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Editorial

Las investigaciones realizadas en las tltimas décadas sobre los tumores
del cerebro han permitido progresos fundamentales conducidos en distintas
direcciones.

Diversos aspectos de su biologia: su detecciéon y tratamiento, han sido
los lineamientos generales de mas interés en la orientacion de los estudios.

La biologia de los tumores cerebrales, su génesis a partir de varios tipos
de células del C.N.S., la produccién experimental y su transplante, los aportes
de la microscopia electrénica, de la histoquimica, los cultivos de tejidos, plan-
tean una problematica interesante con respecto a como pueden originarse vy
qué agentes podrian estar en juego, v a qué criterio cenirse para llegar a una
clasificacion practica aceptable para todos.

Los procedimientos para detectar el tumor se han multiplicado y se trata
de definir en qué casos cada uno da sus mejores resultados. Por las carac-
teristicas de la clinica neurolégica intercsa saber no sélo si existe un tumor,
¢ino que también es un asunto primordial determinar con la mayor precision
donde esta situado.

En ningun capitulo de la medicina el principio de localizacion tiene tanta
importancia como en la clinica neurolégica.

Antes del advenimiento de las técnicas cmnplmm*nlanm para el estudio
de los tumores, diagnosticar su existencia al comienzo de su evolucion y pre-
cisar en qué lugar se encontraba, significaba a menudo para el médico un
problema dificil y la confirmacion de su diagnostico constituia motivo de gran
satisfaccion y orgullo.

Desde que Dandy en 1918 creo la técnica de la radiografia cerebral cons-
trastada con aire, este diagnéstico se hizo mucho mas facil y dejo de ser por
lo general una hazana clinica.

Posteriormente se agregaron otras técnicas de examen: la angiografia, la
electroencefalografia, la gammaencefalografia, la rheoencefalografia y la eco-
encefalografia.

Los progresos y las facilidades para el diagnéstico han corrido a la par
con los adelantos en los métodos de tratamiento.

Debemos subrayar sin embargo que el buen examen clinico y su correcta
interpretacion siguen teniendo plena vigencia, puesto que los estudios com-
plementarios muy a menudo sélo adquieren su pleno valor cuando luego de
ser analizados se les integra con los datos obtenidos por la clinica.

El tratamiento tiene hasta ahora sus perspectivas condicionadas princi-
palmente a la naturaleza y sitio del tumor. La cirugia, la roentgenterapia. la
aplicacion directa de radioisotopos, los agentes quimicos, traducen esfuerzos
renovados en la lucha contra esta terrible enfermedad.

En la realizacion de este nimero dedicado a los Tumores del Cerebro.
hemos tenido la fortuna de vernos honrados con las importantes colabora-
ciones de los Dres. F. Ikuta y H. M. Zimmerman: D. Gordon Potts: W. H.
Oldendorf: G. Ruggiero; O. Magnus y J. H. A. van der Drift; J. Talairach.
G. Szikla. A. Bonis, J. Bancaud y C. Schaub: J. Hankinson; B. Woodhall
y M. S. Mahaley: Harold C. Voris. Brian Baldwin. a quicnes agradecemos
en nombre de los Editores por los valiosos trabajos que nos han permitido
ofrecer a nuestros lectores.

VICTOR SORIANO.
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The Viral Particles in the Reactive
Cells of the Brain Induced by
Chemical Carcinogens

F. IKUTA, M. D.

Over a half century ago the concept of
a viral etiology in neoplasia was elabora-
Since that time, a great

this subject

ted by Rous'?.
number of observations on
have been published by many investiga-
tors. Among them should be mentioned
the observations of Shope'* on the papi-
lloma virus, Bittner’ on the milk agent
in mammary carcinoma of the mouse,

on the polyo-

Gross” and Stewart et al.”™
ma virus, and Maloney'" on the leukemia
virus. Recent technical advances, especia-
liy in tissue culture and the use of the
electron microscope, have spurred a new
interest in this subject.

Simultaneously with these investiga-

tions, many observers concentrated on the
role which various carcinogenic chemical
compounds play in tumor production. This

followed the first successful attempt in

carcinogenesis by Yamagiwa and Ichika-

The Lucy and Henry Moses Research
Laboratories of the Laboratorv Division,
Montefiore Hospital, New York, N. Y.
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and

wa*!, who applied coal tar to the rabbit’s
ear and produced cancer.

Thus, in the field of experimental can-
cer research both a virus and a chemical
carcinogen have been implicated, but each
has been investigated independently of the
other. No definite correlations have as yet
been made between the modes of action
in tumorigenesis of these two groups of
agents.

-

Fig. 1. — Slice of C3H mouse brain
implanted with pellet of methylcho-
lanthrene 3 months previously. Arrow
points to pellet.
Fig. 2. — Light microscopic appearance
of lesion on margin of pellet, between
which and adjacent brain tissue (B)
many reactive cells and numerous
empty spaces (M) may be seen. The
latter represent dissolved out carcino-
gen (methylcholanthrene). Vestopal
embedding; Bielschowsky's silver im-
pregnation; x400.
Fig. 3. — Fragmented methylcholan-
threne crystals (M) appear as empty
spaces in cytoplasm of reactive cells.
These intermingie with glial fibers
(gf). Most empty spaces are lined by
“saw-tooth” margins, x10,000.
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Since 1941, one of us (HMZ) has been
engaged in the production of various kinds

the

intracerebral and extracranial implantation

of cerebral and other neoplasms by

of a variety of chemical carcinogens. Both
the tumors and the precancerous lesions

thus induced have been studied extensi-

vely . =2 23, 24, 25, 26 Recently, these studies
have been extended to include electron
microscopic observations of the brains of
C3H mice which were previously implan-
ted with pellets of 1, 2, 5, 6-dibenzan
thracene''. The brains were examined at
intervals up to two years following im-
plantaticn of the carcinogen. During this

study it became apparent that particles of

cylindrical or filamentous form, but of
unknown nature, were present in the
reactive cells adjacent to or containing

fragmented crystals of the carcinogen.
These RNNA particles were noted during
the time interval of the precancerous
stage of the lesion. They seemed to mul-
tiply in number and were observed in case
after case. This was also true in the ex-
tracranial lesions produced with carcino-
gen'. No particles were noted in lesions

produced by non-carcinogenic materials''.

This report will deal with the cylindri-
cal, filamentous particles which developed
in the intracranial
the

and benzpyrene.

reaction induced by
implantation of methylcholanthrene

MATERIALS AND METHODS

The animals utilized in this investiga-
tion were C3H mice, pan-bred in the ani-
mal quarters of Montefiore Hospital, from
an original colony supplied by Dr. Leonel
Strong of the Yale University School of
Medicine in 1948.

12 ~

Intracerebral implantations of pellets of
20-methylchelanthrene (Hoffman - La Ro-
che, Inc., Nutley, N. ].) were made into
tour female mice at seven weeks of age.
Two animals were sacrificed after two
months and the remaining two were exa-
mined three months later. Another group
of 11 male and female mice were implan-
ted intracerebrally with pellets of 3,4-benz-
pyrene (Meurice, Union Chimique Belge,
Brussels, Belgium). These animals were
between five and nine weeks of age at the
start of the experiment. Two females of
this group were sacrificed at two months
after implantation; five male mice were
examined three months later; the remai-

ning four males were examined nine
months after the start of the experiment.
The preparation of the pellets of carcino-
gens, operative procedures, anesthesia, ani-
mal care, and diet were all similar to those
previously employed in experiments with

methylcholanthrene** and benzpyrene®*.

Electron and light microscopic prepara-
tions were made in each instance from the

cerebral tissues obtained by craniotomy

while the animals were still living. Por-

tions of the brains containing the pellets
were sliced immediately in a coronal fa-
shion at about 2 mm in thickness within
buffered osmium tetroxide at pH of. 7,4
and at 0°C to 4°C (Fig. 1). Twenty mi-

=y

Fig. 4. — Methylcholanthrene crystal
space (M) bordered by reactive cell
cytoplasm containing cylindrical elec-
tron-dense particles. x21,500,

Fig. 5. — The oblong field in figure
4 is shown under higher magnification
in figure 5. Particles in longitudinal
view are seen near the carcinogen.
x35,000.
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nutes later, five to seven blocks of tissue,
each about 1 cmm in diameter, containing
the pellet and adjacent cerebral parenchy-
ma were removed from the brain slices
under a dissecting microscope and fixed
further in osmium tetroxide for 100 minu-
tes. They were then dehydrated in increas-
ing concentrations of ethanol and transfer-
red into acetone. Following two changes
cf fresh acetone at 15 minute intervals,
the blocks were embedded in vestopal. The
remainder of the brain slices were in the
meantime fixed in 10 per cent formalin for
paraffin embedding and study with the
light microscope. Thick sections of the
vestopal-embedded blocks were also prepa-
red for light microscopic examination and.
These were stained with toluidine blue and
with Bielschowsky’s silver impregnation
(Figs. 2, 12 and 16) . Uitra-thin sections
{or electron microscopy were prepared
from these blocks containing the carcino-
gens. The sections were stained usually
with lead hydroxide for seven minutes
according to the method of Millonig'!, or
were stained with uranyl acetate. In some
instances they were left unstained. The
electron microscope employed was an RCA

EMU 3D.

OBSERVATIONS
Methyicholanthrene

The implanted pellets of carcinogen
were present in the frontal, parietal or
occipital lobes, with extension of the sur-
rcunding reaction to the lateral (Fig. 1)
or third ventricles. Under the light mi-
croscope, the sites of the pellets were ob-
served as large empty spaces, but between
them and the adjacent tisssue there were
numerous smaller empty spaces within or
between reactive cells. These empty spaces

14 ~

had resulted from the solution of the me-
thylcholanthrene by ethanol and acetone
during tissue dehydration (Fig. 2). Some
of the empty spaces had ragged walls with
an appearance not unlike saw teeth.

In electron micrographs the methylcho-
lanthrene crystal spaces also appeared as
clear, unstained cavities with ragged, saw-
tooth walls (Figs. 3, 4, 5 and 6). These
empty spaces were noted both within the
cytoplasmic matrix of the reactive cells
and between these cells. At the stages of
the reactive response which were exami-
ned, some of the cells resembled glia while
others appeared to be altered leukocytes.
It was not possible, however, to identify
with certainty every reactive cell. Many had
numerous pseudopodia (Fig. 11) which
intermingled with definite glial cell pro-
cesses (Fig. 3).

Within the cytoplasmic matrix surroun-
ding the crystals, numerous electron-dense
particles were noted (Figs. 4, 5, 6 and 7).
These were strongly osmophilic and had

although

no characteristic arrangement,

they always appeared in multitudes. These
particles were found in one of the two
mice examined two months after pellet

—

Fig. 6. — Methylcholanthrene spaces
(M) with “saw-tooth” margins. A few
particles (arrows) sectioned trans-
versely are seen in the cytoplasmic
matrix. x20,000.

Fig. 7. — The wall of the empty space
left by the dissolved methylcholan-
threne (M) has a double membrane.
The majority of the particles are seen
longitudinally, appear as cylindrical
filaments, and show “bending” (arrow).
Within the nucleus (N) of this reactive
cell there is a possible inclusion body.
x31,000.
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implantation and in both animals exami-
ned three months later. They were cylin-
drical or filamentous in form and had cen-
tral or axial holes or cavities. When cut
longitudinally they appeared as long fila-
ments with a clear axial space. On trans-
verse section, however, they bad the appea-
rance of “doughnuts” with outer and inner
shells. The inner shell was more electron-
dense than the outer. All particles were
uniform in size. Their fine structure was
completely identical with that of the par-
ticles identified in the intracerebral lesions
induced with dibenzanchracene and with
those in the extracranial carcinogen-indu-
ced lesions. The diameter of the outer and
inner shells measured approximately 77 mu
and 38 mpu respectively. The inner shell
consisted of 10 to 13 fine granules arran-
ged in a circle when viewed in transverse
section and were 20 in number over a dis-
tance of 180 mu in longitudinal section.
Within the axial hole, when a particle was
viewed transversely, there was a single
electron-dense granule which approxima-
ted the size of a ribosome; longitudinal
views of the cylindrical particles disclosed
several ribosome-like granules dispersed
within the inner space. At least one end
of the axial holes communicated freely
with the cellular cytoplasm (Fig. 8). The
length of the particles seemed variable.

The co-existence of electron-dense, lipid-
like laminated bodies were noted frequen-
tly (Figs. 8 and 11). No direct relation-
ship, however, was noted between the
particles and these dense bodies.

It should be noted that there were cer-
tain morphologic variations in a few par-
ticles (Figs. 11, 12, 13 and 14). Some of
them lay within the endoplasmic reticu-
lum (Fig. 13, thick arrows). In such ins-

tances, the outer shells were continuous

16 ~

with the membrane of the endoplasmic re-
ticulum. Another morphologic variation
was the continuity of the outer shells of
adjacent particles (Fig. 14, thin arrow).
A further variation was a so-called tail-like
structure of a few particles (Fig. 14, thick
arrow), although this could conceivably
have resulted from the direction of sectio-
ning of the particles within the endoplas-
mic reticulum. Finally, “bending” of the
cylindrical particles was also noted in rare
instances; at these sites possible “segmen-
tation” could occur (Fig. 7, arrow).

Benzpyrene

The pellets of benzpyrene were implan-
ted at various sites in the right cerebral
hemispheres, producing reactions in the ce-
rebral cortex, the subcortical white matter,
Ammon’s horn formation and the vicinity
of the lateral ventricle. With the light mi-
croscope, portions of the pellets were no-
ted among the reactive cells or within
their cytoplasm. They appeared as needle-
shaped empty slits which resulted from

b 4

Fig. 8. — Longitudinal view of rods
to show axial holes within which may
be seen small, round, electron-dense
cores resembling ribosomes and mea-
suring 100 to 150A. The length of the
particles seems variable; at least one
end opens freely into the cytoplasm.
Note laminated electron-dense body
(LD). x40,000.

Fig. 9. — Particles seen transversely
as well as longitudinally. Note “dough-
nut”’ appearance produced by inner
and outer shells, as well as dense axial
core in central hole (arrow). x40,000.

Fig., 10. — Transverse view of many
filamentous rods, disclosing the “dough-
nut” configuration. The smaller, round,
electron-dense granules are ribosomes.
x55,000.

Vol. 5. — Number 1. — 19635,
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the solution of the hydrocarbon by the
ethanol and acetone. These slits or cavities
on occasicn were oblong in shape and all
had smooth walls (Fig. 10).

Under the electron microscope, benzpy-
rene crystal spaces were mainly needle-
shaped and lay both between the reactive
cells and within their cytoplasm in a man-
ner quite similar to that preduced by me-
thylcholanthrene and dibenzanthracene.
Cylindrical filamentous particles were pre-
sent in eight of the 11 mice examined:
both animals examined at two months after
implantation had particles; three animals
of the five examined at three months had
them; three of the four examined at nine
months were positive. The localization of
the particles as well as their fine structure
within the reactive cells in the lesions pro-
duced with benzpyrene were the same as
with dibenzanthracene and methylcholan-
threne. Thke particles were always found
near the empty spaces produced by the
chemical; they were multitudinous and
lacked a characteristic arrangement pat-
tern. They often accompanied electron-
dense, laminated bodies of lipid composi-
tion (Fig. 15). In most instances they were
located in the cytoplasmic matrix, but in
a few exceptional cases they were found
within the endoplasmic reticulum, as was
noted in lesions produced with other car-
cinogens.

The fine morphologic details of these
structures are illustrated in both longitudi-
nal and cross section views in figures 17
and 18. Longitudinal views revealed that
the rods had axial holes which were seen
as clear axial bands. The length of these
cylindrical rods was variable. Rather large,
dense granules were found within the axial
bands; these dense granules were approxi-
mately the same size as the ribosomes (100

18 ~
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to 150A). They were osmophilic and stai-
ned well with uranyl acetate. On cross sec-
tion, the cylindrical particles appeared as
“doughnuts” with dense inner and less
dense outer shells. Tre inner shell coansis-
ted of fine granules arranged radially and
measured about 38 mp in diamecter. The
outer shell measured appreximately 77 mu
in diameter.

COMMENT

In previous studies with dibenzanthra-
cene, particles cf cylindrical or filamentous
tform were found in almost all lesions du-
ring the precancerous stage''. In the pre-
sent investigation with methylcholanthre-
ne and benzpyrene, completely similar cy-
lindrical particles were noted. Three of the
four animals treated with methylcholan-
threne were positive, and eight of the 11
animals implanted with benzpyrene were
tound to have the filamentous rods. But it
should be emphasized that the failure to
tind these rcds does not necessarily indi-
cate their total absence in these animals.
This is because the random samples of the
lesion examined with the electron micros-
cope probably represent less than one hun-
dredth of its whole size.

—

Fig. 11. — The dissolved out carcino-
gen has left clear spaces (M) lined
by “saw-tooth” margins. The cylin-
drical particles or rods (arrows) are
near these spaces. Laminated electron-
dense bodies (LD) are alsc noted. The
nucleus (N) of one reactive cell is
seen in lower left corner. x23,000.

Fig. 12 Light micrograph of car-
cinogen space. Vestopal embedding;
Bielschowsky’'s silver impregnation;
x600.

Vol, 5. — Nuowber 1, — 1965
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There is yet another consideration to
which attention should be called. From
with intracerebral
tumors induced with carcinogens it was

previous experiments
shown that the first glioma following im-
plantation of methylcholanthrene occurred
on the 127th day*®. Also, after benzpyrene
implantation the first tumor to appear was
on the 174th day®’. The average appearan-
ce time of tumors induced with both car-
cinogens was considerably longer. From
this it can be seen that the filamentous
rods which were found in the animals of
the present study cccurred in lesions wel!
within the precancerous period. Indeed,
histologic cach lesion
failed to disclose Earlier
experiments revealed the fact that when
neoplasia does actually arise as verified by
micrcscopic cxamination, the cylindrical

examination of

tumor cells.

rods are no longer found.

The precise nature of these reds is still
unknown., There are certain morphologic
similarities between them and the cilia of
ependymal cells. But the measurements of
these two structures are entirely different.
Mercover, rods were seen in  lesions far
removed {rom ependyma and were cven
found. as noted earlicr, in extracranial le-
Anotker intracytoplasmic organelle
is the

sicns'~,
with a somewhat similar structure
centriole”. Again, however, the filamentous
particles have completely different measu-
rements. In addition, the particles are
tound in vast numbers within the cyto-
plasm. The spindle fibers of cells in mi-
totic division must also be considered. Our
filamentous rods, however, could not be
correlated with mitotic activity. Porter
found the length of the filaments in mi-
totic cells of rat sarcoma 4337 to be bet-
ween 0.5 and 10 p and their width to
measure about 100 mu; but strands as thin
as 50 mu and as thick as 200 mu were

20 ~

also seen'’. The spindle fibers of normal
cells in mitotic division and of Rous sar-
coma cells were found by DeHarven and
Bernhard to measure 20 mp in diameter".
The outer membrane of the lamellas in the
spindle fibers of mitotic cells of the Wal-
ker 256 carcinoma were reported by Buck
350 A. All

thece measurements are at great variance

to measure between 60 and

with the rods here reported. Could these
vcds represent non-specific cytoplasmic or-
ganelles in cells which reacted to foreign
bodies? Earlier observations seemed to ex-
clude this possibility''. None of the reac-
tive cells in tissue injected with choleste-
rol, cotton fibers and beef fibrin conrtained
these rods during the three months of cb-

servations.

Thus far it has not been pocsible to
identify intracytoplasmic organelles which
correspond closely with the morphologic
details of the cylindrical rods produced i:
brains of animals into which carcinogenic
implanted .
‘There is striking similarity, on the other

chemical compounds were
hand, between the fine structure of these
rods and that of viruses, particularly the
tumor Bernhard® reported the
cxistence of a filamentous form of the po-
lyoma virus, but considered it an excep-
tion to the usual form. He stated that, "It

is not yet known whether this form is the

VIruses.

-—

Fig. 13. — Higher magnification of a
portion of figure 11, showing several
particles (arrows). Some lie in the

cytoplasmic matrix (thin arrows), but
a few (thick arrows) are seen in the
endoplasmic reticulum (ER) which is
distended and contains pale granular
material. In such instances the outer
shells of the particles are continuous
with the membranes of thz endoplas-
mic reticulum. x33,000.
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Fig. 14. — Particles within the endoplasmic reticulum. Note continuity

of outer shells of two adjacent particles

(thin arrow) and ‘“tail-like”

structure of one (thick arrow). x80,000.

necessary precursor cf the mature virus or
whether it appears only under scme favo-
rable conditions of growth". Howatson and
Almeida'" also noted filaments with a dia-
meter of 38 mp aloag with the spherical
type of pelyoma virus, and suggested that
the filaments may represent a stage in the
development of the common spherical par-
ticles. In a communication on the Moloney
leukemia virus, Dalton® noted the presence
of a “cylindrical form” among the typi-
cal spherical particles whose diameter is
100 mu. Attention was called to the conti-
nuity which sometimes exists between the
outer shells of two adjacent particles (Fig.
14) in our experiments. This continuity

22 ~

was also noted by Dalton in the Moloney
leukemia virus.

Certain fine morphologic details of our

rods are alsc ceen in the tobacco mosaic

-

Numerous cyvlindrical or
particles in cytoplasmic
matrix, especially near the empty
benzpyrene space (B). A laminated
dense body (LD) is to be seen as well
as the nucleus (N) of a reactive cell.
x20,000.

Fig. 16. — Light micrograph from
same block which yielded figure 15.
Needle-shaped empty benzpyrene spa-
ces (B). Vestopal embedding; Biels-
chowsky’s silver impregnation; x400.

Fig. 15. —
filamentous

Vol. 5. ~— Number 1. — 1965,
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virus, the well known rod-shaped plant
virus whese mean diameter is 150 A and
whose length is 2980 A °, ', This particle
also has an axial hole which measures
20 A in diameter and has 16-1/3 protein
subunits around it. In spite of differences
in size, the fine structure of these twe
particles is quite similar.

.

“Bending” and
cles illustrated in figure 7 (arrow) have

‘segmentation” of parti-

also been noted in the polyoma'" and Ra-
bies virus'®.

An effort was made in this study to
search for the origin of the cylindrical fila-
mentous rods. They occur repeatedly in
tissues which have been implanted with
the carcinogenic polycyclic hydrocarbons
1, 2, 5, 6-dibenzanthracene, 20-methylcho-
lanthrene and 3,4-benzpyrene. There is no

among these chemical
pounds as regards their association with
the intracytoplasmic particles. This is in

difference com-

striking contrast to the failure to find par-
ticles in tissues which have been implanted
with a variety of foreign bodies. The rods
have bzen found exclusively near the car-
cinogenic chemical compounds. These os-
mophilic rods have a close association with
the endoplasmic reticulum and with the
ribosomes. These findings seem to indicate
that the rods are the products which result
from the interaction of the chemical car-
cinogens and certain cell components, in a
manner perhaps similar to that achieved
by Fraenkel-Conrat and Wailliams® who
demonstrated the reconstitution of active
tobaccc mosaic virus from its inactive pro-
tein and nucleic acid components.

SUMMARY

The carcinogenic polycyclic hydrocar-
bons methylcholanthrene and benzpyrene,
when implanted into the brains of C3H
mice, induced lesions which were studied
with the electron microscope. During the
precancerous stages of the lesions there
developed intracytoplasmic cylindrical fila-
mentcus rods which were characterized zs
follews: The length was variable but many
times the transverse diameter; they were
had an outer and an
inner shell; there was a hollow axial hole
within the inner shell in which were dis-
persed

cemophilic; each

cores which
resembled ribosomes; the inner shell was

electron-dense axial

formed by fine electron-dense granules; cn
cross section the rods had the appearance
of “doughnuts” with the outer shells mea-

suring 77 mu in diameter and the inner
shells 38 mu.

24 ~

These rods were usually present in the
cytoplasmic matrix of the reactive cells,
but occasionally they were found in the
endoplasmic reticulum. They were always
close to the carcinogenic chemical. Their
morphology closely resembles several on-
cogenic viruses.

The possibility was discussed that these
rcds were the products of the interaction
of the chemical carcinogen and certain
living cell components.

-

Fig. 17. — Fine structure of cylindrical
particles in lesions induced by beénzpy-
rene. Note identity of these particles
with those in lesions due to methyl-
cholanthrene., Several electron-dense
axial cores are shown (arrow). x78,000.

Fig. 18. — Same section illustrated in
figure 17, showing particles in trans-
verce view. x78,000.

Vel 5. — Number 1. —
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RESUMEN

La implantacién de los hidrocarburos po-
liciclicos carcindgenos metilcolantreno vy
benzpireno en cerebros de ratas C3H dio
lugar a lesicnes que fueron estudiadas con
el micrescopio electronico. Durante las
ctapas precancerosas de las lesiones se for-
maron bastones filamentoses cilindricos in-
tracitoplasmaticos que presentaban las si-
guientes caracteristicas: largo variable aun-
que varias veces mayor que el diametro
transverso; osmofilos; cada unc de ellos
presentaba una vaina exterior y otra inte-
rior; dentro de ella su eje era hueco en
el que se hallaban dispersados nucleos axia-
les densos que se asemejaban a los riboso-
mas; la vaina interna estaba formada por

tinos granulos denscs; al corte transverso

tenian la apariencia de una pequena rosca
siendo el diametro de la cubierta exterior
de 77 mu y el de la interior de 38 myu.

Generalmente se hallaban en la matriz
citoplasmatica de las células reactivas, pero
a veces fueron encontrados en el reticulo
endoplasmatico. Siempre se encontraron en
las preximidades de la sustancia quimica
carcinogena. Desde el punto de vista mor-
feclogico son muy similares a algunos virus
cac¢genos.

En este trabajo se discute la posibilidad
de que estos bastones hayan resultado como
consecuencia de la interaccion de sustancias
quimicas carcinégenas con ciertos elemen-
tos de la célula viva.

RESUME

L’implantation des hydrocarbures polycy-
cliques carcinogznes methylcholanthrene et
benzpyrene dans des cerveaux de rats C3H
a fait apparaitre des lésions qui ont ¢té
¢tudiées a l'aide du microscope électroni-
que. Pendant les érapes précancereuses des
lésions il se form>rent des batons filamen-
tcux, cylindriques, intracytoplasmatiques
qui présentaient les caractéristiques suivan-
tes: longueur variable bien que plusieurs
fois plus grande que le diamétre transverse;
osmophiles; chacun d’eux présentait une
gaine extérieure et une gaine intérieure;
dans celle-ci on a pu observer une ouver-
ture axielle, dans laqueile étaient dispersés
des noyaux axiels pareils a des ribosomes

electron-dense; la gaine intérieure était

formée par de petits grains tr2s fins et

electron-dense; soumises a une section trans-
verselle ils ressemblent a des “doughnuts”,
le diam3tre de la gaine extérieure étant
de 77 mu et celui de I'intérieure de 38 my.

En général on pouvait constater leur
présence dans la matrice cytoplasmatique
des cellules réactives, mais parfois il fu-
rent trouvées dans le reticulum endoplas-
matique. On les a toujours vus pres de la
substance chimique carcinogeéne. Du point
de vue morphologique ils ressemblent a
quelques virus oncogenes.

Dans ce travail on discute la possibilité
que ces batons soient le résultat de !'in-
teraction de substances chimiques carcino-
génes avec certains ¢léments de la cellule

[

vivante.
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THE VIRAL PARTICLES IN THE REACTIVE CELLS OF THE...

ZUSAMMENFASSUNG

Die karzinogenen polyzyklischen Kohlen-
wasserstoffe Methylcholanthrene und Ben-
zypyrene verursachen nach ihrer Einpflan-
rung in die Gehirne von C3H-Maeusen
Laesionen, die mittels Elektronien-mikros-
kop studiert wurden. In den praekarzino-
matoesen Stadien der Laesionen beobachtet
man die Entwicklung von intracytoplasma-
tischen zylindrischen filamentossen Staeb-
chen von folgenden Eigentuemlichkeiten;
die Laenge war verschieden und mehrere
so gross wie der Durchmesser; sie waren
osmophil; sie hatten eine aeussere und eine
innere Schale, in welcher axiale Koerner
verstreut waren, die Elektron-undurchgaen-
gig waren und die Ribosomen aehnlich
sahen; im Querschnitt sahen die Staebchen

wie aus, bei denen der
Durchmesser der aeusseren Shale 77 milli-
micron und der inneren Schale 38 milli-

micron betrugen.

“dough-nuts”

Die Staebchen befanden sich gewoehnlich
in der cytoplasmatischen Matrix der rea-
gierenden Zellen, jedech wurden sie gele-
gentlich auch im endoplasmatischen Re-
tikulum gefunden. Sie befanden sich immer
in der Naehe der karzinogenen Substanzen.
Ihre Morphologie war der verschiedener
oncogenen Virus aehnlich.

Es wurde die Moeglichkeit eroertert,
dass die Staebchen Predukt der Interaktion
zwischen den chemischen karzinogenen
Substanzen und gewisser lebender Zel-

ibestandteile sind.
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Localization of Brain Tumors
by Angiography

D. GORDON POTTS, M. D.

Frem the Department of Radiology, Columbia University College of
Paysicians and Surgeons, and the¢ Radiological Service of the
Neuroiogical Institute, Columbia-Presbyterian

Medical Center, New York, New York. U.S. A.

Angiography is now widely uzed for the
localization of supratentorial tumors and
it is also valuable for some posterior fossa
masses. It has the advantags that in many
cases it may not only demonstrate the po-
sition of the tumor but it also may indi-
cate the histology.

