60. hen walking 
he e .nerienced a stiffness of the legs and at times he 
tended to stagger. The plantar reflexes were the 
same as on the previous occasion. 

On April 11, 1926, the paient was re- 
:admitted to hospital. The weakness in the left 
hand had now advanced until it was absolutely power- . 

less. Dynamometer readings were: left hand, 0; 
right hand, 50. Examination revealed over the 
limbs and trunk, from the fifth cervical distribution 
downwards, a general im._,Tairment of senses Lion to _pain 
and temperature, but not to touch. Cerebrospinal 
fluid was withdrawn, simultaneously by cistern and 
lumbar punctures. The fluid from the lumbar route 
was xanthochromic and the pressure did not vary 
either on coughing 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 / 
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Examination of the two fluids showed:- 

Lumbar:- Cells = 17 per c.,fm. Globulin markedly 
increased 

Cisternal:- Cells = 2 per c.mM. Globulin - a trace. 

`+,ollov;ing these ,_unctures the _:- e,tient ex- 
:oerienced considerable pain in the neck and shoulders 
on both sides, and rapidly became paraplegic with in- 
:continence of bladder and bowel. 

The r=s active contents of the cerebro- 
spinal fluid from the two sources showed that a 
blockage existed within the spinal theca, somewhere 
between the cistern al and lumbar regions; from the 
other clinical data, the level of the lesion was ' 

undoubtedly in the neighbourhood of the fifth, sixth 
and seventh cervical segments. 

Professor Wilkie kie was asked to see the 
patient with a view to operation, and it was decided 
to perform an exploratory laminectomy. 

Cn A gril 19, 1228, the f. our th to the 
seventh cervical seines and lanime were removed 
and the underlying dura mater exposed. The membrane 
looked end felt tense; the normal space between it 
and the posterior arch was oeliterated, but the bony 
surfaces were not eroded. The third and seventh 
vertebral arches were thon removed. The dura was 
incised in the mid -line about the level of the fourth 
cervical vertebra. There was a sudden gush of 
cerebro -spinal fluid under tension, but it was clear 
and not pigmented. The incision in the dura was 
extended to the extremities of the wound and, so far 
as could be seen, the vertebral canal was filled 
completely by, a groth. The growth was examined 
above, below, and at the sides, but no point of 
separation of tumour prom cord was found. The 
tumour consisted of a fusi_'orm exe .nsien of the sub- 
:stance of the cord. Removal therefore was out of 
the Question, and 10 mg. of radium were laid in tubes 
on the surface (one tube of 5 mg. and five tubes of 
1 mg.) . 

A / 
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Fig. X. - Illustrates the fusiform expansion of the 
cord due to the glioma. 
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A few hours aften the o.-eration the 
oatient died of shock. 

Autopsy:- At autopsy the brain, spinal cord and 
-eni _ges were removed in one piece. The 

fusiform expansion of the substance of the cord 
was found to extend from about the third cervical 
to the first thoracic segment. Laterally, and 
also posteriorly; between the levels at which the 
nerve roots entered the cord, nodular swel in,.s were. 
present." The whole tumour was surrounded by the 
pia- arachnoid membranes and at no place was it ad- 
herent to the dura mater. Away from the swelling, 
no abnormality of the spinal cord was observed. 

After fixing in orrnol -a aanonium- bromide 
for a few days, the cord e s examined by making 
transverse incisions at various levels. 

Two separate and small hmorrheges were 
found, one on each side in the antero-lateral portions 
of the cord and extending from the sixth cervical to 
the first thoracic segments. The maximum area of 
that on the rieht side occurred in the seventh cervical 
segment. The he9morrhage on the left side was smaller 
in transverse extent than was that on the rieht. 

In sections taken transversely titrot <^ h 
the centre of the fusiform swelling, no dif l erentiation 
into grey and white matter was seen. To the neEed 
eye the medulla was not involved by the neoplasm, 
out subsequent microscopic examination showed that it 
had extended for some distance into this region. 

. :icrosco Dic examination: - 

1. A portion comprising the whole trans- 
:verse diameter was taken from the centre of the 
fusiform swelling and was placed for twenty hours in Hely s raodificatien of Zenker t s fixative and there - 
:after carried throu`,h the routine procedure for 
paraffin sections. These were stained by ?_e;-er ' s 

acid hmmatin and eosin. 

2. Frozen sections of the tissue removed 
from / 
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Fig. XII. - Paraffin section stained by hmmatoxylin 
and eosin. Small 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 -Fere impregnated by C-1 jaî l s 

_old chloride sublimate method and by various silver 
.. . -.. 

ï;j ,üods. 

Sections cut in paraffin and stained by 
hmmatìn and eosin de,;onstra ted that in the centre of 
the fusiform swelling : the enti,. e internal structure 
of the cord had disappeared, the mole tissue being 
a mass of protoplasm very rich in nuclei. As cau - 
:pared G'ith the nuclei of the peripheral protoplas," 
those in the central parts were small, deeply stain- 
:ing, and vere losing their structure (pyknotic 
changes). 

The nuclei of the perieherally situated 
uroto ;lawn varied in size; the great ma. jority of 
them were round or oval, la.r e, and rich in chromatin. 
Some of the oval nuclei were of great size and con- 
:tained a large amount of deeply staining cinrom.a.tin. 

In certain places the nuclei were grouped 
together, giving the a. :earance of a multi- nucleated 
or polymoreho- nucleated giant cell. In some in- 
:stances, these groups of nuclei were of the extremely 
large type.* 

The structure of the neoelasrn, therefore, 
as demonstrated in paraffin sections, was typical of 
the "giant- celled glioma 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 
calcareous material were present in those portions 
in which the nuclei were undergoing pyknotic changes;' 
the deposition had occurred in the form of small 
spherular bodies, and hence the whole mass had a 
crenated outline. In certain instances the small 
spherules were discrete and scattered over a rather 
larger area than that occupied by the aggregations. 
In other instances the deposition had occurred in the 
perivascular sheaths of small blood vessels. 

Fig. T. 

Transverse / 

".17 'TT. 
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Fig. XIII. - Frozen sectic-n treated by Cajalts gold 
chloride sublimate method. Two of 
the pre- existing astrocytes involved 
by the glioma are in process of 
disintegration. 
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Transverse sections taken from the centre 
of the fusiform swelling (cervical segment 6), treated 
by various silver impreo nation methods :.na by Cajaïf s 
gold wetSod, showed that for the most ,- .r-t the neuro- 
:glial se_:tta had disappeared, small portions only 
re; >,illihs.; no trace. of the central c anal was seen. 
A certain number of astroc -.:gis in various stages of 
disintegra.ticn were still present; their bodies and 
processes were swollen sad the latter were to a greater 
or lesser exsent fragmented (clasmatodendrosis) . 

The structure of the neopleem less that of 
a sy-ncytium á numerous large nuclei, varying greatly in 
size, were embedded in a protoplasmic matrix in which 
were no cell boundaries:` -` 

Transverse sections taken throueh the lower 
cart of the neoplasm (level of cervical 6 and thoracic 
i) showe.. that the neoplastic gro. th in the cord was 
c:nfined to the posterior columns; the me..,brana 
up rficialis and the septa were ietact, but the pia - 

a.ra.chnoid meshes dorsal to the .osterior portion of 
the cord were distended and filled by the neoplasm. 
In these situations the structure of the neoelaso was 
of the same syncytial character as was found elsewhere. 
Serial sections cut in parafin shored that the neo- 
:plasm had reached the -pia- arachnoid spaces by infil- 
:trating alone the :osterior roots. 

A. cyst some 2 um. in diameter, due to 
liquefactive necrosis of neoplastic tissue was present 
in one of the : osterior columns immediately behind the 
grey commissure. Its wall was composed of the ,:re- 
existing interstitial elements of the cord in which 
Tere islands of more or less necrotic neoplastic tissue, 
it contained fluid with a certain number of fragmented 
fibres and granular cor 'sates. 

Paraffin sections showed that certain 
- sortions of the tissue around the cyst were very 
vascular, numerous well -formed blood vessels being 
present, and in this area a segment of the wall con- 
sisted of very recently proliferated capillaries. 

The astrocytes of the grey matter, but 
particularly those of its antero- lateral portion on both / 
,, T 
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Fig. XV. - T,ongitudinal secticn from the tliJper L)art of 
the neo)lasm treatd by Gross-Bie1schovsiy 
ethod, shoTs the tumol:ir extending in the 

form of infiltratin strands. The nerve 
fibres are atrophying and disa):)earing. 
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both sides, were undergoing very active amitotic 
proliferation.; they were numerous, laïge, n;nd deeplÿ 
impregnated by gold; some of them contained two 
nuclei and many of .them were closely approximated in 
pairs. 

