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1.

I. INTRCDUCTION

The progress of the surgery of intracranial
tumors has been associeted intimetely with the sdvance-
ment of asepsis end surgical technique in genersl;
methofs of more accurate diagnosis end & correlstion
of the pathology of tumors encountered with the clini-
cal course of the petient, It is a long wey from the
early trepenations of Jaboulay to the present surgiecsl
technique of an osteoplastic creniotomv,., The meticu-
lous deteils of an intrecreniel operation are charac-
terized by strict hemostasis, the use of cotton pled-
gets moistened in saline solution for sponges; the
collection of blood gnavcidably lost during the opere-
tion so that it mey be used e&s a transfusion if nec-
essary; the use of gilver clips to ligate bleeding
cortical vessels; and finelly, among meny other tech-
nical deteils, the emplovment of en electrosurgical
unit for ftreanssection of the cerebrel coriex, end =z
removel of lerge vascular growths.

Closely associated with these more or less
technicel metters, end in fact by their nature & chal-
lenge to the mecheniczl side of neurologicel surgery,
have been the contributions % eart of diegnosis, lo-

calizetion, end histopathology of intracreniel growths.



Phveiological experiments-have added to our knowledge
of the function of the varicus varts of the brain and
to the mechanics of the cerebrospinal fluid pathway.
The opthalmoscope and verimeter, the diagnostic instru-
ments of a branch of medicine distinct from neurclogy
and surgery, also have made 1t poseible to localize
intracranial tumors more accurately and earlier in their
course,

Thé contributions of the science of roentgen-
ology to neurological surgery have been innumersasble,
The correct interpretation of the direct evidences in
the skull of various inftracranial necvlasms is not only
@ossiblevbut the corroboration of the probable nathol-
ogy to be encountered at operation, is now a common oc-
currence, When one adds to this the ﬁisualization by
ventricuolography and encephdlography of the deform-
ities produced by tumors, the dependence gﬁich neurol-

ogical surgery places upon roenigensclo may be real-

0
5

R

ized.

Finally, all of these forward steps in matters
surgical and diagnostic would be of little avall were
it not for the progress which is being made in the cor-
relation of the vpathology of the lesion and the clinical

history and course of the patient. Today a diagnosis of

.
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an intracranial tumor im a given location is not enough.
The surgeon is sble more often than not to ve cognizant
of the probable nathological nature of the lesion which

he is to attack.
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ITI. Histogenesis of the Brain as Interpetated by B&lley
and Cushing (1).

The histogenesis of the brain furnishes the
indispengible background for an understanding of its
TUMOTS.

"The anlage of the central nervous system is
differentiated esrly in embryonic life from the ecto-
derm along the axial line, This long strip of ecto-
derm becomes thickened to form the meﬁullafv plate and
its middle portion is depressed to form the medullary
groove. The elevated edges of the groove come together
and fuse, converting it into the medullary tube, the
anterior portion of which becomes enlarged and sub-
divided by consetricitions infto the three primary ves—
cicles of the brain,

At first the medullery plate is composed of a

single layer of columnar epithelial cells which may be

called the medullarv epitheliwm. An aciive prolifera-
tion of these cells occurs, and simple primitive arrange-
ment is in some portions lost. By the continued divi-
sion and differentiation of the cells the enormously
complicated structure of the brain finally comes into

existence,

The earliest eign of differentiation is the ap-

pearance within the medullary epnitheliuvm of rTound vesgi-
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cular cells in mitosis. They .are known as germinal
cells and from them neuroblpstk are differentisated.
These germinal cells continue to multinly and they elon-
gate the remaining epithelial cells and separate them
from each other in their outer portions, thus transform—
ing them into primitive spongioblasts. Some of the
germinal cells differentiate at once, but others con-
tinue to divide giving rise to new generations of un-
differentiated cells known as indifferent cells, a

term which implies that one is unable to predict what
they will become in their fubture development. We pre-
fer to speak of these indifferent cells as medulloblasts.

NEUROBLAST

The neuroblagt at first is a globular cell with

a nucleus and the cytoplasm collected toward one pole,
thelr procegses are put out into ovposite directions but
soon one is withdrawn and the cell assumes a vpiriform
hape with a single long process coming from the smaller
end and the cell is known a8 2 unipolar neuroblast.
In ite further development the neuroblast pubs

out multinle procesgses in various directions and becones

known as s nultinolar neurcoblast. These nrocesses in-

crease in length and complexity until the final transfor-

mation into an adult neurome is marked by the devosition
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of myvelin asround the second half of intra-uterine life,

SPONGIOBLAST

The primitive spongloblasts meanwhile are not
inactive. They may be divided into two types, (I)
Those in whi h the nucleus with the bulk of the cyto-
plasm lies near the ventricle, the future ependvmal
cells; and (II) those in which the nucleus with most of
the cytoplasgm lies remote from the ventricle, the pre-
cursore of neurolgis cells, The oubter extremities of
both types continue off in long tails 4o the external
limiting m » brane. These cells remain in this primi-
tive stage in the region of the roof and floor plates
of the medullarv tube. Elsewhere, especially in the

o
4

region of the cerebral hemispheres, a further and com-

plicated transformation of the primitive spongiobvlasts
occur. They divide by amitotic division, giving rise
to bivolar spongioblasts.

Schaper first called attention to the fact

that a single origin from the medullary epithelium

;.

alone wasg insufficient to account for the great numbers

ks

{

of spongioblasis in the develoning central nervous sys-
tem, even though it was known that the latter continued
to divide amitotically. He therefore »nroposed the for-

mal hypothesis that the zerminal celle did not neces~
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serily differentiate into neuroblasts, bui might con-

tinue to divide on an undifferentiated plane of devel-
opment, and eventually become either spongioblasts or

neuroblasts.

MEDULLOBLASTS

it

Terent cells or medulloblasts except by negative charac-

ot

[}

eristics, but Schaper'se hyvothesis, which is generally

accepted, 1

w

necessary to a comprehension of the normal
histogenesis of the brain, of malformations of the brain
and for an understanding of brain tumors.

The unipolar spongioblasts underzo a further

transformetion into astroblasts which are distinguished
by a broad process attached to the wall of a blood ves-
sel, where 1t becomes enlarged into what is known as
the "sucker foot," and by short stubby nrocesses which
extend in many directions from the opnosite nole of the
cell., Neuroglia-fibrils begin to develon in the cvto-

plagm of the astroblasts during this stage, which is

about the fourth wmonth of intres-uterine life. ¥Not in

L )

2ll the astroblasts do fibrils develon, and therein

E..‘
ke

8

Pt

arises the 4&

T

%

inction between the fibrillarv astrocytes

of the marginal and sub-corticzl regions, and the pro-

toplagmic astrocytes of the cortex. These two types to-




gether comprise the neuroglia.
There has been as vet no thorough study of

the development of the QOligodendroglia, but fragmen—

tary observations by Hortega indicate that these cells

HX
w,%

originate from indifferent cells which wander among
the Tibres of the long nervous nathways and there dif-
ferentiate into oligodendroglia, and also occasionally
into fibrillary neurological cells. They are there-
fore of ectodermal origin and akin to the protoplasmic
and fibrillary astrocvtes

THE MICROGLTA

There are no studies of the development of
the microglia in the human being, but Hortega's obser-

vations on the lower animaleg indicate that they are of

":)J
-3

mesodermal origin and spread from nia matiter and the

o

0]
j—d

choroidal 28 into the central nervous system rather
late in its develooment., The microglial cells, though
scattered throughout the brain substance, predominate
in the gray matiter.

In the normal Dbrain these four adult elements

o

which have thus far been discussed (the neuroglial,

microglial, oligodendroglial, and nervous cells) may be

distinguished with & certain degree of accuracy merely

by their nuclei, but & study of their processes in the
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manner described is essential for precise differentia~
tion. In addition, one nmust consider three types of
ells which have undergone & special develooment——-

the pnineal, choroidal, and ependymal cells.

In one resgtricted area of the roof-plate,

L

“the cells of the medullary epithelium proliferate %o

&

form the pineal vnroparenchvma, which in addition to

neuroglial cells contains also the parenchvmatous cells
of the »nineal body.

”HBQDI AL CELLS

In the region of the choroidsl telas the primi-
tive enithelium transforms itseli readily into the cub-
oidal evnithelium which covers the choroidal tufts.

EPEUNDYMAL CELLS

As stated, the cell-bodies of some of the primi-
tive spongiobnlasts remain attached along the ventricular
wall., They lose their cilia and the blephoroplasten col-
lect in a group in the cytoplasm, in which state they
mizht be called enendymal S§Ongiobla8ts. RBut ghould
they lose thelr perepherel processes they are reduced to

the cuboidal cells lining the cerebral ventricles and

el

G

5]

xntra

M

canal of the spinal cord, known as the ependyma.'

The foregoing brief account of the histogenesis of the

~
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brain may be represented in the accompanving diagram

formulated by Harvey Cushing.