Technical Considerations

When a supratentorial mass is suspected
it is usual to inject the common carotid
artery, but cccasionally, when a menin-
gioma is suspected, it is helpful to thread
the needle into the external or internal
carotid arteries to achieve selective opaci-
fication of these vessels. Because local and
general changes in the speed of the circu-
lation are of considerable diagncstic im-
portance, a standard quantity of contrast
should be injected at a known rate, pre-
terably by means of an automatic injector.
A satisfactory technique is to inject 10 cc
of 60 % Renografin in 1 second (8 cc is
sufficient for an internal carotid injection
or 6 cc for the external carotid or veite-
bral arteries).

Films are taken at 2 films a second for
3 seconds and then 1 film a second for the
subsequent 4 seconds, a total of 10 films.
lt is an advantage to use a simultaneous
biplane technique so that the antericr-
Vol, 5. —

Number 1.
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posicrior and lateral projections are ob-
tained with one injection and also the cor-
responding anterior-posterior and lateral
films taken at the same time will have
exactly the same wvessels filled, which
makes analysis of the films comewhat easier.

Some of the angiographic changes cau-
sed by tumors will now be described.

Stretching of Vessels

The vessels adjacent to the tumor tend
to lose their normal undulations and beco-
me straightened or curved with the con-
cavity of the curve directed toward the
center of the tumor. This change general-
ly indicates an increase in the size of the
gyri on each side of the vessel because the
gyri are involved by tumor, or, even more
ccmmonly, because they are involved by
cdema surrcunding the tumor. A vessel
which lies at the margin of the tumor may
show quite marked curvature because it
receives all of the pressure of the tumor
from one side while a vessel which cros-
ses the tumor somewhere between its mar-
gin and central axis shows less marked
curvature because it is being compressed
by unequal forces acting frcm either si-
de’. Tae stretched vessels may also be
reduced in diameter.
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Tumor Circulation

Because many glioblastomas, metastascs,
and meningiomas are much more vascular
than normal brain, they may show a blush
or stain in the angiogram. Surprisingly
little has been written about the precise
criteria which enable us to recognize a tu-
mor stain in an angiogram, but it may be
said that the ncrmal arteries of the brain
branch in a fairly regular manner, and as
they branch they become progressively
smaller. The ccurse and distribution of the
branches follows a systematic pattern. In
an area of tumor vessels, there is not only
an increased number of vessels, but the
vessels may vary in caliber along their
length and the branching pattern is com-
pletely erratic. Some of the features of tu-
mor stains have been discussed by Wick-
bem 7,

The mcst maligrant glioblastomas ha-
ve very ccarse tumor vessels and evidence
of rapid shunting from arteries to veins so
that veins may be opacified even in the
arterial phase. (Fig. 1). Less malignant
glioblastomas are associated with fewer
and shorter tumor vessels, often of smaller
diameter, and with evidence of slower
shunting of blood from arteries to veins or
no evidence of shunting. Occasionally me-
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Fig. 1. — Highly malignant
glioblastoma showing coarse
tumor vessels and early opa-
cification of deep and super-

ficial wveins. — (a) Lateral
view, late arterial phase,
showing the tumor wvessels

draining into a surface vein
(upper arrow) and the tha-
lamostriate and internal ce-
rebral veins (lower arrow).
The thalamostriate vein and
anterior part of the internal
cerebral vein are depressed.

The
displaced across

(b) Anterior-posterior view, internal
cerebral vein (arrow) is
the midline.
Vool 0 Number 1

1965



LLOCALIZATION OF BRAIN

tastases may show coarse,
wide tumor vessels but there
is usually a slower shunting
of contrast from arteries to
veins than in the mcst ma-
lignant glioblastomas. More
commonly metastases show
shorter and thinner tumor
vessels or they may be re-
latively avascular. Hemorr-
hage, necrosis or cyst forma-
tion will give a local avas-
cularity. An abscess may
show a central avascular area
surrcunded by crowded nor-
mal vessels and a circular
coursing vein may be seen
in the vencus phase.
Meningiomas are usualiy
quite rich in vessels which
are smaller and show more
regular architecture than
glioblastomas. The -great
abundance of capillaries cau-

Voi. 5 — Number 1 1965

TUMORS BY ANGIOGRAPHY

Fig. 2. Meningioma shown
by external carotid arterio-
graphy. — (a) & (b) Ante-
rior - posterior and lateral
views showing a large ex-
ternal carotid branch (arrow)
supplying an occipito-parietal
meningioma.
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scs the tumcer stain to have a homogeneous
density which is generally seen in the late
arterial or venous phases. (Fig. 2). Inter-
nal and external carotid injections may
fill two separate areas of tumor circulation.
Occasionally metastases may show a blush
very like a meningioma (Fig. 3) but the
blush seen in metastases tends to disappear
more quickly than most meningioma stains.

Lecal Incredse in Speed of Circulation

An early vein signifying an increased
speed of circulation may be seen without
evidence of tumor circulation'. This
finding may be present in some cases of
glioblastomas, astrccytomas, metastases and
meningiomas.

Local Decrease in Speed of Circulation

There may be delayed appearance of one
or more arteries adjacent to the tumor.
Slowing of the local arterial circulation

32 ~

may be scen in some metasiases or gliomas
and occasionally in meningiomas. Delayed
appearance of local veins may be seen
quite commoniy waen there is no eviden-
ce of a tumor blush in the angiogram, and
less commonly, when tumor circulation is
present (Fig. 4). These changes may be
due to local pressure from the tumor or
associated edema.

Avascular Aren

An area of avascularity may be seen in
an angiogram. Whenever a large avascu-
lar intraaxial tumor is demonstrated, the
possibility of a cyst shoud be considercd.
Such an appearance may be caused by any
avascular mass lesion including an abscess
or hematoma.

Displacement of Vessels

In general, vessels are displaced away
from a tumor, and those which are close

2¢

Fig. 2. — Meningioma shown
by ecaxternal carotid arterio-
graphy. -— (c¢) Lateral view,
venous phase. There is a
large area of homogenous

tumor stain (arrows).

Vel 9. — Numbher 1 1965,



LOCALIZATION OF BRAIN TUMORS BY ANGIOGRAPHY

to the tumor will be most markedly dis-
placed. This basic pattern of the displace-
ments may be modified if herniations are
present. Before describing the displace-
ments caused by different tumors some fea-
tures of the normal pattern of the middle
cerebral branches will be discussed briefly.

The middle cerebral trunk passes late-
rally between the temporal lobe and the
lcwer aspect of the Island of Reil and it
then turns backward and upward on the
surface of the Island of Reil giving off a
series of branches. Each of these branches
passes rostrally on the surface of the Island
of Reil as far as the junction of the insula
and the fronto-parietal operculum where
is turns caudally to emerge from the sylvian
fissure and then each branch ascends on
the surface of the brain (Fig. 5). If one
joins the points where the middle cerebral
branches ascending on the surface of the
insula turn caudally, these points should
lie on a straight line ®. Occasionally one
of the points will be a little above the line
if the vescel passe: deeo into a sulcus at the
top of its course or a little below if it
strikes a gyrus at the top of its course. The

1965,
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different portions of these branches may
usuaily be identified in anterior-posterior
and lateral arterial phase films. The point
where the most posterior middle cerebral
branch lying on the insula turns down at
the top of the insula is called the angio-
graphic sylvian point. In anterior-posterior
films the sylvian point will be the highest
and most medial point on the vessels on
the surface of the insula. In a lateral ar-
tericgram film, if we draw a line along
the top of the insula where the middle ce-
rebral branches turn downward, a line
joining the angiographic sylvian point to
the point where the middle cerebral artery
enters the depths of the sylvian fissure,
and a line along the anterior branch
ascending on the surface of the insula, we
will form the “sylvian triangle” which is
of great importance in the recognition of
many supratentorial tumors®, In the
standard anterior posterior view with at
least a 40 inch target film distance and
the head not more thant 1 V5 inches from
the film the angiographic sylvian point
normally lies between 30 and 42 mm from
the inner table of the skull. Another use-

Fig. 3. — Metastasis causing
a stain (arrows) similar to
the homogenous stain com-
monly seen in a meningioma.
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ful landmark in the lateral view of an an-
giogram is the clinoparietal line which
joins the anterior clinoid process to a
point 2 cm. above the lambda, or, if the
lambda cannot be identified, 9 cm above the
internal occipital protuberance. The lo-
west major branch of the middle cerebral
artery should not be more than 1.0 cm
above this line measuring at a point 2.0
cm behind the carotid siphon in adults
(the first major branch may be as much
as 1.5 ecm above this line in children and
2.0 cm in infants).

In a frontal projection of a carotid an-
giogram the sylvian point is close to the
center of the distance from the upper mar-
gin of the petrous pyramid (or the roof of
the orbit, whichever is lower) to a hori-
zontal line drawn tangential to the inner
table of the skull. The normal sylvian
point may be as much as 1.0 cm below the
center of this distance (Fig. 6).

Dispiacement of the Anterior
Cerebral Artery

In general, the portion of the anterior
cerebral artery closest to a tumor will
show the most marked displacement. The
displacements of the anterior cerebral ar-
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tery are, however, limited by the falx.
This firm structure is relatively shallow
anteriorly and deep posteriorly and the
talx is rarely displaced from the midline
even by very large mass lesions. Also the
callosomarginal branches curve higher on
the medial surface of the hemisphere than
the pericallosal artery and they soon fall
under the protection of the falx which
prevents midline displacements. The peri-
callosal artery lies below the free margin
cf the falx until near the splenium of the
corpus callosum and it may be displaced
across the midline back to this point.

A low frontal tumor will displace the
adjacent proximal portion of the anterior
cerebral artery across the midline while a
superiorly situated or more posteriorly
placed tumor will displace the distal part
of the pericallosal artery across the mid-
line and there is a “step” where the peri-
callosal branches return to the midline
where their midline shifts are limited by
the falx (Fig. 7).

Frontal Tumors

The anterior cerebral artery is displaced
across the midline, the displacement being
most marked opposite the tumor. There

Fig. 4. — Delayed appearance
of a wein adjacent to a pa-
rietal metastasis. — (a) La-
teral view 5 seconds after the
injection of contrast showing
most of the convexity wveins
clearly opacified,

Vel 53, — Number 1, 1065
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Fig. 4. — Delayed avpearance
of a wvein adjacent to a pa-
rietal metastasis. — (b) La-
teral view at 7 seconds show-
g a vein (arrows) in the
region of the tumor filling
considerably later than the
surrounding vEins.

may be posterior displacemeni of the an-
terior part of the sylvian triangle, or, if the
mass is high in the frontal lobe, the an-
terior part of the sylvian triangle may be
depressed. The carotid bifurcation may be
displaced downward or backward depend-
ing on the relationship of the tumor to

d

(a)
Fig. 5. — Diagram of branching pattern
of the middle cerebral artery. — (a)

Anterior-posterior view. Arrow indicates
the sylvian point.

\ Number 1 1965

TUMORS BY

ANGIOGRAPHY

that vessel. The junction of the thalamos-
triate and internal cerebral veins will be
displaced backward if the mass is in the
anterior fronrtal region or downward if the
mass is in the posterior frontal region and
superiorly situated. The anterior end of the
internal cerebral vein may be displaced
across the midline, particularly when the
tumor extends deeply. In these cases the
tumor may be closer to the internal cere-
bral vein than the anterior cerebral artery
and the vein will show more marked dis-
placement than the artery. The septal vein
is displaced upward if it lies above the
equator of a frontal tumor and downward
if it lies below the equator of the tumor.

(h)

(b) Lateral view. The line X -—— Y joins

the middle cerebral branches where they

reach the top of the Island of Reil.
Arrow indicates the sylvian point.
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[t may also be displaced across the midline.
A subfrontal mass such as 2 meningioma
arising under the frontal lobe will elevate
the anterior cerebral arteries which will
lie in the midline if the mass is symme-
trical, or away from the side of the
larger mass if it is asymmetrical. When
a mass arises in the inferior part of
the frontal lobe, there will not be elevation
of all of the branches of the anterior ce-
rebral artery from the floor of the ante-

such as a falx meningioma arising medial
to the frontal lobe will displace the peri-
callosal artery downward and will cause
lateral displacement of the branches of the
anterior cerebral artery on the medial sur-
face of the frontal lobe.

Some frontal Icbe tumors extend into the

corpus callosum causing an increased
sweep of the pericallosal artery and pos-
terior displacement of the internal cere-
bral vein which shows increased separation
from the pericallosal artery by the mass
growing between the two vessels.

Mcre posteriorly situated tumors in the
upper part of the frontal lobe lie above
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rior form but some will be displaced
downward and stretched by the tumor.
Tumors arising in the anterior pole of the
frontal lobe or extracerebral masses in this
region will displace the anterior cerebral
artery backward. When the mass is extra-
axial, all of the branches of the anterior
cerebral artery will be displaced backward,
but when it is intraaxial some of the bran-
ches will not be posteriorly displaced but
will be stretched around the tumor. A mass

Iig. 6. — Diagram to show
the mormal position of the
sylvian point in the anterior-
posterior view. Line a-b is
a horizontal line through
the inner table of the skull
near the sagittal plane (ex-
cluding the groove for the
superior sagittal sinus). Line
c-d is a line through the
supzrior orbital margin or
the superior aspect of the
petrous temporal bones,
whichever is lower. A line
is drawn through the sylvian
point perpendicular to lines
a-b, and c-d, and e is the
mid point on this line. Point
f should mot be more than
1 em. below point e.

the sylvian triangle wich is therefore de-
pressed and its upper side is curved with
the center of this curvature indicating the
center of the mass® The branches of
the middle cerebral artery ascending over
the surface of the brain are stretched and
separated if the tumor is superficial. If the
mass is medially situated the vessels on the
surface of the insula may be laterally dis-
placed, and if the mass is situated laterally
these vessels may be displaced medially.
The distance from the sylvian point to
the medial edge of the pericallosal artery
was measured by Kricheff and Taveras®
in a series of suprasylvian space occupying
1965
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lesions and it was found that
a measurement of greater
than 50 mm. was good evi-
dence of deep extension of
the tumor.

Parietal Tumors

These lie above the pos-
terior part of the sylvian
triangle and therefore the
sylvian point and the adja-
cent vessels on the surface of
the insula are displaced
downward. If the tumor lies
in a plane lateral to the
sylvian point it will displace
the sylvian point medially,
and if the rumor is medially
situated it may displace the
sylvian point laterally. The
internal cerebral vein is fre-
quently displaced across the
midline and its curve is flat-
tened. The anterior cerebral
artery may be displaced
across the midline and the

TUMORS BY

ANGIOGRAPHY

Number 1,

(2)

Fig. 7. — (a) Frontal glioma
causing marked displace-
ment of the anterior part

of the anterior cerebral ar-
tery across the midline,
There is stretching of most
of the anterior cerebral
branches in the frontal re-
gion and the anterior part
of the sylvian triangle is
depressed. — (1) Anterior-
posterior view. (2) Lateral
view,
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displacement is most marked in the more
distal part of the pericallosal branch
which shows a step posteriorly where it
returns to the midline. Displacement cf
the pericallosal artery across the midline is
usually less marked when there is a postc-
riorly situated mass than with frontal mac-
ses of comparable size because the falx is
deeper posteriorly and this reduces the
midline displacements. A meningioma aris-
ing from the falx will displace the anterior
cerebral branches laterally and may also
depress the pericallosal artery.

Occipital Tumors

These cause straightening and separation
of the medial occipital branches of the pos-
rcrior cerebral artery and larger mas-

es will displace the sylvian vessels for-
r.urd ®, The lateral choroidal vessels and
the choroid plexus blush in the floor
of the atrium may be seen to be displaced
forward if a vertebral artericgram is per-
formed, or if there is good filling of the
posterior cerebral artery from the carotid.

Temporal Tumors

Anterior temporal tumors tend to elevate
the proximal part of the middle cerebral
artery and the basal vein of Rosenthal is
displaced medially and sometimes alsc ele-
vated. The superficial tempcral vein may
also be elevated as it lies in the sylvian
fissure ',

Postericr temporal tumors elevate the
sylvian point and the distal portions of the
middle cerebral artery. If the tumor is su-
perficial to the plane of the sylvian point,
it will displace the sylvian pomt medially,
and if deep to the sylvian point, it will
displace the sylvian point laterally. If these
tumors extend posteriorly, the sylvian
point will be displaced forward. The ante-
rior choroidal artery may also be telescoped
forward.

When an intraaxial temporal tumor ex-
tends deeply, in addition to lateral displa-
cement of the vessels on the surface of the
insula, the anterior choroidal artery tends
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to be displaced downward and laterally
and the lenticulostriate arteries are dis-
placed laterally if the bulk of the tumor is
deep to these vessels. The posterior cere-
bral artery is displaced inferiorly and there
is separation of the internal cerebral vein
and the basal vein in the alteral view.
When the tumor is intraaxial, the tempo-
ral branches of the middle cerebral artery
will be “draped” over the tumor. Draping
of the temporal branches of the middle
cerebral artery is the appearance ccen in
these vessels when they extend upward
(and usually also a little backward) from
the main middle cerebral trunk and then
downward and backward on the outer sur-
face of the temporal iobe with elongiticn
and straightening of the portions of the
vessels on the surface of the temwvoral lobe.
(Fig. §). Most extracerebral tumors aris-
ing under the temporal lobe will elevate
the temporal branches of the middle cere-
bral artery and medially placed extracere-
bral tumors elevate the antericr cheroidal
artery. Intracerebral masses may also ele-
vate the anterior cheroidal artery if the
bulk of the tumer is below the choroid
fisure. The posterior communicating and
posterior cerebral arteries are elevated bv
medially placed extracerebral tumors and
depressed by intracerebral tumors. Medial-
ly placed extracerebral tumors elevate the
basal vein of Rosenthal usually without
displacing it medially, and intracerebral
tumors will displace this vein medially and
may also elevate it when the greater par:
of the tumor is situated below the leve!
of the temporal lobe tributaries of the ba-
sal vein.

Thalamic Tumors

These tumors lie close to the internal
cerebral vein with most of the thalamus
iying below the level of the vein and there-
tore the internal cerebral vein tends to be
displaced across the midline and elevated at
an early stage. In addition, the shape of
the internal cerebral vein may be altered
so that it no longer has 1ts smooth curve
but becomes irregular. The internal cere-
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bral veins on the two sides
are almost exactly superim-
posable in the lateral view
in normal cases, but when a
tumor develops in the tha-
lamus the two veins may be
separated. This separation
may be detected by superim-
pesing the lateral venous
phase film of the right side
on a similar film of the left
side and a separation of the
two internal cerebral veins is
strong evidence of a mass in
or near to the thalamus. The
thalamestriate vein may be
clevated particularly where
it passes over the floor of
the lateral ventricle. This is
best seen in the anterior-
posterior projection where
the thalamocstriate vein im-
mediately ascends upward
and laterally from the inter-
nal cerebral vein instead of
having its normal down-
ward curve around the floor
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Fig. 7 — (b) Large occipito-
parietal meningioma causing
a distal shift of the perical-
losal artery. The wvessels
jorming the sylvian triangle
are displaced forward and
there is an avascular area
in the occipito-parietal re-
gion. (1) Anterior-poste-
rior view. (2) Lateral view.
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of the lateral ventricle. The basal vein may
be displaced downward, backward, or late-
rally and the internal cerebral vein may be
separated from the basal vein as seen in
the lateral view. There may be elevation
of the middle cerebral artery due to the
rotation of the lower portion of the insula
laterally. It is most important to recognize
that moderate elevation of the middle ce-
rebral artery may be caused by a thalamic
mass, because, if this is not understood, it
may be mistaken for a temporal tumor .
The anterior choroidal artery is usally dis-
placed laterally and its more distal portion
may pass round the posterior aspect of the

cause elevation and lateral displacement of
the anterior end of the internal cerebral
vein while a tumor arising in the region
of the pineal or quadrigeminal plate will
elevate the posterior third of the internal
cerebral vein. These tumors may also cau-
se enlargement of the lateral ventricles
which may be detected angiographically
by the wide sweep of the thalamostriate
vein in the anterior posterior view as it
passes around the wall of the enlarged la-
teral ventricle. When the lateral ventricles
are quite large, the pericallosal artery will
show a wide sweep in the lateral view.
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enlarged thalamus. In the frontal projec-
tion there may be widening of space be-
tween the anterior cerebral and middle
cerebral arteries, best shown by compres-
sing the normal side while injecting the
side of the tumor, which enables one to
compare the vessels on the two sides. The
lenticulostriate arteries may be displaced
downward and laterally. Lateral displaced
of the posterior cerebral artery or basal
vein usually indicates brain stem extension
of the tumor.

Other deep tumors may cause specific
changes in an angiogram. For example, a
colloid cyst of the third ventricle will

Fig. 8. — Drapiag of the

tempora! branches (arrow)

of the midd!e cerebral ar-

tery caused by an intra-

axial temporal tumor. The

middle cerebral trunk is
sl .ghtly elevated.

Posterior Fossa Tumors

These tumors are considerably more dif-
ficult to diagnose angiographically for va-
rious reasons: The posterior fossa is smal-
ler than the supratentorial region and dis-
placements caused by posterior fossa masses
tend to be less marked. Also there are no
major posterior fossa vessels which are
normally in the midline as in the supraten-
torial region. The basilar artery may lie a
considerable distance from the midline
even in a normal subject. In addition,
upward herniation through the tento-

Vol. 5, — Number 1. 1965,



LOCALIZATION OF BRAIN TUMORS BY

rial opening and downward herniation
through the foramen magnum tend to re-
duce displacements from the midline, even
when a large laterally situated mass is
present.

The displacements caused by posterior
fossa masses will not be discussed in detail
but it should be pointed out that it is a

SUM

The angiographic changes caused by tu-
mors include stretching of vessels, tumor
circulation, local increase in the speed of
circulation, local decrease in the speed of
circulation, an avascular area and displace-
ment of vessels. If all of these signs are to
be appreciated, it is important to standar-
dize the speed and quantity of contrast
material injected. 10 cc. of contrast in 1
second is satlsfactory for an internal ca-
rotid artery injection. The series of films
must cover the entire arterial and venous
phases. The sylvian triangle formed by the
branches of the middle cerebral artery is
defined and its importance in the localiza-
tion of supratentorial masses is discussed.
In general, vessels are displaced away from
a mass lesion, and the vessels closest to the

ANGIOGRAPHY

considerable advantage to perform arterio-
graphy for posterior fossa masses because
some of the commoner posterior fossa tu-
mors such as cerebellar hemangioblastomas
and metastases may show a tumor blush,
the most direct evidence of the position of
a tumor.

MARY

mass will show the most marked displace-
ment. This basic pattern is altered when
there are herniations of the brain because
certain displacements are limited or modi-
fied by the falx and tentorium. The
changes caused by frontal parietal, occipi-
tal, temporal and thalamic tumors are des-
cribed, When the dnsp[acements of the ves-
sels are relatively small it may be helpful
to compare the vessels cn the abnormal
side with the normal side. The vessels on
the normal side may usually be demons-
trated by injecting the abnormal side while
compressing the carotid artery in the neck
on the normal side. Some of the difficul-
ties encountered when vertebral arterio-
graphy is used for the localization of pos-
terior fossa masses are discussed.

RESUMEN

Los cambios angiograficos causados por
los tumores incluyen el estiramiento de los
vasos, cambics en la circulacion tumoral,
el aumento de la velocidad circulatoria lo-
cal, la disminucion de la velocidad circula-
toria local, una zona avascular y el despla-
zamiento de los vasos. Si todos estos signos
tienen que ser apreciados, resulta impor-
tante la standardizacion de la cantidad de
medio de contraste y de la velocidad de
su inyeccion. Diez centimetros cubicos del
medio de contraste por segundo son sufi-
cientes para una inyeccion en la arteria ca-
rotida interna. Las series angiograficas de-
ben cubrir totalmente las fases arteriales y
venosas. Se define el triangule de Silvio,
formado por ramificaciones de la arteria
Val.
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cerebral media a la vez que se discute su
importancia para la localizacion de las ma-
sas supratentoriales. En general los vasos
sanguineos se desplazan lejos de la lesidn,
y los mas cercanos a la masa son los que
experimentan los desplazamientos mas
marcados. Este dispositivoe fundamental se
ve modificado en los casos de hernia del
cerebro, ya que ciertos desplazamientos son
limitados o alterados por la hoz o el ten-
torio. Se describen las modificaciones cau-
sadas por los tumores frontales, parietales,
cccipitales, temporales y talamicos. Cuando
los desplazamientos vasculares son relativa-
mente leves puede resultar atil la compa-
racion de los vasos de la region normal con
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los de la region afectada. Los primeros pue-
den hacerse observables por medio de una
inyeccion dada en el lado afectado, a la vez
que se cprime Ia arteria cardtida, en el cue-

llo del lado sano. Se discuten las dificul-
tades encontradas al utilizarse la arterio-
grafia vertebral para la localizacion de las
masas de la fosa posterior.

RESUME

Les changements angiographiques caus¢s
par des tumeurs incluent des ¢longements
des vaisseaux, des changements de la cir-
culation tumorale, augmentation de la vi-
tesse circulatoire locale du sang, diminution
de la vitesse de la circulation locale une
zone avasculaire et déplacement des vaic-
seaux. Si tous les signes doivent étre ap-
preciés, 1l est important de standardiser Ia
gquantite¢ du milieu de contraste et la vi-
tesse de son injectica. Dix centiméatres cu-
bes (10 cc) du milieu de contraste par sc-
conde suftisent peur une injecticn de I'as-
itre carotide interme. Les séries angiogra-
phiques dciveat ccuvrir complétement les
phases arterielles et veineuses. Le triangle
de Sylvius formé par des branches de I'ar-
¢re cerebrale moyenne est défini et son
tmpertance pour la localisation des masses
supratentorielles est discutée. En géneral les
vaisseaux sont déplacés loin de la Iésion et

les vaisseaux les plus pres de la masse mon-
trent les déplacements les plus marqués.
Cette représentation fondamentale est chan-
gée en cas des herniations du cerveau, par-
ce que certaines déplacements son limités
ou modifiés par le falx et le tentorium. Les
changements causés par les tumeurs fronta-
les, pariétales, occipitales, temporales et
thalamiques sont décrits. Quand les dé-
placements des vaisseaux sont relativement
Iégers, 1l peut ¢tre avantageux de compa-
ier les vaisseaux du coté affecté avec le
coté pormal. Les vaisseaux du c¢6té normal
peuvent ordinairement ¢tre demontrés par
une injection du coté affecté pendant la
compression de l'artére carotidienne dans
le cou du coté normal. Quelques difficul-
tés rencontrées quand l'arteriographie vér-
t¢brale est utilisée pour la localisation des

masses de la fosse posterieure sont dis-
cutees,

ZUSAMMENFASSUNG

Die angiographischen durch Tumore ve-
rursachten Veridnderungen umfassen Deh-
nung der Gefisse, Durchblutung des Tu-
mors, ortlicae Verzogerung der Durchblu-
tungszeit, cine gefassarme Zone, und Ver-
lagerung der Gefdsse. Wenn all diese Zei-
chen ersciieinen sollen, ist es wichtig die
Geschwindigkeit und das Quantum des zu
injezierenden Kontrastmittels festzusetzen.
10 cc Kontrastmittel per Sekunde ist aus-
reichend fiir eine Injekticn in die Arteria
carotis interna. Die Filmserien miissen diz
gesamte arterielle und vendse Phasen bein-
halten. Das sylvische Dreieck, durch dic
Aeste der mittleren cerebralen Arterie ge-
bildet ist festgesetzt, und seine Bedeutung
in der Lokalisierung der supratentorialen

Gebilden wird besprochen. Im allgemeinen
sind die Gefidsse von raumverdringenden
Frozessen verlagert, und die Gefisse die am
nichsten zum Prozess liegen zeigen stirks-
te Verlageruag. Dieses grundlegende Ver-
haltea acndert sich bei Hirnherniationen
weil bestimmte Verlagerungen durch die
Falx und das Tentorium begrenzt oder ge-
mildert sind. Verinderungen durch fron-
tale, parietale, occipitale, tempecrale uni
thalamische Tumore veranlasst, werden
beschrieben. Wenn die Verlagerungen der
Geftisce relativ gering sind kann ein Ver-
gleich zwischen den Gefassen der normalen
und angegriffenen Seite sehr behilflich sein.
Die Gefdsse der normalen Seite konnen
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gewohnlich durch Injection der angegrif-
fenen Seite gezeigt werden, wahrend die
Arteria carotis der normalen Seite im Hals
comprimtert wird. Es werden verschiedene

OF BRAIN TUMORS BY ANGIOGRAPHY

Schwierigkeiten besprochen die auftreten
wenn Vertebralis-arteriographie zur Bes-
timmung der Prozesse der hinteren Schi-
dc’grube verwendet wird.
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Radioisotope Detection of

Brain Tumors
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INTRODUCTION

Understanding the role of isotopes in th
detection of brain tumcrs involves several
divergent disciplines. In a brief article such
as this no serious attempt at a complete re-
view of the subject can be made. I shall
confine myself to those aspects of the pro-
blem which might interest the clinician
considering undertaking this relatively new
diagnostic technique.