Longitudinal sections were ii;.ade from a 
portion 2.5 cm. long, comprising the uoper part of 
the s,inal cord --end lower part of the eciulla. 
These sections showed that strands of the neoplasm 
had infiltrated upwards, at the _loner levels some 
of the strands were of considerable size. In the 
medulla they were numerous but narrow, passing be- 
tween and. oarallel to the nerve fibres. 

Secticns preo',red by Gross- Bielschov'sky t s 
method demonstrated that whe:°e the neoplastic tissue 
was large in amount the majority of the nerve fibres 
had disa one =ared. Those -h 

. ch had rers_i steel were 
greatly atrophied ana some of to m shoved fragmentatio t 
Nodular swelling and the other forms of degeneration o 
nerve fibres found in experimental lesions (Ca jal and 
others) were not observed. 

Longitudinal sections of the lower part of 
the neoplasm -and of the adjacent cord presented a 
s-ir il a.r. picture to the above, the neoplasm extending 
in the form of wider and narrower strands. Pro- 
.iferatien of astrocytes s again marked, esoec- 
i .l__y i n the grey matter : hich. ha.. not been involved 

ùy the new growth. 

From the above it y ill be observed that in 
no hart of the neo ;lase T =va: th :re any differentiati_n 
of the syncytium into cell elements resembling 
spongibblasts or astrocytes. 

Deductions fr._s the Case. 

1. Clinical Course:- The case pre3ents several 

features of clinical interest. when first seen 

the / 

:,- 77. 
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the distribution of the progressive wasting and its 

symmetry, the pain r, h_ich had been com pl;:.ined of about 

the spine of the left sca ula, and the sensory im- 

:.pa iraient along the radial as,.iect of the upper limbs, 

pointed to a gross lesion at the level of the fourth, 

fifth, and sixth cervical se _ -nts of the s»inal 

cord. The preponderance of the _iotor .symptoms and 

the absence of evidence of interference with con - 

:ducticn in the s»inal cord suggested that the lesion 

was situated anteriorly, although it was doubtful 

r: rth2r it lay in the substance or on the surface 

of the cord. Again, the X-ray examination showed 

no evidence cf disease of the bone, while the negative 

re.3ult of Wassermann's reaction and the inefficacy of 

treatment with iodide and mercury appeared to justify 

the exclusion of a syphilitic lesion. Further, the 

examination of the cerebro -s 4n_.l i luid at this 

period / 
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oe ~iod afforded no ositive dia,nostic evidence. The 

facts that after the :patient's admissicn to has. ital 

no sensory disturbances were detected, that the 

jaw -jerk was unusually active, and that the %.,_n 

complained of had never been an obtrusive s,ym tem, 

raised the question "ether the case LiiLht be one 

of amyotrorhic lateral sclerosis. The muscular 

wasting, however, ,, as strikingly sym:.,etric.al and 

conformed with a nerve -root distribution; moreover, 

there were no fibrillary tremors. 

^t a later date the results of coibined 

cistern and lumbar _tinctures, togethr with the onset 

of sensory disturbance with a spinal distribution 

corresponding to a ,)articular level, afforded 

definite proof of the _presence of gross lesion 

not only interrupting the circulation of the crebro- 

spinal fluid but also involving the cord in the 

mid -cervical / 
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mid- cervical region. The lesin T2,3 undoubtedly 

a neoplasm, but vheth. r situated in the substance or 

on the surface of the cord was still doubtful, and 

this was only determined at the operation. 

As demonstrated at autopsy, the relation- 

:ships cf the neoplasm showed tha t the gain complained 

of must have been due to pressure by the tumour upon 

the fourth and fifth posterior cer-vica± roots. 

Again, the paraplegia which developed so suddenly 

after the cistern and lumbar :_;tinctures was cau red 

most robably by disturbance of ;pressure followed 

by hemorrhage. It may be that the cerebro- spinal 

fluid above and below the tumour was exerting a 

protective influence by distending the theca, and 

that its removal resulted in rupture of two or more 

diseased blood-vessels. 

2. Pathology:- 

rarely / 

It is commonly stated that a glioma 
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rarely, if ever, spreads from the substance of the 

brain or cord into the pia- arachnoid spaces, whereas 

an ependymoma of the brain -stem or cord frequently 

does so. It might be J tintained, therefore, that 

the neoplasm in this case had arisen frog., ;he epe_dyma 

and not from the neuroglia. Such a differentiation 

is of no moment, however, since genetically both the 

epenclyum and neuroglia are identical. At most, 

the so- called ependymoman can be considered only as 

a type of glioma. 

The preparations treated by the gold and 

silver methods demonstrate the neoplasm to be a 

syncytial glioma throughout. The type of neuroglia 

of which the neoplasm is composed has its counterpart 

in the earliest form of 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 cf the neural tube in its earliest 

stages is in the increased number and varied size 

of the neoplastic nuclei and in their large ,atin 

content. 

Had the patient survived lonr, it is 

conceivable that the neoplastic syncytium vould have 

become differenti : ted into individual neuroglial 

cell elements, having as their prototypes normal 

spongioblasts or even astrocytes. It seems pro - 

:l.able to me, however, that such differentiation 

would not have occurred, since it is justifiable to 

presume that the neoplasm would have continued to 

extend, but that the relative phases present at the 

time of death would have been loaintained, namely, a 

progressive zone of newly- formed living neop a. - :.m 

surrounding a core in which necrotic changes vere 

simultaneously / 
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simultanecusly advancing. 

In the present case the necrobiotic 

changes in the central portions of the neoplasm 

might be explained by the increa. ;ing ,Pressure of the 

gros-th against the dura mater and surrounding bony 

canal gradually diminishing the vascular sup, -1y and 

so leading to inadequate nourishment. In general, 

however, necrosis occurring in neo a3los can be 

explained c:nly to a certain extent by insuflici nt 

blood-supply; some other f,.ctor, at .:resent un- 

:defined, must cave into play. 

So far as I am aware, no neoplasm having 

a structure typical of the rtlai ge- celled glioma of 

Stroebe" has been investigated hitherto by gold and 

ilver im .._ °egn -ßtì _.n methods. In the present case 

the latter methods have shov'n that the structure 

associated ith the "large- celled gliorra " is that of 

a / 
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a syncytium. 

The deposition of the calcareous material 

in the present case requires consideration. De- 

:position on of calcareous salts in dead material is a 

frequent occurrence and, speaking generally, it is 

quite cony -only met with in the portions of neoplasms 

vhich have undergone necrosis. although necrosis 

occurs almost invariaoly in prtrts of gLtiooiat ., it is 

exceedingly rare to find calcareous de_.'osition taxing 

place -vithin it. Inly this is so is difficult to 

explain; calcareous de :ositicn in necrotic tissue 

is intimately rel-cted to fatty material deposited 

in the process of disintegration. In areas of 

necrosis in the central nervous tissues, lipoids 

and oth-_x bodies of a fatty nature are found in 

large amounts, .nd it might be expected therefore 

that the brain and cord would be a frequent site of 

calcareous / 
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calcareous deposition in conditions in which dis- 

:integration of their tissue takes place. .filth. ugh 

the large amount of fatty bodies resulting fry in the 

disintegration of elements of the cori may explain 

the deposition of the lime salts in the present case, 

it seems to shed no light as to why sinilAr deposition 

does not occur frequently in gliomata.. 

The last point to discuss in the pathology 

of th s case is the proliferation of the astrocytes 

adjacent to the neoplasm. 

It has been noted that both at the uL)per 

and at the lower ends, where the neoplasm was not 

occupying the whole area of the cord out was exteiding 

in the form of narrow infiltrating processes, the 

astrocytes in the neighburhood were undergoing 

active proli.fer-ltive changes. 

In the majority of those glioma.t l i n 

which / 
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v'bich the neoplastic cells become d=ifferentiated 

to the degree of forming astrocytes, it is this 

change at or near the grog ing portions which gives 

rise to difficulty in deciding, firstly, whether 

the proliferating astrocytes are neoplastic or 

pre -existing, r:elcng in to the ',normal" tis. ue of the 

cord, and secondly, whether the change.is one afiect- 

:ing the pre- existing astrocytes, causing them to 

become neoplastic under the influence, as it were, of 

the neighbouring new growth. 

In the presnt casethere can be no poss- 

ible confusicn between the neoplastic tissue and 

that pre-existing, since the structure of the former 

is syncytial throughout its whole extent. i.oreover, 

the complete differentiation and histological per- 

:fection of the proliferating astrocytes in this case 

make it certain that the changes are those of 

proliferation / 
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proliferation and not ä 
.: etamorphosis into a neo- 

:plastic state. 