MEDUL%&R? EPITHELIUM

Primitive

Medufioblast ApBGlar

Spongioblast Neuroblast

Pineal Bipolar Bi olar '
Proparenchym Spongiobls euroblast

Ependymal - Uni:lo ar m¥¥o1ar

Spongioblast SOOHglObldSt Neuroblast
Pineal Astr last Mu tipolar
Parenchy v Neuroblast

Ependyma 11godendrog11a
Pineal Fibrillary Protoplasmic Neurone
Neuroglia Astrocyte Astrocyte
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ITI. Classgification of Intracranial Tumors

I. PFirst Group-——Fibroblastic tumors (lMeningi-

oma, psammoma, dural endothelioma, meningeal fibroblas-
toma, )

These tumors comprise about 45% of
tumorse, Since they are always well encapSulaﬁed and
never invade brain tissue, they are among the most fa—~
vorable tumors with which we have fto deal. Thelr remov-
al frecuently offers unusual technical difficulties be-
cause of the great size they may attain as well as the
marked increased vascularity of the over-lying bone, the
dura and, in some cases, also the scalp. The blood sup-~
ply of the tumors comes usually from the dura, ﬁhough at
times from vessels in the pia which may be huge and very
friable,

From a pathological standpoint, however, they
are extremely favorable as they never destroy nervous
tissue, merely displace and compress the brain or spinal
cord. They are usually firmly attached %o the dura, hence

"

have been called dural endothelioma, but it has been

]

shown that they originate from the arachnoid and from
thoge tufts along the large venous sinuses which form the
pacchionian granulations. Thisg explaines the fact nointed

cut by Cushing (2) that the vast majority of these tumors




|

1z,

are attached near the larger sinuses where the pacchion-
ian bodies are most numerous. At times the bone is com-
oletely destroyed by pressure atrophy, at other fimes
there is a hynertrophy of bone over the site of the tumor.
There may be actual invasion of the bone by tumor cells,
these areag of invaded bone may be tender and give valu-
able clues to the location of a tumor, or they may also
give a characteristic aopearance in the X-ray, indicating
that the bone is laid down »nerpendicularly.

Grossly these tumors are usually smooth, round
and nodular like a potato, bul may have small nodules

>

connected by an isthmus with the main part of the tumor.

Microscopnically, the cells may be arranged in columns

ch ari

i...h

senarated by bands wh

«

se from the dura, thus

.

he a@jearance of alveoli. In rapidly growing tumor
these bands are less prominent and the entire tumor is
composed of a mass of nuclel surrounded by considerable
cyitoplasm which gives the impression of endothelial cells.
In slow—-growing turmors, whorle are found which are‘oom—
nosed of concentrically placed cells and when these under-
go degeneration, pasmmonia bodies are found at the center.
Davie says, (3), "these latter tumors chow & definite
shadow in the X-Tray, becsuse they contain the whorls of

cells in which calcium is deposited,

-




(I) Perineural Fibroblastomas—--In this group

belong the tumors arising from the cranial and spinal
nerves. The most common site for these is the cere-~
bellopontine angle where the so-called zcoustic neuromas
or eighth nerve tumors occur., OCccasianally tumors also
develon from other cranisl nerves. There has been con-
giderable discussion about the nature of these tumoré.
As the name implies, some have thought that because the
tumors were 8o closely connected with the nerves they
were true neuromas but careful histological studies by
Cushing (4), Councilman,(5), and Skinner (8), have shown
that 211 the elements composing these tumors are of fib-
roblastic origin, and that none of the cells are develop~
ed from neuroglia or neurones.

Grossly, +he tumores have a very characteristic
aopearance, They are yvellow or brownish yellow, smooth,
zlistening and they not infrecuently have emall cysts on
their surface. They are adherent to the petrous surface
of the temnorsl bone at the norous acusticus., Micro-
scopically, the tumors present a very typical appearsance,
Thev are composed of stresms of pars ;1e?‘zlbers which
form eddies or whorls in- -some wnlaces.

The confusion about the petholopy of these tumors

L l‘

occasionally there

hes bveen due, in part to the fact thai
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occur in the cerebellopontine angle, connected with the
eighth nerve, neurofibromate which are nart of a geﬁeral
process--von Recklinghauser's disease. These tumors, in
contradistinction o pefineur&l fibrgblagtOﬂas, contain

-

nerve fibers which run throush the tumor mass, Micro-

scopically, the two tvpes lOQk.KUCh alike; the vpresence
of nerve fibers in the tumor, and the presence of nodules
elsewhere in the body, help fto distinguish the two »nro-
cesses,

'

2. Second Groun---The Hliomeas

Avout 45% of all brain tumors belong to this
group. Heurological surgeons have realized for some
vears that there are wide differences in gliomas re-
garding gross appearance, histclogy, operability and
Drognosis,

What we have besn in the habit of calling gli-
omatous cysts offer an excellent »rognosis, and the pa-
ients, after overation, have remained well for years.

Some gliomas are well encapsulated, though solid, and
are almost as readily enucleable as a monigeal fi

o}
blastoma. Others are diffuse, infiltrating with 1l1-

defined margineg, verv difficult to remove and, if they
are to be removed, regulire exitensive resections--nar-

ial or complete lobectomies. B8till others have occe~

gionally been inhibited in thelr growth by deepn X-ray
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therapy. These fecte have called Iforth an explanation.

It is only since gliomas were studied by ap-
plying the methods which were first used by Del Rio
Hortega on normal brain tissue, that an explanation has
teen forthcoming, This is the differentiation of vari-
ous glial elements by the silver and zold stalining
methode., The application of these gtudies to the study
of tumors has been carried out, to & grest extent, by
Bailey and Cushing, (1), Bailey,(7), Pendield, (8), and
Greenfield, (92).

As & result of these studies, it has been pos-

gible to divide the gliomas in verious distinctive types

based on their histologicel characteristics., They may

E

be cystic, encapsulated, affected by X-ray therovy, or

>

may be diffuse and infiltrating. By recognizing these

£y

types at the overating table, better treatment can be
instituted and a more intelligent prognosis given, The
recognition at the operating table of = medulloblastona,
which is the one type of glioma that responds remark-
ably t0 X-ray, is in 1itself & most important contribu~
tion,

Based on the various types of cells, which de-

velop from the medullary epithelium, Balley and Cushing,

(1), have been able to identify tumors in which these
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celles predominate and have differentiated fifteen tumor
types. Penfield, (8), in his discussion of tumors,
describhers only ften of these types and even some of these
are exceedingly rare.

The ten groups that Penfield has described

are &8 follows:

"Astrocvtoma Spongioblastoma unipolare
Ependyma. Oligodendroglionma
Astroblastoma Hedulloblastoma

Pinealoma Spongioblastoma multiforme
Midulloepithelicma  Panilloma 4

(I) Astrocyvtoms

About one-half of 2ll gliomas f2ll into this
eroup. "According to Beiley and Cushing, (1),

said %o constitute even more than 50%.," This is the
most favorable type of glioma, since it is glow gr@wiﬂg
cvstic, @ell encapsulated and contains in ite wall a

projecting nubbin which is the growing protion of the

Q

tumor. The cyst contains a bright vellow, which usually
contains gelatinous material, This ig probable a gecre-
tion from tumor cell The wall of the cyvest is made up

of flattened out fibroblagtic neuroglia., The character

of the tumor is determined by a studyvy of the nubbin.
The predominating cells are astrocyies. The nubbin is
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usually bright red, velvety in appearsnce and culite vas-
cular, though there may not be more than one large ves—

sel running into it.

o
[

¥The wall of the cvst may contain calcifica-

tion which occasionally can be seen on an X-ray picture,/
but we have had no instance of calcification in & nubbin. "
(3).

These btumors may occur in any vortion of the
brain but the cyet usually presents near the surface,
Sachs says, (10), "If this nubbin is removed a cure will
e effected, As long as the nubbin remalns even though
the cyst is emptied and all or most of the wall is re-
moved, the cyet reforme, When the nubbin is removed,
even if some of the cyst wall remains, the process is

-

stopped—~-cured, "

(2) Ependvmoma

These tumors are much rerer than the asiro-
cytomas but are also slow growing and feirly well en-
cepsulated tumors., At times they are nodular and sug-

gest 2 meningeal fibroblastome but they are embedded in

* U

the brain tissue under the »is ar8chneid and consecuent-

ly can be grossly differentiated. In Bailey and Cushing's,

(1), series, the majority of these tumars occurred in the

cerebellor region--nine our of twelve--but in a series
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ht cases studied by Drs. Fincher and Coon, (11),

of el

§is3

they found:

#1.-Five of the eight occurred in cerebral hemi-
gpheres,

2.-Ependvomas in the cerebral hemispheres, being
encapsulated tumors, offér a favorable nrogno-
gis,

3.~The only tumors in cﬁildren showing calcifica-
tion in the X-ray picture were enendymomas,

L.,-Cystic fluid thet deces not coagulate may be valu-
able diagnostic sign at the operating table.

5.~The demonstration of ependymal spongioblasts

s

with the silver carbonste stain is the most valu—

=

d}é

able histologicel =2id in dia

f

noging these tumors.

6.-The tumors contain true rosette, small cavities

These tumors are rare, In Bailey and Cushing's, (1),
geries there were but thirteen astroblastomas in their

two hundred fifty-four gliomas,

his tumor is less differentiated than an astro-
cytoma, The predominating cell is an astroblast, which
is the transition cell between the svongioblast and ag-

trocvte. The tumors asre not well encapsulated but grow

R

fairly slowly., In one casge of Cushing's the svmptonms

g
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had bvegun fifteen vears previcusly, but in all the other
cases the ftumor had existed a much shorter period. The
predominating cell resembles a nerve cell but is smal-
ler and stains well with zold sublimate.

(4) Spongioblastoms Univolare

These also are rare tumors. Bailley and Cushing,
(1), found only nine examples in their series. The pre-
dominating cell is the uniopo 7& spongioblast. The tumor
in all of these cases had bheen nresent for four vears.
It was partly cystic and in a number of cases could be
completely.