Radioisotopes in tissue can be measured
by detecting and counting the penetrating
rays such substances emit. Of particular in-
terest to the clinician are those isotopes
emitting rays sufficiently penetrating
(gamma rays) that they can reach the sur-
face and emerge from a living organism
as large as a human. After their emergence
their number and direction of origin can
be noted, allowing the construction of a
map of the distribution of isotope within
the body. ‘

Early in the development of nuclear me-
dicine advantage was taken of this possibi-
lity of measuring externally the amount of
isotope within an organ. Greatest interest
was shown in the uptake of iodinel3l by
the thyroid. By “lcoking” at the region of
the neck containing the thyroid the amsunt
of radiciodine present could be measured
come hours after its administration. By res-
tricting the region “reen” by the derector
to a few millimeters and scanning back and
forth over the region of the gland a crude

e A
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map of iodine distribution could be cons-
tructed and local abpormalities of iodine
nstake determined 3.

All ¢f these results with the thyroid
were fairly easily obtainable with simple
equipment because a large proportion of
the administered iodine concentrated in the
gland. A large concentration of isotope al-
iows many points to be incorporated into
the distribution map in a short scan period.
In the region of the thyroid virtually all of
the iodine was in the thyroid tissue, there-
Ly al'owing sharp demarcation frem other
tissues.

When this general plan of administering
an isotope and later mapping its distribu-
ticn in the body was applied to other iso-
topes and other organs it became evident
that it was truly useful only if a large pro-
portion cf the material concentrated in the
organ of interest. To the present time this
high local concentration has been achieved
to a clinically useful degree only in thy-
roid, liver and kidneys. Much of the cur-
rent research in nuclear medicine is di-
rected at obtaining high selective tissue
concentration in other crgans.

The brain is particularly resistant to con-
centraticn cof all known labeled substances
of clinical interest. This is probably an-
other expression of the phenomenon of the
blood brain barrier. When a substance is
administered intravenously it is carried in-
to the brain by the blood but the low
rermeability of brain capillaries keeps the

Vel B, — Number 1, 1965,
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material within the blood. Most substances
will achieve a much lower brain tissuc
concentration (outside the blood compart-
ment) than in other organs. If the entire
body distribution were mapped after ad-
ministration of most isotopes the brain
would be seeen as an area relatively free
of isotopes. One advantage realized in de-
tecting brain isotopes is the fortunate loca-
tion of the brain well away from other
large organs with which it might be con-
fused. Nevertheless it is surrounded by
scalp, skull, meninges and some muscle, all
of which behave like other non-neural tis-
sue. As a consequence the brain has a "ha-
lo” whose capillaries are relatively per-
meable. Below the level of the cranial floor
are sub occipital and facial tissues. For this
reason the brain tissue along the floor of
the cranial cavity, in the sella turcica and
posterior fossa are more or less obscured
by these adjacent soft tissues.

In 1947 Moore '* observed that fluo-
rescein injected intravenously appeared in
brain tumors in sufficiently high concen-
tration relative to normal brain that the
tumor was quite visible when exposed to
ultraviolet light. In addition to the use of
his technique as a quick and useful means
of identifying tumor tissue at operation,
it occurred to that author that fluorescein
might be labeled with a radioactive tag
greatly facilitating the ability to measure
the fluorescein content not only in vitro
but iz vive. Fluorescein was easily labeled
withl131 and subsequent studies showed
that the gamma emission of this material
was capable of indicating the presence of
a brain tumor in living human brain
through an intact cranium. Tumors could
be “seen” as a region of high radioactivity
against a low background of normal brain.
la the sixteen years since that observation
develobment of the technique cof isotope
detection of brain tumors has centered
about two factors: more efficient detection
systems and more suitable isotopes.

Technique and Detection Systems

To perform a brain scan with a curren-
tly popular tracer (Hg203 labeled neohy-
Vol. 5, —
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drin) the patient is given an appointment
to be scanned late in the work day such
as 2 P.M. At about 9 AM. (four to five
hours before scanning) he is given intra-
venously a dose of abour ten microcuries
per kilogram body weight. This is given in
any convenient vein and causes only the
pain of vein puncture. There is, of course,
no subjective effect of the radioactivity.
This simplicity and freedom from hazard
or discomfort have spurred the interest of
researchers through the years.

It remains only to map the brain dis-
tribution of isotope four to five hours la-
ter. The patient is taken to the scanning
room at 2 P.M. and placed in position un-
der the scanning detector. His head is firm-
ly fixed in position. It must remain fixed
for at least twenty minutes during the
scan. This, of course, precludes the study
of patients unable to cooperate by main-
taining one position for a prolonged pe-
riod.

It is vital at this point that the clinician
has scme understantindg of the special ap-
paratus used in isotope scanning. The task
of brain tumor detection equipment is ex-
tremely difficult. The tissue concentration
of isotope is very low despite large admi-
nistered doses. Thus the maximum possible
efficiency must be realized, utilizing as ma-
ny of the emitted rays as possible. We are
always limited by the time we can rea-
sonably expect the patient to remain in a
fixed position.

Initially in the development of head
scanners a detector was placed over a suc-
cession of regions of the head and a count
made for several minutes at each site. This
was reasonably successful but the resulting
picture that could be constructed was very
crude (Figure 1A).

If the region seen by the detector is res-
tricted by a focused arrangement of shield-
ing we can demarcate the site of origin
fairly accurately (Figure 1B). However, in
gaining this precision of location we have
sacrificed a great deal of sensitivity since
at any one time only the isotope at the fo-
cal point will be registered (Figure 2). As
this fecused collimator is scanned back and
forth over the head for perhaps an hour it
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is evident that only an incredibly small
proportion of the rays emitted from the
brain during that hours is actually detected
and incorporated into our distribution
map. The higher the spatial resolution ob-
tained the lower this efficiency becomes.

Several commercial scanners are now avai-
lable which function in this way by mov-
ing a focused detector slowly over the re-
gion of interest, producing a series of
marks mechanically or photographically

.
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Fig. 1. — Four basic schemes of mapping isotope distribution.

“B” is the system in common use.

In system “D” the

“honeycomb” collimator shown to the left of the head could
be substituted for the pinhole. When interposed between
head and crystal it can form in the crystal an image of
isotope distribution in brain which is somewhat less geo-
metrically distorted than that formed by the pinhole.

two detection crystals on opposite sides of
the head it is possible to restrict the re-
gion of sensitivity to a cylindrical space
ccanecting the two (Figure 1C). A pair
of rays originating within this region will
sometimes be directed so that each ray
will strike one of the crystals. The electro-
nic circuitry to which the detector output
1s fed is arranged so that an event is re-
corded only when a pulse appears simul-
taneously from both crystal detectors. This
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will occur rarely from rays originating
cutside the cylindrical region between the
crystals. This method is restricted by the
relatively few available isotopes.

Newer developments have sought an in-
creased efficiency of ray utilization and
improved spatial resolution. Of considera-
ble interest is the “gamma ray pinhole ca-
mera” of Anger (Figure 1D). If one could
place a piece of film near the head and
create an aperture in an otherwise opaque
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screen between the film and the head it
would be possible to form an inverted
image of the distribution of isotope in the
head just as in the familiar visible light
pinhole camera. This is not practical be-
cause any rays sufficiently penetrating to
reach the surface of the head will most
likely pass on through a photographic
emulsion without interacting with it. It
therefore would be exceedingly inefficient.
Anger has replaced the film in such a
pinhole camera arrangement with a one-
half inch thick sodium iodide crystal.

A small but mgmf:cant percentage of
gamma rays entering this thickness of
crystal will interact with it and produce
a faint flash of light. By an ingenious ar-
rangement of photomultiplier tubes and
clectronic circuitry this flash is detected
and its position within the crystal deter-
mined. A flash of light bright enough to
see with the unaided eye is caused to ap-
pear on the face of a cathode ray tube at
a position correspondmg to the original
very faint scintillation in the crystal. This
tube is then photographed during an in-
terval of perhaps one minute and each
flash is incorporated into a final accumu-
lated image.

Several advantages are realized with
such an arrangement. The system is quite
efficient and more of the gamma rays are
utilized than in mechanical scanning. A
great advantage is the simultanecus build-
up of the entire image during the “scan”
period. In mechanical scanners several mi-
nutes (perhaps as long as an hour) may
elapse between the beginning of a scan on
one edge of an area and the end of the
scan on the far edge of the area. This re-
quires that the concentration of isotope re-
mains reasonably constant in the tissue
during the scanning pericd. A device which
builds up the entire image simultaneously
can still be used when very shert-lived
isotopes are used. As noted later such short-
lived isotopes have considerable merit and
will probably become widely used.

In this connection it may be of interest
to study the distribution of substances
which physically decay or wash rapidly
out of the brain in a few minutes but
achieve very high initial levels.

Yol. 5. — Number 1 1965

The great disadvantage at present of such
devices as the gamma ray pinhole camera
is their great complexity. This probable
will become less of an cbstacle as they be-
come commercially available and electronic
reliability improves.

The true obstacle to the development of
such a device as the pinhole camera is the
failure of general recognition by the clini-
cal community that such an expensive de-
vice i1s necessary for patient management.

Choice of Isotopes

There is still not a general agreement
on the best isctope for brain tumor locali-
zation because of the multitude of factors
to be considered.

The most important of these factors are:

1. Patient radiation should be mini-

mized.

An attempt shoud be made to achie-

ve a tumor concentration substan-

tially different from surrcunding

brain.

3. The gamma radiation must be suf-
ficiently penetrating to emerge from
the depths of the head but not :o
penetrating that it is impossible to
construct a practical shield to res-
trict the direction of sensitivity of
the detector.

I~

Minimizing Patient Radiation

So little of any administered isotope goes
to brain that a dose is required which is
much larger than needed for most other
tests. As a consequence the dose usually
pushed up to the ethical limits of the phy-
sician administering the test. Because of
this need to use the largest possible dose
the radiation absorbed by the patient is of
great importance.

The radiation suffered by the patient’s
tissues from the intravenous injection cf a
given dose of radioactivity can vary wi-
dely depending upon the type of radiation
emitted, the physical rate of decay of the
radioactive material, the distributicn of
the material in the body and its rate of
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excretion into the environment. An attempt
is made to juggle these factors trying to
render the isotope most useful for the stu-
dy to be undertaken and to minimize ra-
diation to the patient. The isotope chosen
as a tracer substance will determine the
type of radiation emitted and the molecu-
le into which it is incorporated will deter-
mine its distribution and fate within the
body.

Most radioisotopes of ciinical interest
emit some combination of beta and gamma
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Fig. 2. — To demonstrate the

for Hg203 for brain scanning. It removes
the most sericus objection to Hg203 neohy-
drin — the high kidney dose absorbed. The
half-life of Hg197 (65 hours) is short com-
pared to Hg203 (45 days). The absence of
nuclear beta emission further reduces the
dose absorbed. :

Patient radiation depends also on the ra-
te at which the material itself decays and
its rate of excretion from the body. Thus
an extremely large dose of a short half-
life substance sucan as Bal37 (half-life 2.6
minutes) may be administered with little
danger. A very large dose of a rapidly ex-
creted dosage form such as iodinel31 hip-
purate can similarly be given safely be-
cause it can be entirely voided within a
few hours.
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radiation. Some emit only gamma rays. The
beta radiation emitted causes the bulk of
the patient radiation so that the same
amount of a pure gamma-emitter results
in much less patient radiation than the
same dose of a mixed beta and gamma emit-
ter. Thus the same dose of Hgl97 (a non-
beta emitter with a gamma at 0.077 MEV)
will radiate the patient much less than the
same dose of Hg203 (a beta and gamma
emitter). Considerable interest is being
shown currently in Hgl97 as a substitute

CRYSTAL

-

in

inherent
focused collimation. The crystal on the left “sees” the entire
field of distribution of isotope in the middle. On the right
a focused collimator restricts the area seen and thus will
count only the isctope in the small elliptical region out-
lined. As this area is further restricted obtaining better
localization count is lost proportionately.

loss of count

Until recently little attention was given
to very short-lived isotopes since they
would decay away between manufacture
and delivery. Most medical work has been
done with isotopes of intermediate half-
life cuch as icdinel3l (8.5 day half-life).
This makes shipping convenient and al-
lows the material to be kept on hand a
week or two without decaying away pro-
hibitively. Considerable interest is now
being shown in the possibility of obtaining
in the clinical laboratory short-lived isoto-
pes which result from the decay of longer-
lived isotopes. These shorter-lived mate-
rials are extracted as they are formed. Since
they are immediately available for injection
very short-lived materials can be used, even
those with half-lives of a few minutes. The
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simple device from which the desired subs-
tance is withdrawn is appropriately called
a “cow”. The problems with these devices
are the difficulties in obrtaining the isoto-
pe in a desired chemical form, sterile and
pyrogen free.

Very short-lived isotopes must, of cour-
se, be used with scanning systems which
can function in the presence of a rapidly
falling count rate. Most commercial me-
chanical scanners are not suitable for this
purpose.

For positron scanning As74, Zn65 and
Cu64 have been used. Some of these have
long half-lives and are very slowly excreted
from the body. They are, therefore, unde-
sirable from a radiation standpoint.

Anger ¢t al' have recently described the
use for brain scanning of gallium68, a posi-
tron emitter with a half-life of 68 minutes
administered bound with a ¢helating agent
as described by Gleason " and Grcene azd
Tucker ',

Ratio of Tumor to Brain Tissue
Concentration

The first substance to be siudied exten-
sively for tumor uptake was iodinel31 fluo-
rescein. It was relatively permeable into
tumors compared with normal brain but
was very rapidly removed from the blood
by the liver. This rapidly falling blood le-
vel did not offer much time for permeation
intc tumor tissue and measurements ex-
tending over a period of time were com-
pplicated since the amount of isotope in the
brain was changing rapidly.

Interest then centered for several years
on iodinated human serum albumin. The
blocd level fell very slowly and it was mo-
re permeable into most tumors than into
normal brain. It suffered, however, from
the disadvantage that the bleod concentra-
tion remained high for several days and
the isotcpe in the blood of the brain of-
fered a high background level against
which the tumor must be visible. This
high persisting blocd ievel mauy partially
account for the visualization of some rtu-
1965
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miors by virtue of their relatively high
blood content. Many workers still favor this
substance *.

More recently mercury203 labeled nechy-
drin (chlormerodrin) has been found to be
more satisfactory °- . About four hours
after administration the blood concentra-
tion has fallen to about 15 percent of the
original level. It is very impermeable into
tiormal brain but more permeable into
most tumeors, If the brain is scanned about
four hcurs after administration the blood
level is quite low so the tissue concentra-
tion is seen against a relatively clear back-
ground. The gamma radiation of mercu-
ry203 has a very desirable intermediate pe-
netrating power (somewhat less than iodi-
nel31), making its lecalization more pre-
cise as noted below.

Neohydrin has a great disadvantage in
that about a fifth of the entire dose is
quite permanently bound in the kidney
where it remains for many months decay-
ing with a half-life of 45 days. The kid-
neys consequently receive a rather large
radiation dosage. Attempts at reducing re-
nal fixation have been made by the preli-
minary administration of a relatively large
amount of non-radioactive nechydrin
which apparently competes with the radio-
active material for the available sulfhydryl
complexes in the renal tubules.

In addition to those already mentioned
many other substances have been evaluat-
cd such as K42 '*, polyvinylpyrrolidone %,
cciciodofluorescein *°  etc., each seeking
more favorable tumor to brain concentra-
tion ratios. From these evaluations it would
seem many substances possibly are useful
in that they appear in tumors in higher
concentration than in brain. Too little data
exists, hcwever, concerning the quantita-
tion of tumor versus brain ccncentrations.
Some work has been done?. - 15 17. 18
determining levels postmortem and at ope-
ration but this has obvious limitaticns since
the dose must be administered shortly be-
fore surgery cor before death and the results
so obtained may well not be representative
of the usual clinical situation. The tumor
to brain ratio will vary as a function of ti-
me after injection and also probably varies
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with the evolution of the tumor and its cell
type.

It is evident, however, that many sub-
stances will appear in tumor tissue in con-
centrations in the range of 5 to 50 times
that found in normal brain. Most menin-
giomas, glioblastomas and metastases will
show concentrations in the range of 10 to
30 times normal brain while low grade as-
trocytomas commonly show very little mo-
re uptake, perhaps 1 to 5 times normal
brain. It must be kept in mind that these
ratios are largely dependent upon the low
uptake of the surrounding normal brain

O Hrs.

tissue, and not to the specific concentrating
ability of the tumors.

To better understand the permeation of
labeled substances into brain, we have at-
tempted to develop a technique for quan-
titative brain tissue uptake of a wide range
of gamma-emitters '°. We have a detec-
tion system which sees the entire upper
half of the head with uniform efficiency
above the line roughly paralleling the
tloor of the cranial cavity on each of the
outlines of Figure 3. This allows the meas-
urement, after adequate standardization
with a phantom, of the total cranial isoto-

Fig. 3. — Showing very diagrammatically the washout of

neohydrin from a frontal cerebral tumor. In the period

from about 3 to 8 hours the tumor will contain a high con-

centration of isotope relative to the surrounding brain.

When scanned this “hot spot” can be demonstrated. The

optimum time for scanning will vary somewhat for dif-
ferent tumors.

pe content. After its intravenous injection
the antecubital venous blood concentration
is followed down as it is excreted or other-
wise removed from the blood and the to-
tal cranial content is simultaneously mo-
nitored. Initially all of the cranial isotope
is assumed to be in the blood of the brain.
Beginning at two minutes the brain and
bloocd levels are arbitrarily equated at
160 %. As the blood level falls the cra-
nial level also falls but less rapidly since
some of the material will have diffused out
of the blood into the extravascular com-
partment. By subtracting the blood isotope

50"’-

from the total cranial content a curve can
be constructed which represents the
amount of isotope in the cranial portion of
the head but not in the cranial blood pool.
Although we have applied this techni-
que to the entire cranium it would be
equally aplicable to local regions known to
contain a tumor. We have found most
tumors to be detectable (although not
localizable) by this means even though
any tumor effect is diluted by the normal
tissue present (Figure 3). The technique
requires extremely small doses (5-10 mi-
crocuries) and relatively simple equip-
Vol. 5.
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ment. By sacrificing localization we have
achieved an extreme increase in efficiency
of utilization of gamma rays.

Penetration of Gamma Radiation
Only those isotopes emitting gamma rays

sufficiently penetrating to escape from the
depths of the brain are of clinical value in

100.
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tumor localization. Their penetrating pro-
perties can be deduced from their energy
level. Those of less than abcut 50 kilovolt
energy level are of little interest in the
brain because the scalp and other superfi-
cial tissues will appear very prominent
and the skull will absorb much of the ra-
diation originating within.

Rays of more than about 500 kilovolt
energy level become very difficult to colli-

HGEOS 10 uc

HEAD MINUS BLOOD COUNT

x=-=x NORMALS
x—x TUMORS

12 2]4

Fig. 4. — From Figure 3 it is to be expected that the tumor
will cause the tisswe isotope content to be raised above
that to be expected were the tumor not present. Here
three tumors (two glioblastomas and one bronchogenic
metastasis) are compared to three normals. These particular
tumors were quite advanced but we have found most of
our first 25 tumors to be differentiable from our control
cases by this technique.

mate because they penetrate the thin septa
in focused collimators. Crystals are also less
efficient at higher energies because they
too are more often penetrated without in-
teracting with the ray. All gamma rays ori-
ginating from positron emission are at 510
kilovolts but here focused collimators are
not depended upon for localization.

For these reasons most isotopes consi-
dered for brain scanning have gamma rays
with energies between 75 and 500 kilovolts.

Voi. 5. — Number 1., — 1965,

COMMENT

Isotopes undoubtedly offer a clinically
useful technique in the early detection of
brain tumors. As a part of the total cli-
nical picture it is certainly as useful as the
electroencephalogram. Even the more ela-
borate scanning equipment now available
costs only about as much as an eight
channel electroencephalograph.

Currently available equipment has an
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Fig. 5, indicating the different form of information provided by an isotope scan
versus a carotid angiogram. The patient is a 34 year old male with a surgically
verified large parasagitial meniogioma. — 5a, is an internal carotid injection in-
dicating displacement and probable excessive blood supply to the region of the
tumor but with little filling of the twmor itself. — 5b, an external carctid injection
mdicating filling of the tumor through scalp and meningeal branches. — 5c, is
a brain scan 3 hours after the administration of 1 millicurie of Hgl197 chlormerodrin.
The localization and size of the region of increased isotope retention can be ap-
proximated. — 5d. The scan in the coronal plane indicates the increased uptake
to be in the right parasagittal region. The angiogram gives specific information
about blood supply and thus, in this case, its probable tissue type as well as
accurate loecalization. This patient’s workup could logically have included the re-
latively atrauwmatic scan first, with later supplementation by the angiogram since
they supply information about two quite different aspects of the tumor,

admittedly poor spatial resolution but it
is questionable whether extreme resolution
is required. The maximum possible resolu-
tion is probably ultimately limited by our
inability to fix the head absolutely during
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a long scan period although this is not
important with existing equipment where
the resolution is only one to two centi-
meters.

Brain tumor scanning has not developed

Vol. 5. — Number 1 1965,
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as rapidly as it might have for several rea-
sons. Radioisotope scanning as well as other
“atomic” techniques generated a conside-
rable ambivalence in the medical public.
Although appreciated as a very useful tool
it requires a knowledge cf a new field qui-
te alien to many clinicians, To use isotopes
intelligently requires a practical knowledge
of nuclear medicine, a license to handle
radioactive materials and facilities to order
and store isotopes. These all are functions
carried out by any nuclear medicine de-
partment and by an increasing number of
practiticners unassociated with any orga-
nized department.

It was further tainied by widespread
professional and lay preoccupation with the
hazards of nuclear radiation. It is vital to
recognize that the radiation suffered by the
body is lower from most diagnostic radio-
isotope tests than that received during a
single radiographic chest film exposure and
very much lower than from a gastrointes-
tinal series or other fluoroscopic technique.

Brain scanning in particular has been
hampered by a failure to settle on a sin-
gle technique largely due to the patient ra-
diation encountered with al current ap-
proaches.

Most clinicians prefer to go directly to
the angiogram in suspect cases. By so doing
they remain on familiar ground combining
surgery and radiology, obtaining a rather
definitive answer quickly without the delay
inherent in isotope studies.

In the early 1950’s when brain scanning
was in its infancy carotid angiography was
also developing. Of particular importance
in its growth were the gradual shift from
open carotid arteriopuncture to the simpler
percutaneous puncture and the replacement
of insoluble (and radioactive) thorium
dioxide by soluble iodized salts culminat-
ing in the current diatrizoates and related
compounds which are very non-irritating
and very safe to inject. In addition, the
development of rapid serial techniques has
greatly enhanced the usefulness of cerebral
angiography, allowing a detailed analysis
not only of regional vascular architecture
but of the rates of filling of each re-
gion '*. With the serial angiogram the

Vol, 5. — Number 1. 1965,
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clinician has a high-definition picture of
the spatial and temporal distribution of
momentarily opacified blcod in the brain
that tells him a great deal about brain mor-
phology and blood supply.

The angicgram is, however, a complex
and traumatic procedure which ideally
shculd be carried out only by skilled an-
giographers. When thus performed it is
very safe but when carried out as an oc-
casional procedure by relatively unskilled
angiographers it not only loses much of its
diagnostic value but can become relatively
hazardous.

Since angiography and isotope scans as-
sess quite different aspects of brain struc-
ture and function it is difficult to compa-
re them. However, if the clinician is satis-
fied with the crude detail inherent in iso-
tope scans this approach will probably de-
tect about as many tumors as angiography.
Because of these factors there seems to be
a definite place for isotope scanning for
brain tumor screening where for some rea-
son a carotid angiogram is unwarranted.
In the face of a suggestive scan, arrange-
ments can be made for a more definitive
workup which might include serial angio-
graphy or an air study.

One example of the usefulness of brain
scanning might be encountered in the ma-
nagement of a patient in poor general con-
dition in whom cerebral metastasis is sus-
pected. If more than one site of brain up-
take could clearly be demonstrated by iso-
tope scanning brain metastasis might be
presumed, sparing the patient the discom-
fort and hazard of carotid angiography.
This information could be obtained with
no discomfort whatever and at no risk sin-
ce scanning is completely painless and
atraumatic other than the slight radiation
hazard to the patient.

At the present state of scanning techno-
logy patient radiation is rather high by
very ccnservative standards. Recent inno-
vations such as Hgl97 neohydrin may lar-
gely have solved that problem. It is not
clear at present how much radiation is “ac-
ceptable”. All organisms are subjected to an
inevitable background radiaticn from cos-
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mic rays and natura]ly occurring radioiso-
tepes. Most of the isotope tests now carried
out do not apreciably increase this accu-
mulation from natural sources. The very
conservative, however, argue that any ad-
diticnal radiation is too much. With fur-
ther development of instruments and more
desirable isotcpes useful pictures should be
obtainable with radiation dosage accepta-
ble to even the most conservative critics.

The development of new instrumen-
tation is, however, very costly. Engineering
firms profit from the sale of instruments,
not directly from their development. If the
clinician expresses sufficient interest in
these devices, further development will be
stimulated. We shall then be closer to ful-
filling in clinical neurology the great pro-
mise which nuclear medicine offers to all
clinical disciplines.

SUMMARY

1. A general review of the development
and present status of brain tumor scanning
is presented. 2. Tumors are detectable be-
cause many labeled compounds will diffuse
into tumers from the blood more readily
than into the surrounding brain. 3. Tumor
scanning seems a useful part of the clinical

RES

1. Se presenta un analisis general del de-
sarrollo y estado actual del “scanning” del
tumor cerebral. 2. Los tumores son locali-
zables porque varios compuestos marcados
se difunden en los tumores desde la sangre
imas rapidamente que en la masa cerebral
colindante. 3. El "scanning” del tumor pa-

armamentarium but must be assigned a
realistic role in the overall clinical wor-
kup. 4. It is completely painless and
atraumatic. 5. The only hazard associated
with this technique is the minimal radia-

tion absorbed by the patient.

M EN

rece ser un elemento util entre los instru-
mentos de uso clinico; pero debe ser usa-
do en la clinica con criterio realista. 4. Es
absolutamente indoloro y atraumatico.
5. El danico peligro asociado a esta téc-
nica es la radiacion minima que el pacien-
te absorbe.

RESUME

On présente une vue générale du dé-
veloppement et de I'état présent du “scan-
ning” de la tumeur cérébrale. 2. Les tumeurs
peuvent étre localisées parce que beaucoup
de substances marqués se propageront du
sang aux tumeurs plus rapidement qu’a la
masse cérébrale voisine. 3. Le “scanning”

I'une tumeur est utile comme instrument
clinique, mais on doit lui donner un role
réaliste dans le travail clinique d’ensemble
4. Cela ne provoque aucune douleur et c’est
atraumatique. 5. Le seul danger associé
a cette téchnique est la radiation minimale
absorbée par le patient.

ZUSAMMENFASSUNG

1. Es wird eine allgemeine Uebersicht
ueber die Entwicklung und den heutigen
Stand der Hirntumordiagnostik mit radio-
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aktiven Isotopen gegeben. 2. Die Gesch-
wuelste sind erkennbar, weil viele mit Iso-
topen “‘markierte” chemische Verbindun-
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gen schneller vom Blut in die Geschwuelste
hinein diffundieren als in die sie umge-
benden Gehirnmasse. 3. Die Isotopentu-
mordiagnostik scheint eine nuetzliche Er-
weiterung des klinischen Ruestzeuges zu
sein; aber es muss ihr eine realistische Rol-
le bei der allgemeinen klinischen Verwer-
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Pneumoencephalography in

Brain Tumors

GIOVANN! RUGGIERO

Division of Diagnostic Neurological Surgery of

INTRODUCTION

It is not impossible to condense a 15-year
experience on pneumoencephalography
within a paper in which the main goal
is to draw only general outlinings on the
cubject, provided cne accordingly chooses
the proper subjects to discuss, relinquishing
any discussion on those aspects which must
be considered as foregrounds and on which
we weuld advise to consult our previous
papers and those of our school at the
Scrafimer-lazzarettet. At the present time
it will suffice to state that our further
experience has more than ever convinced
us that fractional air study is the best
technique by far in cases of brain tumors.
There is no doubt that ventriculography
still plays an important role among the
Neuroradiolcgical techniques; however, in
cur Department, in the last three years it
has never been carried out as first examina-
tion, but only when fractional encephalo-
graphy had failed to make a warranted
diagnosis. Table 1 shows how frequently the
two examinations have been carried out.

We shall not entertain in any technical
detail either. Usually, as previously stated
by Lindgren, we let the examination be,
so to speak, its own perfecrmer, for the
Neuroradiologist carries it out according to
the information acquired from the initial
films without following the rules of a
bounding routine. However, in our Depart-
ment, the encephalographic techniques have

56 ~

“Ospedale Maggiore” - Bologna, Italy.
(Director: Prof. G. Ruggiero).

become more refined and more enriched
by means of new technical advancements
among which the utilization of the image
intensifier with television control; the sum-
ministration of urea according to a personal
technique of ours and the amount and rate
of introducing the centrast medium and of
withdrawing (or not withdrawing) cere-
brospinal fluid. In so doing, the examina-
tion timec has been markedly shortened
especially that part of it perfermed with
the patient in sitting pcsition, thus de-
creasing the risks of the examination and
consequently improving its tolerability. It
is now for us a rule of paramount impor-
tance in the encephalographic technique to
keep a vatient as little as possible in the
sitting position especially when general
anesthesia is required. This is being sup-
ported by the first results of our clinico-
experimental researches.