Turthr, proliferative changes in the 

connective tis,;ue in the neighbourhoc;d of a neoplasm 

occur in many infiltrating ne: groths other than 

g:! iomata. The Question as to whether the p.:ro- 

:liferative changes in the nei hbcuring stroma are to 

be interpreted as a neoplastic change does not arise 

in these cases, since the tumour cells and the stroma 

cells are of an entirely different structural 

:haracter, e.g., epithelial and connective tissue. 

Various interpretations have been given 

to the significance of the )roliferative chanç in 

the stroma. One of the commonest put forward is 

that they are an expression of a defensive m charism; 

in other words, that it is an attempt on the part of 

the body to form a barrier to the invasion of the 

neoplasm / 
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neoplasm. 

That wherever damage and destruction of 

tissue occurs., proliferative changes take plac ':- in 

those cells which have retained the i of ntiality to 

divide, is a law of general a; ;.lication. This is 

seen, for example, in the case or a. wound in any part 

of the body and in inf iau a,_cry processes 'herever 

they occur. It is outside the preent purpose 

to discuss the nature of the stimulus to this re- 

:actin, but it might be suggestel that ,_probably it is 

associated with the ; :roducts of autolysis of the 

dying tissue elements and that the reaction is the 

result of phylogenetic development, since it is the 

fundemental process underlying healing and repair. 

In the case of an invading neoplasm, tissue 

is destroyed and, according to the general iaw 

enunciated above, the neighbouring cells, capable of 

proliferating / 
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the s _uecific cel :_ s have as their prototype the 

nervous parenchyma (neuroc- tomata) . 

In a series of 187 cases collected by 

Fwing26 of neoi)lasms occurring vdthin the bony 

canal of the s;:ine, only 45 (24 per cent.) were 

actually neoplasms of the cord. 

Statistics, yucted by kisberg27 from 

different. sources and col'ected by various authors, 

ive the number of intrameduilary as compared with 

extramedui?..ary neopia :rns of the cord as between 20 

and É per c ;ïnt. In his on cases, out c_ 100, 

only 14 wer found to be i tramedullary. A further 

analysis of these 14 cases showed that 8 (57 per cent., 

occurred in the cervical and S (4,5 per cent.) in the 

thoracic portion. But it snculd be remembered 

that _ lsbergts figures are taken from the statistics 

of a surgical clinique. 

Schlesinger's / 
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Schlesingerts statistics o show that 

whereas in the dorsal region teningea.l neopl- shis 

are four times as frequent as meduli_Zry grw ths, 

in the enlargements the latter tend to predominate. 

?Aa.ny authorities look upon Lhe neuroglial 

hyperplasia, which is the essential change in 

syringomyelia, as being of trie nature of a neoplasm 

(glioma) extending d'or a shorter or longer distance 

in the cord. It would seem more likely that the 

essential difference between hyperplasie oí the 

neuroglia (gliosis), such as occurs in syringomyelia 

and neonlastic growth (glioma), is that in the former, 

although reproduction of the neuro ;;lial elements 

occurs, the growth is restrained, whereas in neoplas- 

:tic proliferation the growth is uncontrolled. 

The / 
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The pathology of this case of a cerebral 

glioma follows in na tur .l se.iuence to the previous 

one. `oreover, the investigation has helped to 

confirm my views as to the unscientific basis of 

certain classifications of gliomata -rich have been 

advanced in recent years - views which nave been 

impressed upon me by the investigation of ail the 

present series of cases. 

J.D., male, aged 46, a Lining Inspector, 
was admitted to the Royal Infirmary on February 3, 
l °8, comlaining of severe frontal headache, drowsi- 
ness and vomiting. The patient had enjoyed ex- 
ceilent health up to a week before admission to 

hospital when symptoms had comenced suddenly. 

On examination the patient was apathetic 
but he was not aphasic. ='a pilloedema was marked in 
bot'- eyes. There was no muscular weakness or in- 
co- ordination. The reflexes were brisk and equal 

and 7assermann's reaction on the blood gave a negative 
result. 

Some days later the patient developed 
a left sided paresis; he gradually passed into a - 

coma and, a hypostatic pneumonia superv.eni.-;g, died 
on February 23, 1928, some four weeks after the 
onset of symptoms. 

Autopsy : - The cerebral convulsions on both sides 
were found to be markedly flat. 

After removing the brain a medial sagittal 
section shoed the body and knee of the cor ,eus cal- 
iosum to be involved by a neoplasm, out the s .euium 

had / 
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Fig. XVI. - 4:edi7L1 saglttai secti s1,f,7ing involve- 
:Inent of the body :7qad knee of the corifus 
callosum by the 'Llioma. 
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had not been invaded. The oortien of the neoplasm 
situated in the cor 1 s caleosüm TaS einish in colour 
with dark areas of necrosis.* 

Sagittal sections were me.de through each 
hemisehere. On the right side the neoplasm =:hick was 
rather .paler in colour than the cerebral tissue ex- 
:tended diffusely both in an anterior, posterior and 
in a lateral direction, involving a cousi,zeraole por- 
: tion of the white matter, Out its .limits were not Tel 
defined to the naked eye, the obviously neoplastic 
tissue merging into that which apeeared normal. A. 

hemorrhage rather more than i cm. in diameter was 
situated in the subcortical white matier in the 
neighbourhood of the precentral gyre s, 1.5 cms. below 
the surface. The extravasated blood was dark red 
in colour and the clot was very loosely held together. 
The tissue lying deep to the h_emcrrhage was considered 
to be neoplastic but that superficial showed no 
.nacrosconic change from the normal. (Later micro - 
scopic examination revealed however that neoplastic 

tissue wao present superficial to the hmnorrhage and 
had invaded the cerebral cortex). 

On the left side the neoplasm had invaded 
the white matter of the hemisphere in a similar 
manner, but as far as could be seen it vrac not so 
extensive as from the right side. 

' icrosco eicai Examination:- Portions of tissue 
were taken from each side, about 2 c,:.s. from the 
middle line and, having been divided into pieces of 
suitable size, ere fixed in Hell;; T s uodification of 
Zen,: is solution. Thereafter the pieces were 
carried through the routine procedure for paraffin 
section and were stained by Layer's acid hema.tin and 
eosin and by Heidenhain's Azan method. 

Pieces cf tissue were taken from various 
portions of the neoplasm, including those near the 
corpus callosunt and t;::ose near the periphery in the 
nei :hbourhood of the Tubccrticel hemorrhage, and 
were fixed in formol - am. onium bro, ide solution. 
Frozen sections made from these were treated by 
rajahs gold chloride subli::.ate, by Hortega's silver 
carbonate and other silver impregnation methods, and 
by / 
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Fig. XVII. - 7/2:311) a necrosing poiticn of the glicJLa. 
The neo2171stic tissue immediately 
around the central blood vessel is still 
living, Thereas that iore distant is 
necrosed. The ,.:nenomenon is that of 
the so-called :dseudo-rosette. 

(Frozen sectin treated by Hortegats 
silver carbonate Lethod). 
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Fig. XVIII. - Fro the neighbourhood of the corus 
callosum. The neoistic astrocytes 
are iarge and ni_IDerous, and have 
reached a high degree of differentiat- 
:ion. 

(Fro2.en sectica trented by Cajalls 
Lold chloride subIiilate _,ethod). 
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Morgan's s rr,ethód for de-oristra.ting myelin sheaths. 

I. Section of the n1orf central a et cut 
in baraffin and stained by h 2mat_ n and eosin and 
by the. Azan m ethod s-ol ed the neoplasm to be a ;Loma 
rich in nuclei. The nuclei varied in size, the 
average being considerably larger than that of the 
normal astrocyte a.ni. they conta; ned a large amount 
of chromatin. 

Throughout the sections were many areas of 
necrosis; these areas consisted of a central mass of 
granular and structureless materiel surrounded by a 

zone in which the neoplastic nuclei were pyknotic and 
in various stages of disintegration. This appearance 
therefore, , as that frequently referred to by authors 
as the fl palisade arrangement''. 

In many. instances the neoplastic cells 
immediately around blood vessels were not necrosed, 
but the tissue situated more distal had disintegrated. 
Thus the picture presented in these portions was that 
of the so-called eseudo- rosette''.* 

The walls of most of the arterioles were 
thickened, the thicr,_ening being chiefly in the inner 
zone although considerable fibrosis was present in the 
muscular zone. In many cases thrombosis of smaller 
blood vessels had occurred, and in some of these the 
thrombus had been organised into hyaline fibrous 
tissue. 