(5) 0Oligodendrogliona

This group, though small, hss a favorsl Pro—
This gr , Though small, h a favorable pr

.

gnosis 1f the tumor 1s recognized before it has beconme

bdy

too large. These tumors are well encepsulated, firm,

pinkish in color, and often contain calcified particles,
On account of their clow growth, they may not produce
any other gvmpbtoms except general convulsgions for a
long time. Histologic&lly they present a very charac-
terigtic picture-—a mass of cells with & dark spherical
nucleusg in the center of a clear cytoplasm which stains
pooTly.

(8) Hedulloblastoma

This is an unusually interesting group of tumors

*
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as it éeems to be the only group which is definitely in-~
fluenced by deep X~ray theropy. These tumors are much
more common in young children but occasionally do occur
in adults., In children they are usually found in the

posterior fossa and lie in the median line, growing fron

the roof of the fourth ventricle. They have a charac-
teristic grsy apoearance and are clesrly demarcated from

the surrounding brain tissue; hence in removing them a

line of cleavzge may be found.

These tumors do not metastasize through the cir-

m‘
]

culation but form deposits wnich are spread the cere-
brospinal fluid through the subarochnoid space,.

This tumor grows rapidly and contains numerous

‘mitotic figures, Both spong ioblasts and neuroblasts are

-

found throughout the ftumor, which would seem to indicate
that the tunor has developed from a2 bipotential cell-———
a very young embrvonic cell, a medullobvlast---hence

Bailey and Cushing, (1), have called these tumors medul-

(7) Pineal Tumors

ot

he

ot

hir

]

Tumors erising in t &2

E
£
o]

e region of
were nut into still snother groun nanmed olneobl tonas
and pinealomas, by Bailevy and Cushing, (1), who pointed

+

out their similarity to medullo nlagtomas.

gland
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(8) ¥edulloepithelioms and Neuroepithelioma

form a very emall group. According to Penfield, (8),
hey are the least differentiasted of all the gliomas.
Even in Bailey and Cushing's, (1), experience %héy are
only occasionally encountered and develop from undif-
ferentiated medu Wlary epitheliunm,

{(9) Soongioblastoma Multiforme constitute

one of the largest groups of a2ll gliomas, between 40 and
50%; this is the most malignant type and, consecguently,

presente the mogt difficult problem as regards itreatment.

ct

Thers is no definite line of demarcation be-
tween the tumor and the brain tissue, These tumors grow
re»idly, are soft, and at Times contain cysts which are

small and usually multinle. The tumor may be pinkish

or, in places where it degenerated, yvellow soft and fri-
able. There freguently are hemorrhagic areas in the
tumor because of its great veasculariiy and the friability
of the vessels. On this account, Bailev,(12), says,
"massive hemorrhages may occur leading to sudden uncon-

asciousness and death,”

3]

The neme was pronosed by Globus and Strauss, (13),
wno considered the multiforme cheracter of these tTumors
their maes characteristic Teature in some pariss of the

tumor, the cells are gathered palisaﬁe—like ghout areas

o

of degeneration; in others thede may be numerou s giant




cells of every conceivable shape and size, while in atill
other vportions the cells are closely packed together with-

out any special architecture, giving the appearance of &

csarcoma~—the name that has frecguently been applied o
these tumors.

(10) Papillomas are not gzliomas. They develop

from the choroid plexus and reproduce the appearance of
the plexzus., Thev are well encapsulated and ususlly grow
in or near the ventricle.

-

Intracranial Telangiectosis and Other Angloma~
tous Lesgions :

There are a number of rare lesions found in
the brain which clinically must be classed as ftumors,
though pathologically they are not true tumors. These
are the vascular lesions variously swnoken of as intra-
cranial telangiectoses, and venous and arterial angiomas,
They are congenital and, therefore not true tumors.
Clinically, however, they are freguently indistingulsh-
able from tumors, though pressure symptoms are often ab-
sent and only irritative phenomena are vpresent, such

jackeonian convulsions.

©

g

Hemangioblastomas as pointed out by Balley and

Cushing, (14), have not been recognized in the past as a
separate group, This is explained, in part, by the fact,

that it was not known until recently that some of these
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tumors undergo cystic degeneration. In these cases
there is a nubbin of tumor in the wall of the cyst,
just as in the asbtrocvtomas. These tumors closely re-
semble the various types of angiomas that it ig often

very difficult to differentiate them. One of their

(3

most significant voints of differentiation is that, in
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true angiomas %Lic.
tissue between the vascular channels, while in the
tumors at vpresent under consideration, the tissue is
all developed from primordal blood channels,

3. Ihird Group---Inflammatory Lesions

(1) The acute lesions are caused by some form
of puogenic organism, either achy occus or strepto-
coccus. The staphylococcus more freauentlv nroduce a
localized lesion, brain abscess, while the streptococcus
produces a diffuse lesion--a meningitis.

(3) The chronic lesions are tuberculom&; grum~—
me, and one of the rarer forms of granulomata.

BRATN ABSCESS--Brain abscess may be metastatic

following some focus elsewhere in the body, or they may
= b B 5

~resgult from direct extension of an infection in the scalp

bone,

In the metastatic abscesses the infection is
carried by the blood stream., Frecuently these are multi-
ple, and they are usually subcortical, ﬁogt cormmonly

they are secondary to lung infections, though they may
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follow infections elsewhere., The abscess that follow

infection in the scalp or bone, if not trawmatic in

Ho
(k3

i

origin, most frecuently are secondsry to a chronic

i3

otitie media, which has extended into the mastoid, or
to an infection in the nasal sinuses. These abscesses,
in contradistinction to those of metastatic origin, are
either near the surface or connected with the surface
by a "stalk®, If the infection is not to virulent, the

abscesgs becomes walled off and a vyagenic membrane de-

.

velops which, in long standing cases, may be a centi-
meter or more in thickness, If the infection is very
virulent, the brain tissue is not able to form such a
protecting’gembrane, and an encephalitis or meningitis
develops.

Frequently a vein supnlying the ares affected is
thrombosed, Some experimental work carried out in Sach's
(10) laboratory some years ago suggested that a throm-
boged vein is freguently, if not always, the first step
in the formation of én abscess, "What hapoens is that
an area of sgoftening occursg as a resgult of thrombosis,
and this area of lowered resistance then becomes the ab-
scess., In no instance wasg it nossible eigerimenﬁally to

produce an sbscese unless the circulation was first im-

Tuberculoma~-Tuberculosis may produce either &




diffuse or a localized lesion in the brain. Only the

i~

localized lesion is of importance to the neurosurgeon.

According to Wagenen, (15), Surgery at present holds

no hope for the diffuse form—-tuberculous meningitis.
When tuberculosis becomes localized in the
forus afttéefculoma. These may be gingle or multlale,
and when but a2 single lesion is present, it may attain

great size. It may be well walled off, and, as long

There is still considerable difference of
ovinion how best to deal with these lesions which can
rarely be distinguished clinically from other brain

)

tumors., After they have been exposed at overation some
men advocate extirpation and others advocate letting
them alone.

Gumma--Syphili occzgionally may cause local-

1.»}

2
ized cerebral lesions., If the gumma beconmes large enough,

it gives rise to 2 clinical picture indentical with that

of a brain tumor and nmust be treated in the same way.
Gumma must be suspected if the patient has 2 mesitive

Wesserman, This is usually a hard mass with no tendency
to break down, as does the tuberculoma, It is not well
encapsulated, but can be dissected away from the brain

tiesue. Histologica'ly it is difficult to distinguish
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this from a tuberculosis lesion, as is the casge else-
where in the body. This gumma of the brain, however,
containe much more connective tissue than the tuber-

»

culoma, After a gumma has been removed, sirenuous

fol
bly

antiluetic treatment should be instituted, but before
the increased intracranial oressure in these cioseg has

been relieved, antiluetic treatment has lititle affect,

4, Fourth Group---Pituitary Tumors

The nituitary gland is composed of three vor-
tions, the anterior lobe, the posterior lobe, and the
pare intermedia., The first two develop from a pocket
in the pharynx known as Rathke's pouch. The gland ise
surrounded by dura and arachnoid,

The anterior lobe, being the glandular por-
tion, is the one which pnlays the role in the adenoma-

tous changes that occur in the gland., It contains three

bas

vypes of cells:
(I) The chromonhobe cells, which contain no
specific granules,
2) The chromovnhil cells, of two kinds,
a, The acidophilic or eosinovnhilic cells,

demonstrated with acid stalns.

b, The basovphilic cells, which contain
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granules taking a basophilic stain.
Thesce different cells predominate in the dif-
ferent adenomatous che; nges that occur in the pituitary
end are resononsible for the different endrocrinclogical
nictures that occur. There 1s great variation in the

-

gland during

season., During pregnancy there is an increase of the

acidorhilic cells, in the rutting season of all the

chromophil cells, and during hibernation a decrease of

4

all the chromonhil cells.

The tumore of the pitultary all daveloé from
one of these types of cells. Just what is the function
of the vosterior lobe is not understood. Removal of
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nistration of posterior lohe extract
produces exactly the opposite effect., This lobe has

o

never, so far as 1s known, given rise to a new growth.

The Chromoohobe Adenoms is the commonest type
of »pituitary tumor., It is the type that is fouwnd in

cases of hypopituitarism. Dotk and Bailev, (18), have
nointed out that the cells may be arranced in alveoli
with connective tissue bhands between them which closelsy

resemble the normal glend, or there may be a formless

When no glandulsr ¢ trucrure is present the tumor is sno-
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ken of as = chromovhobe struma.