Diagnostic importance of fractional
encephalegraphy

This subject can be viewed and discussed
from many sides: that of a competition
between encephalography and ventriculo-
graphy as alrcady mentioned above; the
role played by the former in the diagnosis
of location and above all, of relationship
of a tumor to the brain by stating whether
a lesion is intra- or extracerebral; its in-
dication in a specific group of tumors:
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Fig. 1. — Examination by means of con-
trast of cerebral exploration effected in
the Department of Newroradiology of
the Ospedale Maggiore, from November
Ist., 1961 to June 7, 1694. a) vertebral
arteriography: b) external carotid ar-
teriography; c¢) internal or common
carotid arteriography; d) fractioned en-
cephalography; h) gaseous
ventricolography.

suprasellar ones, of the posterior fossa, etc.,
the rate of filling of the ventricular sy*-
tem, etc. The editors of this Journal h-ve
kindly invited us to write this paper and
we have interpreted their invitation as
their desire to introduce the numerous
physicians interested in the diseases of the
Nervous System, to a general picture on
the actual possibilities of pneumcencepha-
lography and therefore we have tried to
condense the principal features of the diag-
nostic value of encephalography in brain
tumors, classified accerding to their loca-
tion.

Postericr Fossa Tumors:

In the tumors of the cerebello-pontine
angle or of the clivus, the main diagnostic
problem is to establish the relationship of
the lesion to the brain by pointing out
whether it is extracerebral or not and thus
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trying to make, in the majority of the
cases, a pathological diagnosis as well.
Fractional air study is, in our opinion, the
examination of choice, for the diagnosis is
based upon the outlining cof the cisterns.
Both extracerebral and intracerebral tumors
will displace the aqueduct and the fourth
ventricle in the same way; that is a dis-
placement upward, backward and to the
opposite side; however the cisterns will
behave differently: a large cerebral tumor
extending to the inferior portion of the
right lateral peduncle will displace the
fourth ventricle posteriorly, superiorly and
to the left side. The same displacement
will cccur in a case of a right acoustic
neurinoma. However in the former case
the cistern of the cerebello-pontine angle
will be either normal or compressed from
above and from thc midline outward,
whereas in the case of a neurinoma the
cistern will be lifted and it will show a
typical deformation. Even more typical is
the case of midline tumers: a meningioma
of the clivus will displace the fourth ven-
tricle posteriorly altering the contour of
its floor with a concavity open anteriorly
and downward due to an indirect com-
pression of the pons, in which the dilata-
tion of the ventricular system may occur
more often. However there are no doubts
as to the differential diagnosis for the pon-
tine cistern will appear completely diffe-
rent: in the case of a meningioma of the
clivus (and/or of any other extracerebral
tumor) it will be compressed and shifted
backward; in a pontine glioma it will be
either normal or irregular and shifted
anteriorly. In the tumors of the anterior
portion of the posterior fossa the ven-
tricular system is usually easily filled, and
the films can be interpreted without un-
duly difficulty, however a diagnosis can be
also made by studying the subarachnoid
spaces alone. In the tumors of the nosterior
portion of the posterior fossa a diagnosis
can easily and accurately be made only
when the fourth ventricle and the aqueduct
are visualized, and consequently displaced
anteriorly and/or towards the opposite
side.

Unfortunately their filling does not occur
but rarely, making the diagnosis rather in-
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dagincus. On the other hand the outlining
of the cisterns will always make it possible
to state that the lesion is located within
the posterior portion of the posterior fossa,
however it will seldom show the side of
a cerebellar lobe tumor or the midline po-
sition of a tumor whether of the fourth
ventricle or of the vermis.

28 ~
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Fig. 2. - a, b and c. — Fractioned en-
cephalography in a case of cerebral
astrocytoma verified on the left side.
The pontine cistern is considerably
pushed against the clivus and the Galen
vein cistern, and substantially lifted
and pushed forward to the level of the
nferior quadrigeminal plates; the air
underneath the tentorium shows that
same is lifted. These signs demonstrate
the presence of a marked hypertension
in the posterior part of the posterior
fossa (a). On the left side the ponto-
cerebellar angle cistern (b) and the in-
ferior portiom of the circumpeduncolar
vistern (c¢) are mnot wvisualized, thus
showing that the lesion 1is situated in
the left cerebellar hemisphere,

As cpposed to the tumors of the anterior
portion of the posterior fossa, in the ce-
rebellar tumors the diagnosis is based upon
indirect signs. In the former ones the site
of the tumor —cerebello-pontine angle ou
prepeduncular space— is clearly visible by
the distortion of the cisterns, whereas in
the cerebellar tumors this does not occur,
for the cerebellum 1s not visible. Therefore
the diagnosis can be established only in-
directly, i.e. through the disiortions of the
brain stem and above all of the pons, dis-
placed anteriorly and/or towards the op-
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Fig. 3. — Fractioned encephalography
in a case of left cerebellar abscess. The
cerebellar vallecula is displaced
to the tight.

posite side. Its forward displacement is
clearly shown by the typical appearance
of the pontine cistern with its middle por-
tion markedly pushed forward and com-
pressed from behind determining an accen-
tuation of its posterior concavity towards
the anterior wall of the pons (fig. 2).
This is an absolutely pathcgnomonic sign
of a tumor of the posterior portion of the
posterior fossa and it is very often associa-
ted with a filling defect of the extracere-
bellar portion of the cisterna magna, in-
dicating a herniation of the cerebellar
tonsils.

We have already stated that the accurate
localization of a cerebellar lobe tumor
(right, left or midline) may be difficult
if there is no filling of the ventricular
system.

However (figs. 3 and 4) few other small
signs can give some lead towards a more
accurate diagnosis: a flattening or a lack
of filling of one cf the lateral recesses of
the interpeduncular cisterna ambiens on
one side; a marked assymmetry of the roof
of the Cisterna of Galen, demonstrating
that the transtentorial herniation of the

Vol. 5. — Numbcr 1. —— 1965,

posterior fossa structure is more prevalent
on one side; a deviation or tilting of the
anterior portion of the cisterna magna, ce-
rebellar vailecula.

It must be emphasized that all these
structures mainly because of their scanty
visualization caused by the hypertension
within the posterior fossa. As opposed to
the hemispheral tumors, in these cases the
sumministration of urea seldom causes the
ventricular system to fill, however its use
may still be advantageous as an indirect
sign: if the fourth ventricle shows no filling
even after urea, then the stenosis cf the
regular pathways between subarachnoid
spaces and ventricular sysitem may be stated
to be caused directly by the tumor and
not be the edema as in the cerebeliar lobe
tumors. The location of the space-occupying
lesion is then to be placed near the midline.

When a tumor is located within the
fourth ventricle, this is usually more or less
completely visualized. If necessary, a ven-
triculography may be in crder. We shall
tecall here the criterion of differential
diagnosis between an intraventricular
tumor and a tumor invading the fourth
ventricle secondarily; in the former case
the ventricle is distorted and “filled in”
by the lesion, but not displaced; whereas
in the latter one it is distorted and dis-
placed.

An intracerebellar hemispheral tumor
cannot be differentiated from an extracere-
bellar tumor, for instance a meningioma
of the tentorium, on a pnreumoencephalo-
graphic basis only. The meningiomas of
the falcotentorial junction are the only ex-
ception.

Their dural acttachment is located in
proximity of the posterior surface of the
incisura tentorial. There does exist a
rathognomonic sign described by us toge-
ther with Castellano: the straightening of
the aqueduct. For this reason, when a
tumor of this nature is suspected and en-
cephalography has failed to fill the ven-
tricular system, then ventriculography is
mandatory in order to achieve a differential
dignosis of paramount importance between
meningiomas of the falcotentorial junction
which are operable, and gliomas of the
pineal region which are not.
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We are fully aware of the fact thar non-
neuroradiolcgists may find all these small
and big signs rather intricate. However the
difficuliy of the examination docs not de-
prive it of its value; it just emphasizes
that encephalography must be carried out
by a specialist.

At any rate, let us summarize schema-
tically the main signs of ti:e most common
types of tumors of the posterior fossa:
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Fig. 4. - a, b, ¢ and d. — Fractioned
encephalography in a case of left mul-
tiform temporal glioblastoina, The cotm-
tra-t does not penetrate the supraten-
torial part of the wventricular system,
but anly the fourth wventricle is visua-
lized, and the inferior portion of the
equeduct is displaced to the right (a).
After the odministration of urea the
contrast penetrates easily the lateral
ventrieles and the third ventricle, show-
‘ng the existance of a tumor in the left
hemizphere (b) from where the study
of the temporal horns proves 1its in-
filtrating nature (¢ and d). Actually the
lett temporal horn is medially displaced,
lifted and its contour appears irregular.

Cerebellar hemisphere tumors and menin-
giomas of the tentorium and lateral sinus, —
Fourth ventricle displaced anteriorly and
to the opposite side: aqueduct diaplaced an-
teriorly, to the opposite side an “kinked”;
posterior portion of the third ventricle
lifted; pontine cistern displaced anteriorly
with accentuation of its posterior conca-
vity; filling defect of the extracranial por-
tion of the cisterna magna.

Vel. 5. — Number 1.
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Tunzors of the ceiebelio-poniine angle, —
Aqueduct and fourth ventricle lifted and
displaced backward aad to the cpposite
side. Cistern of the homolateral cerebello-
pontine angle lifted.

Alfﬁ”zgumufzs of the clivus, — Upward
and poster;or displacement of the agueduct
and of the fourth ventricle; pentire cistern
displaced posteriorly.

Pontine glioma. — Agucduct and fourth
ventricle displaced upward and posteriorly;
pentine cistern normal or slightly distorted
and pushed anteriorly.

Hemispheral Tumors

It weuld certainly defeat the purpose of
tais paper, should we begin any discussion
on the pneumoencephalographic diagnosis
of the brain tumors, which is mainly based
upon the outlining of the ventricular sys-
tem with the exception cf the parasagittal
tumors, We shall limit. to mention only
the most recent progress in the diagnostic
field. The urea technique has made it pos-
sible for us to eliminate in aimost all the
cases the inconvenience of an insufficient
filling or of a non-filling of the ventricular
system (fig. 5), with the exception
of intraventricular tumors, the lack of
filling is always due to edema with a two-
fold mechanism: a direct one, by flattening
the lateral wall of the ventricle itself and
an indirect onc by causing a rather large
temperal herniation which in turn squeezes
the brain stem against the free margin of
the tentorium with consequent stenosis of
the aqueduct. In both instances the sum-
ministration of urea will be greatly useful
by decreasing the edema and thus allowing
the passage of the contrast medium into
those regions of the ventricular system not
pricrly visualized. In several cases it might
be possible to localize even with a fair
accuracy a brain tumor by visualizing the
subarachnoid space alone. However it
would be extremely difficult to make a
diagnosis which would not be open to some
sharp criticism.

The localization of a hemispheral tumor
can be achieved in the great majority of
the cases by means of carotid arteriography
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cven though no newly-formed pathological
vessels may be present. However it is not
co easy to establish how deeply located the
lesion is, which is, withour fail, a diag-
nestic element of paramount importance
in the field of modern neuroradiology
which feels cenceited enough to suggest to
the surgeon the eventual criterin of ope-
rability. In three circumstances pneumo-
(.ncep"l'llography demonstrates in our opi-
nion, its superiority over arteriography:
1) Tumors intiltrating and icvading the
ventricles. 2) Parasagittal tumors. 3) Tem-
beral tumors.

We shall only limit to emphasize the
criterion in order to differentiate an intra-
ventricular tumor from a tumor invading
the ventricle secondarily. In the former
case the ventricle is dilated and shows a
filling defect but it is not displaced or if
t0, very slightly. In the latter one, the ven-
tricle is markedly displaced and its walls
are indented.

In temporal tumors the three main ele-
ments of an arteriographic localization are:
the calvarium; the Sylvian group and the
anterior cerebral artery, whereas the ele-
ments of an encephalographic localization
are four: calvarium, Sylvian sulcus, tem-
roral hcrn and septum pellucidum. It is
indeed the temporal horn that makes it
cossible to Jocate the lesion laterally or
medially to the ventricle thus defining its
relationship with the basal ganglia.

In parasagittal tumors the outlining of
the cistern of the corpus callosum allows
a substantial differentiation between a me-
ningioma of the falx, in which surgery is
mandatory, and an intracerebral tumor in-
tiltrating the corpus callosum, making sur-
gery not only unnecessary but also not
advisable.

Suprasellar Tumors

There is no doubt that the superiority
of fractional air study above all of the other
means of investigation has been widely
accepted in this type of pathology, for only
this technique can point out with certainty
whether a tumor is inira or extracerebrally
located and thus solving the diagnostic
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Fig. 5. - a, b, ¢ and d. — Fractioned
encephalography in a case of left fronto-
parietal subdural hematoma, The con-
trast does mot penetrate the supraten-
itortal part of the ventricular system; the
brain stem appears displaced down-
wards and to the right (1 and b). With
the admainistration of wrea the contrast
passes easily to the supratentorial part
of the wentricular sustem (c¢), which
appears displaced in block to the right
keeping, however, a normal-appearing
morphology (d).
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problem and giving a determining contri-
bution towards tae type of therapy:
Surgical treatment, stereotactic surgery,
Roentgetherapy, etc. As far as the mere
localizaticn cf these tumors is concerned,
encephalography may even be wvalueless,
for the intrasellar, and suprasellar tumors
are usually easily diagresed on the basis
cf the anamnesis, of the neurclcgical exa-
mination and of the x-ray examination of
the skull.

The encephalographic diagnosis is based
upon a cemparative study between the
outlining of the ventricular system and
that of the suprasellar cisterns. The typical
teature of the latter ones is as follows: in
the intracerebral tumors the cisterns are
pushed downward and compressed; whereas
in the extracerebral ones they are lifted
and they often outline the contour of the
tumor. However, their visualization is not
SO easy as it might seem; in very large space-
occupying lesions the cisterns may be so
poorly filled to render their interpretation
rather difficult. In these cases one must
pay attenticn to the ventricular contours:
in the extracerebral tumors, even if the
third ventricle is markedly distorted and
displaced upwards, the outlining of its
antero-inferior portion can always be in-
dividualized and the chiasmatic and the
hypophisary recesses are usually farther apart
frcm each other. In the cases of infiltrating
gliomas the ventricular outlining is always
completely distorted. A very accurate tech-
nique is indispensable. The cisterns must
be studied with the patient both in the
sitting and in the supine positions. Tomo-
graphy may undoubtedly bring forth some
further information, however the most use-
ful information may be gained by taking
some control films few hours after the air
study. The reabsorption of the air from the
subarachnoid spaces cccurs more rapidly
than in the ventricles; for this reason the
delayed controls may show more clearly
scme portions of the ventricular system
which were formerly ill defined due to the
superimposition of the subarachnoid air. It
is sometimes possible to observe surprising
changes in the whele victure without fully
understanding its mechanism of action. We
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would like to mention as an example of
what was just said, the case of a patient
whese air study showed an amputated fron-
tal horn, suggesting the presence of an
infiltrating intraventricular tumor; which
at an eight hour control appeared to be
perfectly well visualized and displaced up-
wards. The final diagnosis, controlled there
after surgery, was that of a craniopha-
ryngioma. We have also been able to de-
monstrate with delayed controls the pre-
sence of poroencephalic cysts which were
not visible at the time of the examination.
Brain tumors arising and/or involving the
midline structures.

All the tamors taking their origin from
the anterior pertion of the septum pelluc1-
dum as far back as the pineal region and
the cerebral peduncles, tcgether with the
thalamic tumors, will be grouped and dis-
cussed in this chapter (the tumors of the
pons and of the fourth ventricle belong
to the posterior fossa group even though
they occur within midline structures).

As far as the gliomas of the corpus
callosum are ccncerned, we have already
mentioned the usefulness of studying
the cistern of the corpus callosum in order
to differentiate them, if necessary, from the
meningiomas of the falx. In the very large
thalamic tumors a typical sign will be pre-
sent: the upward displacement of the floor
of the lateral ventricles giving rise to a
downward concavity. The pineal region
tumors do not usually entertain any dif-
ficulty in diagnosing them, provided the
ventricular system be visualized. In these
cases, as well as the tumors of the foramen
of Monro, ventriculography is often man-
datory The ocutlining of the posterior
portion of the third veniricie and of
the superior portion of the aqueduct is
typical. In pinealomas there is a charac-
teristic distertion of the posterior portion
of the third wventricle which appears
to be amputated and concave downwards,
whereas in the gliomas of the quadrige-
minal plate there does exist some “straigh-
tening’’ of the inferior portion of the pos-
terior margin of the third ventricle and of
the upper pertion of the aqueduct, which
is often stenotic. The type and the degree
of the stenosis are to be considered of pa-
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Fig. 6. - a and b. — Fractioned ence-
phalography in a case of spontaneous
acute intraventricular hematoma.

ramount importance in crder to differen-
tiate a tumor from an inflammatory type
of occlusion. However, it is our opinion
that greater cinphasis shculd be placed
upon the outlining of the cisterns of the
brain stem and more so of the cistern of
the vein of Galen, which is ill visualized
and distorted in the case of a tumor, whe-

reas it will appear dilated secondary to

atrophy of the brain stem in those stenosis
of inflammatory origin.

In the tumors of the cerebral peduncles
cncephalography makes it possible a living
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anatomical study of the region, for the
brain stem is surrounded by cisterns and
especially the cisterna ambiens.

A mere detailed diagnostic discussion on
these different types of tumors goes far
beyond the aim of this paper, however
there is no doubt that a diagnostic progress
has been achieved since our monography
on encephalog"aphy, in which this chapter
on tumors arising from the midline struc-
tures is completely wanting. We would like
to state further that it is rare and perhaps
impessible to find tumors strictly located
withing the upper brain stem; they are
usually gliomas extensively infiltrating the
mesencephalon and/or the diencephalon
In the ro-called pinealomas it is often pos-
sible to see, besides the filling defect of
the posterior portion of the third ventricle,
signs of invasion within one of its lateral
walls and censequently of the thalamus.
Almost all the gliomas of the quadrige-
minal plate encountered by us, were found
to be creeping anteriorly and superiorly
towards the pulvinar and the splenium of
the corpus callosum, whereas their down-
ward extension with invasion of the pedun-
cles, could be ascertained by observing the
distortion cf the cisterna ambiens.

This diagnostic progress, partly due to a
technical progress, has so limited surgical
intervention in this group of tumors to
almost eliminate. One might be tempted
to feel sorrv for it if new horizons did not
cpen tc a more proper treatment of these
lesions: isotope implantation through ste-
reotactic surgery. These new procedures
necessitate a meticulous precision in localiz-
ing the tumor and in outlining the con-
tours, in order to avoid bringing any un-
toward lesion to surrounding normal struc-
tures. Encephalography has undoubtedly
given a great contribution to the develop-
ment of these new techniques.

Encephalography in head injuries and
cerebro-vascular accidents

We have been able to demonstrate with
cncephalography the presence of intraven-
tricular hematomas (fig. 6) in those cases,
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in which bilateral carotid arteriography
had completely failed to do so. In the head
injury cases a negative air study together
with a negative arteriography wi!l certainly
rule out the presence of posterior fossa
hematomas and thus it will eliminate any
possible surgical exploraticn which might
further aggravate the patient’s condition.

SUM

This paper is a schematic cutline of the
main aspects cf fractioned encephalography
in cerebral tumors, in the light of the latest
technical developments (administration of
urea, delayed control) and of interpreta-
tion of radiograms.

The question of pneumocencephalograp-
hic diagnosis of posterior fossa tumors is
critically discussed, with particular regard
to the diagnosis of lateral tumors in the
brain hcm:spheres and the localization of
tumors in the fourth ventricle.

Fractioned encephalography is the tech-
nique to be chesen in cases of extracerebral
tumers in the cranial basis, as it allows
diferential diagnosis with intracerebral tu-
mors in the diencephalen and mesencepha-
lon.

In supratentorial tumors, the perfusion
of urca during encephalography has prac-

This last statement as to the indications
cf encephalography might well be, in our
opinion, an appropriate conclusion to this
paper, in which we have tried our best to
place emphasis on the most recent tech-
nical and diagnostic advancements in the
field of pneumoencephalography in regard
to the space-occupying lesicns of the brain.

MARY

tically suppressed the inconveniences of in-
sufficient filling of the ventricles caused
by cerebral oedema. This technique has un-
doubtedly constituted a fundamental pro-
gress in diagnosis in the field of cerebral
hemisphere tumors. Radicgraphic control
cffected furthermore some hours (general-
ly form 6 to 8) after the examination, is
also useful because it allows an improved
visualization of the ventricular images
which appeared concealed, in the sub-
arachnoid space. In the latter case the air
is more rapidly reabsorbed than in the
ventricular system.

The paper concludes, reminding the
usefulness of pneumoencephalcgraphy in
acute vascular accidents, traumatic or not,
where this technique proved to be a fun-
damental aid to carotid arteriography.

RESUMEN

Este trabajo reune los aspectcs funda-
mentales relacionados con el empleo de la
encefalografia fraccionada en tumores ce-
rebrales, de acuerdo a recientes conquistas
en su técnica (suministro de urea y con-
troles radiograficos de 6 a & horas después
del examen) y en su diagndstico.

El problema del diagnéstico neumoence-
falcgrafico de los tumores de la fosa pos-
terior es considerado particularmente con
miras a la posibilidad de establecer el lado
involucrado y 11 localizacién intraventricu-
lar del tumcr dentro del cuarto ventriculo.

La encefalografia fraccionada es la téc-
nica mas indicada en los tumores extrace-
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rebrales de la base del craneo, ya que per-
mite el dignostico diferencial con respecto
a tumores intracerebrales diencefalicos y
mesencefalicos.

En los procesos expansivos supratentotia-
les, la técnica del suministro de urea ha
eliminado practicamente el efecto negativo
de la falta parcial ¢ total de relleno de
los ventriculos laterales debida al edema
cerebral.

Esa técnica ha permitido un progreso
diagndstico considerable en el dominio de
los tumores cerebrales hemisféricos. Un
contrel radiografico realizado pocas horas
(generalmente de 6 a 8 horas) después de
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la encefalografia resulta igualmente util.
De hecho con esta técnica es posible ob-
tener una mejor visualizacién de los de-
talles ventriculares, oue eran dificiles de di-
fercnciar de la imagen del espacio subarac-
ncideo, porgue el aire es mas rapidamente
reabsorbido que en los ventriculos.

Por ualtimo el autor senaia el valcr de
la encefalografia fraccionada en los acci-
dentes vasculares agudos —traumaticos ©
no— en que esta técnica puede significar
una ayuda util a la exploracion angiogra-
fica.

RESUME

Ce travail est un aper¢u des aspects
essentiels de l'encéphalographie fraction-
née dans les tumeurs cérébrales a la lumizre
des acquisitions les plus récentes dans le
domaine de la téchnique (administration
d'urée, controles a distance) et de l'inter-
prétation des clichés.

On revoit de fa¢en critique le probleme
de diagnostic pneumcencéphalographique
des tumeurs de la fcsse postérieure, en in-
sistant sur les progrss les plus récents: le
diagnostic de cotz des tumeurs des hémis-
pheres cérébélleux et celui des tumeurs
dans le quatrizme ventricule.

L'encéphalcgraphie fractionnée est la
m2thode I'élécrion dans les tumcurs extra-
cérébrales de 11 base du crane qu’elle per-
met de différencier de celles intracérébra-
les des régions diencéphalique et mésencé-
phalique.

ZUSAMME

Diese Arbeit ist eine schematische
Darstellung der wichtigsten Aspekte der
fraktionierten Enzephalographie bei Hirn-

tumoren unter Beruecksichtigung  der
neuesten technischen Fortschritte (Vera-
breichung von Urea, die radiologische

Kontiolle nach 6 - 8 Stunden, und d=r
Deutung der Radiogramme).

Das Prcblem der pneumoenzephalcgra-
phischen Diagnose der Tumoren in der
Fossa posterior wird kritisch besprochen
unter besonderer Beruecksichtigung der
moeglichen Lcokalisierung der Seite eines
Tumors der zerebellaeren Hemisphaere und
der intraventrikularen Lokalisierung eines
Tumors des vierten Ventrikels.
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Dans les tumeurs supratentcrielles 1'asso-
ciation a l'encéphalographie de lI'adminis-
tration d’urée supprime pratiquement les
inconvénients du remplissage insuffisant
des ventricules a cause de lI'oedeme. Ceci
constitue un progrés important du diagnos-
tic des tumeurs hémisphériques. De méme
les controles radiographiques pratiqués
quelques heures (en général de 6 a 8)
apres l'encéphalographie sont utiles, sur-
tout pour mieux interpréter des immages
ventriculaires masqués par les espaces sous-
arachnoidiens, car dans ceux-ci 'air se ré-
sorbe plus rapidement que dans les ven-
tricules.

On rappelle enfin l'utilité de 'encévha-
lographie dans les syndromes aigus d’he-
morragie cérébrale (traumatique cu non),
ou elle peut se révéler un complément de
Partériographie d’'une importance insoup-
connée.

NFASSUNG

Die frakticnierte Enzephalographie ist
die Technik der Wahl bei extrazerebralen
Basaltumoren, da sie die Differenzialdig-
nose gegenueber intrazerebralen Tumoren
des Dienzephalons und Mesencephalons
erlaubt. Bei den supratentorialen Tumcren
hat die Perfusion von Urea waehrend der
Enzephalographie praktisch die Schwierig-
keiten der durch Hirnoedem verursachten
ungenuegenden Fuellung oder Nichtfuel-
lung der Ventrikel beseitigt. Diese Technik
ist ohne Zweifel ein grundlegender Forts-
chritt bei der Diagnose der Hemisphaeren-
tumoren. Die radiologische Kontrolle die
ausserdem einige Stunden (06-8 Stunden)
nach der Untersuchung ausgefuehrt wird,
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ist ebenfalls nuetzlich weil sie eine verbes-
serte Sicht der véntrikulaeren Details er-
laubt, welche nur mit Schwierigkeit von
den Gebilden im subarachnoidalen Raum
differenziert kerden konnten. In diesem ist
die Luft schneller reabsorbiert als im ven-
trikulaeren System.

- Die Arbezit schliesst, indem sie an die
Nuetzlichkeit der fraktionierten Enzepha-
lographie bei akuten Gefaesstoerungen
traumatischen oder nicht traumatischen
Ursprunges, wobei diese Technik sich von
grundlegendem Vorteil bei der Angiogra-
phie erwies.
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The Place of Electro-Encephalography
in the Diagnosis of Cerebral Tumors

O. MAGNUS and J. H. A. van der DRIFT

From the Neurological and Neurosurgical Hospital St. Ursula, Wassenaar.

It is 35 years ago since Hans Berger
published his first paper “Ueber dis Elek-
trenkephalogram des Mencchen” and 28
years since Grey Walter showed that it is
possible to locate a cercbral tumor with
the aid of this method.

Electroencephalography is practised
throughout the world, particularly in cases
suspected of having a cerebrai tumor, Still
the opinions concerning the value of this
method for the diagnosis of cerebral tumors
vary greatly, particularly amongst neuro-
surgeons who are in charge of the patients
and whe have the responsibility for their
treatment. Other methods, such as for ins-
tance pacumoencephalography and cerebral
angiography have been perfected, so that
they are less nocuous and provide better
inforimation than 10 or 15 years ago. And
new methods such as the investigation of
the brain with ultrascund (echo-encephalo-
graphy) or with radic isotopes (gamma-
encephalography and measurement of the
cerebral circulation) have been developed
and are applied to a rapidly increasing
degree.

For these reasons it may be useful to
reconsider the place of electro-encephalo-
graphy in the framework of the diagnosis
of cerebral tumors.

We cannot, in this short review, give a
survey of the EEG abnormalities caused by
a cerebral tumor. In recent years a number
cf publications has been devoted to the
various aspects of this subject (Bagchi';

(The Netherlands).

Medical Director: J. M. J. Tans, M.D.

van der Drift” % 7; Hess ''; Bechterewa =;
Magnus ', Storm van Leeuwen and Cobb).

There are however a number of aspects
which are by no means new, still do not
always reccive the attention which they
deserve.

i. The cerebral tumor is electrically
inactive. The EEG can therefore not give
direct information cn the site and extent
of a cercbral tumor. What is reflected in
the EEG is the change to which the tumor
gives rise in the grey matter of the brain.
In this, as in many other respects, the
EEG-findings resemble those of the necuro-
logical examination: a cerebral tumor can
cnly be detected directly for instance by
the presence of an intumescence of the
skull. In the large majority of cases the
clinical tumor signs are due to increased
intracranial pressure and/or to a disturbance
of function of certain brain areas as a con-
sequence of the presence of the neoplasm.
it is fortunate that the EEG gives an in-
dication of a quite different type of dis-
turbance of cerebral function: in this way
it can give valuable complementary infor-
mation to the neurological investigations.

2. Though we know only relatively
little about the pathophysiology of the
EEG, i.e. about the factors which are res-
ponsible for the EEG changes, it is in most
cases of hemisphere neoplasms possible to
make a correct localization. The most im-
portant localizing sign is the presence of

Vol 5, — Number 1, 1965,
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a silent area. Often there is no complete
electrical silence, even in the region over
a tumor, but rather a depression of faster
background activities of the alpha, beta-
and theta- range with in the same regicn
irregular or polymorphic delta activity *,

Usually the slowest and the most irregular
deita activity is nearest to the lesion. ln-
termittent and/or rhythmic delta activity
has much less localizing value and this is
usually even more true for theta activity.
Of course in the early stages of a neoplasm
local theta activity over the tumor may be
tke cnly EEG abnormality. We can readily
understand this when we realize that the
cortex overlying a tumor in the early stage
may be affected in a similar way as the
cortex more at a distance at a later stage.