2. (a) Section taken from the neighbour- 
:hood of the corpus ce.11osum and treated by Cajal's 
gold chloride method demonstrated this portic.n of the 
glioma to be composed of numerous large astrocytes 
which had reached a high degree of differentiation. 
a.ny of their processes vere long and thick and some 

of them were seen to conic into relationship with 
blood vessels, but vascular foot- plates were not well 
formed. Occasionally a fibre had developed in one 
of the processes, but for the most art the neoplastic 
astrocytes were of the protoplasmic t pe. Y* 

At some distance from the main mass of the 
uorticn / 

;: Fig. XVII. ** Fig. XVIII. 



Fig. XX. - Fr cria] the perineral portin of the glioma. 
The structure is that of a syncytium, 
numerous lare nuclei being embedded in a 
;-rctoplasmic 

(Frozen secticn treated by Hortegals 
silver carbonate method.) 



7/7.7.7.1. - From the -:.)eri.»heral cf 
The .;:)rocesses of .i.,ye-existing .Lfocytes 
involved' by the activai-y- gro '. neo- 
plasm are 

. 

(Frozen sectic.n treated by Ca,-laits 
gold chloride subliate 



portion of the eliomal involvin the corpus caliosum, 
smell groups of fibrous astrooytes were seen which 
were large and with thickened processes but ,!hich 
showed structural perfection. Some of them 

contained two nuclei, being in a state of amitotic 
division. 

At the periphery of the necrotic areas the 

neoplastic astroctes were swollen and their processes 
were fragmenting. .(Clasmatodendrosis). 

(0) 7ecLh.n taken frem the ripheral 
iorticns of the glioa, crated by Cajr-il id chlor- 
ide and by HorteLal. .ilver car-ohate metoi, demon- 
:strate'i that differentiation of the neol. tic cells 
was not nearly so advanced as in the central portl(n. 
The nuclei were nuLpirous and showed .-reat variation 
in size, some or them biing exceedingly large. 

In certain areas some of the neoplastic 
cells vere elongated.resembling the seongioblast of 
the develoeing central nervous system. In other 
areas the structure was that of a syncytium, numerous 
large nuclei being embedded in a erotoplasmic mattix* 

The )re-existing astrocytes involved by 
these actively groing portions of the neoplasm were 
underping clasmatodendrosis."** 

3. Section of the peripheral portien of 
the neoplasm eede by 7organ's -,ethod, showed that the 
myelin sheaths had disappeared lìì the neopiastic 
At the extreme periphery of the neoplasm a certain 
number of them persisted, but they were irregular in 
outline and the myelin had disintegrated into droplets 

4. Section of the peripheral portion of 
the neoplasm made by Cross-Bielschowsky's J.Jethod, 
showed nerve fibres persisting in the neoplasm ior 
a considerable distance below the costal layers and 
a 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 showed nodular 
swellings / 

* Fig. 7IY. **- Fig. 7.Y. -* Fig. 771. 
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swellings and were disintegrating into granules. 

Discussion of the case. 

Many of the pathological problems raised 

by this case have been discussed in the previous 

one. To avoid needless repetition these points will 

be referred to only so far as they require amplifi- 

cation in view of the differences in the histological 

structure of portions of the glioma villich forms the 

subject of the present case. 

From the comparatively large amount of 

necrosis present and the high degree of specialisation 

reached by the neoplastic astrocytes, there is no 

doubt that the portion of the glioma in and around the 

cor-us callosum was of older standing than the.peri- 

:heral portion. Further, whereas the cells in the 

older part had passed into a Luiescent ,hase the 

elements in the peripheral portion were in a very 

active / 
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active vegetative condition. 

The glioma, had arisen therefore in the 

central portion of the brain and had extended idely 

in both cerebral hemispheres. The structure of 

the actively grolying IJeri,heral Jortï'_ns lar`ely 

that of a syncytium, and the only differentiati n of 

the elem nts near the periphery was into cells, having 

as their prototype the spongioblast of the developing 

central nervous system. 

Hence the gliomatous elementssho ?rued all 

degrees of structural iifferenti "tion from the 

synctium to cells havin, a ver,, close resefobl,.nce to 

the fully dey .lc pedormal astroc-jrte. 

The demonstration of the manner of growth 

of the g.lioma, is the special feature of this case and 

is a syncytial infiltration of the si.:r,.ounding cerebral 

tissue :"-hich explains the difficulty experienced in 

differentiating / 
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Differentiating by the naked eye between the normal 

cerebral tissue and the adjacent neoplastic gïia. 

It is ;probable that many gliomata grow as 

a syncytium. Veszremi° maintained that in the 

majority of cases the glioma has a' syncÿtial character 

in its actively growing peripheral parts, whereas in 

the older central portion the element has differentiat- 

ed into individual isolated cells. 

Under the microscopic examination of the 

r?resent ca. -e it was noted that at some distance from 

the neoplastic tissue small groups of enlarged fibrous 

astrocytes were page, nt and that scree of them were 

even in a, stage of division. That these astrocytes 

were pre-existing cells and not those of an invading 

process of the glioma which had been cut transversally, 

was concluded not so much from their positi.;n in 

relation to the neoplasm as from the structural 

perfection / 



perfection which they represented. 

The significance and explanation of groups 

of astrocytes similar to those described has been 

discussed in the previous case. 

The present case well illustrates the 

necrosis which is so common a feature in tliarnata.. 

Death of the cells is due, probably, to a number of 

factors. Of these, an insufficient nourisrhient of 

the cells is present in most instances and results 

firstly from the rapid proliferation of the neoplastic 

cells, causing the tumour to outgrow the blood supply 

and secondly, as demonstrated in this case, to 

thrombosis of blood vessels in the neoplasm. On 

general principles these thromboses occur owing to 

injury of the endothelium lining the lumen of the 

blood vessel, and hence the question arises as to the 

nature of the agent which causes the damage. 

It / 
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It is an anatomical fact that every astro- 

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

:bably more of its processes 'hick come into relation- 

:ship with the perivascular adventitial lymph sheath . 

of the blood vessel and which enters into the form- 

:ation of the membrana limitans periva. cularis. In 

my opinion, as a result of this anatomical rela icn- 

:ship in the case of the astrocyte, a.bsor¡tion and ex- 

cretion of metabolic substances occur through these 

processes. During rapid reproduction of these cells 

not only are metabolic proaucts excreted into the 

-eriva cular lymph clefts in much larger amounts than 

under normal conditions but in the case of neoplastic 

cells it is kno \n that the chsmical nature of their 

effete products differs from those of the normal cells. 

It is justifiable to presume that the mechanism by 

:hich the waste products are drained away whilst 

sufficient / 
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sufficient for more ordinary conditions, cannot cope 

vitb the great excess of excretion. Consequently 

the fluid in the periva scula.r lymph spaces becomes 

saturated i ith the Taste 1 :,ro:iuct, and I suggest that it 

is their presence together, possibly, with their 

altered chemical nature, which is responsible for the 

damage to the vascular endothelium. 

In the present instance, therefore, it is 

seen that all stages of structural development are 

present from the simplest, namely the syncytium, to 

the most co._lex, the astrocv-te, and this fact 1: ould 

sugest th ,t it aright be better to interpret the 

structure of the gliomata along lines of progressive 

speci= lisatìon of their elements rather than to at- 

:tempt to allocate them to a particular structural 

category. 

From the point of view of determining and 

interpreting / 
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interpreting the structure of - lioma, the present 

case illustrates the necessity, firstly, of ulacing 

material of .l,u,itable size into fixatives as soon as 

possible after death so that it may be examined ad- 

equately by gold and silver impregnation methods, 

and, secondly, of examining different portions of the 

glioma. 

Deductions from the Case. 

1. The present study is of a glioma 

cerebri which began in the central portion c'- the 

brain and extended widely into both cerebral hemi- 

s; heres. 

F. The older :;arts of the neoplasm con- 

:sisted of astrocytes which had attained a high 

degree of specialisation, whereas tia actively ex- 

:tending and recently formed portions were composed 

of a syncytium and of cells having as their prototype 

the / 
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the spongioblast of the develo ing neural tube. 

6. At some distance fr,:m the neo_?lastic 

tissue there were small groups of pre- existing astro- 

.c -tes which were proliferating. 

4. %Tecroais in the neoplasm wa3 due 

prool.bly in part to its outgrowing the blood supply 

and to the accumulation in the tissue of the waste 

products of neoplastic metabolism. 

5. It is suggested that it is better 

to interpret the structure of gliomata along lines of 

progressive s 1ecia.lisation o r their eleu ents than to 

allocate them to a particular structural category. 

These two cases which have now been 

considered in great detail showed from a structural 

standpoint a great contrast. In the glioma of the 

spinal / 
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Fig. XXII, - From the periphery of aIioa. The 
structure is that cf a syncytiu; no 
individual cells have diferenti:cted out 
The neolastic nuclei are large md 
numerous. 