The Chromonhil Adenoma is the tyne that is

nacked together in & somewha homogumeous mass 8o that
the term struma is usually avplied %o this tvpe of
tumor., Dottt and Bailey, (18), and Cushing and Davidoff,
{17), found that chromophil adenomas alwayvs have symp-
tome of acromegely or gigantism.

Basgovhilic Tumors are very rare, Evans and

Simpson, (18), have shown clearly that the sex hormone

E“““

is produced by the basophilic cells. In Cushing's, (19),

monogranh on the pitultary, two cases are described
that might belong to this groun: Case XLVI, %= case of

infantilism with sexual vprecocity," and Case XLVI, "with

orecocious sexual adolescence,

o

Mixed tvope of Adenoma~--Occasionally a ni

uitary

0y

tumor 1s encountered in which there are cells resembling
those found in the chromophil and chromaphobe adenonas.
Such cases show symntons of both hvpo-and hyperpituitarism.
When melignancy occurs it takes the form of
adenocarcinoma. These tumors are invasive, and they me-—

tastasize as do carcinomas elsewhere in the body. They

may present an alveolar structure or the cells may be
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dengely packed together,

Hypeophvseal Duct Tumors-——As pointed out before,

the anterior portion of the vitultery gland develops

from Rathke'ls aounh The connection with the vharyn

¥

usually disapoesars, though at times remnants of =

craniopharyngeal connection remain., These cells may
give rise to epithelial tumors which lie above the
sella, forming so-called Y“suprasellar tumors."’ The res-
gon thege tumors lile in that region is that the cranio-
pharyngeal duct ig drawn upward by the rotation of the
pituitary gland during its development,

Thege suprasellar ftumors freguently become cystic

s

ot

and project into the third ventricle obstructing the

forbe
,.;i

faremina of Monro and thus causing an internsl hydro-
cephalus. %When cystic they »9 have calcium deposits
in their wall and they always contain brownish filuid
which is full of cholesterin crvetals.

Jackson and Duffy,(20,21), have collected =z large
number of these cases Tronm ﬁhe literature and have clag-
gified them into severasl groups according to their hig-
tological appearance: "(z)benign cystic papwllomas; (b)

adamantinomas, which may be cystic or solid, and may

‘\

contain calcification, (¢) carcinomas.
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IV CUTLINE OF METHODS 0F EXAMINATION

The study of a neurosurgical case may be divided
into eight headings:
l.'History
2. Neurological physical exaﬁination
3. Anscultation and percussion of the head
4, Eye fields
5. X-ray films (including pineal shift)
6. Air injection (pneumoventriculography)
7. BRBarany tests
8. Lipiodal injection
The entire plen of the study of such a case has
an anatomical and physiologiéal basis, The prime and
ultimate purpose of the neurologicsl surgeon, after
diagnosing & pathological csndiﬁion, must slways be
to meke as accurrate a localizing diagnosis as poss-
ible. fs we are femiliar with the first two heédings

a brief discussion of the remeining follows:

Auscultation and Percussion of the Head

This should be a part.ef'evary neurcsurgieal
examination. There are at times vascular lesions of
the brein whieh can be detected only By auscultation.
Arteriovenous aneurysms, intrecreniel telangiectoses

and hemangioblastomas, of =11 may give rise to a bruit.
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Percussion of the gull may elicit a Macewents
note (tympenitic sound) which is characteristic of a
thin skull and usually means an internsl hydrocephalus.
The sensation of éibration of the bone obtained on
percussion of a thin skull is of even greater value
then the sactual note.

EYE FIELDS

A careful perimetric study is of great value,
but & uniform lighting is essential as is also absoclute
quietness,

Lesions of the temporel lobes often give few
localizing signs. This is particularly true of the
right temporel lobe which, in right-handed individuals,
has always been cosidered & "silent area™, ZA care-
fully teken eye field, however, frequently enables one
to locate & lesion in the temporel lobe., "The partial
hemisnopic defécts that can be developed only with
careful perimetric examinations are absolutely character-
istic of a temporal lobe lesion".(10]

X-RAY EXAMINATION

Every suspected case of brain tumor should have
x-ray pictures teken, These should always be taken
stereoscapically with the side on which thé lesion is

suspected nearer the film. If there is nothing to
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indicate the side of the lesion, stereoscopic pictures
of both sides should be taken.

Aceording to Davis (3) the x-ray changes that
cceur in tumor cases may be gouped uhder four headings:

"I. Tumor shadows--In a certain number of cases,

eight to ten per cent, brain tumors cast & shadow which
can be seen on the x-ray picture, These shadows are
usually caused by calcification in & portion of the
tumor, and the deposits may be in the center of the
tumor or they7may be laid down at the edge in & curved
line. 3Such curved lines usueally indiecate a cyst wall
with celcification. They are most frequently observed
in suprasellar cysts.

2. Evidences of TIncreased Intrescranisl Pressure

Increased pressure may prodnee changes of various
sorts. There may be general convolutional atrophic
‘markings all over the skull, or these markings may be
seen only in certain portions of the skull. Convolu-
‘tional markings are evidence of bone or pressure atrophy.
Whether or not the aceumulation of cerebrospinsl fluid
alone--as is sometimes the case in fractures--can pro-
duce convolutionel atrophy would be an interesting
question to study.

Be Areas of Thickening or Areas of Destruction

Tumors growing from the dura frequently produce
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changes in the overlying bone. At times the bone
hypertrophils, at other times it is destroyed by
pressure atrophy. These bone ehanges mey be caused
by actusl invasion of the bone by the tumor.

4, Other Changes Indicetive of an Intracrenisl

 Lesion--The shape and size of the sells turcica and

of the dorsum sellese mey give most veluable inform-
ation, The sellas may show chenges dvue to an intre-
sellsr process, a pituitary tumor, or it mey show
changes resulting from the generel intracraniel pressure
caused by & brain tumor.

5. Pineal Shift--In 1924 Naffziger (22} described

& new observation., In & study of 215 x-ray pictures
he found that shadows of the pineel gland were present
in 50% of his cases, In the anteroposterior view of

a normel skull this shadow always lies in the median
line, When a cerebral tumor is present the pinesl
shadows iIs pushed to the side opposite the tumor, 1In
cerebellor tumors, the pineal shadow is undisturbed
and remaiﬁs in the median line,

ATR INJECTION

In 1218, Welter E. Dandy (23), while trying out
various methods of getting x-ray pictures of intra-
eranial contents, discovered that by withdrawing

cerebrospinel fluid and replecing it with air, he was
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gble to get extreordinary pictures of the wventricles,

When he injected air by lumbar puneture, he found

some of the air went into the ventricles end some inteo

the subarachnoid space. Developing this method, he

discovered that tumors in the cerebral hemispheres

produced various types of deformities of the ventricles,
Recently there have been a number of exeellent pub-

lications on enceph#lography--injeeting air through the

spinal canel,

Because of the danger and complications of air
injection it should be mede use of only when & disgrosis
cennot be made by any of the other methods of exeminetion.
Aceording to Sachs (10} a large pfep@rtion of éases, gt
least 70 and sametimes &s high as 80%, a localizing
diagnosis of brein tumor can be made without air in-
jeetion, Therefore this method should be used only when
all other methods of examination fsil, 1In these cases
gir injection often gives startling and surprising in-
formetion regerding the location of the tumor.

Both the Bareny tests and the lipiodal injection
are of doubtless value, the former having meny cheanees
fér error in interpretation, and the latter giving &

marked inflammetory reaction.
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V GENERAL SYMPTOMS AND SICGNS OF INCREASED INTRACPANIAL

PRESSURE

Until very recently brein tumors have been considered
a rare &ceurrenee. Pathologists haeve realized the
fallacy of this idea butvamonth the elinicians the view
is still prevalent. Large series of autopsies have shown
that the brain ranks fourth in the incidence of tumors--
the uterus, stomache, &and breast being the orgens in
whieh new growths oecur more frequently.

Although the type of tumor, as‘well e&s its location,
influences the symptoms to & marked degree, &ll brain
tumors give rise, at some time, to symptoms which mey
be grouped under one of two headings:

l. Genersl symproms and signs of increased intra-
eranial pfessure.

2. TFocal signs and symptoms.

The symptoms of group one sre:

1) Hesdeche (7) Yawning and sighing
(2) Vomiting (8) Convulsions (generall
(3} Choked disec ~ {(9) Mental dullness and
: ' deterioration
(4) Unilateral sixth nerve (10} Unconseiousness end
paralysis coma
(5) Vertigo and dizziness {(11) Chenges in the
skull

{(6) Respirestory disturbances
(12} Slow pulse

{13} Blood pressure changes
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HEadache;-ﬂo single symptom occurs more freguently than
headeche., It often is the first evidence the patient has
of sny intrecresniel trouble. The pein varies greatly in
intensity in different individuels. It may be confined
to one portion of the head or mey be general.,

In the earlier stages of brain tumor the hesdache
mey not be severe, but in the leter stege it frequently
is very intense, There is little doubt that it is due to
tension on the dura,.and as this may vary from day to
day, or hour to hour, so may the hesdache. ‘Tﬁe evidence
thet tension, or pull on the dure, is the importent factor
in the causation of heasdache is confirmed by the striking
way in which opening the dura, and thus removing tension
by & decompression operation, relieves the headache.
Kolodny (24) says, "Undoubtedly the effect of the
pressure on tﬁe,flow of cerebrcspiﬁal'fluid has mueh to
do Witﬁ headache. If there is no obstruction to the
flow of cerebrospinel fluid, hesdaches are léés severe,
Thus a tumor in the frontal region may not ceuse headache,
even though it may attein greet size, while & tumor in
the posterior fossa, around the sgueduct of Sylwius,
which is readily compressed end thus dems beck the fluid,
may give rise to the most intense pain, even though the

tumor be no larger then a lima bean."
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Though headache caused by & brain tumor may occasion-
ally have some localizing Significanee, in the vast major-
ity of cases it is merely an evidence of inereased intra-
cranisl pressure.