It is well known that the EEG gives
best results in cases of space occupy’ng le-
sions in the cerebral hemispheres. Tumors
of the brainstem generally give less specific
abnormalities; they are to a certain extent
similar to those which are seen at a dic-
tance from the lesion in hemisphere tumors.

Subtentorial lesions by themselves usually
do not give rise to abnormalities in the
EEG. They do so when they interfere with
the circulation in supratentorial structures
either as a censequence of increased intra-
cranial pressure or by direct obstructicn
of cerebral vessels. In children this tends
to give rise to slow activity in posterior
regicns, in adults the slow activitv is often
mcst marked over the frontal lobes,

* Often this delta activity has a consi-
derable voltage so that the amnplification
must be reduced which makes it difficult to
evaluate the faster background activity. In
such cases it is necessary to reduce the time
constant to about 0.02 or 0.03 sec. and to
increase the gain in order to be able to
judge asymmetries of this activity. Normally
the EEG must be recorded with a time
constant of at least 0.3 sec. and preferably
with a time constant of 0.5 or 1 sec. If there
is very slow delta activity this becomes often
clearer on recording with a paper speed of
0.5 to 1.5 sec. These technicalities may seem
irrelevant but in fact it is our experience
that too often they are neglected which may
lead to erroneous interpretations. It is always
necessary to look especially for the depres-
sion of the background activity because it
is a much less prominent feature of the EEG
than the delta activity.

Vel. 5, — Number 1. 1965,

3. A very important factor in determin-
ing the type and degree of abnormality of
the EEG is the speed with which a space
occupying lesion develops. If a lesion as
for instance a meningioma of the lesser
wing of the sohenoid grows very slowly,
it may reach a considerable size without
giving rise to any abnormalities in the
EEG. If there are abnormalities they tend
first to be more of an "irritative’ nature,
i.e. they consist of paroxysms of sharp
waves, complexes of sharp and slow waves
or sometimes spikes. Then there may be
a change in the background activity, either
an increase or decrease of the amplitude
or a change in the frequency cor the re-
gularity. A much smaller lesion developing
rapidly usually causes much more marked
changes in the EEG and this is even more
true for acute space occupying lesions, such
as haemorrhages and also for rapidly grow-
ing cysts. It is apparently very important
ro what degree the brain is able to adapt
tc the growing lesions. For this reason we
can usually distinguish between a stage of
compensation and a decompensated stage
(van der Drift™ %7 and Magnus '*).

Here again there is a parallel with the
clinical picture: slowly growing tumors
may reach a considerable size befcre giving
rise to clinical symptoms and then the first
sign may be the development of epileptic
phenomena; rapidly growing lesions usually
cause symptoms in an early stage.

4. One of the most important factors
a determining EEG abnormalities both in
the regicn of the tumor and at a distance
is a disturbance of the circulation. On
studying the cerebral circulation with the
aid of radiozctive isotopes in cases with
cerebral tumor, there appeared to be a cer-
tain correlation between the slowing of
the circulation and the degree of the ab-
normalities of the EEG (van der Drift ™
6.7, Magnus '* and van den Berg).

Particularly in old persons with a space
cccupying lesion the disturbances of the
circulation may dominate both the clinical
picture and the EEG. In such cases the his-
tory may be typical for recurrent cerebral
ischaemic attacks and the EEG may also
show disturbances suggestive of a vascular
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Fig. 1.

lesion. Only further investigations (echo-
encephalcgraphy and, if this is positive ce-
rebral angiography) will reveal that this
syndrome is secondary to a cerebral tumor
or another type of a space occupying lesion
such as a subdural haematoma. It is always
necessary to think of this possibility in cases
suspected of having a cerebral ischaemic
lesion.

5. This is one of the conditions in which
echo-encephbalography with ultrasound has
proved particularly valuable.

With this method the reflections of ul-
trasound pulses against transition surfaces
of the brain such as the wall of a ventricle,
the falx or the inner table of the skull,
are used to locate these surfaces within the
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skull. Median structures such as the third
ventricle and the falx have proved to give
particularly clear and constant ultrasound
echo’s. With some experience displacement
of these structures can be detected with a
reliability of better than 909% (de Vlieger
and Ridder '"; Lithander '*; Ford and Am-
brose '"; Schiefer et al. ")

The relatlvely elementary information,
whether or not there is a shift of midline
structures often proves to be very important
for the decision whether there is a space
occupying lesion, i.e. whether further diag-
nostic measures should be taken in view
of neurosurgical intervention. In general
this method is particularly useful in com-
bination with the EEG as the 2 methods
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TEMPORAL CENTRAL FRCNTAL

— Mrs. v.D.-P. Echo-encepha-
logram,

Shift of the deflections of the midline
echo with the transmitter-receiver in
the temporal, central and frontal regions.
The pictures obtained with the probe on
the left side are presented upside down
in order to facilitate comparison. When
transmitting from the right side the
midline deflection is more to the left in
the diagram indicating a shorter distance
from the midline to the probe, when
transmitting from the left side the
midline deflection is more to the right,
indicating a longer -distance midline
to probe.

Fig. 2.

are complementary to each other. The EEG
often provides a good lateralization and
location of a lesion and gives valuable in-
formation as to the general condition of
the brain. But it can give only indirect
and uncertain indication as to whether a
lesion is space occupying. The echo-
encephalogram on the other hand gives
practically no information concerning the
lesion itself but it tells whether there is
a space occupying or retractive process on
the side of the lesion demonstrated by the
EEG.

As both these methods are harmless and
can easily be performed and repeated in
outpatients they enable one in conjunction
with the necurclogical examination to arrive
at a satisfactory preliminary diagnosis and
at a better selection of patients for admis-
sion to the hospital in the large majority
of the cases.

6. Another method, gamma encepha-
lography uses the fact that certain subs-
tances after intravenous injection are stored
with higher concentration in certain brain
tumors than in the surrounding brain tis-
sue. When these substances are labelled
Vol. 5.

— Number 1, 1965,

with radioactive isotopes the radiation over
the various brain areas can be measured
and the activity over symmetric areas can
be ccmpared. Various substances are used
e.g. radioactive iodinated human serum
albumine (RISA), chlormerodrin tagged
with mercury 197 or mercury 203 etc.
(Planiol '%; Dugger and Pepper *; Sweet et
al, 18 Femdel et al.?).

A number of measurements is made over
the skull either with manual positioning
of the scintillation probe or with an auto-
matic scanning device. In our hospital RISA
encephalography is used and measure-
ments are made 1, 24 and 48 hours after
the injection, so that the way in which
the isotope is stored in and washed out
from the different brain areas can be
followed and compared. This method gives
not only an indication of the location but
also of the tyve of the lesion. As compared
with EEG it has the advantage of giving
a direct indication of the actual site of the
tumor. It also enables one to detect the
presence of several tumors such as metas-
tases. If necessary it can be aoplied in out-
patients.

A drawback of the method is that
because of the radicactivity it is not
completely harmless and should not be
applied indiscriminately wvarticularly in
veung subjects. When radioactive iodine
is used the patient must be prepared with
Lugol’s solution in order to protect the
thyroid gland. It is also 1 complicated and
time consuming method. However. with
selected patients, it gives very valuable in-
dications as to the oresence, location and
type of a cerebral tumor.

Of course the combination of these va-
rious methods, which can be applied to
outpatients, gives a much higher degree
of certainty concerning the type and loca-
tion of a lesion. At least as important
hcwever is that in many cases they can
help to exclude with a higher degree of
reliability the presence of a space occupying
lesion.

The following case-histories may serve to
illustrate some of the points discussed
above.

Mrs. v. D.-P., 37 years of age was re-
ferred to a neurologist because of 2 attacks
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A. — Lateral view. Note marked upward

displacement of the middle cerebral ar-

tery and forward shift of the anterior

cerebral artery. Downward displacement
of the posterior cerebral artery.

B. — A-P view, Large displacement of
the middle and posterior cerebral ar-
teries, only little displacement of the
anterior cerebral artery over the midline,

Fig. 3. — Mrs. v.D.-P. Left carotid an-
giogram,

of unconsciousness, which had occurred with
an interval of 3 months, both times after
an emotional upset. They were associated
with jerks and turning of the head to the

T2 ~

right and a toaic extensor spasm lasting
for half an hour. The period of unconscious-
ness lasted for 5 hours.

After a head injury at the age of 20 she
had had headaches which had gradually
diminished during the last year. Likewise
at the age of 20 she had had an anxiety
state, Since tiat time she had occasional
short spells cf dizziness without a distur-
bance of consciousness.

On examination the patient was alert,
tense and nervous. She appeared to be phy-
sically fit and no neurological abnormalities
were found. Straight x-rays of the skull
revealed no abnormalities.

The EEG (fig. 1) however revealed as
most important abnormalities the presence
of focal irregular delta activity in the left
anterior tzmporal region and paroxysms of
irrcgular bilaterally synchronous fast and
slow activity, mixed with spikes. The fast
components were less marked in the left
frontal regicn, on that side however therc
was more intermittent rhythmic delta ac-
tivity. Tke findings were considered to in-
dicate that there was a lesion in the left
anterior temporal or fronte-temporal region
and of an irritative brain stem disturbance,

The echo-encephalogram (fig. 2) showed
that there was a marked displacement of
midline structures to the right side, the
temporal, central and frontal echa’s being
displaced about 5%, corresponding with
a shift of the midline of about 1 ¢m beyond
the median plane. Because of these findings
the patient was admitted to the hospital,
where the above findings were confirmed.
The left carotid angiogram (fig. 3) showed
a very marked displacement of the anterior
and middle cerebral arteries and patholc-
gical vessels over the lesser wing of the
sphenoid, indicating the presence of a large
expanding lesion in this area. With gamma
encephalography (fig. 4) there was some
hyperactivity in the left anterior temporal
region, increased after 24 hours.

On these findings a probable diagnosis
ct meningioma of the lesser wing of the
sphenoid was made. The patient refused
operation, She was discharged with the
advice to remain under close neurological
supervision.

Vol. 5.
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Fig. 4. — Mrs. v.D-P. Gamma ence-
phalogram.
A. — Percentual difference between the

counts from the left and right side after

1 and 24 hours respectively. Abscissa:

locations of the collimator as indicate
in C.

B. — Values of the radioactivitu in

vounts per 30 sec. measures after 1 howur

on the right and left side respectively.

C. — Diagram indicating the area of
hyperactivity.

Comment

There was a striking discongruence bet-
ween the paucity of clinical signs on one
hand and the clear abnormalities in the
EEG and the echo on the other hand, sug-
gesting that this was a slowly growing le-
ston having led to a very strong displace-
ment without appreciable loss of function.
In other words, notwithstanding its size the
lesion was still in the compensated stage.
This also explains why the patient refused
operation. In view of future developments
it is stll very important to be as well as
possible informed about this lesion.

v

ol, 5, — Numbcr 1. — 1965,

Mrs. v. V.-v.d.B., 37 years of age com-
plained since 9 months of seizures of the
following type: The face drew to the left,
the tongue became stiff and she had dif-
ficulty in speaking; she had a bad taste
and then a stiff feeling in the right hand.

Conscicusness was not altered during
these spells. Later she also had a tremor
in the right arm and leg at the end of
the seizure. These attacks were associated
with a right frontal headache: later this
headache became more continuous and
generalized. The patient was predominantly
lefthanded. On examination the right pupil
was larger than the left. Other positive
signs were: a slight papilloedems; a mild
weakness of the left arm; disturbed joint
sensation in the left hand; increased ten-
don reflexes and pathological reflexes in the
left leg. Clinically there were therefore
signs pcinting to a lesion on the right as
well as on the left side.

In the EEG (fig. 5) the alpha rhytbm.
the beta rhythm and the mu rhythm bhad
a lower amplitude on the left side. The
response to photic stimuiation was more
marked on the left side for low frequencies
and less for high frequencies. In the left
temporo-occipital region rhere were rups of
2-3 ¢/s delta waves, which were sometimes
mixed with sharp waves. There was oc-
casionally some independent paroxysmal
activity in the right temvoral region. These
findings were censidered to indicate the
presence of a moderately active lesion in
the left hemisphere, probably predominint
in the left parieto-temporal region.

The echo-encephalogram showed a con-
siderable displacement (appioximately 115
cm) to the right.

Therefcre there was now clear evidence
for the presence of a space occupying le-
sion cn the left side probably in the parieto-
temporal region. The left carotid angiogram
gave evidence for the presence of a large
centro-parietal tumor, probably a menin-
gioma (fig. 6). The circulation time was
somewhat increased on the left side: CTD
Y5: 31 sec. (normal value: 2%2-3 sec).
At operation a large centro-parieto-tem-
poral meningioma was removed. The pa-
tient made a good recovery with only a
residual right hemianopia.
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Comment

In this case it was not possible to make
a location on the clinical data alone, The
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EEG and echo encephalogram however
provided a lateralization and location. The
marked displacement seen on the echo,
together with relatively moderate abnor-
malities in the EEG were in favor of the
presence of a slowly growing tumor such
as a meningioma. As the angiogram also
was in faver of a meningicma, no gamma-
encephalogram was done in this case.

DISCUSSION

With the advent of new diagnostic
methods and the improvement of older
techniques, the EEG retains its value for the
aiagnosis of cerebral tumors. Modern diag-
ncsis dees not rest on one method but
on the integrated information of a battery
of diagnostic procedures, beginning with
the taking of the case history and some-
times ending with highly specialized and
complicated techniques. As several of these
metheds, like the EEG, are harmless and
can be applied on outpatients, it is often
possible to arrive at a fairly accurate diag-
n0sis before admission of the patient to the
hespital. And not less important — with
these methods the selection of patients for
admission to the hospital is improved, early
admissica of patients requiring treatment
being promoted and unnecessary admissions
being reduced. The complexity of the
newer diagnostic methods should however
rot lead to a technical approach to the
diagncstic problem. Modern electro-ence-
phalocgraphy for instance requires highly
specialized equipment and furnishes very
complex data. Still it is in essence a “cli-
nicil” method, reflecting the variable con-
dition of the brain in its own particular
way.

Just because the various methods of exa-
mination such as the taking of the case
history, the neurological examination, the
EEG, tie echo-encephalography, isotope
studies, the various radiological methods
and the laboratory investigations, each
provides information on different aspects of
the condition of the brain, does the com-
bination ¢f the results give a much higher

Number 1. 1965
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A, — Lateral view. Upward and for-

ward displacement of the anterior ce-

rebral artery, downward displacement
of the middle cerebral artery.

B, — A-P View. Marked shift of the
anterior cerebral artery over the mi-

dline. Vegsels surrounding the tumor
are seen in the parieto—temporal region,

Fig. 6. — Mrs. v.V.—v.d.B. Left carotid
angiogram,

degree of reliability than each method
alone.

Electro-encephalography has in common
with other methods that it sometimes by
itself can give a statement cencerning type
and location of a lesion and at other times
gives no or only limited information which
derives its value only from combination
with the results of other methods.

As those who are responsible for the
treatment of the patient often have only
a limited understanding of the significance
— Number 1,

Yal, 5, 1965H

of EEG findings it is of particular impor-
tance that the degree of probability of the
presence and lecation of an abnormality is
cxpresced in the EEG report.

In order to increase the objectivity of
the report we have found it of great value
to give a description of the EEG and an
interpretation of the significance of the
findings without having any other infor-
mation concerning the condition of the
patient. Only after this part of the report
has been made other available data con-
cerning the patient are studied and corre-
lated with the EEG findings. This leads
to objective reporting, prevents being in-
fluenced (and sometimes being misled) by
other forms of information, increases the
confidence of those requesting the EEG,
makes one more alert and has a beneficial
influence on teaching. This method usually
reveals within a short time that much more
objective and valuable information can be
derived from the EEG than either the re-
questing physician or the electro-encepha-
lographer had expected.

IN CONCLUSION

It can be stated that electro-encephalo-
graphy is now an established method of in-
vestigation of the brain with known pos-
sibilities and limitations. The improvement
of other methods and the advent of new
techniques does not diminish its value. On
the contrary, in combination with these
metheds much better intermation concern-
ing the condition of the brain is obtained.
Echo-encephalography is particularly useful
in combination with EEG. In most cases
suspected of having a cerebral lesion it is
possible to arrive at a proper diagnosis in
an outpatient consultation with the neuro-
logical examination, skull x-rays, an EEG
and an echo-encephalogram. This is not
only of importance for the early diagnosis
of cerebral tumors but not less for the ex-
clusion with a high degree of probability
of the presence of such a lesion in the
much larger group of patients suspected of
but not suffering from an intracranial space
cccupying lesion.
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SUMMARY

The value of electroencephalography
amidst the increasing number of procedures
tor the diagnosis of cerebral lesions is con-
sidered. The main types of EEG abnorma-
lities are mentioned, their relative impor-
tance is discussed and certain aspects of
technique are stressed. Important factors
determining the type and degree of EEG
abnormalities appear to be the speed with
which the lesion develops and the degree

RES U

El autor ccnsidera el valor de la electro-
cncefalografia dentro del cuadro del cre-
ciente numero de procedimientos para el
diagnostico de las lesiones cerebrales. Se
meacicnan los principales tipos de anoma-
lias en ¢l EEG, se discute su importancia
relativa y se subrayan algunos aspectos téc-
nicos. Entre los factores que determinan el
tipo y grado de las anomalias son impor-
tantes la velocidad con que se desarrolla

to which the cerebral circulation is affected.
The importance of correlation and integra-
tion of the EEG finding —first evaluated
independently— with the results of all
methods of investigation is stressed. In
this connection echo-encephalography and
gamma encephalography are briefly discus-
sed. Two cases histories serve to illustrate
these considerations.

MEN

la lesion y el grado en que se ve afectada
la circulacién cerebral. Se subraya la ne-
cesidad de la correlacion e integracion del
resultado del EEG —en principio evaluado
independientemente— a los resultzdos de
todos los métodos de investigacion. A este
respecto se discuten brevemente la eco-en-
cefalografia y la gamma encefalografia.
Para ilustrar las precedentes consideraciones
ce presentan dos casos.

RESUME

On discute la valeur de I'electroencépha-
lographie dans le cadre du nombre croissant
de mcéthodes pour le diagnostic des lésions
ceérébrales. Les anomalies les plus impor-
rantes de 'EEG son mentionnées, cn discute
leur importance relative et on souligne cer-
tains aspects techniques. Parmi les facteurs
les plus imvortants dans la détermination
des anomalies de I'EEG se distinguent la
vitesse avec laquelle une Iésicn cérébrale

se developpe et le degré d’affection de la
circulation cérébrale. On souligne I'impor-
tance de la corrélation et intégration du ré-
sultat de I'EEG, évalue d’abord indépen-
damment, avec les données des autres mé-
thodes d'investigation. En rapport avec ceci
on discute brievement l'echoencéphalogra-
phie et la gamma encéphalographie. Deux
cas sont présentés comme illustration.

ZUSAMMEMNMFASSUNG

Der Wert der Elektrcenzephalographie im
Rahmen der zunehmenden Anzahl von
Methoden zur Diagncstik von Hirnlaesio-
nen wird besprochen. Die Haupttypen von
EEG-Stoerungen werden kurz genannt, ihre
relative Bedeutung wird eroertert und
bestimmte technische Aspekte werden

G ~

benachdruckt. Zu den wichtigen Faktoren,
die die Art und das Ausmass der EEG-
Abweichungen bestimmen, gehoeren an
erster Stelle die Geschwindigkeit mit wel-
cher sich eine Laesion entwickelt und der
Grad der Beeintraechtigung der Hirnzir-
kulation. Es wird besonders hingewiesen auf

Yaol, b.
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die Notwendigkeit, die EEG-Befunde —
nachdem sie erst unabhaengig von andercn
Daten ausgewertet sind — mit allen anderen
Befunde zu vergleichen und zu integrieren.
In diesem Zusammenhang werden die Echo-

Enzephalographie und die Gamma-Enzepha-
lographie kurz eroertert. Schliesslich wird
das Besprochene an zwei Krankengeschich-
ten crlaeutert.

REFERENCES

1. Bagchi, B. K.: Electroencephalogra-
phic localization of intracranial tumors.
Chapter 3 in: E. A. Kahn, R. C. Bassett, R.
C. Schncider and E. C. Crosby (Ed.) “Cor-
relative neurosurgery” Springfield (III).
Ch. C. Tomas, 1355.

2. Bechtereva, N. P.: Biopotentials of
the cerebral hemispheres in brain tumors
Transl. by B. Haigh, New York. Consult.
Bureau, 1962,

3. Bechtereva, N. P.: Vwvedenskaia, I
V.: Dubikaitis, Y. V.; Stepanova, T. S.;
Ovnatanov, B. S., and Usov V. V.: Loca-
lization of focal brain lesions by electro-

encephalography, EEG clin. Neurophysiol.
15: 177-196, 1963.
4. Berger, H.. Uber das Flektrenke-

phalogramm des Menschen, Arch. f. Phy-
chiatr. 87: 527-570, 1929,

5. Van der Drift, J. H. A.: The sig-
1ificance of electro-encephalography for the
diagnosis and localization of cerebral tu-
mours. Leiden, H. E. Stenfert Kroese N.
V., 1957.

6. Van der Drift, J. H. A. and Magnus,
0.: The EEG with space occupying intra-
cranial lesions in old patients. EEG clin.
Neurophysiol. 14: 664-673, 1962,

7. Van der Drift, J. H. A.: Magnus, O.
and van den Berg, D.: On the influence
of cerebral circulation and of brain oedema
on the electroencephalogram. Report to the
twelfth European EEG Colloguium. Cologne
1964.

8. Dugger, G. S. and Pepper, F. D.:
The reliability of radio-isotcpic encephalo-
graphy. A correlation with other neuro-
radiological and anatomical studies. Neuro-
logy 13: 1042-1053, 1963.

9. Feindel, W.; Yamamoto. Y. L., and
Rumin, N.: Comparison of Radioactive
Iodinated Serum Albumin (RISA) and

Radicactive Mercury 203 for Brain Scan-
ning. J. Neurosurg. 21: 1-6, 1964.

10. Ford, R. and Ambrose, J.;: Xcho-
encephalography — The measurement of the

Vol. 5. — Number 1 1965,

position of mid-line structures in the skull
with high frequency pulsed utrasound. Brain
86: 189-196, 1963,

11. Hess, R.: Elektro-encephalographische
Studien bei Hirntumoren. Stuttgart, G. Thie-
me verlag, 1958.

12, Lithander, B.: (Ed.), Clinical and
experimental Studies in echo-encephalo-
graphy, Acta psychiat. et neurol. Scand. 36.
Suppl. 159, 1961.

13. Magnus, O.; Storm van Leeuwen, W,
and Cobb, W. A.: (Ed.), Electroencephalo-
graphy and cerebral tumors, Amsterdam,
Elsevier Publ. Comp., 1961.

14. Mundinger, F.;: Radio-Wismuth
(Bi?0%) als neues spezifisches Hirntumor-

83

diagnosticum, Act. Neurochirurg. Suppl. VI:
140-154, 1959.

15. Planiol, Th.: Diagnostic des lésions
intra-craniennes par les radioisotopes. Pa-
ris, Masson et Cie., 1958.

16. Planiol Th.: Diagnostic des lésions
intracraniennes par la gamma-encephalo-
graphie a l'aide de la serumalbumine hu-
maine marquée a l'iode 131 p. 189-204, in
“Medical Radio-Isotope Scanning”. The In-
ternat. Atom. Energ. Agency. Vienna, 1959.

17. Schiefer, W.; Kazner, E. and Briickner,
H.: Die Echcenzephalographie, ihre Anwen-
dungsweise und klinischen Ergebnisse.
Fortschr. Neurol, Psychiat. u. Grenzgeb.
31: 457-491, 1963.

18. Sweet, W. H.; Meualey, J.; Brownell,
G. L. and Aronow, S.: Coincidence scanning
with positron - emitting arsenic or copper
in the diagnosis of focal intracranial dis-
ease p. 163-188 in “Medical Radio-isotope
Scanning”. The Internat. Atom. Energ.
Agency. Vienna, 1959.

19. de Vlieger, M. and Ridder, H. J.:
Use of Echo-encephalography, Neurology, 9:
216-223, 1959.

20. Walter, W. G.. The location of ce-
rebral tumors by electroencephalography,
Lancet, 2: 305-308, 1936.



Therapeutic Utilization of Radioactive
Isotopes in Pituitary Surgery

J. TALAIRACH, G. SZIKLA*, A. BONIS, J. BANCAUD and C. SCHAUB
Department of Stereotaxic Neurosurgery, Hopital Sainte-Anne,

During the course of the last fifteen years
the therapeutic utilization of radtoactive
isctopes in pituitary surgery has undergone
a considerable development and diversifi-
cation. One reason for this has been the
widening of the scope of available radio-
active elements. In addition to Radon 222,
which was first utilized, we have seen the
introduction of radic-gold Au 198, Phos-
phorus 32, Yttrium 90, and later Tantalum
182 and Iridium 192. The use of these dif-
ferent isotopes, each one having somewhat
different biological effects, has permitted
the application of this treatment to a wide
scale of problems, from localized destruc-
tion of the anatomically normal pituitary
gland to interstitial irradiation of pituitary
adencmas with voluminous retro- and supra-
sellar extension.

Experience with the first applications of
such focal radiotherapy has shown thas:
while spectacular results may be achieved
even in very advanced cases or poor sur-
gical risks— use of high doses of irradiation
close to functionally important brain struc-
tures requires special precautions. Partly as
a result of such experience we have learned
that, contrary to previous belief, cerebral
tissue is particularly sensirive to radiation
Special stereotaxic surgical techniques the-
refcre had to be developed to insure a high
degree of precision. Special attention must
also be paid to the limits of tolerance of

*  Attaché de recherche Centre National
de la Recherche Scientifique.
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nervous tissue to the particular kind of ra-
diation utilized.

Several neurosurgical centers have al-
ready accumulated wide experience in this
domain, which has made it possible to draw
certain conclusions regarding the princi-
ples, the indications and the limits of the
various kinds of interstitial isotope treat-
ment, It has progressively become clear
that the seemingly seductive simplicity of
such treatment is only apparent.

One should distinguish two separate uses
of isotopes in pituitary surgery. One may
wish to achieve a complete local necrosis
of tissue —hypophysectomy— or the aim
may be to subject certain areas to interstit-
ial radiotherapy, either to decrease glandu-
lar hyperactivity (for example in Cushing’s
syndrome or malignant exophthalmos) or to
treatment of pituitary tumors. Depending
cn the aim of the isotope treatment, beta
or gamma radiations are used.

During the period from 1954 to 1962
approximately 350 patients were treated by
intrasellar isotope application at the Hopi-
tal Sainte-Anne in Paris. The isotopes used
were radic-gold Au 198, Yttrium 90 and
iridium 192 (for characteristics see Table
I). The operations were carried out first
by cerebral sterectaxic equipment adapted
.c pituitary surgery, using the nasal route;
since 1959 a specially-designed apparatus
has been used (see below). For suprasellar
approach cerebral stereotaxic equipment
was used.

Vol. 5. — XNumber 1 1965
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TABLE |

Some physical characteristics of gamma emittor isotopes used
in interstitial irvadiation

Elemeni Haif life

Beta

. Au i98 2.7 days 0.96
Ir 192 74 days
Ta 182 115 days

| Co6) | 5.2 years 0.31

Selective destruction of the pituitary
gland by beta-emitting isotopes. Focal dose
of radiation necessary to produce acute ne-
crosis of the hypophysis has been esiimated
to correspond to 100,000 - 140,000 rads; the
sensitivity of neighboring structures, such as
oculomoter nerves, optic chiasma and hy-
pothalamus, limits the admissible upper le-
vel of radiation reaching these structures
to approximately 5,000 rads. External X-
ray irradiation or interstitial gamma thera-
py cannot achieve such spatial selectivity
at a radio of 20 1, so that the use of
beta radiation characterized by a very
steep absorption curve becomes necessary.
The isotope Yttrium 90 emitting exclusi-
vely beta radiation was proposed for hy-
pohysectomy by Rasmussen, Harper &
Kennedy in 1953. The physical charac-
teristics of this isotope are a half-life
of 64 hours and the emission of 2.4 MeV
beta radiation. It is available as Yttrium
oxide (Y, 0;) compressed at high tempe-
rature to small cylindrical or spherical
seeds. Specific activity of these seeds is ge-
nerally between 0.5 to 5 mc.

In water or in soft tissue the 2.4 MeV
electrens have a maximum range of 11 mil-
limeters, but 99 % of the radiation is ab-
sorbed in the first 4 millimeters. The bio-
logical action of the very small quantity
of secondary radiation (Bremsstrahlung)
is negligible; this secondary radiation, how-
ever, facilitates the control measurements
Val. 5
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.52 and 0.66

0.36, 0.44, 0.51

Energy in MeV
Gamiaza

0.41

between 0.2 and
0.88

between .06 ans

1.23
1.17 and 1.33

before implantation. The extremely high
doses at the surface of the seed —about 107
rads for 1 mc— decrease very rapidly in
relation to distance, the level of 100,000
rads (corresponding roughly to the necro-
tizing dose) being reached at a distance of
5 to 4 mms. Within one more millimeter
the dose falls below 20,000 rads. Histolo-
gical characteristics of the tissular lesion
produced by Y 90 seeds reflect such do-
simetry; the central necrotic area is extre-
mely clear - cut, the histologically da-
maged but not necrotized surrounding band
peing less than 1 mm wide. Dimensions
of necrosis vary relatively little in relation
to specific activity; in order to enlarge the
radius of the lesion by one millimeter,
about ten times higher activity is necessa-
ry. The final extent of necrosis is attained
in approximately 7 to 10 days, during
which nearly all the irradiation is deliver-
ed. Necrotized tissue is then slowly absorb-
ed, leaving a cavity after the lapse of se-
veral months. The size of the lesion is thus
mainly a function of the dimension of the
seed: the limit between normal and necro-
tic tissue is siruated at a distance of 2 to 4
millimeters from its surface. By adequate
disposition of seeds, it is possible to create
lesions of a shape corresponding to the
target structure, e. g. the pituitary gland.