(Frozen section impregnated- by 
Hortegals silver Carbonate 
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Fig. 'XIV. - From the central older ,ortion of the same 
Elioma as in Figs. XXII. ,lad XXIII. 
The neoplastic astrocytes are large and 
numerous and have reacned a hJgh degree 
of structural perfection. 

(Frozen sectin imregrated by Cajaits 
Gold Chlorate Sublimate 
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spinalJ cord, it was demonstratei that the tumour con- 

:sisted of Pi syncytium; nol here had differentiation 

into individual cells taken 1ace. In the cas, of 

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

r-hereas the growing portion and ne-ly formed parts 

c=nsisted of a syncytiuM'and of c lis -Lich had as 

their orototyDe the songioblnsts of the develo,,ing 

neural tuber the older 'arts of the neoilasm con- 

:sisted of astrocytes vhich had reached a 

degree of structural differentia.tiLn.** 

The interoretation of the latter case 

in which all stages of structural differentiation from 

the sim)lest form of neurolia, naely P sync,tìum, 

to the most highly develo:,ed form, nauely the eatro- 

:cyte, was obviously to be made along the lines of 

rogressive specialisation, en observation which is of 

great inportance when one considers the tendency of' 

the / 

* Fig. 7II. ** 7iw. 7777T. ** Fig. :.zYT77-. 
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Fig, 7-77. -.In the neighbcurhood of the syncytial 
margin of a jioma. Cells have dif- 
:ferentiated out and soe of the have 
differentiated to a stage at .hich they 
can be recognised as astrocytes although 
they are yet far from mature. Part of 
the syhcytium rains and is shown by 
the vkly impregnated nuclei around 
vhch no cell body has differenti,Ated. 

(frozen section 'impregnated by Cajaits 
Sold Chlorate Sublimate 1.1ethod.) 
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Flg. 77VI. - This part of a glioma was t11 in the 
neighbourhood of the synpytial marin. 
Astrocytes have differentiated out; 
they are seen to have reached a "nih 
degree of structural perfection. S,J:me 

of the syncytium still persists. 

(Frozen section. impregnated by 
Cajal/s Gold. Chlorate Sublimate 

:.ethod.) 
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It may be rei;arked here that not' only was 

the structure of the neoelastic nuclei typical of 

nuclei in a r'roliferative ,,hase but also other signs 

of growth vere eresent. The previcesly existing 

astrocytes of the brain tissue were se en in the peri- 

pheral zone of the s rncytiu.m, and these-showed great 

degenerative change; moreover, necrobiotic changes 

we -e present in the astrocytes of the neighbourhood 

which had not yet ben invaded by the neoplasm but 

which were still outside the margin of the gliomatous 

syncytium. In those parts in Thich these a. )earances 

were present, there could be no doubt that the neoplas 

was in . e ase of active growth. 

It is easy to understand how these 

:"liomata growing as a syncytium spread by infiltrating 

the surrounding tissues, and why in consequence, it 

is often difficult or irf .ossible on ex_amina.tien by 

the / 
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Fig. XXVIII. - The lrmer :,ertin of the field. consists 
of the syzicytial portin of a gliema 
and in the uper )art is cerebral 
tissue which bas not yet been invaded 
by the tumour. The fiel illustrate 
both Methods of groth - by in- 
:filtration and that by re; the 

ill is fairly sharly 
the ,)roliferated (non-ne: tic) 
astrocytes at the Liargin o the tuour 
are elongated and their long axis are 
paralLel to the margin (rewth by 
ressure). On the other side certain 
astrecytes have been incibded by the 
infiltrating turkr (growth by infil- 
:traticn) and show various stages of 
degeneration. The astrocytes near th 
neoplastic .coargin not yet included by 
thetumeur show hecrobiotic changes. 

(Frozen sectin iregnated by Caja.T. 

Gold Chlorate Sublimate jethed). 
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surrounding tissue. 

There ?ere two cases found in ? hich the 

Yleri .,hera.l z ne was not syncytial. Although in both 

c:.ses fibre forati,n was a markked feature, they dif- 

fered from each cth,r in many ch-aracteristics. 

In the first c,se the neoplasm made itself 

manifest three weeks before death. At autopsy the 

tumour ?T's found to have involved a large ;art of the 

left cerebral hemisphere and to nave .,sassed throe 

the rostrum of the cornus callosum into the right 

h 

cerebral hemis_ here. Necrosis with the formation of 

cysts was a pronounced feature and small hfr orrhages 

were numerous; further it was seen that the neo Alasm 

was somewhat fibrous. 

"icrosco,4cal examination of portions of 

the péri heraï zone demonstrated no syncytium; these 

parts consisted of astrocytes and large fibres. The 

astrocytes / 



7ig. XXIX. - The portin of a Laioma taken near its 
margin. The tumour consists of large 
imature astrocytes with thick ,»rocesses 
and coarse fibres. Although this 
t=ur can be classified RS belonging to 

the 17fibrous" type of glioma it is clear 
that it is very different from that 
figured in Fig. XXX. - 

(Frozen section ii:13,,renatd by Cajals 
Gold Chlorate 3ublimate :ethod.) 



astrocytes were i:_maature and large, their processes 

were thick and sonie of them were of great lengt 

y astrocytes had two or even more nuclei. In the 

central __arts, the tissue showed _such necrosis; in the 

living parts the astrocytes vere more mature and the 

fibres, although still large, were of much less dia- 

:meter than in the :peripheral parts. 

The astrocytes in the brain tissue sur- 

rounding the tumour had undergone great proliferation. 

This feature made it i __os ible to say vith certainty 

whether single astrocytes at the margin belonged to 

the tumour or not. Tell without the neo plastic zone 

amitosis of the previously existing a_trocy -tés vas 

demonstrated. Certain a,. earances in the neoplastic 

cells seemed to suggest that they were undergoing a 

similar process of divisi -:n. The neoplastic cells, 

however, were so numerous that they a: eared often in 

groups f 
;; Pig. `,7IX. 
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groups, in which they were so closely a proxLuated 

and showed structui: ai characters so far removed from 

rinor_ìal" astrocytes that at best only an opinion, and 

that by no means certain, could be given that the 

a: pea.rances denoted anitosis in the neoplastic cells. 

The second case of ;lio1Da was of the 

fibrous t y e and first showed symptoms twelve months 

before death. During the last five or si . veeks of 

life ;-chile the patient was under observation in 

hospital the cerebral ' esi :n manifested no ,regressive 

changes and therefore a dia.Enosis of tumour coLld not 

be fade r ith certainty. Death was due to an acute 

left sided oede ï±a of the iungs. 

At autosy a large carcinoma was found on 

the ;..;osterior all of the sto:ach, but no secondary 

growth ha.d occurred in the neighbcuring _Lymph nodes or 

in the liver. .A tumour about ô cm. in diameter 

ras 



Fig. 9rtion of a glioma taken near the peri- 
hery. The tumour has becrTfre 

and consists throuLhout of a thick 
feltwork and fine neuroLlial fibrs. 
The nuclei of the tumour are scanty. 

(Frozen section stained by Holzer's 
Krystall-Violett Method). 
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T?..S1 found in the neighbOurhood of the right thalaus. 

It was sharp4 demarkated, shoe no necrosis, and was 

avascular and so hard to touch that it was diagnosed 

as a fibroma (astrocytoma). 

Microscoic examination defm:Ilstrated that 

the cerebral neoplasm was composed of a thick felt- 

:work of fine neuroglial fibres. The n9oL)1-:stic 

nuclei -ere fe- in number, were fairly regularly dis- 

:tributed over the microsco»ical field, were rounded 

ond of fairly r,,..,;,ular size In sections impregnated 

by sold, some astrocytes -ere seen which had reached a 

high degree of structural per2'ection, but around Lost 

of the nuclei no delimited cell body was demonstrable. 

In the neighbourhood of the glioma a certain amount of 

gliosis had occurred. This change had taen 

in foci and was not diffuse. 

The case therefore was one cf a glioma in 

which / 
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-hich the astrocytes had developed numerous fibres 

nnd then had undergone regressive changes. In this 

connection the astrocytes had progresped through 

those stages of non-neoplastic astrocytes which 

eventually lead to gliosis. moreover, the gliosis 

had occurred in the tumour and it had had little 

effect on the neighbouring brain tissue; the case 

was doubtless an example of e. regres-ing glioma. 

A glioa may consist of a syncytium 

throughout. One of the cases referred to previously, 

nnoely a glioma of the cervical portion of the spinal 

cord, is an of this type, -nd, as noted, the 

series contains another similar case of cervical 

glioma. In both these cases the tuti3our greg (vickly 

the patients living only six and eight months respect- 

:ively after the first manifestations appeared. This 

can be easily understood since the syncytial tumour 

exerts / 



exerts its Fhole energy in gro }.nth and none in dif- 

:ferenti vtion. 