Headache, of course, may be produceé by many other
conditions and the question arises whether there is any
way of distinguishing the headache due to intracranisal
pressure from other hesdachss, There is not. "They
are absolutely indistinguishable", says Sachs,.(1l0)

Vomiting--The classical description of vomiting caused
by brain tumor is that it is projectile. According to (10)
Sachs projectile vomiting is seen in meny other conditions
and he says it is not charscteristic of cerebral vomiting,
He concludes in saying, "that much more characteristic
is the fact thalt cerebrel vomiting is not associated with
any nsusea.” It is believed thet vomiting occurs much
more freguently when the tumor is located in the posterior
fossa.

Choked Disc-~This is the most important single symptom

that occurs, The majority of brain tumors, if they are
present long enough, give rise to changes in the fun&us'
of the eye. The origin of the choked disc as worked out
by Paton and Holmes (25) after reviewing all present day
theories is as follows: "The edema of the papille that
constitutes tumor papilledema(choked disc) is, in the

first place, due to venous engorgement thet results from
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the rise of intreavenous pressure that is neceésary in
order that circulation should be meintained on the
intravaginsl portion of the vein where this is sub-
jected to en increased sheath pressure., The increased
sheath pressure is also the origin of the second feactor,
the obstruection to the lymph dreinage from the pepille.”

| There are many variastions presented by a choked
disc. The usual classical picture is well known; a
swollen nerve-head with edges of the disc completely
obliterated, the vessels dark,  tortuous, and buried in
edematous tissue, with exudate and hemorrhages radi-
ating from the nerve-head, It is of greet importance,
however, to remember that this typicael picture is fre-
quently not present, The edges of the disc may be
washed out and blurred by edema with no exudatie or
hemorrhages, and no tortuosity or fullrness of the
vessels., 1In other cases, there may be striking ter-
tuosity of the vessels but little\else. There may be
other combinations and ell these mey be greatly altered
by different tintings of the disc.

Ravdini says (26}, "A patient may have a severe

type of choked dise and yet have no impairment of -
vision, On the other hand, a much less "angry looking®
choked disc may be associested with merked loss of vision.,”
- No good evidence has been advanced to explain why this |

OCCUTrS.,.
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- When intracranial pressure is relieved, a choked dise
subsides and the swelling diéappears. This, howevér,
mey be of little aveail if vision has already been serious-
ly impsired. Sometimes the eyesight becemes worse as &
result of secondary atrophy, Occasionally it remeins
stationary snd et other times it improves.

Unilateral Sixth Nerve Parelysis—-When a patient has

double vision, the result of paresis or parelysis of the
Sixth nerve on one side, a symptom is present which
troubled neuroleogists for & long time beceause they en-
deavored to meke use of this as & localizing sign.

Today, however, as & result of the reseasrch of Cushing(zvf
it is intefprete& as a general sign of pressure. Cush-
ing pointed out that the trensverse brenches of the basi-
lor artery generally overlie the nerves, snd that these
vessels frequently constrict the sixth nerve. As the
pressure varies, the constriction may be greater or less,
and this accounts for the deily, even hourly, fluctuations
in g sixth nerve paresis, Bilateral sixth nerve paraly-
sis, on the other hand, is usuelly of great locelizing
value, as it is ceused by & pontine lesion.

Vertigo and Dizziness--These are two symptoms which

frequently occur together. The patient may see objects
turning before him or may feel as if he were whirling
eround. When vertigo is the result of disturbances off

the semicircular cansals, it mey signify & localized




-

41.

lesion, but, unless accompanied by other symptoms which
can be ascribed to the canals, vertigo cannot be so
interpreted.,

Tumors situated in eny portion of the brain may
cause vertigo or dizziness, but undoubtedly lesions on
the posterior fossa, which’iﬁvolve Or Dress uUpon some
portion of the vestibular mechenism, are much more apt
to give rist to these symptoms. Nevertheless, vertigo
does not occur in posterior fossa lesions often enough
to Justify calling this anything but & genersl sign of
pressure.

Respiratory Disturbances--%Whenever intraeranial

pressure is so great that the cerebellum tends to drop
down into the foramen magnum, préssure is exerted on

the medulla, and, as a result disturbances in respira-
tion may occur; .these msy be merely irregularities, or
they may assume the Biot type, in which the respirations
vary in depth and length, but never actuelly cease.

If the medulls is very seriously compromised, = sudden}

slight increase of pressure may produce respiratory

- feilure.

Yawhing'and Sighing Respirations are very significant

evidence of medullary compression and are off considerable
prognostic velue. Peatients may not be tired, yet may

yawn continuelly. They may show no other slarming signs
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of increased pressure, yet the presence of yawning in

& case of tumor should elways be considered a very grave
symptom, It indicates that medulle is being compressed
and is in a precarious condition.,

Convulsions may be a general sign of increased

intreeraniel pressure, or they mey be of greet foesl
significance, The type of convulsion, even though
general and not preceded by an aura, may heve some local-
izing velue. Thus tonic convulstions seem to arise from
level in the brain than clonie convulstions according
to Jackson. (28)

General convulsions mey erise from irritation of
both cortices simultaneously, or the irritative substance

mey be so powerful that it can set eff the entire mechan-

~ism, even though 1t be applied at only one point, Whether

a general convulsion originates in any particular portion
of the brain is not known, but clinicel observations have
suggested that & lesion of the frontel lobe is aceompanied
sometimes by general convulsions., In conclusion Sacha(l0)
says, "It is safe to say that whenever a patient has a
clonie convulsion due to & cerebellar tumor, the lesion

is pressing on or involving the cortex.”

Vental Dullness--When an individual has markedly

inereased intracraniel pressure, one of the striking weays
in whieh it mayvshow itself is by a slowing of his cere-
bration. The degree of mental dullness may vary enor-—

mously.
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The administration of hypértonic fluids, may enable
one to differentiate mentel dullness caused by general
pressure from dullness caused by a focel lesion. The
hypertonic fluids will clear up that due to genersl
pressure, but not that due to a focel lesion. This is,
of course, only & transient effect but sometimes is the
only way of determining which of these causes is pro-
ducing the dullness.

Unconsciousness and Coma:--¥hen the intraeraniel

pressure is very high, the patient mey become unconscious
and go into a deep coma. Repeated attacks of unconscious-
ness, often without convulsive movements, are not un-
common in brein tumor. If a patient becomes dull, stupid,
end finally lapses into & comotose condition, it indicates,
as & rule, s terminsl stage in the course of edveneing
compression.

Changes in the Skull:--These were discussed under

auscultation and percussion in preceeding section on

methods of examinstion,

Slow Pulse:--The pulse rate mey be slowed in increased
intracranial pressure and &t times becomes very slow,
40-45, It is an evidence of medullery compression, end
clears up as soon as the pressure is relieved., For some
reason, for which no satisfactory explanation has been

offered, a slow pulse ocecurs much more frequently in

cgses of brain abscess than in brain tumor.




Blood Pressure Chagges:-~?here is a very genersal

misconception regarding chenges in blood pressure in
cases of tumor. In rapidly developing intrseranisl
pressure, as in hemorrhage, one of the charescteristic
signs is a progressive rise in blood pressufe, while in
tumor cases; in which incressing pressure extends over

a period of weeks or months, a rise is not observed.

e
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VI FTOCAL SIGNS AND SYMPTCOMS OF BRATIN TUMOR

-

As has been previously stated when & new growth
encroaches upon the contents of the craniel cavity the
pathologic chenges which take place are determined

meinly by two factors. First, the brein is & highly

specialized structure with numerous end fairly definite

physioclogic functions whose impeirment becomes immedi-
etely evident. Second, a bony cspsule which permits no
expansion surrounds the brain. Therefore, when & tumor
grows within the skull it impsirs the specific functims
of various parts of the brain and gives rise to local or
Tocal signs; it causes a disturbance in the very delicate-
ly balanced relations between the fixed capacity of the
skull and its contents end gives rise to the general
symptoms discussed in the former chepter. It has been
shown that these general symptoms are probably due to
interference with the two circuletions within the cranial
cavity, blood and cerebrospinel fluid, as a result of
inereased intrscranial pressure.

The focal signs of tumors of the brain depend upon
the direct and indirect impairment by the lasion of
the specific function of the different parts of the
brain, but the ultimate effect of this umpsirment, whiech
locelizes the lesion, does not differ from the effect

of numerous other lesions of different etioclogy and
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pathology. But the way the signs and symptoms arise,
the chroniologic order of their onset, the manner in
which they progress serve, in meny insteances, to dis-
tinguish the focal signs of tumor of the brain from
those of other pathclogic origine. For loecealizing pur-
poses it is importent to bear in mind thet it is meinly
those signs which appear early that are of significeance.