Theoretically, a complete hypophysecto-
my can be obtained by symmetrical place-
ment of two seeds of 1 mc on either side,
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Fig. 1 a - h — X-ray pictures of an Y90 hypophysectomy (see text).
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40 me d'Am (]
lem = 9.000 rad
1em = 2,29 red
Y am - 900 rad
Fig. 2. — Isodose-lines in intraseilar im-

plantation of a punctiform gamma-ray
source. Mid-sagittal section,

in such a manner that the borders of the
necrosis preduced by each will join; but
such a solution presupposes a precision dif-
ficult to obtain in practice. Moreover, the
content of the caverncus sinus may be ex-
posed to heavy irradiation in case of a slight
lateral displacement. For this reason we
prefer to fill the sella turcica with 20 to
30 small seeds (I < 1.5 mm) of lesser ac-
tivity (0.10 - 0.20 mc/seed), the rounded
bulk of the seeds occupying the center of
the gland (Fig. 1 g-h). The implantation
of Y 90 requires precise stereotaxic techni-
ques, accompanied by repeated X-ray con-
trols. Once introduced, the isotope destroys
the surrounding structures irremediably.
The radicopacity of the seeds evidently
tacilitates such control.

Radiation protection of personnel is re-
latively simple, since the beta rays are ab-
sorbed by a 1 cm layer of water. On the
cther hand the relatively brief period re-
duces the risk of contamination of the ins-
truments or surgical clothing by crumbling
of the seeds.

It is evident that one could hardly use
beta radiation in treatment of tumors, whe-
re the relatively extensive target volume
weuld necessitate an excessive number of
very closely-placed seeds because of their
cmall field of necrotizing action.

Application of gamma ray emitting iso-
topes. In pituitary surgery the field of gam-
Vol, 5. —

Numher 1. 1965

ma ray-emitting isotopes coincides with
that of external radiotherapy, to which it
is closely related and from which it differs
principally by its focal concentration. The
dcses delivered by a punctiform source di-
minish in space according to the square of
the distance: if the dose at 1 c¢cm corres-
ponds to 100 9%, at two centimeters there
will be only 25 9%, at three 11 9%, etc. This
permits delivery of a high-level irradiation
in the neighborhood of the source, the dose
received by adjacent tissues decreasing ra-
pidly (Fig. 2).

One readily sees the advantages of such
a geometrical distribution in the trearment
of well-localized, circumscribed tumors of
moderate size, surrounded by vulnerable
functionally important or vital structures.

Recent data on cerebral radio-binlogy
underline the importance of this fact. The
classic treatise "Histopathology of irradiat-
ion” of Snider-Bloom (1948) still consi-
dered nervous tissue as particularly radin-
resistant. However, in the course of the last
tew years, several studies, particulariy the
thorough analyses of Zeman, Arnold and
Lindgren, have progressively determined
the threshold values of delayed cerebral ra-
dionecrosis, establishing the fact of pa:ri-
cular sensitivity of the brain to irradiation.
Although the results obtained by different
authors are not directly comparable because
cf the differences in the type of radiations
utilized, it has become clear that the white
matter of the brain, as well as the hypo-
thalamus or the optic chiasma, undergo
progressive histological alterations — even to
the extent of necrosis — following an irra-
diation of 5/6,000 rads per 30 days (X rays
of 2-400 KV).

On the other hand, experience has shown
that efficacious treatment of most brain tu-
mors necessitates local doses of this level
or even higher, which explains the impor-
tance of the focal character of isotopes irra-
diation.

Interstitial gamma therapy is currently
utilized in cancerclogy, where a wide expe-
rience has been accumulated. Its physical
and radiobiolcgical bases, as well as the
techniques of application in different or-
gans, have been to a great extent elaborated
and codified (cf. 13, 14, 57).
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Fig. 3 — Threshold values of doses pro-
ducing late radionecrosis of brain., Ver-
tical axis: doses in “r”, horizontal axis:
duration of radiation treatment in days
(logarithmic representation). Line a):
great probability of secondary necrosis;
line b): lowest doses having provoked
necrosis (Lindgren, 1958). The wvertical
column shows the anatomo-dosimetric
correlation found in late mecrosis fol-
lowing implantation of Aul98 (Vedren-
ne, Szikla, Talairach, 1961).

These rules, however, must be adapted to
the particularities of the special field re-
presented by the brain; recent knowledge
concerning radiosensitivity of nervous tissue
as well as the surgical possibilities of in-
terstitial application must be taken into
ccnsideration.

The possibilities, the indications and the
limits of intracranial isotope implantation
are essentially determined by dosimetric and
surgical considerations.

A. Dosimetric considerations. The intro-
duction of gamma sources in a sensitive and
highly differentiated organ such as the
brain requires first of all a precise dosime-
try. To be able to avoid the consequences
of overdosage on adjacent structures it has
been necessary to determine reactions of the
normal nervous tissue to isotope irradiat-
ion. In order to establish the limits of ce-
rebral tolerance we undertook a study of
cases of intracerebral implantation of ra-
dioactive gold, where late necrosis appear-
ed several months, often years, later. This
study concerned particularly 13 brains of
this group where we could compare clinic-
al evelutioa and histological image with
desimetry. The result was the following:

1) above 12 - 14,000 rads, delayed necre-
sis was homogeneous and total.

2) between 4 - 5,000 and 12,000 rads gra-
ve tissue alterations were found, consisting
of partial necrosis of structures with a glial
reaction more or less important according
to localization.

3) between 1,000 and 4,000 rads spora-
dic alterations were encountered, especially
around blood vessels, imbedded in tissue of
normal appearance.

These values correspond very nearly to
the doses given by the diagram of Lind-
gren (Fig. 3). Thus in the intracranial im-
plantation of gold 198, the isodose of 4,000
rads should not reach structures in which
sccondary damage shouid be avoided. On
the basis of this striking correspondence it
can be admitted that in a general way the
values deiimited by the dose/time diagram
can be applied to the dosimetry of other
gamma-emitting elements, the half-life of
which differ from that of gold.

Thus for instance in the case of intra-
sellar application of radio-gold the dose
attaining the optic chiasma should not be
higher than 4,000 rads. It is relatively easy
to calculate the number of millicuries one
may introduce in function of distance with-
out serious risk of late visual complications.

We would like to emphasize the role
played by the effective duration of irra-
diation in determining the threshold va-
lues of necrosis. Thus the admissible dose
level in short-time irradiaticn is relatively
low; we feel that frequent brain necrosis
observed after intracerebral cobalt 60 ap-
plications lasting only a few hours is large-
ly imputable to the time factor. On the
other hand, one may attain higher doses
without the risk of delayed necrosis by the
use of long-living isctopes such as Ir 192 or
Ta 182. It is possible to combine various
clements, e. g., radio-gold Au 198 and lri-
dium 192.

B. Swurgical considerations.

Within the limits imposed by sensitivity
of neighborhood structures. the distribution
of scurces is conditioned by the surgical
pessibilities of implantation. The aim is to
realize the most homogeneous irradiation

Val. 5 1965,
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Fig. 4. — Stzreotaxic appuratns used in
pituitary surgery (for description see
teat).

possible of the target volume with the
greatest possibie precision and with the
least possible trauma.

The technical solution capable of recon-
ciling these partly contradictory require-
ments will be determined mostly by the
particular seat of the tumor mass.

In pituitary sterectaxic surgery one may
utilize one (or possibly two) trocars intro-
duced either by the nasal or the transcere-
bral route. However, the target volume mayv
viry from that of a normal hypophysis
through that of an enlarged sella in acro-
megaly o that of the considerable volume
of certain pituitary adenomas. A single im-
planted source may satisfactorily irradiate
the content of the normal seila, but in the
Vol. 5. —
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treatment of voluminous pituitary tumors
such limitations on surgical approach may
result in a rather unhomegeneous irradiation
of the neoplasm. In order to resolve this
difficulty we introduce somewhat longer
radioactive wires. The use of special trocars
permits placement at different angles to
trajectory of the trocar. Thus one may
achieve different geometrical dispositions
and thus adapt dosimertry to the individual
case.

In those cases where the dimension of
the tumor mass surpasses the technical pos-
sibilities of implamation or would necessi-
tate excessively hlgh doses —which accord-
mg, to our experience occurs above 30 to 35
¢m’*— one may combine external radiothe-
rapy with subsequent interstitial irradia-
tion.

Stereotaxic techniauve and results

A) Interstitial isotope applications can-
not be achieved by a simplified surgical act.
Consequences of imprecision in isotope pla-
cement, though often invisible in the im-
nediately postoperative period, will become
manifest after several weeks or months (so-
metimes years). To understand the sources
of the principal complications and the re-
sulting technical necessities, some anato-
mical facts must be taken into considera-
tion:

a) the great variability of form and vo-
lume of the sella are well known. Repar-
tition of radioactive products should al-

ways take into account such individual va-
riations.

b) the optic nerves and chiasma are not
sufficiently protected by the more or less
open dural diaphragm of the sella turcica;
implanted material may easily find its way
intc the basal cistern, particularly during
filling of the sella with Y 90 seeds. It is
therefore necessary to limit the placement
to a line passing from the posterior clinoids
to the tuberculum sellae, i. e. approximately
3 mm below the level of the anterior cli-
noids. Higher-placed seeds may cause da-
mage to the optic chiasma, producing vi-
sual field defects, or cause lesions of rhe
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Fig. 5. — Anteroposterior and lateral

view of gold implantation in eosino-
phile ademoma (35 mc of Au 198).

pituitary stalk with consequent diabetes
insipidus.

¢) oculomotor nerves seem to be pro-
tected by the fibrous wall of the cavernous
sinus, but in fact seeds may easily traver-
se the dural membrane. If the roof of the
sphenoid sinus is visible in the a-p X ray
pictures, this may indicate the lateral li-
mits that should not be transgressed by the
seeds. Otherwise one may adopt the more
or less arbitrary limit of approximately 5
millimeters from midline on either side.

d) intrasellar prolongation of subarach-
noid space (—"intrasellar cistern”—) ex-
tends more or less downwards and commu-
nicates more or less openly with the basal
cistern. Even a small trephine opening of
2 mm may permit postoperative CSF leak-
age, with consecutive meningeal infection.
Moreover, advanced decalcification of the
base of the skull, intra-pituitary metastases,
and necrotizing action of irradiation may
play a role in the apparition of this com-
plication. It therefore becomes necessary to
close the orifice of introduction in the floor
of the sella hermetically. We proposed the
use of a metallic screw at the Bruxelles con-
gress in 1957; after several modifications
we now complete screw implantation by
injection of liquid bone-wax in the small
burr-hole.

During the 2 years since the introduction
of this technique we observed CSF leakage
in only one case, with radiological evidence
of local metastasis, five months after ope-
ration.

B) The stereotaxic equipment used for
pituitary surgery is composed of two parts
(Fig. 4):

84 ~

a) a stationary part allowing centering
and fixation of the head by five rubber
tipped rods;

b) a semicircular arc having art its ends
rings with radio-opaque crosspieces mov-
able in vertical and antero-posterior direc-
tion. The arc supports a movable carriage
with a guiding tube, so constructed that
any introduced instrument will attain the
target, whatever the angle of introduction
may be.

C) The operation is executed in five
steps (cf. fig. 1a-h):

1) localization and determinaticn of an-
gle of approach of the target point. Cen-
tering of the arc on the sella is controlled
by teleradiography or by image-intensifier.
The trephining shculd pass through the an-
tero-inferior part of the sellar floor in or-
der to avoid intrasellar prolongations of the
subarachnoid space. The direction of the
trocar should follow the greatest antero-
posterior diameter of the pituitary to faci-
litate intrasellar disposition of radioactive
products.

2) a 3,5 mm trephine is introduced
through one nostril to the anterior wall of
the sphenoid sinus, which is then perfo-
rated. In its place a tube of the same dia-
meter is pushed to the floor of the sella.

3) inside this sterile tube a small calibe
trephine (2,5 mm) is introduced and then
perforates the floor of the sella.

4) the implantation-trocar is introduced
in the sella and radioactive material is im-
planted, having regard to the criteria re-
ferred above. X-ray pictures check the po-
sition of the seeds or wires.

5) obturation of the trephining hole
(see above).

The operation is carried out under ge-
neral anesthesia. The whole procedure lasts
abcut one to one and a half hours.

The immediate post-operative course is
usually simple. The patient may leave his
bed in two to four days after the operation.
Body temperature usually does not mount
higher than 38° C.

D) Technical aspecis of Y 90 hypophy-
sectomy and clinical results.
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TABLE I

Complications and mortality in 145 cases of Y 90 bypophysectomy
for metastatic breast cancer (1959-61). Age: 25 to 73 vears.

Operative mortality
(1-15 days)

6 7

I trcubles of coagulability

(roentgentherapy +-- -+ )  gitis: 2)

I~

ses (jaundice) of sella

I~
I~

cachectic general state |
| cardiac failure duriag
anesthesia: pulmonary
metastases.

CSF leakage

(death from menin-

advanced hepatic metasta- 5 decalcifications

pituitary metastases

mer;l ﬁeit? ‘():,'z;lo@tor paresis
defects (unilateral)

3 2
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Preoperative selection excluded onlv patients with advanced brain metastases
(papilloedema) hepatic metastases (jaundice) and pleuropulmonary metastases

(contraindicating general anesthesia).

TABLE 11l

Therapeutic effects of Y 90 bhypophy-
sectomy in metastatic breast cancer,
145 cases, age: 25 to 73 years

| — Effect on diffuse pain:
Immediate disappearance of pain 809
Painless after 3 months ........ 500
2 — Effects on objective signs:
Recalcification of bone metastases 339/
Disappearance of pulmonary me-
2 1 P 3%
Cicatrization of local ulcerations 2%

The physical characteristics of this isotope
require a particularly precise technique. To
achieve complete hypophysial destruction
we intreduce 20 to 40 seeds of 1 X 1.5 mil-
limeters, filling the center of the sella ha-
ving regard to the above-mentioned anato-
mical criteria (Fig. 1). We prefer utiliza-
tion of small rods or spheres of 1 mm dia-
meter to the use of longer cylindrical seeds,
the latter having a tendency to push each
cther further and eventually into the ca-
vernous sinus.
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Of a total of 287 hypophysectomies for
metastatic breast cancer, Tables II and III
summarize data concerning 145 cases ope-
rated on in 1959-1961. Therapeutic results
(Table III) correspond roughly to those
published by other authors.

E) Interstitial irradiation of the pitui-
tary in malignant exophthalmos and Cush-
ing’s syndrome.

Radiation therapy is often used to di-
minish pituitary hyperactivity after medical
treatment has failed to do so. Unlike hypo-
physectomy only non-necrotizing doses are
given in the order of three thousand to
five thousand rads.

As is shown by Fig. 2, gamma ray emit-
tors are appropriate for such irradiation
and permit safeguarding of neighboring
structures. One may thus avoid the risk of
late complications inherent in transcuta-
neous radiotherapy. External X-ray therapy
cannot deliver such doses to the pituitary
without heavy irradiation of sensitive jux-
tasellar structures.

The genesis and treatment of malignant
edematous exophthalmos are still contro-
versial. Inefficiency of medical treatment
may necessitate a surgical decompression of
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orbital cavities. Antehypophysial origin of
exophthalmeos is generally admitted, but
conclusive evidence is still lacking to show
whether the reason is to be attributed to a
modification of the sensitivity of receptors
to TSH or to some other principle associat-
ed with TSH. Many authors emphasized
efficiency of pituitary irradiation in this
sometimes dramatic condition. Utilization
cf isoctopic irradiation was obviously at
hand.

Ten cases have been operated by our
team. Exophthalmos was accompanied by
moderate or frank hyperthyroidism in some
cases. In 4 patients Y 90 hypophysectomy
was carried out at the request of the endo-
crinologic department. In the other cases
radioactive gold seeds were introduced into
the sella with a total activity of 15 to 25 mc.

Immediate results were satisfactory in all
cases with regression of retrobulbar edema,
disparition of oculomotor paresis and com-
plete recovery of visual acuity in the two
cases with signs of ¢ptic neuritis.

We have only partial information on late
results. Patients of the Y 90 grouos are said
to have a marked pituitary hypofunction —
a natural consequence of hypophysectomy.
Excellent results were obtained with two
cases operated with radio-active gold, the
results lasting 4 and 5 years respectively.
The observation periods of the other four
caces are too short to allow final judgment,
but the early results are encouraging.

Twelve patients with Cushing’s syndro
me were ooerated cn in our department by
radioactive gold implantations, two in 1957,
two in 1958, one ecach in 1959-1960 and
1961, three in 1962 and two in 1963. There
was no case of mortality. We observed one
case of late complications due to excess of
radioactivity (35 mc). About ten months
after operation a marked hypopituitarism
led to a mental confusion which disappeared
after adequate substitution therapy was in-
troduced. At the same time an important
visual field defect appeared, which did not,
hewever, interfere with professional acti-
vity.

Obesity, erythrosis and hirsutism were
remarkably influenced. In the 3 cases with
severe vascular pathology, the effect of the

06 ~

Fig. 6 a - b — Lateral and anteropos-

terior X-ray pictures of iridium 192

implantation in extrasellar chromophobe
adenoma (4.6 Mc).
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treatment on this syndrome was rather me-
diocre. Sexual potency was restored in the
two males; in one case of amenorrhea and
two others with irregular bleedings mens-
trual cycles became normal.

All patients except for the case mention-
ed above are leading normal lives with-
cut substitutive therapy.

Thyroid tests, urinary 17 cetosteroid and
17 oxycerticoid excretion are within nor-
mal limits; there exists, however, some evi-
dence of latent pituitary hypofunction, as
shown by dynamic tests.

F) Interstitial irradiation of pituitary
adenomas.

Total activity and geometrical disposition
of implanted radioactive material depend
on the volume and the sp2tial configuration
ot the tumor. In small aderomas, irradiation
delivered bv one or two intrasellar sources
mntroduced by the nasal route may be con-
sidered satisfactory. However, as dose level
talls oft rapidly in function of distance, su-
pra or retro-sellar masses cannot be suffi-
ciently irradiated in this way. Thus 1t be-
comes necessary to introduce the isotopes in
such extensions by the transcerebral-frontal,
parietal or temporal-way. Different solu-
tions are illustrated by the figures 5 and
6 a-b.

Clinical results may be resumed in the
follewing:

a) eosinophile adenomas.

Till Tanuary 1961, 23 cases (14 males and
9 females) were treated by intrasellar ap-
plication of radioactive gold. Four of them
have had previous craniotomy, seven were
treated by X-ray therapy. Nine of them had
radiological evidence of supra-sellar spread.
Average age was 46 years, one patient was
65 and another 70 years old. Four natients
had severe arterial hypertension (240/120
Hg mm), five have been diabetic. Postope-
rative observation period was 1 to 7 years.

There was no surgical mortality; one pa-
tient, having a "giant” adenoma, died 3
months later following a frontal cranioto-
my performed because the previous intra-
sellar implantation failed to improve her
state.

Of the 22 cases, 20 bad complete or sa-
tisfactory relief of headache and diffuse
Number 1. —
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pain. Ten have been ameliorated from the
morphological point of view, five of them
to a surprising extent.

Of the eleven cases with visual field de-
fect, eight have been ameliorated, in one
case there has been aggravation.

Fourteen patients could return to normal
social and professional life.

In no case was it necessary to give hor-
monal substitutive treatment. Sexual po-
tency became normal in three males. Dia-
betes disappeared in two cases out of five.

b) Chromophobe adenomas.

In the first period patients have been re-
terred to isotope treatment mostly because
it was impossible to operate them in the
usual way, in consequence of advanced age,
very poor general health, and important re-
trochiasmatic tumor spread. Favourable ex-
perience contributed to extend the field of
indications.

Radioactive gold implantations were car-
cied out 1n 35 patients, 20 males and 15 fe-
males. Average age was 47 years in males
(21 to 70 years), 54 years in females (20 to
74 years). Five patients have already been
cperated by transfrontal cranioctomy, five
have had previous radictherapy. Eight ca-
ses had an important retrochiasmatic de-
velopment, three had a “giant adenoma’.

In this series postoperative mortality was
rather high, 5 patients, i.e. 13 %. Cause of
death has been intratumoral bleeding (!
case) cardiac failure during anesthesia (1
case) radiation lesion of hypothalamus aad
brain stem (2 cases), unknown in 1 case.
All these patients had important retrosellar
tumcr-extension. One more patient died
after cranictomy undertaken four months
fater because of aggravation of the ocular
symptoms.

In one of the two cases of post-irradiation
brain necrosis death followed a second ra-
dioactive gold implantation, three years
after the first. Erroneous interpretation of
pneumo-encephalography led us to suppose
a regrowth of the tumor; post-mortem exa-
mination of the brain showed hypothalamic
and pontine lesions due to heavy irradiation.

Sometimes it may be rather difficult to
determine whether secondary aggravation
should be imputed to tumor--growth or to
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TABLE IV

Clinical results of radioactive gold implantation in 28 chromophobe adenomas
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unknown
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Professional activity: return to normal activity: 14 (9 males, 5 females).

Gonadic functions: amenorrhea was definitive in all cases. Impaired libido and

sexual potency returned to normal in

late consequences of irradiation. In the first
period we inclined to suppose rather the
insufficiency of isotope application; expe-
rience has shown that it is necessary to pro-
cure conclusive evidence concerning the
existence of a neoplastic mass.

In another case subsequent craniotomy
three months after implantation was well
supported.

Follow-up has been short in 4 patients
(4 to 6 months); in the 24 other cases ob-
servation period was 2 to 6 years. Table IV
reaumes data of 28 patients.

Indications of isotope treatment in pitui-
tary adenomas.

85 ~

4 cases, ameliorated in 2.

Multiple factors should be taken into
consideration:

a) volume and localization of the ade-
noma.

1. Intrasellar adenomas with slight or no
impairment of visual fields. We consider
them as very good indications; eosinophile
adenomas are certainly the best cases. Hoz-
monal disorders seem to be influenced fa-
vourably without serious secondary hormo-
nal deficit.

2. Secondarily extrasellar adenomas with
visual signs.

—~Cases with moderate or anterior supra-
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Fig. 7. — Daosimetric

scheme cf a four-
level crosced :mpla* tation of gamma
emittor wires in a cylindrical volume.

sellar extension rcpresent the classical field
cf surgery; isotope treatment, hcwever, m1y
equally give very satisfactory results.

—Adenomas with retrosellar spread.

Difficulties encountered during surgical
extirpation grow with posterior develop-
ment, because of uneasy access, adhesion of
tumor to the walls of the third ventricle
etc. On the other hand, nasal stereotax'~
implantation 1s 'mner’lily well supportcd.
technically simple and gives a fairly good
and lasting result. According to our opi-
nion such cases should be referred first to
iIsotope treatment.

—Adenomas with very important supra-
sellar extensicn ("“giant adenomas”). In
these cases it is obviously impossible to de-
liver sufficient doses to the whole tumor
mass by nasal implantation only. Using the
transcerebral route it may become possible
to distribute sources in a rather homoge-
nous way, particularly if the neoplasm has
a more or less cylindrical form (Fig. 6a-b).
Fer treatment of tumors above 30-35 cm” or
presenting evidence of irregular upper and
cspecially lateral spread, we feel that the
more diffuse distribution of dcses by ex-
ternal radiation therapy is more adequate,
although tumor doses must be kept at a
cemparatively low level.

Number 1, 1965,

b) In cases where open surgery is con-
traindicated because of advanced age or
poor general health, radioactive implanta-
tion may still be carried out, if general
anesthesia can be supported. On the other
hand, some of our patients refused open
surgery, but accepted radioactive implan-
tation. Such psychological factors as well
as the above mentioned medical considera-
tions may equally play a role in the choice
of isotope treatment.

CONCLUSIONS

1. Therapeutic application of radioacti-
ve isotopes in pituitary surgery has been
developed considerably in the course of the
last 15 years. Accumulated long-range ex-
perience permits to delimit the field of in-
dications and the limits of this treatment.

Pituitary applications of intense focal
irradiation delivered by radioactive isotopes
requires precise placement of sources by
soecial stereotaxic techniques.

2. Radioactive implantation of the pi-
tuitary may aim at selective destruction of
glandulas tissue as in hypophysectomy or
tiie aim may be interstitial radiotherapy as
in pituitary tumors or in some forms of pi-
tuitary hyperactivity; beta or gamma emit-
tors are correspondingly utilized.

3. By its limited necrotizing effect, ex-
clusive beta radiation of Yttrium 90 per-
mits to achieve selective destruction of the
pituitary gland, without damaging adjacent
structures. Utilization of gamma-ray emit-
tors is contraindicated in this purpose, as
they cannct attain such spatial selectivity.

4. Interstitial radiotherapy by implanta-

tion of gamma-sources 1s particularly indi-
cated in deepseated well localized and li-
mited target-volumes; one may thus deliver
locally high dcses without exceeding the
tolerance-limits in surrounding sensitive
structures.

5. Geometric disposition of sources has
to be adapted to each case by a carefully
established dosimetry taking into considera-
tion surgical possibilities as well as the
threshold values of late irradiation necrosis
of the brain.
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SUMMARY

After discussing the physical and radic-
biological principles of radioactive implan-
tation treatment, the autiors describe the
various modalities of stereotaxic techniqu2
used by them in pituitary implantations of
radicactive material (Y 60, Au 198, Ir 192).

Clinical results of Yttrium 90 hypophy-

sectomy in metastatic cancer (145 cases) as
well as those of interstitial gamma-therapy
tn Cushing’s disease (12 cases), malignant
exophthalmos (10 cases) acromegaly (23
cases) and chremophobe adenomas (35 ca-
ses), operated berween 1954 and 1961 are
presented.

RESUMEN

Después de discutir los principios fisicos
v radiobioldgicos del tratamienro mediante
la implantaciéon de material radioactivo, los
autores describen lis diversas modalidzdes
de la técnica estéreotaxica usada por ellos
en implantacicnes de material radioactive
en la pituitaria (Y 90, Au 198, Ir 192).

Son presentades los resultados clinicos de
la hipofisectomia con Ittrium 90 en casos de
cancer metastatico (145 casos), asi como
también de gammaterapia intersticial en ca-
cos de enfermedad de Cushing (12 czsos),
exofialmia maligna (10 casos), acromegalia
(23 casos), y adenoma croméfobe (35 ca-
s03), operados entre 1954 y 1961.

RESUME

Aprzes avoir discute les principes physi-
ques et radicbhiologigues du traitement avec
une implantation radiactive, les auteurs dé-
crivent les différentes types de téchnique
stéréotaxique qu’ils ont employé pour des
implan:ations pituitaires de matériels ra-
diactifs (Y 20, Au 198, Ir 192),

Un précente des résultats cliniques d’hy-
pephysectomie avec Ittrium 90 dans des cas
de cancer méthastatique (145 cas) ainsi
que ceux de gammathérapie interstitiale
dins des cas de maladie de Cushing (12
cas), exophtalmie maligne (10 cas), acro-
megalie (23 cas) et adénome chromophobe
(35 cas), opérés entre 1954 et 1961,

ZUSAMMENFASSUNG

Nach der Besprechung der physikalischen
und radicbiologischen Prinzipien der Be-
handlung mit radioaktiven Nadeln, be-
schreiben die Autoren die verschiedenen
Modalitaeten ihrer stercotaxischen Technik
fuer die Einfuchrung radiocaktiven Matc-
rials (Y 90, Au 19¢, Ir 192) in die Hypo-
physe.

Es werden die klinischen Ergebnisse der
Hypophysektomie mit Yttrium 90 bei Kar-
zinommetastasen (145 Faelle) cowie die
Frgchnisce der interstiziellen Gamma-The-
rapie bzim Mgorbus Cushing (12 Faelle),
malignem Exophtalmus (10 Faelle), Akro-
megalie (23 Faelle) und chromophoben
Adenomen (35 Faelle), die zwischen 1954
und 1961 overiert worden sind, besprochen.
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Cerebral Implantation of
Radio - Active Materiadl

JOHN HANKINSON

From the Department of Neurological Surgery,

Recent interest in the implantation of
radioactive material in the brain is to a
large extent aszociated with the develop-
ment of stercotaxic surgery. R. H. Clarke
(1908), the originator of the stereotaxic
method of surgery, realized some of the
potentialities of his invention. More than
40 years ago, writing from the Laborato-
ry of Pathological Chemistry at Universi-
ty College, London, he speculated on its
surgical applicatica to sections of tracks in
the brain and to the treatment of cerebral
tumours, as be said, “by the introduction
of tubes or needles of radium”. The ste-
reotaxic instrument lends itself to the in-
troduction of isotcpes in suitable form
and has been used for three main pur-
poses:

a) Interstitial irradiation of certain cere-
bral tumours.

b) Pituitary ablation.

¢) The production of lesions in the
treatment of Parkincon’s discaze and
alited conditions.