A case. in the series, however, showed the 

f.,,ct the t even a syncytial glioma may remain quiescent 

for a number of years. Although I am reauy to be- 

:lieve that this is an exception, the case is so 

instructive from the vietirjpoìnt of the pathology of 

tumours that it is interesting to give the following 

short history. 

J.H., a 
. 
miner, aged 4=J, for the first 

tL: e took a it in DeceIber, 1926. The following 
February he ra.s admitted to Professor Bramwell's 
'ard. Fro.!: the clinical history, mode of attack 
and the investigation there, a tumour in the neigh - 
:bourhocd of the gyrus centralis posterior was 
diagnosed. The patient remained three weeks in 
hospital and during this time had two fits. He 
was ten allowed home and treated with lumina'. The 
fits decreased in number and severity and the lati.nt 
remained fairly well until Dec i' ber, 1930. then the 
fits recurred and he developed marked loss of :over 
in the right hand. 

On January 31, 1931, he was re- admitted 
to hospital in a semi- conscious state and ; ith paralys- 
is of the right side. On the evening of February 5 

a cerebral hmorrhage occurred and he died the fol- 
:lowing morning. 

Autopsy : - Fairly well demarkated tumour of about 
6 cm. in diameter was found immediately under the 

cortex 
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cortex in the neighbourhood of the left ;Jyrus centralis 
posterior; the centre of the tumor 1-as cystic; the 
)eri;,hera,l portions ^.ere firm. A second tu-Jour was 
present in the neighbourhood of the left ueduncu1us 
cerebri, -ind it was into this that the fatal h Jorrhage 
had occurred. 

Microscopic Examination : - The tumour in the Lyrus 
centralis posterior w` s cc ")osed of a syncytiuiii; , 

nowhere had individual cells differentiated out. 
Around the tumour areas of gliosis had forte ed an 
incomplete capsule; the non- neo)l.stic astrocytes in 
the neighbourhood sholf.ied no sign of proliferation. 

In the second tumour, namely. that in the 
left pedunculus cerebri, were demonstrated astrocytes 
t.hich had reached a high degree of structural per- 
fection. 

It shao.ld be noticed that in certain 

cases of the series astrocytes were seen which had 

differentiated out of the neoplastic s ncytiu; ; 

moreover, in certain of these cases the neoplastic 

astrocytes had reached a nigh stage of structural 

:)erfecticn. 

The question arises do these neoplastic 

astrocytes undergo further division and thus give 

rise / 



¢rr 

100. 

rise to daughter cells? It is im ,os ible to give a 

certain ans1rrer to this question. Several difficulties 

arise in the so>utic:n of the ::roblem. Necrosis is 

so t 1des ?re -.d thnt it is often ].ill )os :ibie to determine 

the : articul r degree of structural development t-raich 

the older parts of many gliomata. have reached. In 

the minority of cases of the series in r.;ch the 

neoplastic astrocytes showed a high degree of 

structural perfection in their older :;.arts, the cells 

z-°ere not only large but numerous. This, however, 

is in accordance -, ith the fact observed in the 

microscopical prep rations that Cnen individual cells 

dif erentiate eut of the neoplastic syncytium, a large 

number cf individual cells are formed. 

It is a well- rnoirn fact that the non- 

neoplastic astroc yte has retaine - to a very high 

degree the poi; er of reproduction and in many cases of 

damage / 
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damage to the brain astrocytic proliferation is not 

only very masked but s_ reads to a .rent distance 

around the damage. As a result new formed astro- 

cytes occur in great numbers. Divis . cn of the 

astrocytic nucleus occurscíjb;r amitosis. This is 

a fact recognised b y all investigai, ors nd my ex Jer- 

:ience confirms it. I have never observed mitosis 

in astrocytes hov ev,_r Lyuic1 J_y they are reproducing. 

It is by no means easy in human tissue 

obtained at autorosy to demonstrate absolute 

certainty the different stage_, of amitosis in non - 

neo ,la.:.tic astrocytes, even hen )rolifer?tion is in 

progress. It is therefore easy tc understand that 

the difficulty is much greater in the case of neoplasti 

astrocytes. 

It may be >_:a ntained that gro; th by 

pressure indicates a :_,rcliferation of the neoplastic 

cells / 
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el:Ls which lie deep in the tumour. Such a con- 

:clusin, 77J:;1Pever, 7(2uld be incorrect. The syn- 

.vtium itself can exert a considerable presure. 

In one of the cases already described, the tumour 

ad invaded the pia-arachnoid snces and pushing the 

dura mater in front of it had made deep -pockets 

between the transverse processes of several vertebrae. 

I am inclined to believe that in those 

glio:Lata 7nich have a syncytial periphery the spread 

of the growth is for the most prIrt an increase of the 

syncytial protoplsm and not throuh division of the 

differentiated neojastic cells. 

2. Proliferation of the astrocytes i. those parts 

adjacent to idiomata:- 

In all the cases of the series there 

had occurred proliferation of the astrocytes in the 

tissue surrounding the 

It has been it .,,2dy recorded that in 

two / 
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Fig. XXXI. - From the marginal portion of a glioma. 
A non-neoplastic astrocyte has been en- 
:closed by the growing syncytial margin 
of the tumour; it is swollen and its 
processes are undergoing disintegration. 
(nclasmatodendrosis) . 

(Frozen section .impregnated by Cajails 
Gold Chlorate SUblimate .ethod.) 
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two cases of quiescent tumour, naflely that of a 

s,; nc: t? ̂ 1 Boma =:nd that cf an astrocytof;a, reaction 

}: d occurred around the neo, la srn of the vroliferated 

astrccytes; fibres had been formed and the cells 

had regressed. In the other cases the neoplasms 

vere in the oroces_; of growth and the surrounding 

astrocytes actively i,roliferating. As the 

tumor :,ur advanced there occurred a correslaond_ingy ad- 

:vancing zone of ,prolif'eratin astrocytes; hen the 

advancing neoplastic zone involved these astrocytes 

they underwent necrobiotic chantes hich led to t -ieir 

degeneration and disajJjearance. These appearances 

are exactly the same as in all cases of advancing 

degenerative pr_ cesses of the central nervous system. 

It was found that the _,rolif eration of the 

"normalvt astrocytes occurred over an area 4 >hich 

extended widely from the neo,1 stic zone, and 

moreover / 
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XXXII., - From the brain at a distance from the 
groain. a3yncytial margin of a ;;,:.lioma. 

The Ire-existing (non-neotic) 
astrocytes have proliferated »rofusely 
and over a large area. The new formed 
astrocytes are not only numerous but 
also large. In the riLdit uxier porti 
of the fiad the membrana limitans 
superficilis is seen. 

(Frozen section imprenated by Cajalls 
Gold Chlorate Subliifiate ,ethod.) 
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moreover the ,:rolifera.ti ri was ,irofuse.41. In the 

case of cervical glioia, I have stated that the 

Proliferation of the neiL i i:; astrocytes is not 

a transition of the_: cells to a neoplastic phase, and 

urt ler I have given the o: inion that the »roiït'era.tion 

is not an ex?ression of a protective mechanism on the 

part cf the surrounding non-neoplastic tissue, but is 

an exa.mp of_ the general rule that irherever damage 

or destruction of the tis-.ue occurs, there takes place 

proliferation of those cells which have retained the 

i 
over of division. The study of all this series of 

ases confirms this contention and this opinion. 

_oreover, it is found that in the neih- 

:bourhood cf the 6lioma not only does the fibrous type 

f astrocyte proliferate, but also the roto 1a,:mic 

ype. 

From That has ben said it is to be 

understood 

;, Fig. XT I 
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understood that astrocytic proliferatin occurs not 

only around glioiata., Out around oth .r neoplas s kind 

injuries. I have investigated two cases of car - 

:cinoma secondary in the brain; both showed prolifer- 

ation of the surrounding astroc,;tes althou h in neithe 

of these cases was the a.p: earance so marked or so 

widespread as in cases of lioroata; the proliferation 

occurred only in certain small foci in the neihlbour- 

:hood of the new growth. 

I Bave investigated a third case of a 

non -"1 ioL. 'tcus neoplasm. This occurred in a patient 

of 13 years and was col;:osed of round cells with large 

hyperchromat:.ic nuclei wich varied little in size. 