Therefore, depending on these two factors, & number
of other changes take plaece which determine the symp- |
tomatology to & great extent. There mey be internsal
hydrocephalus with dilatation of one or all the ventricles,
or compression of one or more ventricles, the brain and
cranial nerves may be directly or indirectly compressed.
It may be edematous, softened, and its convolutions
flattened out. The dura may be stretched and become very
tense, Other secondary cheanges may lead to distortion
of the brein, hernietion under the tentorium cefebelli
orinto the fbramen maghum. There mey be distant pressure
with erosion of the sells turciea or its e¢linoid pro-
cesses, The tumor may compress the vessels and lead
indirectly to hemorrhege or thrombosis, causing sec- .
ondary or distant signs end symptoms. Those may be irri-
tative or paralytic in nsature.

Finally there may be hypertrophic chenges in the
skull which mey be discovered on palpetion or x-ray.

Spiller (29) and Phemister (30) say that "hypertrophy
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oY exostosis of the bone due to an underlying tumor,

is ususlly associated with & dursl endothelioma or men-
ingiome end at times these thickened areas of bone are
invaded by the tumor cells.”

CERFBRAL TUMORS

1. PFrontal Lobes--This region of the brein probably

is the seal of higher psychic funetions, so thet mental
anéd psychic symptoms frequently cecur. In every suspected
frontel lobe lesion, it is important to determine first
whether the petient is right of left hended, for in

right handed individusls the speech mechanism is located
in the left cerebral hemisphere, while in left hended
individuals it is in the right hemisphere.

In & large series of cases of tumor of the frontal
lobe, one encounters singuler instances on which a
distinction from subtentorial tumor is most difficult.
As Cushing pointed out (31}, "It is, of course, one of
the. treditions of neurosurgery that one msy easily mis-
teke a frontal for a cerebellar case or vice versa."
However, in the long run, tumor of the frontel lobe is
frequently accompsnied by & train of symptoms that
allows & locelization.

Changes in Personality and Memory:-No more subtle

yet more characteristic change then this mey be observed,
Kolodny (32) shows that definite subjective and objective

evidences of defects of memory were present in thirteen
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cases of his series, or in 43%, similer evidences were

present in 50% of the ceases in temporal lobe tumor,

Kolodny (32) says, "Deteriorstion of memory, however,

is & considerable earlier symptom in the cases of

tumor of the frontal lobe.” The outstanding features

of the memory defect in these cases are, "loss of memory

for recent events, generel indifference, and a lack of

interest in their own occupetion end personal welfare."
Changes of mood were observed, and these changes may

be grouped under the heads of "exaltation® and "depreséion“.

Chenges in beheavior were also observed the patient be-

coming self centered and extremely egotistiesl,

Unilateral PFacial Weskness--Sachs(33)emphasized the

diegnostic value of & weskness of the lower portion of
the face on the side opposite the tumor. He observed
this weskness in 32 out of 45 cases, It is best de-

tected when talking with the patient, as it mey not be
apparent on voluntary movement (as showing the teeth].

Eye-Grounds-~Both eye-grounds, in & frontasl lesion,

may show & high grade of choked disc, but it is not at

all unusuel to see patients with frontal lobe tumors

who heve normel sye-grounds sccording toc Sachs. Paton (25)
Believes that the amount of swelling is greater on the side

of the lesione.
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Eye Flelds--Eye fields meay show & veariety of changes.

There may be & central scotoma on the side of the lssion
with or without disc changes. 45 a rule, 1f there ié

a centrel ascotome in an eye, thel eye also presents the
pieture of a primery optic atrophy. The opposite eye
may show & choked disc, 1In addition to these findings,
there may be unilateral exophthelmos end psasrslysis of
the external occular muscles. Cushing (34) has drawn
ettention to this perticular type of frontal lobe lesion.
Ravdini (26) sesys, "that it is very importent to remem-
ber that In no region of therbrain do eye~Tields change,
choked disc, develop és laete &s they do in frontsl lobe
lesions,.

Unilateral Tremor--4ibout 20 years ago, Stewart (35)

described & fine unilatersal temor in the hend on the

side of the lesion. Stewart (35) says, "I have never

met with similer lesions in essocietion with tumors situ-

ated in other regions of tae brain.” @h&t its sgignifi-

cence is, if eny, or the mechanism of its production,

neither Stewart nor anyone else has been eble to explain.
Reflexes--According to Kolodwy (24) the abnormality

of the reflexés depends upon the extent of the lesion

end its relation to the precentral gyrus. The reflex

involvement may vary from & Babinskil, Oppenheim, Gordon

or Chaddock on the side opposite to the lesion to an
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ankle end petellor clorus, and these mey be associleated
with varying degrees of spastiecity., With the increase
in the deep reflexed, there mey be an associsted loss
of the sbdominal reflex on the side opposite the lesion.
Not infrequently patients with frontal lobe lesions
have incontinence of urine and sametimes also of feces,
Whether this bladder disturbence is evidence of a
bladder center in the frontal lobe, or of a mental dis-
ﬁurbance, is very difficult to daﬁermine,

Smell--When & lesion 1s on the under surfeace of
the frontal lobe, there mey be loss of smell es a re-
sult of involvement of the olfesctory nerve, but if
the lesion presses on the temporal lobe, in which the
corticel center for smell is located the patient mey
experience disturbaqce of smell, he thinks he smells
odors %hich.no one else‘can detect at the time.

Speech Disturbance--According to Sachs (33%3) when

lesions occur on the left side, especicslly when they
are in or near the region of the third frontel con-
volution, a disturbsance in speech is often present,
in aphesie erising in that‘region always is characteriged
by some impairment of the verbal domponment of speech,
Although at times the patient loses all power of speech,
far more interesting end much more difficult to ana-

lyze are the partisl defects, Some patients show only
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a slight slowing in speech or merely slight hesitancy.

General Convulsions--It has been pointed out by

various observers that genersl convulsions occur in
patients With.frontal lobe lesions, months, and same-
times years, before there are asny other evidences of
a brain tumor. This has bheen so frequenily observed
thet the possibility of a tumor should alweys be con-
sidered in every patient who has a convulsion,

In summery the most frequent and most dependable
diagnostic signs’of frontel lobe tumor were found to
be facial weakness, personslity chenges, and, in left

sided lesions, ephosis,

2e Parietai Iobs--4 lesion in this region may
occasionally give rise to focal epilepsy (jscksonian
fits), and, depending upon the portion of the pre-
centrel gyrus which is affected, the convulsion meay
begin in the face, arm, or leg, The convulsion accord-
ing to Sachs (10) may be prec¢eded by a motor aurs,
or if the portion irritated is behind the central
fissure, the surae may be & sensory character--tingling
or numbness, The cases in which convulsions ocecur,
elther have & lesion pressing upon the cortex or one
involving the cortex itseif. Such lesions must be

irritative in character becsuse a destructive lesion
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a slight slowing in speech or merely slight hesitancy.

General Convulsions--It has been pointed out by

various observers that general convulsions occur in
petients with frontel lobe lesions, months, and same-
times years, before there sre any other evidences of
a2 brain tumor. This has been so frequently observed
thet the possibility of a tumor should slways be con-
sidered in every patient who has a convulsion,

In summary the most frequent and most dependable
diagnostic signs of frontal lobe tumor were found to
be facial weakness, personality chenges, and, in left
sided lesions, ephosisa,

2. Parietal Lobg--A lesion in this region may

occasionslly give rise to focal epilepsy (jecksonisan
fits), and, depending upon the portion of the pre-~
central gyrus vwhich is affected, the convulsion may
begin in the fsace, arm, or leg., The convulsion accord-
ing to Sachs (10) may be preéeded by & motor ‘suras,

or 1f the portion irritated is behind the central
fissure, the aurs may be a sensory character--tingling
or numbness, The cases in which convulsions oceur,
either have & lesion pressing upon the cortex or one
involving the cortex itself. Such lesions must be

irritetive in character because a destructive lesion
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is not accompenied by convulsions, If the lesion
involves the precentral gyrus, or the fitiers coming

from it, the patient will have a partial or complete

"hemiplegia.

ILesions éf the precentral gyrus have the pathological
reflexes that accompany an upper motor neurone lesion.
If the lesion is behind the central fissure, there may
be only subjective sensory disturbances, With such dis-
turbances, the patient compleins of tinglihg or a feeling
of -numbness, but the most cereful sensory examinations
may show no objective chenge in sensation, If there are
any objective sensory disturbences they will be of =
discriminatory nature, best demonstraied by compass
points. This is the type of sensation that Head and
Holmes (36) have called corticel loss of sensation. Ac-
cording to Mills (37) if the lesion ié still farthér
back in the parietal lobe, there may be loss of the
stereognostic sense. He &lso says "in testing for as-—
tereognosis, it is importent to determine first whether
the patient has any disturbance in sensation in the

hend, for if he has, it vitiestes the test. True as-

tereognosis can be seald to be present only if all cuta-

neous sensation is normsal®.

If a lesion is in the left cerebrum and nesr the
sylvien fissure, asphasis may be present. The gphasis
that is produced from this region is what Heed (38)

has eslled nominal and sementic aphasia, Of the former
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type Head (38) says, "This is essentielly & loss of
power, to use nemes end want of comprehension of the
nominel velue or mesning of words and other symbols."
Head (38) says concerning semantic aphasie, "this

form of aphasia is characterized by went of recognition

‘of the ultimete significance end intention of words

end phrases, spart from their direct meaning.m

3. Temporal Lobe--Thompson (39) has recently report-

ed five instances of focal wlging of the sguamous
portion of the temporsl bone, due to an underlying
brain tumor. Three of the tumors were lsrge zliometais
cysts and two meningesl fibroblastoma.