This paper will deal with the first two
subjects and will present the author’s per-
sonal experience and a review of the lite-
rature.
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interstifiol Irradiation of
Cerebrai Tumaors

The treatment of cerebral tumours by
orthodox radiotherapy has been disap-
pointing in the great majority of cases,
but there are certain characteristics of in-
terstitial irradiation which increase its
effectiveness in brain tumours. The choice
of isotopes giving rise to beta or gamma
emittors or to varying proportions of both
is made in regard to their physical pro-
perties. The advantage of beta particles
lies in their low penetration and makes
them particularly suitable where neigh-
bouring structures must be protected from
irradiation. These conditions apply parti-
cularly in irradiation of the hypophy-
sis with its close relationship to the optic
chiasma, the oculomotor nerves in the
wall of the cavernous sinus and the hypo-
thalamus. However, their low penetration
renders the beta emittors quite inadequa-
te for tumours of large volume. The gam-
ma particles with their greater range are
therefore appropriate for the larger hemis-
phere tumours. Au 198 at low dosage has
a penetration of beta rays in water or in
soft tissues amounting to no more than
1.5 - 2 mm. but at higher dosage (above
20 mC) the volume of destruction is in-
creased, due to the gamma particles, and
1965
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Fig. 1. — Leksell’s stereotaxic instrument
showing the rectanguler frame with radio-
opaque markings and the semicircular
“electrode” carrier.

is also surrounded by an intermediate area
cf necrobicsis 1 - 2 cm. in width. The
changes in this latter area are also progres-
sive over a number of months. Similar
changes follow the use of the gamma emit-
tors of long half-life, namely Ta 182, Ir
192, Co 60. Yrrrium 90 however, is a pure
beta emittor, its range being limited to a
few mms. in brain tissue with valuable ap-
plications in hypophyseal surgery.
However, in general it seems unlikely
that tumours of a diameter greater than
4 cm. can be effectively treated by intersti-
tial irradiation as shown by the dosimetric
calculations of Dutreix ® (1961). The alter-
native to external irradiation involves par-
tial surgical removal of the tumour fol-
lowed by implantation of isotopes into the
tumour bed, as described by Talairach and
his co-workers ?* 2% (1961). In this situation
gamma emittors of long half-life, (Ir 192
or Ta 182) have the advantage of activity
over a long period with high penetration.
it is probable that with high dosage of a
large volume of brain tissue, the risk of
serious necrosis and oedema is increased by
employing the short half-life emittors such
as Co 60 or Au 198, with the application
of the greater part of the dose within a pe-
7iod of a few hours or a few days respec-
tively. In addition the low activity of Ir
192 and Ta 182 increases the safety of
persenncl handling isotopes during surgi-
cal procedures. Becker aud Scheer ' ® (1953)
described an ingenicus methed of irriadat-
Number 1

Voi, h, — 1965,

IMPLANTATION OF RADIO-ACTIVE MATERIAL

ing tumour cavities by the use of Co 60,
in which the isotope is incorporated in
small pellets suspended in an inactive
liquid in an elastic container of appropria-
te size. As a refinemeat of this merhod
variations in the specific gravity of the
supporting liquid were made so as to con-
centrate the isotope activity in different
parts of the cavity. The container is then
removed after the calculated dose has been
applied.

Mundinger ' '* (1956 & 1958) and Mun-
dinger and Riechert '*(1962) have reported
on the average survival of patients with a va-
riety of tumours of the cerebral hemisphe-
res treated by interstitial irradiation by iso-
topes and compared with similar groups
treated by orthodox external irradiaticn. A
hundred and twenty one patients were in-
volved in this series and were treated be-
tween 1954 and 1959. These workers em-
ployed a variety of techniques and isoto-
pes, and in their hands they achieved a
significant improvement in the survival
rate, namely 46.9 9 of patients subjected
to combined surgical and radio-isotopic
treatment against the survival of 29.2 % in
the group treated by operation and X-ray
therapy. There appeared to be a relation-
ship between the length of survival and
the particular isotope used, the localisation
of the tumour and the tumour dosage. In
the glioblastomas, for instance, the longest
survival periods were seen in the frontal
tumours following radic-cobalt irradiation,

Fig. 2. — Case 1.
ventricle outlined by myodil
que). Lateral view supine.

Tumour of the third
(pantopa-
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Fig. 3. — Case 1.
posterior view. Muyodil lying on
surface of tumour.

Corresponding antero-

upper

an average tumour dosage of 10,000 -
13,000 r being necessary. They conclude
that longer survival periods in the undiffe-
rentiated gliomas can be achieved by com-
bined surgical and interstitial radio-isoto-
pic treatment (especially with radio-co-
balt) as compared with surgical and X-ray
therapy. The survival rate (which is nearly
twice as high as in X-ray treatment) shows
a significant relationship to the average
amecunt of tumcur dosage and tumour lo-
calisation. Also it is pointed out that the
period of treatment is thus shortened by
three quarters or two thirds of the time
required for orthodox X-ray therapy.

In our clinic we have found that small
(2 - 3 cms. diameter), surgically inacces-
sible, but strategically placed, tumours are
best suited to interstitial irradiation (Han-
kinson, 1961). In practice, these are tu-
mours well outlined radiologically in re-
lation to the third ventricle and are either
anatomically “pinealomas” posteriorly, or
craniopharyngiomas anteriorly. Small rods

(3 mms. by 6.8 mm.) of Au 198 of dose
1 - 2 mC intrcduced by Lekseil’s stereota-
xic instrument (Fig. 1), (Leksell, '" 1959)
and distributed symmetrically in the tu-
mour have proved satisfactory. The dosage
and distribution are planned to provide
7,000 to 10,000 rads. Tumours involving
the posterior part of the third ventricle
have yielded the best results with loss of
physical signs and reducticn of intracranial
pressure. Six of these patients are alive and
apparently well six years, four years, two
yvears (two) and one (two) years after
such treatment.

Three representative cases will be des-
cribed. The first, six years ago, was a man
in his thirties suffering from severe hea-
daches, vomiting and ocular palsies and
shcwing papilloedema and bilateral exten-
sor plantar responses. Positive contrast ven-
triculography revealed a large tumour in
the posterior part of the third ventricle
(Figs. 2 & 3). This was implanted with
Au 198 giving a dose of 7,000 rads. For
the first three days he became increasingly
drowsy and then suddenly his condition
improved and he made a good recovery.
He resumed work and has continued his
career as an accountant.

The second patient is a young man of 19
who complained of thirst, anorexia and the
loss of 20 lbs. weight during the previous
three months. He had also recently lost

Fig. 4. — Casez 2.

Supine lateral view of

myodil outlining anterior portion of third

ventricle tumour., Note flecks of tumour
caleification,
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Fig. 5. — Case 2. Operative radiograph

cf gold seeds in position.

libido and needed to shave every third day
only. Apart from wasting and weakness he
had no physical signs. The positive find-
ings were low ketosteroids and some flecks
ot abnormal calcification in the midline of
the skull in the pineal region. He was not
suffering from diabetes insipidus and an
initial diagnosis of anorexia nervosa was
abandoned. Lumbar air cncephalography
showed a filling defect in the posterior part
ot the third ventricle and this was confirm-
ed by myodil (pantcpaque) which would
not pass down the distorted aqueduct
(Fig. 4). During the next four weeks he
was given hydrocortisone and Nilevar (an
anabolic agent) his general condition im-
proved very much and he gained weight.

Fig. 6. — Case 3.
of gold seeds in position.

Operative rad tograph
Lateral view.

Vial, 5 Namber 1 196G5H

Nevertheless it seemed reasonable to at-
tempt to deal with the tumour itself and
accordingly nine radioactive gold seeds
were introduced giving a calculated tumour
dose of 8,500 rads (Fig. 5). He was deci-
dedly drewsy for the first three days after
operaticn and on the second day developed
those signs which he might well have
shown before, namely, gross nystagmus
and complete loss of elevation of his eyes.
This disturbance was of short duration and
trom the fifth day his convalescence con-
tinued uneventfully. However, his symp-
toms recurred a year later and he died soon
afterwards. Histologically the tumour,
which had infiltrated anteriorly, was diag-
nosed as a pineocytoma.

The third case was that of a woman of
56 who presented with severe headaches
for two months, more recently accompa-
nied by vomiting. Her only sign was se-
vere papilloedema with retinal haemorrha-
ges and exudates. Ventriculography reveal-
ed a spherical filling defect in the poste-
rior part of the third ventricle, in the mi-
dline but not obliterating the supra- -pineal
recess. The upper end of the aqueduct was
displaced downwards and forwards by ap-
proximately 1 cm. from its normal position
and was completelv blocked to both air
and myodil. Torkildsen’s procedure was
carried out on the same day and she was
relieved of her headaches and vomiting for
three months. She was then readmitted to
hospital mith recurrence of symptoms, 2
left hemiparesis and marked occulo motor

e

Iig. 7. — Case 3. Corresponding
antero-lateral view.
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Fig. 8. — Operative view 0f nasal, trans-
cphencidal introduction of yttrium 90 into

pituitary fossa. (Forresi’s method).

abnormalities. The pupils were smail with
no reaction to light or to accommodation.
She was unable to elevate or to depress
her ecyes and there was gross nystagmus.
At this stage twelve rods of Au 198 were
inserted into the tumour giving a calculat-
ed dose of 7,500 rads (Figs. 6 & 7). For
48 hours the patient was very drowsy, but
on the third day she became much more
alert and had no headache. On the next
day, quite suddenly, her eye movements
returned and immediately appeared to be
equal and normal with full elevation and
depression. Her left hemiparesis rapidly
'mproved and at the end of a week she
was walking well. She has been seen at
three monthly intervals for two years. Her
fundi returned to normal and so far she
has remained well.

These cases showed a decrease in size of
the tumour following interstitial irradia-
tion znd re-opening of the aqueduct. They
also suggest a very significant swelling
during the 72 hours following the implan-

0o

o

tation and this factor shculd exclude pitui-
tary tumours showing any degree of chias-
mal involvement. This may also apply to
the solid craniopharyngiomas and the re-
sults in our small series have not been as
satisfactory as with the “pinealomas”. As
regards the cystic craniopharyngiomas, it
is a simple enough matter to replace the
fluid with radioactive colloidal material
(Wycis et al. *% 1954) and this is probably
the wreatment of choice. However, the use
of hypothermia and hormonal replacement
therapy may justify a more radical ap-
proach to these troublesome lesions.

The pituitary adenomas can be treated
by the combinaticn of a beta and gamma
emittor (Y 90 and Au 192) (Tournoux *?
1958). This is indicated in the treatment
of the hormonal disturbances of the eosi-
aophilic and basophilic adenomas and in
cases of chromophobe adenomas and cra-
nicpharyngiomas unsuitable for surgical
decompression by reason of their posterior
extension or the patient’s poor general con-

Fig. 9.

— Corresponding antero-posterior
view showing trocars in position.
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10. — Final view of nylon capsules

Fig.
(containing yttrium ¢0) in position
perimposed). - Supporting metal
maintains  capsule’s position and
defect in floor of fossa.

(su-
screw
plugs

dition. Usually thoze cases presenting with
visual field detects are better treated by
high voltage radiotherapy with or without
preceding surgical decompression (Mur-
dinger & Riechert ' 1962).

Pitvitary Ablation

Destruction of the pituitary by irradia-
tion has been performed for the “allevia-
tion of hermone dependent metastases, for
the ocular and renal lesicns of advinced
diabetes mellitus and for some endocrine
states resulting from pituitary cver-activity
(Rothenberg et al. ', 1955; Riechert '°,
1956; Gleadhill 7, 1959; Notter ', 1959 Rie-
chert & Mundinger ", 196)). Many of the
patients with metastatic carcinoma and all
the diabetics for whem pituitary ablation is
reccmmended are in every way poor risks for
miajor surgical procedures. It is reasonable,
Number 1
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MATERIAL

therefore, to cmploy the closed trans-sphe-
noidal introduction of isotopes to open sur-
gical hypophysectomy, if comparable re-
sults can be obtained.

Pituitary ablation has been performed in
association with our colleagues of the De-
partment of Radiotherapy on one hundred
and twenty patients since 1956 - since 1959
by the method of Forrest of Glasgow (For-
rest et al. ¥ 1959) (Figs. 8, 9 & 10). Most
of these cperations have been for metasta-
tic mammary carcinoma but twelve have
been for diabetes, three for acromegaly and
three for Cushing’s syndrome. Three sub-
stances have been used viz. radon, Y 90 and
Au 198. Each emits gamma and beta parti-
cles in different proportions. Irrespective
of the degree of irradiation the energy of
gamma particles accords with the inverse
square law but the beta emission falls off
cg rapidly at 3 - 4 mms. from its source in

Section of pituitary after

Fig. 11, —
yttrium 90 implantation showing almost
complete mecrosis except for a thin rim
of surviving cells. — Dosage 4.5 mC x 2
producing 12 — 14,000 rads.
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Fig.

12. — Pituitary
sphenoidal “packing” of fossa by yttrium
00 seeds (Talairach’s method).

ablation by trans-

brain or pituitary, that beyond this range

there is no tissue damage. Thus in relation
to the size and shape of the pituitary fossa
and the proximity of the optic chiasma, Y
90 being predominantly a beta emittor, is
preferable to radon, which produces a
much higher proportion of gamma parti-

SUM

The indications for the use of interstitial
irradiation by radioactive isotopes are con-
sidered under the following headings:

a) Hemisphere tumours.
b) Midline tumours.

¢) Pituitary adenomas.
d) Hypophysectomy.

Hemisphere iumours
T:cze have been treated by partial ex-

cision and followed by implantation of ra-
dicactive sources into the tumour bed, or

100 ~

cles. Au 198, which lies between the two
in this respect, is being used at present in
relatively low dosage to produce partial
cell destruction in acromegaly.

The metastatic cases have been unselect-
ed in the sense that poor general condition
was not a contra-indication — and some of
the patients were very ill indeed. The dia-
betics were, of course, all suffering from
the severe renal or retinal damage or both
of the Kimmelstiel-Wilson syndrome. All
the more recent patients, including the dia-
betic and hormonal cases, have had pre-
and post-operative studies to estimate the
degree of pituitary destruction. Reduction
in iodine uptake and the necessity for thy-
roid replacement therapy have indicated
satisfactory ablation in these cases. Two
symmetrical sources of Y 90 of 4.5 mC each
were implanted, producing a total irradia-
tion of 12 - 14,00 rads (Fig. 11). Of the
120 cases, 12 sustained some degree of vi-
sual disturbance, usually a few months
later. Transient ptosis occurred in two ca-
ces; polydipsia, usually transient, in 12 ca-
ses and C.S.F. leak in five cases. Talairach
(1955) ** (Fig. 12) uses numerous small
sources of Y 90 introduced by the trans-
sphenoidal route and for completeness of
ablation it may be that this is the most
satisfactory solution to the problem of hy-
pophysectomy by irradiation.

MARY

direct implantation without surgical exci-
sion. In the latter case it has been demons-
trated that this type of irradiation is un-
suitable for tumours of diameter greater
than 4 ¢cm. Beyond this limit external irra-
diation is preferable. However, Mundinger
and his associates have shown an improved
prognosis in certain classes of hemisphere
tumours treated by interstitial irradiation.

Midline tumours

Tre group most suitable for interstitial
irradiaticn consists of the small, strategical-
Vel 5 —
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ly placed tumours which are obstructing
the C.S.F. circulation and can usually be
well outlined radiologically. The are the
craniopharyngiomas anteriorly and the
“pinealomas” posteriorly, and also occa-
sionally tumours on the clivus. Many of
these are of course surgically inaccessible
except by stereotaxic technique. The re-
sults in six of these cases are described
using radioactive gold (Au 198).

Pituitary adenomas

The experience of Talairach, Mundinger
and Riechert are described. The results in
the hormonal state of these tumours have
been satisfactory. The use of this techni-
que in the presence of visual field defects
is still in doubt.

MATERIAL

Hypophysectomy

The techniques of hypophysectomy by
implantaticn of radioactive gold (Au 198)
or ytrrium (Y 90) are described. The ind:-
cations are in the treatment of hormone
dependent metastases in carcinoma of the
breast and in the Kimmelstiel-Wilson syn-
dreme of diabetes mellitus. There has been
a small incidence of complications due to
infection from C.S.F. leakage, and by inad-
vertant irradiation of neighbouring struc-
tures such as the optic chiasma and rthe
nerves in the walls of the cavernous sinus.

Interstitial irradiation of certain selec-
ted tumours is a powerful and sometimes
very successful technique but requires cor-
respondingly accurate methods of place-
ment and dosage estimation in accordance
with the general principles of radicthe-

rapy.

RESUMEN

Las indicaciones para el uso de radiacio-
nes intersticiales por medio de isotopos ra-
dioactivos fueron analizadas bajo los si-
guientes subtitulos:

a) Tumores hemisféricos.
b) Tumores medios.

¢) Adencmas pituitarios.
d) Hipofisectomia.

Tumores hemisférices

Estos tumores se tratan por medio de una
excision parcial seguida por la implanta-
cion de fuentes radioactivas en la zona
afectada, o por medio de la implantacién
directa prescindiendo de la excisién qui-
rurgica. En este ultimo caso, se ha demos-
trado que este tipo de radiacion es inade-
cuado para tumecres de un didmetro mayor
de 4 cm. Mas alla de este limite es prefe-
rible la radiaciéon externa. Sin embargo,
Mundinger y sus colaboradores han demos-
trado que es posible un prondstico mas
acertado en’ciertas clases de tumor hemis-
férico tratadas por radiacién intersticial.
Number 1. —
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Tumores medios

El grupo mas adecuado para la radiacion
intersticial es el de los tumores pequefos,
estratégicamente situados, que obstruyen la
circulacién del L.C.R. y que pueden ser lo-
calizados en general radiolégicamente. St
trata de los craneofaringeomas en la parte
anterior y de los “pinealomas” en la parte
posterior, y a veces también de tumores en
el clivus. Naturalmente muchos de ellos son
quirargicamente inaccesibles excepto por
la técnica estereotaxica. Los resultados de
seis de estcs casos han sido descriptos me-
diante el uso de oro radioactivo (Au 198).

Adenomas pituitarios

Se describen las experiencias de Talai-
rach, Mundinger y Riechert. Los resulta-
dos en el estado hormonal de estos tumo-
res han sido satisfactorios. El empleo dc
esta técnica en presencia de defectos en ¢!l
campo visual es todavia puesto en duda.

~ 101



INTERNATIONAL JOURNAL OF NEUROLOGY

Hipofisectomias

Las técnicas de hipofisectomia por im-
plantacién de oro radioactivo (Au 198) ¢
Itrio (Y 90) han sido descritas. Se dan
indicaciones para el tratamiento de metas-
tasis de origen hormonal en carcinoma del
seno y en el sindrome de Kimmelstie!-
Wilson de la diabetes mellitus. Se ha ob-
servado la incidencia de complicaciones
debidas a infecciones provenientes de pér-

didas de L.C.R. y radiaciones involuntarias
a las estructuras circundantes, como por
ejemplo el quiasma Optico y los nervios
de las paredes del seno cavernoso.

La radiacidén intersticial de determinados
tumores es una técnica poderosa y a veces
muy eficaz, pero requiere métodos riguro-
samente exactos en la localizacién y esti-
macién de la dosis, de acuerdo con los prin-
cipios generales de la radioterapia.

RESUME

Les indications d’emploi d’irradiations
interstitielles d’isotopes radioactifs sont
censidérées sous les titres suivants:

1. Tumeurs hémisphériques.

I~

. Tumeurs médiales.
Adénomes hypophysiaires.

1SN

Hypophysectomie.

Tumeurs hemisphériques

On les a traités par excision partielle,
suivie par 'implantation de Sources radio-
actives dans la couche de la tumeur, ou
par implantation directe sans excision chi-
rurgique. Dans le dernier cas on a démon-
tré que ce type d’irradiation ne convient
pas aux tumeurs ayant plus de 4 cm. de dia-
métre. Cette limite dépassée la radiotherapie
externe ¢st preferable. Cependant Mundin-
ger et ses associés ont démontré un meilleur
pregnostique dans certaines classes de tu-
meurs hémisphériques traités par radio-
thérapie interstitielle.

Tumeurs médiales

Ce groupe est celui qui se préte le mieux
a la radiotheérapie interstitielle; il est
constitu¢ par de petites tumeurs placées
stratégiquement qui obstruisent la circula-
ticn de L.C.R. et dont le contour peut etre
apprécié radicgraphiquement. Ce sont des
craniopharyngiomes dans la partie anté-
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rieure et des “pinéalomes” dans la partie
postéricure, et varfois des tumeurs dans le
clivus.

Adéncmes hypophysiaires

L'expérience de Talairach, Mundinger et
Riechert est exposée. Les résultats coencer-
nant I'état hormonal des tumeurs est satis-
faisant. Oa n'est pas sur sur I'emploi de
cette technigque quand il y a des défauts du
champ visuel.

Hypophysectomie

La technique d’hypophysectomie par
I'implantation d’or radioactif (Au 198) ou
Iterium (Y 90) est exposée. Les indications
sont pour le traitement de métastases d’ori-
gine hormonale des mamelles et pour le
syndrome de Kimmelstiel-Wilson dans la
diabetes mellitus. Seulement dans peu de
cas il y a eu des complications dues a I'in-
fection causée par la perte de L.C.R. et a
I'irradiation involontaire de zones voisines
telles que le chiasma optique et les nerfs
des parois du sinus caverneux.

L’irradiation interstitieile est dans cer-
taines especes de tumeurs une technique
puissante et effective mais demande des
méthodes appropriés quant au placement
et a l'estimation de la dose d’accord avec
les principes généraux de la radiothérapie.

Val, 5, — Number 1. — 1965,



CEREBRAL IMPLANTATION OF RADIO-ACTIVE

ZUSAMME

Die Indikationen fir eine Anwendung
der intracavitiren (interstitiellen) Bes-
trahlung durch radioaktive Isotopen wird
unter folgenden Gesichtspunkten betrach-
tet:

a)
b)
¢) Adenome der Hypophyse.
d) Exzision der Hypophyse.

Tumoren der Hemisphiiren.
Tumoren in der Mictellinie

Tumoren der Hemisphdren

Diese wurden mit einer partiellen Exzi-
sion und nachfolgender Implantation ra-
dioaktiven Materials in das Tumorbertt
behandelt oder mit direkter Implantation
ohne chirurgische Exzision. In letzterem
Falle kcnnte gezeigt werden, dass diese
Art der Bestrahlung fir Tumoren mit ei-
nem grosseren Durchmesser als 4cm unzu-
linglich ist. Fiir grossere Tumoren ist eine
Bestrahlung von aussen vorzuziehen. Trotz
alledem konaten Mundinger und seine Kol-
legen zeigen, dass sich in gewissen Grup-
pen ven Tumeren der Hemisphiren die
Prognose nach intracavitirer Bestrahlung
bessert im Vergleich mit der orthodoxen
Bestrahlung von aussen.

Tumeren der Mittellinie

Unter diesen sind die Tumoren, welche
die Zirkulation der cerebrospinalen Fliissig-
keit chstruieren und welche sich radiolo-
gisch gut darstellen lassen, am besten fiir
die intracavitire (interstitielle) Bestrah-
lung geeignet. Zu diesen Tumoren geho-
ren die anterior gelegenen Kraniopharyn-
gecme und die posterior liegenden Pinea-
lome sowie gelegentlich Tumoren, die auf
dem Klivus liegen. Viele dieser Tumoren
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MATERIAL

- NFASSUNG

kénnen chirurgisch nicht entfernt werden
ausser durch die stercotaktische operative
Technik. Die Resultate in 6 Fillen pach

radioaktiver Goldbzhandlung (Au 198)
werden beschrieben.
Adenome der Hypophyse

Die Erfahrungen von Talairach, Mun-

dinger und Reichert werden beschrieben.
Die Resultate beztglich der hormonalen
Aktivitit dieser Tumoren sind Zufrieden-
stellend, Ein Erfolg nach Anwendung die-
ser Technik bei Fillen mit Sehfelddefekten
erecheint zweifelhaft,

Exzision der Hypophyse

Die Mettioden der Hypophysenexzision
durch  Implantation von radioaktivem
Geld (Au 198) cder Yitrium (Y 90) wer-
den beschrieben. Eine solche Behandlung
ist indiziert bei Hormon —abhingigen
Metastasen von Karzinomen der Mamma
und bei dem Kimmelstiel - Wilson Syn-
drom des Diabetes mellitus. Komplikatio-
nen stellten sich pur gelegentlich ein als
Folge einer Infektion der Cerebrospmal
flusmgkelt Rhincrhoea und als Folge ei-
ner unbeabsichtigten BLstmhlunpr benach-
barter Strukturen wie =z. des Chiasma
opticum und der Nerven in den seiten-
waenden des Sinus cavernosus.

Die intracavitdre (interstitielle) Bes-
trahlung bestimmter ausgewiahlter Falle
stellt eine sehr wirksame und manchmal
sehr erfolgreiche Technik dar. Sie wver-
langt daher aber auch eine genave Platzie-
rung und Schitzung der Dosis des radioak-
tiven Materials in Ubereinstimmung mit
den aligemeinen Prinzipien der Radiothe-
rapie.
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The Treatment of Neoplasms of the
Brain and Face, Employing Regional
Chemotherapeutic Perfusion and

Infusion Techniques

BARNES WOODHALL, M. D., and M. S. MAHALEY, Jr., M. D., Ph. D.

The term “perfusion” is meant to imply
the isolated extracorporeal circulation of
one or both carotid arteries and jugular
veins in the operating room under general
anesthesia. The extracorporeal circuit con-
sists ¢f a mechanical pump, a bubble cxy-
genator, and a heat exchanger. The vehicle
used te prime the pump system is either
blood or dextran. The chemotherapeutis
agent used in such cases is either dissolved
throughoutr the extracorporeal pumping
system or is injected directly into the in-
flow catheter once the perfusion has begu
Such perfusions usually last 30 minutes.
Several differeat drugs have been used in
this series of perfusions: nitrogen mustard,
A-139 Cytoxan, phenililanine mustard,
and thio-TEPA.

The term “infusion” implies the con-
tinuous intra-arterial injection of a chemo-
therapeutic agent dissolved in saline or
other approoriate diluent. This procedure
is begun in the operating room under local
anesthesia where a catheter is placed into
the carotid artery or a branch thereof. This
catheter is in turn connected to a mecha-
nical pump which can be set to deliver
a given volume of fluid per unit time at
a steady rate. The infusion itself is usually
performed in the patient’s room over a
period of cne to five days. The chemo-
therapeutic agents used for infusions have
included Methotrexate, nitrogen mustard,
Vil & — Number 1. -

1965,
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A-13J, phenylalarine mustard,
and a sulfur mustard (S-112).

Sixty-two carotid perfusions have been
performed since the beginaing of this study
in 1958. Thaesce perfusions have been cate-
gorized in Table 1. As regards survival time
following perfusion, it is of interest that
little if any prolcagation of survival time
was preduced in the case of brain tumors.
On the other hand, in the case of squamous
cell carcinomas perfused via the external
carotid artery, six of these 23 cases (26 per
cent) are presently living with no evidence
of recurrence of their tumor following per-
tusion. These more favorable results were
obtained when regional perfusion was used
as an adjunct to definitive surgical excision
cf the primary lesion.

Sixty-cne regional infusicns have been
followed up to date. A breakdown cof these
infusions is shown in Table Il. No signi-
ficant therapeutic response or prolongation
of survival time occurred in the cise of
brain tumors. Of the 31 squamous cell car-
cinomas, 13 are living with evidence of
recurrence, one is living with no evidence
cf recurrence, and 17 have died. The lon-
gest follow-up on any living infusion pa-
tient is only one year thus far. The use of
irradiation along with infusion in the
group of patients with squamaus cell car-
cinomas did not appear to affect the sur-
vival of the patient: twelve of the dead

Cytoxan,
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TABLE |
Alive
Type Perfusion Recurrence No Recurrence Dcad
Common Carotid
Brain tumors 0 1 15
Others 1 1 3
Totals 1 2 18
(4 years) (1 over 2 yrs;
1 over 3 yrs.)
External Carotid
Adenocarcinoma 2 G 4
Squamous cell carcinoma 1 6 16
Basal cell carcinoma 0 1 2
Adamantinoma 1 0 0
Melanoma 0 2 2
Sarcoma 0 0 2
Ependymoblastoma 0 0 1
Meningema 0 0 1
Totals 4 9 28
: (1 over 1 yr.;
1 over 2 yrs.;
1 over 3 yrs.;
4 over 4 yrs.)
TABLE |i
Alive
Type Infusion Recurrence No Recurrence Dead
Internal Carotid
Brain tumors 3 0 10
Others 0 0 1
Totals 3 0 11
External Carotid
Adenccarcinoma 0 I 1
Squamous cell carcinoma 13 1 17
Undifferentiated carcinoma 1 0 5
Transitional cell carcinoma 0 0 I
Melanoma 0 1 1
Lethal midline granuloma 0 0 1
Fibrosarcoma 0 0 1
Rhabdomyosarcema 1 0 0
Adenoacanthoma 1 0 0
Basal cell carcinoma 1 0 0
Totals 17 3 27
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THE TREATMENT OF NEOPLASMS OF THE BRAIN AND...

patients and eleven of the patients still
living also received irradiation.