The neoplasm may have been a neurocytOL a 'Gut as 

sections impregnated according to Gross- Bielscr_Uws i's 

silver _method showed no nerve fibres and since the 

cells showed no other structural characteristic 
by 

which / 
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which it was cos,.ible to determine their nature it is 

_Teferäle to cinssify it by the indefinite and 

comprehensive term of "terato_ atoLis- lika&t tumour. In 

this case the proliferation of astrocytes was widespread. 

and profuse. This _ma.rked proliferation of the a stro- 

cytes in the neitshbourhood of the tuAoLr is ,probably 

t be accounted for by the age of the )a.tient: groth 

is a characteristic of youth and proliferative changes 

in cells are often_;uch more evident in the early 

years of life. 

T "ith vi J,,, to determining the de,ree 

the type of res;onse of the interstitial tis ;ue of 

the central nervous system to traumata, I carried out a 

nu_ber of animal experiments, the results of vhich 

can be bri .Jfly stated in so far as they have a bear - 

on the present jroblem. Rab.its j.ere chosen 

because of the relative ease which vhich the 
brain 

could / 
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damage the brain by means of a cautery i_nstead of a 

.7.[und, and the animals we-ce killed at similar inter- 

:vals. On this occasion very little reaction had 

taken place in 24 hours, a slight reacticn in e "nurs 

and by 72 hours the re :,2 -ri!e vas maximal and a:3 

vides,,read as iii the first group. Thus the only 

difference betvTe'.:n these types of trauma as in the 

time taken to stimulate the astrocptic res.ponse. 

Frcz, these experiments it -ould be seen therefore 

that once the necessity for a defence had arisen the 

amount or the degree of the reaction was not con- 

:trol ed by the type of injury but was deter,Lined 

more by the ca)acity of the tissues to respond. 

A third group of animals, which 

be regarded as a control was used in this connection. 

In these the skull was oened as before but the shin 

sutured without damaging the brain. 
In all the 

sections / 
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sections examined in this grouy: no ;:proliferation of 

strocy tes was seen, which enabled _ne to say 

definitely that the mere opening of the ,skull itself 

did not produce a reaction unies_: the brain ,,,,;;s actual 

:ly damaged. 

From the point cf view of diagnosis, 

the importance of recognising the secondary yroiifer -' 

a clon of °TnormalTT astrocytes in the neigibnurhood 

of' gliomata is self- evident. In the examina tic n of 

small pieces of tissue from parts hich show these 

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

tissue that the oser. ating surgeon can give to the 

pathologist for him to investi;;a.te - the erroneous 

conclusi: n may Tell be made that the tissue is 

neoolastic and that the -,._ioma therefore is composed 

of astrocytes which have reached a high degree of 

structural differentiation. Moreover, it rust be 

remembered / 
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rei einhered in this connection, that ;, - -any non -neo l.<<st- 

=ic astrocytes in cases of :roliferation slow 

a rider departure from the "normal" structure than do 

oany neo»lnstic astrocytes. Therefore the study 

of single celas cannot reveal whether they are 

neoplastic or not. Their true natur-e can only be 

diagnosed from their osition in rel= tion to the 

neo: l?. sm and to the non- neo::la.stic tissue. 

3. The Occurrence of Necrosis:- In the central 

older parts of the glioma necrosis is a usual 

occurrence, and in most cases is so marked that it is 

recognisable by the naked eye. Owing to the 

liquefaction of the necrotic tissue, cysts occur; 

their Falls are composed of neo -lastic tissue, 

These changes are so well known that for a long 

tii.le they have been regarded as a characteristic a)- 

: oeara.nce of glio:I.ata. 

Necrosis / 



T\?ecrosis ithvut cyst formation not only 

occurs in those glimatp t:hi.ch are composed of dif- 

:ferentiuted elements, but also in those composed 

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

:vical ;lioma and the case of sync/Mal gliOma of the 

rus centr-Iis osterior are examples of this oc- 

cur u' ence . 

icroscoj ical areas of necrosis were 

fre:luent in the gro,' ing syncytial margins of the 

s1_4omata in the series. Further, since numerous 

disintegrating nuclei were found in these portions of 

the tumour, necrohiotic chan tes 1- re r idesnrea.d 

though the whole syncytium. 

Lastly, necrosis occurs in the non -neo- 

-lastic tissue around the growing ,lioma and -rich 

has not yet been invaded by the tumour. " tny of 

the cases gave an exas ;ale of necrosis and of 

disintegration / 
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disintegration of the :re-etsasting non-neolastic 

astrocytes in the one bordering on the syncytium. 

Thrombosis of blood vesels, with con- 

:sent iiminution cf the blood supply is probably 

a factor in the occurrence of the la.,rked necrosis in 

the substance of the glioma. In general, noTever, 

the occurrence of necrosis in the tumour is not solely 

deendent upon the diminutin of the blood supply; 

oth factors as yet unknown -_Lay a art. Certainly 

the small foci of necrosis and the degeneration of the 

nuclei which occur through the ihole syncytial margin 

of a glioma can:ot he explained merely by a disturbance 

of the blood supply, nor yet the necrobiotic changes 

cf the astrocytes in the neighbouring zone. As 

mentioned before, it is :)(pssible that (j_ring uick 

growth of the tumour the mechanism in the brain 
and. 

spinal cord for draining away the effete products 
of 

metabolism / 



_i etabolism is insufJjci,nt to deal pith the greatly 

increased mas, of tissue. he.ice th fluid b-- t i.n the 

tis:_ues and the fluid in the :eri- vascular spaces is 

saturated ,. ith effete ,metabolic products. Further, 

it is a well .6norn fact that the chemical composition 

of this used product of tumour cells diff.:rs from that 

of T¡normalti tissue. 

It aáß ears justifiable to suggest that the 

presence of an excess of used metabolic ,products, to- 

ether 7ith perhaps their altered cheoical composition 

is answerable not only for the dama,We to the endothel- 

:ium lining the blo,d vessels - a condition prelieiin- 

cary to t?hromb us formation - but also for the necros- 

i s in the syncytial uiia r gi n and in the surrounding, 

brain tissue. 

4. The Occurrence of Hmmorrhage:- The occurrence 

of larger and smaller h_efaorrhages in gliomateus tissue 

is / 
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is a further characteristic of this type of tumour. 

It is well reconised that the ivemorrhage may be so 

massive that it ;sic ly leads to the death of the 

.: a.tient; on the other hand aittle h<mnor. r. hages ::,ay 

occur and theme apsear often multiple and not single.. 

Lastly, the hemorrhages in the tumour may ce only seen 

on microscopical examination. 

Examples of all these tyt:es occurred in 

my series. 

HTmorrhage may occur not only in the 

gliona but also in the non- ncsoJlastic tissue in its 

neighbourhood. Here also, the h ,Tmorrha e may be 

massive or small. In t,o cases death was brought 

about by a hqamorrhage in a part distant to the 

tum: ur. In both cases the ,lioma was in the left 

cerebral h.emis :,here. In the first case the hmmorr- 

had oc .urred into the cerebral c,eduncles and 

pons ; 
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pons, and in the second into the pons. It should 

be noticed incidentally that in neither of these cases 

IH -as there a second tumour into v.A ich haemorrhage had 

occurred. 

In the case of a large glioma of the left 

cerebral hemis_ here, numerous )etechial h[..emorrha ;es 

had oc _urred in the cortex and into the sub -cortical 

tissue of the temporal lobe on the side op.,osite to 

that it vhich the tumour 1 as situated. icrosco.:dcal 

examination demonstrated that no Elio Nato s tissue 

~a,, re:,ent in the region of the hm iorrh., es. 

A massive hemorrhage into a glioma may 

occur thro) h the rupture of a fairly large blood 

vessel in a necrotic _.ortion of the tumour, or by 

a rupture of an aneurysm v,.hicn has occurred there. 

Further, massive h eir,orrha.ges, 
as also the small 

Yi" ü'rrìl'.geS vhich are usually present in a 

; aT / 



may be brought about oT ing to trirou,bosis of the blood 

vessels in relat.;.on to the tumour. 

of the cases of syncytial cervical 

glioa shored a further condition which could give 

rise to h: ïuorrhage. A !orti:;n of the tumo.,r had becom 

cystic and the wall of the cyst resented, over a 

fairly large surface, new formed blo.:.d ves - 

e ip hich 

gave the ap )earance as though the lining of the cyst 

was formed of granulation tissue. It is easy to 

understand that in this condition h.morrhage into the 

interior of the cyst may readily occur. 

It is )ossi bie that large, fatal hïorr- 

:pages occurring at a distance froi.; the tumour have a 

rei.atic,nship to thrombosis at the site of the hr;;orr- 

.page, but this is a point which is difficult to prove. 

In all cases whether hvemorrhage occurs 

owing to rupture of a blood vessel, coring to ru »ture 

of / 



of an aneurysm or 1 olio. i a thrombosis, da 1 e to 

the arterial tall must have receded the occurrence. 