Lesions in the temporsl lobe are recognized prim-
arily by the defects in the eye-fields--& partial
homongnous defect with retention of central vision.

In addition to these field defects, & patient mey have
a visuel aure. Horrax (40} has studied & number of
these cases from Cushing's clinic and points out that
it is an sure of form, while an eaure arising from
occupital lobe is more freqguently one of color.

Zccording to Heed (39) if the lesion is on the

left side, there mey be & definite aphesia, especially

if the Tirst temporal convolution is involved. If

the snterior mesial surface of the temporal lobe is
involved, there may be subjective d isturbances of

smell, so-celled uncinate fits, first described by
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Hughlings Jackson, If the lesion is farther back in
region of Heschl's convolution, the patient may have
en auditory disturbance according to Sachs (10).
Kennedy (41) describes a condition of "dreamy stete"”
where the petient has & sense of unreality, feels as
if he were in a dream.”

Finaelly Wechsler says (42), "Temporel lcbe lesions
may heve mild contralateral hemipdresis, especiselly
of the face, and even thaldmic sensory disturbeances.
Should the tumor press downward and inward there meay
be trigeminal neurslgis with objective impeirment of
the function of the nerve and pupillary éisturbances,b
such 'es fixed or dilated pupils, on the side of the
lesion."

Schlesinger (43) reports a syndrome caused by
fibrillary astrocystomas involving the deep perts of
the temporal lobe. "The chief symptoms in chrono-
logical order are: various kinds of epileptic attacks,
feiling memory for recent events, end generel men tel
insufficiency which proceeds to complete loss of
memory and intellectual deterioration, motor snd sen-
sory disturbances on side opposite the lesion, psrti-
cularly a definite weakness on the lower part of the
Tece; @phasis end enisocorid.”

4. Qccipital Lobe:--The characterisfic sign of

tumors of the occipital lobe especially of the cel-

carine fissure, is controlateral homonynous hemiangp-
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sia, Holmes end Lester (44) show that the hemisnop-
sia mey Ee bilateral if the tumor lies between the
occiptal lobes and affects both calcarine areas.
Also e lesion above the celcerine fissures results
in o defect in the lower half of the visual fields
and vice versa. Focal convulsions preceded by =&
visuel sura arise from an occipital lobe lesion, the
aura being one of color.

AL tumor in the occipital lobe may some times, by
direct pressure through the tentorum, give rise to
cerebeller symptoms. In such an instance it mey be
difficult to determine whether the lesion is above or
below the tentorum. Sachs (10) suggests the use of
a ventriculogram to settle the point. He says, "The
ventriculogrem in an occipital lobe tumor, shows the
pos terior horn of the ventricle ebliterated."®

5. Tumors of the Centrum Semiovole snd Basal

Conglia. These tumors may exist for a long time
without giving focel signs, and remein undiesgnosed.
Wechsler says(42), "large 1esioﬁs of the besal genglie
may give bilaterel symptoms. Lesions of the corpus
stristum mey give incontinence of urine, vasomotor

and temperature disturbances. A hemiparkinson syn-
drome, hemianopsies meay also occur. Tumors of the
corpus calleosum are both rere and difficult to local-
ize and mentel symptoms akin to those of general

apresis are characteristic to these tumors.”™
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6. Tumors of the Third Ventricle--ILesions of the

third ventricle give very bizerre end varieble symp-
toms, Dendy (45) shows thet if the lesion is in the
‘region of the foramen of Nonroe, the sympltoms mey be
bilaterel in charscter &s a result of the associated
dilatation of the two leterel ventricles. There nmey
be bileteral pyremissl trect symptoms, and there mey
be symptoms suggesting both frontsel and cerebellar
involvement.

The most recent and most compléte study of these
tumors is that by Fulton end Beiley (46). They have
grouped the symptoms under nine headings:

1. Infundibuler syndrome (adiposity, polyurisa)

2. Hypersomnia (the synﬁfone arising from the
recgion of the acueduct of Sylvius and central
grey matter around the posterior end of the
third ventriclel.

3. The thalamic syndrone (centresl pein end psin-
ful hyperesthesial.

4, Extrapyramidel syndrone (bredykinesias, rigid-
ity).

5. Paralysis of conjugate verticsal moveménts of
the eyeballs (Perinsud's syndrome]. -

6. Decerebrate rizidity.

7. Hemichorea.

8. Hypopitutarism (infentilism, hypotrichosis,

lowered metabolism].




9. TUncinate syndome (subjective sensations of

smell and tastel.

They contend that of ell these symptoms the ten-~
dency to sleeplessness is perheps the most character-
istie, but, as this sym@fom may often be observed in
other cases of marked increeased intracranisl pressure
it still remsins true thet the most reliable method of
diegnosing these cases is by ventriculography as in-
troduced by bandy.

Tumors of Cerebellum, Pons and Nedulla

In tumors of the posterior fosse, general signs
of increased intracrsnial pressure are particulerly
pronounced, and one rarely sees a tumor of the cere—
bellum in which in sddition to the focal symptoms,
the genersl symptoms are not well developed. The
various terms used to deseribe the disturbed function
which give rise to the focal symploms are: asynergy,
etaxia, adiodokikinesis, hypermetrie, atonia, asthenise,
dysmetria and dysynergy. Weisengurg (47) believes
thet all are forms of asyvneryg. AL discussion of
cerebellar tumor symptoms follows:

1) Atexia--¥When the patient walks he s taggers
like & drunken man, and walks with his feet Tar spart.
He may be so unsteady theat he fells unless he is sup-
porfed, and he tends to fell to the side of the lesion.:
If the lesion is in the vermis he may fall forward or

hackward.
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(2} Adiodokokinesis is the inability to carry

out coordinated movements. %When movenments are combined
or coordinaeted they are synergized movements.

(3) Attitude of the Head--Patients with &efebellar

lesions sometimes hold their heads in a charscteristic
attitude, The head is flexed to the shoulder on the
side of the lesion and the chin is turned to the oppo-
site side. Horsley (48} believes it is due to the
pressure in the superior peduncle.

{4) Nyst@gmus :--According to Grey (49) when one
of the lateral lobes of the ecerebellum is involved,
the petient mey show leterel nystdegmus either'on
looking to the side of the lesion or on looking straight
ahead. He seys, "True cerebellar nysitdgmus has a
guick component to the side to which the petient is
looking, end & slower recovery to the other side.”
When the medien lobe of the cerebellum is involved,
the patient may have a verticel nystdgmus.

Weisenburg (47) in concluding his article says,
"There is functional localization in the cerebellum.”
In the vermis sre represented the synergic eactivities

of the trunk; in & superior vermis the movements of
the shoulder girdle of the upper trunk, in the infer-
ior vermis the pelvic girdle or the lower trunk.
Synergic activities concerned in talking and movements
of the eye are located in the vermis, in 211 probab-
ility in the superior vermis. Syvnergic control of

the limbs is in the lateral hemispheres, for lower in
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the inferior.m

1. Cerebellopontine Angle and fcoustic Tumors-—-—

Certain tumors in the posterior fossa are loeceted in
the cerebellopontine sngle or lateral recess. They
mey be of two kinds (1) those that originate in the
cerebellum and (2) those that have their origin in
the eighth nefve, end, very rerely, in the fifth nerve.
Lccording to Stewart snd Holmes (50] the history
of cerebellar tumors extending into the angle is guite
different from the history of acoustic neuromata. The
outstanding points of difference ere these: 1In the
first group, cerebellsr symptoms sappear at the onset
of the diseese, end involvement of either portion of
the eighth nerve, if it occurs at all, appeers later,
In the eighth nerve tumor cases, however, the earliest
symptoms are ell due to interference with the functions
of the eighth nerve, either the cochlear or vestilular
portions. Usually the petient first compleins of
tinnitus, diminution of hearing end vertigo and dizzi-
ness. These are followed later by cerebeller symptoms
and genersl signs of pressure. As an eighth nerve
tumor develops it mey involve the fifth nerve eand causé
hypesthesia or anesthesia of the cornea. Frequently
the entire sensory branch of the fifth nerve becomes

involved, and sometimes the motor branch. Cushing (4)
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has drewn attention to the point that, in some cases,
the involvement of the eighth nerve is but e part of

a general disease, neurofibromatosis, or ven Reckling-
hausen's disease. Cliniecally, these cases can be re-
cognized only by the presence of fibrometous nodules
elsewhere on the body.

2. Pontine Tumors--Horrax (51) has described a

group of symptoms which he considers cherescteristic

of pontine tumors. They are he says, "Absence of evi-
dence of increased intracraniel pressure, sbsence of
choked disc, repid development of symptoms end crenieal
palsies, particularly of the fifth, sixth, ninth and
tenth nerves," Perhap; the most striking single
synptom of pontine inveolvement is complete bileteresl
sixth nerve peralysis. Thile unilsteral sixth nerve
peresis is & generel sign of intrascranial pressure,

bilaterel involvement is en importent focal symptom.

FHorraex (51} elso points out that if the tumor surrounds
the aqueduct of Sylvius, an obstruction will be ceused
early gziving choked disc and internel hydrocephelus.

3. Pinesl Tumors--FPineegl ftumors are opersble

while tumors of the pons are not, 4 tumor in the
pinesl region is alimost wertein to produce visual dis-
turbasnces since the anterior corporz quadrigemina lie

directly ventrel to it. The type of visual defect is
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usuelly & homonymous one which, according to Sachs (10)
cannot be distinguished from the homonvmous defect thet
occurs when there is an injury in the optic radistion

or occupital lobe. Dandy (45) first advsnced the idea
that these tumors eould be recognized and differentiated
from occipitel lobe ftumors by air injection.

4, Tumors of the Medulla--These tumors sre qguite

rere and like those of the pons, slso give alternating

giss, with the cranial nerves {eighth to twelfth)
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impaired on the side of the lesion and the pyramidal
tract signs on the other. £s the medulla is 2 smell
structure the symptoms are of ten bilateral. Tumors

are replidly fatel because of the many vital structures
involved, especially the pulse end respiratory centers.
According to Wechsler (42) the outstanding symptoms are:
Peralysis of the vocal cords, dysarthria, atrophy of

the tongue, nystogmus atexia, vertigo, vomiting, crossed
anesthesia and Horner's syndrome. .

Tumors of the Pituitary Body--

Tunors of the pituitary body may be divided into
those which are infrasellar, and do not at all invade
the crenial fossa, and those which push up the tent-
orium sellee, or breek through it and grow into the
middle fossa. According to Cushing (19} the pituitary
adenomes are generally intrasellar, Whilé ecranio-

pharyngesl duct and cystic tumors are extrasellar and
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intracranial. As long as the tumor remains within the
limits of the sella the only symptom present may be
headache and the signs of either acromegoly or dys-
trophie adiposogenitalis., But as soon a&s the growth
begins to press upward, the optic chiassm and tract be-
gin to show signs of involvement. In a summary of the
symptoms described by Cushing (19) we find that bitemp-
oral hemianopsia and optic atrophy are the charascter-
istiec signs.' The hemisnopsin mey be homonymous, or

he blindness be limited to one eve. The hezdache is
often severe and constant., Somnolence is an occasional
symptom, Cushing (19) seys, "It hes become increessingly
probeble that what pessed hitherto for pituitary symp-
toms elone are also found in lesions of the infundi-
bulum, the tuber cinereum, the anterior pérforated
space, and the third ventriecle,” AThese symptoms are
polyuria, polydipsie (diabetes insipidus) end diis-
turbed sugar tolerence. Choked disc is very rare in
pitulitery tumors end if it occurs &t 2ll, is & later
sign, showing ﬁhat)the tumor . has invaded the craniel
cavity sufficiently to comﬁzess the third venticle.

In craniophoryngeal duct suprasellar tumors, which oc-
cur earlier in life, choked disc is more common., Ac—
cording to Davie (3) in intrasellsr tumors the sella
is Eallooned out, while in supraesellar it is flattened,
he @lso shows thet in Rathke's pouch tumors there

genereally is found suprasellar calcificaetion; not so

in supresellar endothel iomas.
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While gliomas of the chiassm may give rise to signs
and symptoms more or less like those caused by tumors
of Rathkes pouch, they are not nearly so.typical and
show no celeification.,

Cushing (17) hag shown that the clinical syndrome
of pituitaery adenoma in the adult is that of scromegaly
due to hyperfunctuin of the anterior lobe and the long
bones mey increase in length and somewhet in diameter,
the bones of the face also mey show enlargement. There
is & prominent lower Jjew, prominent frontsl eminences
end large feet end hands. All gradsetions from pure
gigantism %o aelmost pure ecromegaly mey be encountered
but it is important to remember that while gigantism,
or & tendency in thet direction, mey be physiologieal.
Aeromegaly is always due to a pathologicel chenge in
the pituitary glend--achromiophil adenome.

Dystrophia adiposogenstsl is (Frohlichs syndrome)
due to pituitary deficiency csused by a destructign
of the gland., The syqdrome occurs meinly in the young,
in pre or pos tadolescent period. There sre srees of
Frohlichs syndrome which show no involvement of the
vituitsry atnecropy; conversely, the pitultary mey be
severly comproﬁised without giving rise to any symp-
toms., The syndrome is seen freguently though in cases
of chromaphobe asdenome which is the most common type

of pituitary tumor." The syndrome is characterized
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by & enuchoidel obesity, slteration of the secondeary

sex cheracters, change in bodily growth, gigantism,
metabolic disturbances. The sex glands ere smsll, the gen—
itel shypoplastic., Nenstrustion, end libido are lost-if the
disease sets in after puberty and fail to appear if the
syndrome is present before puberty. In meles there is

loss of facial and pubic heair, or a feminine pubic hair
line is present. In addition there mey be polyurie,
polydyssia end increased sugar tolerasnce. The aptic
atrophy enéd other cranisl nerve plasies, the headache,
somnolence, end so forth, may be the same a&s in any other

tumor of the pitultary.
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In summerizing this article we find theat the
diagnosis of tumor of the brain is at the same time the
simplest and most difficult in the rhole domain of
neuroclogy. It should embrace not only the general
fact, but elso, if possible, the site znd nsture of
the lesion. With the possible exception of choked
disc there are no "classical" signs of ftumors of the
brein. But a syndrome which is characterized by the
slowly progressing headache, occasional vomiting,
dizziness, mental dullness, znd one or more focal
signs shouléd at once arouse suspicion of tumor. The
gradusl onset of choked disc lends slmost certeinty
to the diagnoses, although this cen often be made
without its presence., Locslized headache, possibly
accompanied by percussion tenderness, and especielly
by vomiting without neusesa, is very significent.

Jlever theless one must exclude hesdaches due to syphilis,
migraine, hysteris, sinus involvement, uremies, or other
general csuses. Jacksonien convulsions, psrticularly
in young people, are very suggestive of tﬁmor of the
brain; and so is a generalized convulsion coming on in
the middle life or leter. Generel parslysis, other
forms of neurosyphilis, znd arteriosclerosis must,

however, be borne in mind.



In the differential diagnosis of brain tumors,
we find that ordinerily abscess of the brein éauses
no difficulty. It is usually preceded by disease
of the ear and sinuses, abscess of the lung, or frac-
ture of the skull. Fever is more often present in
eabscess, there is usually & slow pulse, choked disc is
less common, the course is more repid, there is apt to
be more then one focus, and the sgpinel fluid, if the
abscess is near the surfsce, may show signs of mening-

eal reaction. Progressive softening of the brein, due

to vascular disease in older people, at times of fers
insurmountable difficulties. Progressive hemiplegia,
with headache and stupof end mild optiec nerve changes,
may closely simulete tumor. The general condition

of the psatient, evidence of arteriosclerosis or hyper-
tension, the previous history, and the progress of the
case should help in the diegnosis., At times only ean
encephalogram, &an exploratory operetion or necropsy

can establish the diagnosis., General paresis very sel-

.éom offers difficulties., This is possible, however,
if the disesse is hearlded by epileptiform ettecks

alone., But the history, the general mental picture,
the pupillary signs, the course of the disease, and

especially the serology usually attest the diagnosis.




Chronic recurrent hydrocephelus offers great,

fregquently insurmounteble, difficulties. While there
may be ell the symptoms of incressed intrscrenisl
pressure, there are few or no locelizing signs. Acute
hydrocephelus usually follows some infectious or in-
flemmaetory disease. The history, the onset, the absence
of focel signs, the hydrocephelic head, and the typical
cry point te the disgnesis. Optic a&trophy is &lso

more common in hydrocephelus. JAcute or subscute enceph-

alitis mey be sccompeanied by choked disc and be mis-
teken for tumor. Usually the history, the presence of
fever, ophthalmoplegia, rediculsr p%ins, evidence of
basal genglion involvements, multiplicity of signs, and
the spinel fluid findings point 1o éndephalitis. Mul-

tiple sclerosis, if it begins with optic neuritis end

the first patch is in the pons end the cerebellum,
may for & while lead to an erroneou# diggnosis, Hys-
teria may, very rarely, simulate ﬁu@or cf the brein,
The absence of gross neurclogic éig@s obviously rules
out tumor.

X-regy of the skull, except in pituitary tumors,
offers little disgnostic evidence. iGrowths within the
sella greatly enlarge it, end erode the floor and the

| .
clinoid processes., But even x-ray of the selle mey be

inecorrectly interpreted. The generel signs of intra-
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crenisl pressure are not altogether reliasble. Increased
vascularity of the skull and the enlargement of the
diploic veins may show on the x-rey plate in some men-
ingiomes. Ventriculography or pneumography, Iintroduced
by Dendy, and encephalogrephy give decided help in

selected cases.

Pathologic diegnosis is important elike for treat-
ment and for prognosis. Tumors of the oortex*(meniﬁgealo
are apt to be endotheliomas or sarcomes. (liomesws are
as & rule deep-sested., In the angle one ususlly finds
neurofibromas or &coustic neuromes., Tumors of the pit-
uitary are ept to be adenomes or cysts. In children
glioma and tubercle are the most common tumors, and fre-—

guently are cerebellar, The latter are usually secondary

pte
o

to other tuberculous foci in the body. Carcimomsa
practicelly slweys metastatic. Bony tumors often show
on the x-ray plate. Endotheliomes, neuromes, and gliomas,
gs & rule, run & slow course. The last occasionally

runs & very rapid cone, especislly the spongioblastomes,

In conclusion, it may be stated thet &n sccurste
3

localizing diagnosis is not only a test of the skill

of the neurologist, but is essential elike for pallie-
tive eand for radicsl operetions. An accurste history,
regard for the chronological onset of signs and symptoms,
and e meticulous exeminetion esre absolutely necessary.

It may be emphasized cnce more that only the sizns and
symptoms which occur eerly are of greatest veslue in local-

izetion.
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