As discussed under the heading of T,The 

Occurrence of Necrosis, I am of the oinion that 

metabolic products are the most rob^.ble factor in 

causing a local injury of the ves :el wall; these 

products strengthened by the abnormal products of 

tissue necrosis, es eci.qlly in i rge a, idly grow ing 

guiomata, are doubtless in the ÿ>eri- vascular spaces 

of blood vessel in the tu:.our `ìnct in parts of the 

brain distant from it, snd pre. nt th,:refore a poss- 

:ib e explanatì:n for the damage in then' ; laces. 

The numerous hmmorrh.ages which occur near the tumour ar 

probably to be explained in the same way as those in 

cases of acute infections. I sug,_,est again that 

hmorr pages related to a glioma are de:,endent on 

metabolic o ' other trod }acts of neoplastic tissue. 

7. 
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5. Nomenclature and Classification: - Since couch of 

the work on liomata which has appeared during the last 

few years ;perha;s es .ecially in qInglish and American 

')e:riodicais deals with the no.nenclature ana cl -assi- 

:ficatioo of these neoplasms I wish to expand a little 

upon this, but especially to discuss the wisdom of 

accepting finally the elaborate clas..ificati n of 

any one author until complete proof is available that 

multiple terminology subserves a. useful ; }ury)ose either 

clinically or athologically. 

2 

The great pathologist, Hugo Ribert"`", 

says c: ncering the name "spongioblastomata" given to 

that type of neoplasm v,hich has as its prototype the 

spc_agioblasts of the developing neural tube, ',One must 

not forget that these tumours are genetically identical 

its., those formed of true glia The true 

gl.io::ata are really th refore differentiated 

spongioblastoma.ta." / 
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spongìoblastoi titan (By 'ttrue gliait he means astrocytes) . 

Investigation of this series of gliumata has demon- 

:3trated that tumours may consist not only entirely of 

a syncytium, but also that in the same neoplasm all 

stages of structural differentiation occur, from the 

simplest, the syncytium, to the most complicated, the 

well formed astrocyte. 

Pathology seeks to elucid.te the processes 

in living tissue which_ constitute a disease. If the 

separation of gliomata into dif erent classes - be 

they many or felt - leads to a better understanding of 

their course, of their origin, of their growth .-Ind of 

their biological _:ro_erties, then it is one of the 

fi^nctian_ of pathology to classify them. If, on the 

other hand, their classificati.n adds nothing to cur 

knowledge of these problems, it is useless from the 

point of vier of __>athology. 

Penfield / 
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"Anfiel' ̀' constantly points out that an 

essential to the intelligent u:e of any classification 

of ;lio?z:ata is a knowledge of the developmental and 

athologica.l form,., of normal neuroglia and of the Ue- 

:ha,lziour of the neuroglia under various conditins. 

He has be n able in conseqUence to !modify considerably 

the original classification of Bailey Cushing.34 

Penfield subft its that eight types are _iuite sufficient, 

:ieltT:- 

(l) Neuroepithelioma. (2) Spoizgióbl-,stoma .:ulti:íforine 

(3 Astrocyto<<;a (=') Ependyinoma (5) -=.:edul_.ob_l_a.stcxi 
Astrobl^.,.toma. (7) Oligodendrolioma. 

(8 Unipolar Spongibb=_ ;.stoma. 

Although this clas.if is -, ti:_ n is a very 

distinct improvement on that ouch more unv:eildy one of 

Bail.,:y c Cushing, it T ould seem th'. +.t even yet it is 

much too elaborate, especially 1rhen one remembers for 

instance that cievelo : meat is n continuous .cr. oces and 

that there is no hard nd fast line between the polar 

s pongioblast / 
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gpongioblast and the ästrobl.r,st or beti e n the 

a.stroblast and the astrocyte. 

From a clinical point o view it : ould 

be necessary in making , a classification of .,ny given 

tumour to search for the general stage of difierent- 

iation reached and to remember that exce t in 

spa ioblastoma multiforme neuroglial differenti Lion 

1-s no sharply distinct stages. Neuro ,lia.l cells 

differ in form ac :oriing to the part of the brain 

in which they are found. 

Since for obvious rea.ec_ns this f6rmula 

for _taking classification is int.racticable, I - ould 

suggest that a better understanding of gliornata is 

reached if one studies them as biological roble&s 

rather than divides them into single and syyecial 

categories <<rhich are more or les._ only artificial. 
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SUMZAR Y. 

1. The embryological develojent of the interstitial 

tissue of the central nervous system vas demonstrated 

and discussed. 

Certain clinical iroblems in diagnosis vere 

debated, 7J1d these were discus. od with esecial ref- 

:erence to the caf.;es in the series. 

3. A series of 2b cases of e,licomta were investigated. 

In 2 cases the growth hrld been quiescent for several 

years; in the ram.-linier groith as active. 

4. In the majority of cases the rc21-in, margin of the 

giioa consisted of a syncytium or of a syncitium from 

'which single cells were differentiating. In the 

other cases the neoaastic fJargin was composed of large 

and inyatiJre astrocytes. -any syncytial nuclei 

shoed necrobiotic changes. 

5. For the most ,,art the neoplas-s Ter,: groirs.:,_ by 

infiltration / 
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infiltratirn into the surrounding tissue, but notably 

in one case the tumour, or part of it, gro, inu 

by ressure. 

G. In 3 cases the glioma consisted throughout of a 

syncytium; one of these had re,fJained quiescent for 

reur years. 

7. Some of the cases showed all stages of different- 

:iatic)n from a sncytium to an astrocyte which had 

reac]ned a high degree of structural developent. 

It is uncertin hether neoplastic atroctes 

,hich have reached a high degree of structural iJer- 

:fection are able to multiply. 

9. In all cases the ,Jre-existing non-neoA.r,stic 

astrocytes in the neighbourhood of the glioma had 

_yroliferated; this proliferation was often mPr,_ed 

and videsread. 

10. Reaction of the Literstitial tissue to injury as 

seen / 



seen in aniirlq.1 e;erim.,nts rInd also flOfl-11oIi 

tu-nurs -a:. described and discussed. 

11. ecrosis was iound not only in the old 1rts 

of the nea_:,1,sm but also in the grc 11;ar inal 

fld the surrounding tis.ue; an e:n-tion of 

this was 

12. F,emorrhes occurred in different degrees from 

these vhich were ,Acrosco ic-1 in size to those viiich 

were massive ani fatal. In certain c ses the hm- 

:orrh7e occurred at a distance from the neoplasm. 

13. The modern tendency to ,cultily nomenclature 

and clas,ificati-n was criticised from both its 

clinical and oatholo,:jcal standpoints. 

14. It ra.s submitted that a better understanding of 

glio-a,a is reached if they are studied as biological 

roblens. 



APPENDIX 

Technical ethods Employed. 

Analine dyes stain neuroglial nuclei but 
show the perinuclear cytoplasm only in a general 
Occasionally certain astrocytes in 71. very active ,Th?se 
of reproduction are demonstrated. '':eieert's neuro- 
:glial staining method demonstrates the nuclei and the 
glia fibres. Tor the demonstration of the vhole 
astrocyte it is necessary to use Cajalts Gold Chloride 
Sublimate bethod. 

For the details of technique of this 
mettiod I have referred esQecially to those articles 
dealing leith it by F. Ramon y Cajal, B. Rome's, 
W. S2eilmeyer and C. 7)a. Fano. 

7any authors of the latest papers on - 

neuroglia maintain or imply that the Gold Chloride 
Fublimate 7ethed is variable and difficult. This is 
not true. According to my experience of this method 
extending no over several years, I can say ephatic- 
:ally that the technique fives such universally con- 
stant reults that it can be carried out in every 

histological laboratory, previded that scrupulous 
attention is given to the chemical purity of the 

reagents and to the cleanliness of the a,»aratus. by 

experience is that not only routine wor in egliomata 

can be Taell carfied cut but that the preparatiens 
Tade according to this method are constant. 

The Gold Chloride Sublimate retnod has 

certain limitations. It does not demonstrate, for 

example, the structure of a gliom7, composed of nmature" 

astrocytic fibres. In this case the negative picture 

obtained Yust be converted into the positive picture 

by r'ei;;_-fert's Glia 7ethod or by one of its modificatiens 

e.g. Holzer's Trystall-Violett Uethod; further, the 

euclei and the »rotoplasm of a neuroglial syncytium are 

not demonstrated. The negative piCture obtained by 

these methods muFt he supeleented by the picture 

obtained frofi5 Hwatin and Eosin preparations and by 

sections impregnated by the different silver methods. 

The use to which the different methods 

are put to demonstrate the structure cf gliomata is 

indicated in the illustrations. 
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