Several general statements can be made
regarding both perfusions and infusions.
No one drug appeared to be more favorable
than another as regards prolongation of sur-
vival time. As regards face tumors, nitrogen
mustard appeared to afford the best relief
of pain following regional chemotherapy,
probably related to the neurotoxic effect
of this drug. This neurotoxicity is primarily
a destructive effect upon the myelin of the
peripheral nerve fibers, based upon labo-
ratory experiments as well as histologicil
sections from patients®. Pain relief was
usually associated with gross or histological
signs of regression of the primary tumor.
Recurrence of pain usually coincided with
either gross or histological evidence of
turther progression of the tumor growth.
Several of the anti-cancer agents, such as
nitrogen mustard and A-139, were more

SUmMm

In summary, regional chemotherapeutic
perfusion and infusion for brain tumors
have failed to significantly alter the natural
history of these tumors. Regional perfusio=
of face tumors has been effective in pro-
longing survival time when it is used as an
adjunct for definitive surgery * 7. The
combination of regional infusion and irra-
diation of face tumors has not yet shown
any more beneficial effect than either one

‘RES

Resumiendo, podemos afirmar que ni la
perfusion ni la infusién quimioterapeutica
regional han resultado eficaces para alterar
el curso natural de los tumores cerebrales.
La perfusion regional de tumores faciales
ha demostrado ser eficaz en prolongar el
plazo de sobrevida en caso de ser utilizada
como complemento de la cirugia * 7. La
combinacion de la infusiéon regional con
la irradiacion de los tumores faciales no ha
Val. 5, Number 1. — 1965,

toxic locally to the normal tissues, produc-
ing edema and erythema. In most cases,
biopsies have been obtained following re-
gional chemotherapy; histological changes
have been observed early after therapy and
in some cases are present some months
later, even after further growth of the sur-
viving tumor cells is evident '

Several technical considerations, such as
the leakage of drugs from the regional cir-
culation into the rest of the body and the
effect of temperature upon anti-cancer drug
activity have been fairly thoroughly worked
out. The leakage of anti-cancer agents into
the rest of the body is reduced to a mini-
mum by not cnly virtue of the regional cir-
culaticn of the drug but also the very rapid
uptake of these drugs in the local tissues “.
The use of hyperthermia has been found
to potentiate the effectiveness of anti-cancer
agents 7n vitro?

MARY

alene, although the follow-up period on
this group of patients is at present relatively
short.

Studies are now underway towards obtain-
ing a more direct method of attack upon
the neoplastic cells, utilizing a combination
approach employing regional vascular iso-
lation techniques and tumor stroma-specific
or tumor parenchyma-specific carriers (an-
tibodies) of therapeutic agents.

UMEN

demcstrado poseer una accion mas efectiva
que cada uno de esos métodos por separado.
Se dirigen los estudios actualmente hacia
la obtencién de un método mas directo de
ataque a las células neoplasticas, mediante
la utilizacion de técnicas de aislacion re-
gional vascular combinadas con vehiculos
de agentes terapéuticcs especificos del
stroma tumoral o bien especificos del pa-
rénquima tumoral (anticuerpos).
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RESUME

En résumant, nous pouvons affirmer que
ni la perfusion ni l'infusion chimiothéra-
peutiques locales ont réussi a alterer I'his-
toire naturelle des tumeurs cérébrales. La
perfusion régionale des tumeurs faciales
s’est montrée efficace dans la prolongation
du temps de survie lorsqu’elle a ét¢ em-
ployée comme complément de la chirurgie
définitive * °, L’infusion régionale et I'irra-

diation des tumeurs faciales combindes

n'exercent pas une action plus effective que
chacune d’elles isolément.

On dirige actuellement les études vers
I'obtention d’une méthode d’attaque plus
directe aux cellules néoplastiques, en uti-
lisant des techniques d’'isolement vasculaire
régional, combinées avec I'utilisation de
vehicules, spécifiques du stroma tumoral ou
bien spécifiques du parenchyma tumoral
(anticorps), portant des agents thérapeu-
tiques.

ZUSAMMENFASSUNG

Zusammenfassend hat die regionale che-
motherapeutische Perfusion und Infusion
keinen Erfolg bei den Hirntumoren gehabt,
um die Naturgeschichte dieses Tumors
wesentlich zu aendern. Die regionale Per-
fusion der Gesichtstumoren hat Erfolg
gehabt, indem sie die Ueberlebenszeit
verlaengert hat, wenn sie zusaetzlich zur
cndgueltigen chirurgischen Therapie
benutzt wurde * . Die Kombination
von regionaler Infusion und Bestrah-
lung der Gesichtstumoren hat noch keinen
besseren  Effekt gezeigt als jede dieser

beiden Methoden fuer sich, obwohl die
Beobachtungszeit nach der Behandlung
diecser Gruppe von Patienten gegenwaertig
relativ kurz ist.

Es werden jetzt Forschungen eingestellt,
um eine direktere Angriffsmethode der
neoplastichen Zellen zu erhalten, indem
man eine Kombination benutzt einerseits
regionaler Gefaessisolierungstechniken und
tumorstroma-spezifischen oder tumorparen-
chyma-spezifischen (Antikoerpern) thera-
peutischer Agenten.
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INSTRUMENT

Stereotaxic Apparatus for Operations on the

Human Brain

HAROLD C. VORIS, M. D.*, BRIAN BALDWIN, M. S.**

INTRODUCTION

The apparatus described here was design-
ed by one of us (B.B.) at the suggestion
of the other author (H.C.V.). It was put
intc clinical use in its original form in 1957
and has been progressively modified to its
present form. While the original design
was an independent one (its similarity to
the apparatus of Riechert and Mundinger
{1955} was coincidental) we have drawn
freely on many other workers in this field
during the successive modifications of our
instrument. We are especially indebted to
Dr. George Manning (1960) for suggest-
ions regarding an x-ray alignment frame,
the calculations and plotting of the target
and the construction of the phantom target.
Spiegel, Wycis, Marks and Lee (1947) des-
cribed the first stereotaxic apparatus tor
operations on the human brain. In 1952
Spiegel and Wycis referred to 14 publish-
ed modifications of their apparatus. A de-
cade later (1962) they add 25 more pu-
blished descriptions of stereotaxic equip-
ment. Doubtless other useful stereoencepha-
tomes have been devised but remain un-

published.

Obijective of Instrument Design

This apparatus has been designed to ful-
fill as nearly as possible the four objectives
of optimum accuracy, versatility without

30 North Michigan Avenue, Chicago.
** Manufacturing Process Laboratories,
Inc., Chicago.
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restriction of target area or burr hole po-
sition, simple procedural system, and ins-
trumentation within practical cost limits
but with the accuracy required for inves-
tigative studies.

The principal sources of error encountered
in stereotactic work can be classified as
follows:

1. Uncorrected x-ray distortion due to
x-ray beam out of parallel to the axis
of the instrument or anatomical re-
terence planes.

2. Failure to exactly re-position the ins-
trument on the head with successive
applications.

3. Errors in visualization of internal

landmarks.

. Inaccuracies in calculations of data or
in setting the instrument.

=

5. Accidental movement or mechanical
strain movement of the instrument
after setting.

Description of the Apparatus

The apparatus consists of four basic ele-
ments exclusive of x-ray equipment as fo-
llows:

1. Subframe (Fig. 1A) with guide bush-
ings for holding suppert pins. This frame
carries ear plug and nose bridge attach-
ments for holding the instrument during
preparation of skull for socket screws and
for their placement. The ear and nose pieces
are removed after the frame is attached by
means of the pins and socket screws.
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Fig. 1. — A. Subframe. B. Instrument.

2. The instrument itself (Fig. 1B) at-
taches to the subframe and carries the probe
guide member. The guide is in the form
of a long bushing with the lower bushing
extendable down to the burr hole for the
maximum possible support. The instrument
is set with angular readings taken from the
protractors after the phantom set up. All
movements are angular. The collet guide
section is pivoted for movement with a lo-
cus defining a cone with its apex at the
surface of a spherical locus. The collet guide
section is carried on a semicircular ring pi-
voted from one axis of the base ring. This
section slides to any position along the se-
micircular ring. This motion along with
the pivoting of the large ring creates a
spherical locus so that the guide bushing

Fig. 2. — X-ray alignment frame 100
cm. in length shown attached to
subframe.
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center of rotation may be moved to any po-
sition over the head without greatly chang-
ing its distance from the skull.

The instrument carries a second large
ring which is used as a support to keep the
imain ring in an accurate position after it
is set. The large rings carry angular gra-
duations for recording position and the pi-
vot axes of the guide collet carry pointers
which move on protractors mounted at
right angles to each cther. The four angular
readings fully define the instrument setting
except that the probe length or penetration
depth relative to the instrument is measured
independently with a rule or other length
gage. The depth is set with an adjustable
stop collar attached to the probe.

Fig. — 3. — Mounting plate with upright
markers indicating phantom target and
burr hole.

3. X-ray alignment frame (Fig. 2) is 100
cm in length and is attached to the sub-
trame and to the x-ray tube housing. The
frame carries a cassette holder and provides
accurate alignment of x-ray source, head
and film.

4. Mounting plate (Fig. 3) for holding
complete instrument during set up of
phantcm burr hole and target for setting
instrument. The system uses two small up-
rights with height markers for use as the
phantom burr hole and target. Since the
instrument is set by the use of a phantom
(Fig. 4) the polar coordinates of the ins-
trument are used as a record only. The
phantom permits the use of rectangular
coordinates for locations of the target.
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STEREOTAXIC APPARATUS

All parts are constructed of 2024 alloy of
aluminum with the excention of small parts
of 300 series stainless steel. The total weight
of the instrument and frame is four pounds,
and of the x-ray alignment frame six
pounds. In use the weight of the x-ray
alignment frame is partly supported by the
x-ray apparatus.

Use of Apnparaius

The use of the apparatus reguires two
sessions in the operating room. General
anesthesia may be the first stage if desired,

Fig. 4. — Instrument attached to sub-

frame and in turn to mounting plate.

The setting of the probe to the phantom
target is illustrated.

local is considered essential for the second
stage. The first stage is carried out with
the patient in the sitting position. The sub-
frame is initially fixed to the patient’s head
by the earplugs and nasal bridge. These
are adjusted so that the earplugs are at an
cqual  depth and diametrically opposite

Number 1 1965

FOR OFERATIONS ON THE

HUMAN BRAIN

— Lateral view of the wventri-
culogram with the subframe attached
to the skull. A ventricular cannula has
been introduced through a posterior burr

Fig. 5.

hole. The anterior commissure and the
posterior margin of the foramen of
Monro have been accentuated.

cach other, and the base of the sub-frame
is parallel to Reid’s base line. Stab incisions
are made in the scalp cpposite the pin bush-
ings in the four posts of the sub-frame. A
special N? 1 drill is put through each
bushing in turn and a hole drilled in the
outcr table of the skull. Now four self-
tapping socket screws are placed in these
holes, using a special screw driver inserted
thrcugh the guide bushings. These screws
are left in place between the two stages
and may remain permanently if desired.
Four pins that fit into the sockets of the
screws are now inserted through the guide

Fig. 6. — Postero-anterior view of ven-
triculogram with subframe attached
to skull.
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Fig. 7. — Three lateral roentgenograms
of the same case have been superposed.

The wentriculogram shows the outline
of the lateral ventricle and the foramen
of Monro. The anterior commissure is
accentuated and two separate targets
have been plotted with a small cross.
The roentgenogram of the phantom
shows the heavy probe directed to one
of the targets. The roentgenogram taken
at the time of operation shows the ball
electrode directed to the same target.
The probec and electrode wvery mnearly,
but not precisely coincide. The pins for
fixation of the localization frame do
precisely coincide. showing how accurate
superposition of the films is possible.

bushing: and adjusted to as nearly equi-
daisrant readings as possible.

Now the ear plugs and nasal bridge are
removed as adequate skeletal fixation has
been attained. A burr hole is made for in-
jection of air. This may be located for the
later stereotactic procedure and if a bila-
teral procedure is contemplated both burr
holes can be made at this time. The x-ray
alignment frame is attached to the appa-
ratus and to the tube of an x-ray machine.
The initial attachment is for a lateral film.
The ventricle is tapped and 15-20 cc. of air
are injected withcut removal of fluid. An
x-ray is made and developed. Usually sa-
tisfactory visualization of the third ventri-
cle will be obtained (Fig. 5). If not, the
head may be manipulated and if necessary,
another 5-10 cc. of air shifted so as to ob-
tain a postero-anterior view (Fig. 6). This
concludes the first session. The sub-frame
is removed, leaving the screws in place in
the skull and the scalp incisions sutured.
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The calculation procedure follows. The
x-rays are studied and internal landmarks
(foramen of Monroe and anterior and pos-
terior commissures) identified. The socket
screw positions, the internal landmarks
and burr hole positions are transferred to
special graph paper. This permits a rapid
censtruction of the projected top view
of a coaventional three plane mechanical
drawing. Since the distance of the film from
the geometric center of the instrument is
known (18.7 cm.) as well as the distance
of the tube from the film it is possible to
diagramatically show the intersecting rays
and plot the true position of the internal
landmarks (usually anterior commissure)
and the burr hkoles. Then the target can be
plotted using rectangular coordinates based
on standard atlases, Spiegel and Wycis
(1952), Schaltenbrand and Bailey (1959),
Delmas and Pertuiset (1959), and Talai-
rach et al (1957), other published data, or
the worker’s own experience.

The top view with the plotted target
and burr hc'e is now accurately taped on
the instrument mounting plate so that the
axes of the drawing correspond to the axes
of the instrument which are scribed on the
plate. The original drawing may be used
for this purpose or it may be transferred to
a second sheet of tracing paper. Now the
sub-frame and instrument are placed on the
mounting plate. The center of the instru-
ment is at a fixed (and easily measured)
height a“ove the mounting plate.

Fig. 8. — Superposition of the postero”™

anterior roentgenogrum of the same
case as Fig. 7. This is not the case shown
in Figs. 5 and €.
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The phantom target and burr hole are
located by height markers placed on two
uprights placed at the respective points in-
dicated on the top view drawing (Fig 3).
The location of the height markers is es-
tablished from the lateral and posterior-
anterior drawings with the necessary cor-
rection for the height of the center of the
instrument above the mounting plate.

The instrument is now set by maneuver-
ing the probe until it passes through the
center of the burr hole to the center of the
target (Fig. 4). The instrument is then
locked in position. If the x-ray alignment
frame is now attached to the sub-frame and
the upright markers removed, lateral and
posterior-anterior x-rays can be taken and
the position of the probe checked superpos-
ing these films on the original x-rays or on
the drawing constructed from them (Fig.
6 and 7). The length of the probe is re-
corded as are the readings on the 4-plane
protractors of the instrument. This permits
resetting of the instrument if the settings
become changed before its use.

The actual stereotactic procedure (second
operating room session) can be done whe-
never desired (usually in our practice three
to seven days after the first stage). It is

carried out under local anesthesia. The pre-
vious incisions are re-opened and the sub-
frame attached to the skull, seating the sup-
port pins in the socket screws in the skull.
The instrument is attached to the sub-frame
and a special (25 cm. length) Cooper can-
nula, a needle or a suitable electrode is now
marked for depth using the previously re-
corded depth cof the probe marker. It is
inserted through the burr hole to the target.
The x-ray alignment frame is replaced and
lateral and posterior-anterior films taken.
The position of the cannula, electrode, or
needle can now be checked by superposing
these films on (a) the original films (b)
the films of the phantom set-up or (c) the
drawings made from the original films
(Figs. 7 and 8). They should, of course,
all correspond if procedure and calculations
have been performed accurately. Physio-
logical checks in the shape of procaine in-
jections, inflation of the balloon of the
Cooper cannula, or electrical stimulation
should, of course, be carried out before a
destructive lesion is actually made.

Although further refinements are plann-
ed, this apparatus is currently considered
to adequately meet the objectives stated at
the beginning of this paper.
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Personality

Prof. Dr. SHIGEO OKINAKA

We want in this article to pay homage through the person of Prol.
Okinaka to the people and country of Japan.

Every ecitizen is but a prism through which the historical background.
geographical conditions and cultural environment of his homeland are trans-
mitted.

A country has both an apparent and a hidden physiognomy. Fused
together Man and Nature build the cities. Will, plus power, plus stones.
Intelligence mixed with steel, sand and granite.

If one wants to visit this kind. bald-hecaded Protessor, beloved by his
numerous disciples, with his serene, austere expression resembling a Zen monk.
onc must go to Tokyo where
he held the post of Professor
of Internal Medecine.

At one’s arrival at the most
populous city in the world.
one feels at first thrilled and
baffled by its variety. Tokyo
is a burst of never-ending ac-
tivity, a city under the spell
of progress. Technically equal
to the finest cities in Europe.
it resembles them in some res-
pects until you find certain
spots that remind you that
this is Japan.

In countries, like people,
some qualities are acquired
and others inherent in their
intimate nature. It is in the
realm of subconsciousness that
the true traits of their perso-
nalities must be found.

Tokyo is just the modern
facade of Japan, a superme-
tropolis crowded with ten and
a half million people and crazy
traffic, which has charmed
and puzzled visitors by its con-
tradictory spirit.

At the Tokyo Imperial Universiy School of Medicine, Prof. Okinaka
oraduated in 1928 and held the rank of Professor of Internal Medicine: after
a brilliant career, he is respected as a scholar of the highest class.
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Tall, keen-eyed, with a square, determined jaw. his person inspires a
sense of energy. honesty and straightforwardness.

His gifted insight inspires him to discover hidden talents in the young
doctors around him. It is the same kind of insight that made Magendie
recognize in Claude Bernard., a dull student about to give up Medicine, a
great intellectual potential. and to inspire the best of him. It is not by chance
that Dr. Okinaka’s Department of Internal Medicine is famous for providing
many Professors for the University Medical Schools.

He is cheerful and modest. his sincerity and friendliness has won his
collaborators respect: good will and harmony always reign in the running
of his Service. The flood of papers that are turned out from the different
groups of studies under his dircction speaks eloquently for its scientific
activity. Dr. Okinaka is a hard worker and very inspiring to his collaborators.
At 7 a. m. he is already at work.

And it is not rare that he stays overnight at the University when engaged
on some scientific problem.

There is in Japan a charming legend according to which Izanagi the
Creative Deity, stood on the Floating Bridge of Heaven with a jeweled spear
used for stirring the brine thrust it into the ocean. and with the drippings
from its tip ercated the Japanese islands. They are a beautiful present to
nature whose contour is said to have been compared to a dragonfly by the
Emperor Jimmu. This is the homeland of nearly 100 millions people crowded
in a beautiful but not bountiful soil. Only 169 is arvable, and the people
depend much on the sea for nourishment. A chain of Mountains is the back-
bone of the main island and 800 ports testify to the maritime traditions
of the Japanese people. It is said that there is not a place in the whole
country further than 100 miles from the shore.

Majestic snow-capped. peerless Mount Fuji-No Yama. the dominating
symbol of Japanese life, is regarded as an emblem of purity and beauty.

Many painters have used it as a central theme of their pictures. The
tradition is that Fuji-No Yama rose in one night 2000 years ago. Regardless
of the angle from where it is seen, the mountain is always beautiful.

This is a land of great beauty. but Japan also demands of her sons great
endurance and resourcefulness. Boiling under the seca are submarine volcanoes
that cause almost one carthquake a day somewhere in the country. even though
they are only detected by the aid of a seismograph.

Geographically this is the physical setting, the scenery to which Dr.
Okinaka opened his eyes in life one October day in 1902, in Kanazawa. a city
considered one of the centers of culture. art and gracious living. He was
the seventh child of eleven children born to the family of an army officer.
His birth preceeded the outbreak of the Russian-Japanese war, by two years.
Being a military man, his father was continuously moving from one part of
the country to another and so young Shigeo spent his childhood in different
cities: Kanazawa, Hamada, Himeji. Hiroshima. Okayama, and Tokyo.

He has no recollections of the Russian-Japanese war which ended when
he was just three vears old. He considers it a great fortune that his father
who had served in the War came back safely home, in spite of the fact that
a bullet hit his chest and destroyed a large pocked watch. Years after that
event his father used to show his children the remnant of the watch and
told them the story of it
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Certainly this was a watch that watched his life!

This epizode deeply impressed the boy, and he sensed instinetively, that
there was something fatalistic about destiny, and loaded with omens squared
his shoulders to life.

Years passed by, kindergarten and primary school were spent in Hiros-
hima, Okayama and Tokyo. Then by family consensus it was decided that
Shigeo ought to follow his father’s footsteps and enter for a military career.
partly due to the tight financial situation upon his father’s retirement from
the services.

His intuition about the all-powerful fate proved to be true. and it took
the form of a remote relative, a practising doctor who suggested to his parents
that he should adopt him. They consented.

Thus the prospective soldier was turned into a medical student, and
changed his family name to the present one.

His foster father had a good financial position and practised medicine
in the outskirts of Himeji City, Hyogo Prefecture. in a half agricultural
and half fishing village.

Young Okinaka completed his middle schooling at Yokohama, and upon
finishing the 5 years course, went to the First High School in Tokyo for a
pre-medical course.

Dr. Okinaka says, “It was destiny which has led me to the medical
career more than my own wish or decision”. Pursuing the course of medical
education gave him a more profound and lasting joy and satisfaction.

Finishing the four years course in 1928 Dr. Okinaka was ready to go
into practice, (there was no internship system at that time). It was his aim
to help his foster father in his practice and with that in mind he started his
training in Internal Medicine without giving it too much thought.

There were three Departments of Internal Medicine, headed by Prof.
inen Kuré, Prof. R. Inada, who discovered the causative agent of Weil's disease
and Prof. Shimazono who was famous for his investigations on Beriberi. Dr.
Okinaka chose Prof. Ken Kuré who was interested primarily in the autonomic
nervous system and cardiology. He cannot ascertain why he chose the youn-
vest of the three Professors. He believes that it was the fact that he liked
the way he taught the students.

Prof. Ken Kuré became for him a symbol of what is desirable in a medical
man. He had spent two years in Germany studying the pathophysiology of
the heart under Prof. H. E. Hering. At his return he was appointed Professor
of Medicine in the University of Kiushu (“Where the Lands End”) . in Fukuoka
City in the Western part of Japan.

After that he was appointed to the University of Tokyo and it was at
that time that Dr. Okinaka joined his Department. Studies were carried on
heart diseases, on progressive muscular distronhy and research on the spinal
parasympathetic efferent fibers in the dorsal root.

Dr. Okinaka was deeply impressed by Prof. Kuré’s personality and has
said of him, “He was indeed a physician and research worker of exceptional
caliber, devoting himself equally to his research work and the care of the
patients. He was always abundant in original ideas and filled with zeal and
fighting spirit against the unsolved problems confronting him. I was deeply
influenced by his pure, scholarly attitude and endless passion towards science.
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Setting aside my plans of becoming a medical practitioner 1 dedicated my
passion and effort to follow his steps in various rescarch projects”.

Dr. Okinaka was delighted when Prof. Kuré asked him to accompany
him to the First International Congress of Neurology to be held in Switzerland
in 1931. It was quite a journey, and for young doctor Okinaka it was his first
trip away from his homeland.

They crossed the Pacilic by ship and the North American Continent by
train, arriving at New York. After crossing the Atlantic they reached the
Kuropean Continent via England.

They remained for several months in Berlin and arrived at Bern, Swit-
zerland on September to attend the First International Congress of Neurology.
This trip made Dr. Okinaka become deeply interested in Neurology. Almost
every leading scientist in Neurology from all over the world was gathered
there.

There he met Dr. S. W. Ranson of Chicago, Dr. C. S. Sherrington of
Oxford, Dr. H. H. Dale of London, Dr. E. D. Schaefer of Edinburgh: Dr.
L. R. Miiller of Erlangen, Dr. O. Foerster of Breslau, Drs. C. and O. Vogt.
Dr. M. Bielschowsky of Berlin-Buch.

He also recalled the presence of Drs. Pavlov. Cushing, B. Sachs, Economo.
Marburg, Westphal and Robert Bing, among others. This embraces almost
all the most famous Neurologists in fll!l(ldlllt'l]tﬂ.' and clinical science at that
time and those who have played a great role in the development of modern
Neurology.

Besides during this trip he had occasion to contact personalities in
different fields of Medicine such us Dr. E. Landsteiner (New York), Dr. A.
V. Hill (London). Dr. Jacobacus, Dr. Howgren, Dr. Kuler, Dr. Liliestrand
of Stockholm, Dr. Bocke of Utrecht, Dr. GI‘O"]I of Copenhagen, Dr. H. E.
Hering of Kéln, [)r Mollendorg and Dr. Ace shoff of Freiburg, Dr. Volhardt
of Frankfurt, Dr. C. V. Bergmann of Be rlm. Dr. Mozawitz of Leipzig. ete.

He came back to Japan greatly inspired bringing with him a deep and
unforg.t*ltahlv impression, having witnessed the discussions among the best
minds in Neurology and talked with many distinguished Nobel Prize Winners.
He continued his work with Dr. Kuré with whom he turned out many
scientific papers.

Meanwhile, his foster father was patiently waiting for him to finish his
training in Internal Medicine and join him in his practice. But Dr. Okinaka
gradually lost his interest in practicing Medicine, and this change scems to
have been so natural, that no one around him was surprised.

In 1938 his foster father died and in 1940 Prof. ken Kuré., also died
suddenly from a myocardial infarction.

These were two severe blows for Dr. Okinaka and decply saddened him.
By that time Dr. Okinaka was regarded as an independent research worker
and an internist in medical circles. But he had already laid his plans for
the future, and took decisive steps. giving up medical practice to dedicate
all his effort to his academic career.

Then, the Second World War broke out. and Dr. Okinaka states that
it was as destructive in his life as in the whole country itself. But he never
abandoned his research work, even though many of his colleagues were drafted.
he continued his scientific activities working with a small group in semi-
darkness, with their helmets on prepared for eventual air raid attacks. In
i943 he was promoted from Lecturer to Assistant Professor and finally to
Professor of Medicine, of the University of Tokyo Faculty of Medicine in 1946.
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For the next fifteen years Prof. Okinaka was actively engaged in rebuild-
ing each field of Internal Medicine which had suffered a considerable set-
back from the war.

Several groups were formed, cach of them dedicated to some special
branch of Medicine, Neurology. Cardiology, Endocrinology, Haematology.
Gastroenterology.and Pulmonary Discases. The enthusiastic cooperation of the
voung doctors who were members of his staff in this endeavor proved to be
very effective in carrying out Dr. Okinaka’s plans in Clinical, educational
and research fields.

Neurology was in those days not organized as an independent Department,
But Dr. Okinaka gave it great impetus and a powerful group from this dis-
cipline was formed with distinguished Neurologists.

Dr. Okinaka believes that the progress of Neurology mostly depends upon
the participation of internists.

The Department of Internal Medicine of Kyushu University headed by
Prof. Katsuki is functioning on the same lines. Many of the Neurologists in
both services have studied in famous centers in the United States and are well
cquipped to be the future leaders of Neurology in Japan.

Recently one of them, Dr. Kuroiwa was appointed Professor of Neurology.
thus establishing for the first time an independent Department of Neurology.
Dr. Okinaka founded the First Neurological Society of Japan, and it met
regularly every year.

The World Federation of Neurology and the National Institute of Health
have been enthusiastic supporters of these efforts toward the growing develop-
ment of Neurology in Japan.

Not only outsiders have been eager to encourage this movement, but also
several Departments of Internal Medicine in Japan have helped. Dr. Okinaka
recalls with gratitude the efforts of Prof. Dr. S. Katsuma of Nagoya University.
a member of Japanese Academy of Medicine., who has always provided helpful
and thoughtful suggestions.

Dr. Okinaka has achieved a well rounded life. His activities as a leader
have flourished in a generation of outstanding doctors, who talk about him
with deep gratitude and admiration. The same that Dr. Okinaka has had
tor Professor Kuré.

Gratitude is a wonderful trait of the Japanese personality. it is always
present in their appreciations for the benefits received.

As to his personal achievements Dr. Okinaka was given one of the greatest
distinctions open to a medical man in Japan. He was awarded in 1961 the
Imperial Prize of the Japanese Academy for his outstanding work on the
autonomic system.

Dr. Okinaka has carried on important rescarch and clinical work on
the following neurological topics.

1) Clinicopathological Studies on Cerebro-Vascular Disorders.

2)  Clinicopathological Studies on Atherosclerosis (Brain and Heart).

3)  Hepatocercbral Disecase.

4)  Survey of Multiple Sclerosis and Allied Discase in Japan.

5)  Studies on the Autonomic Nervous System.
—
wa

Professor Okinaka has made important contributions to medical literature
and among these are a “Text Book of Internal Medicine” edited by him, one
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ol the best of its kind. a book on Autonomie System by Dr. Kuré and himself.
[t has become a classic and a source of inspiration for workers on this field.

He has also written a book on Cerchrovascular Discases with the collabo-
ration of Drs. Kuroiwa and Tzubaki which is a widely known in Japan and
embraces clinical and pathological studies.

Dr. Okinaka’s opinion is highly respected and there is in circulation an
annecdote that tells how on one occasion he was consulted about the physical
condition of a Prime Minister. In spite of the fact that there were important
political interests at stake, Dr. Okinaka’s opinion after medical examination
resulted in the Prime Minisl{r & rt--qguatlon. It was a remarkable story and

everybody commented how a single doctor’s opinion changed the pnlltual
panorama in Japan.

Some time ago, when in a letter-interview, we asked him about his family
life, Dr. Okinaka stated “As to my personal history, I entered my ldmll)
lite without a romance to talk of, because it was arranged for me to marry
my present wile, when I was adopted”. This was customary in Japan where
the elders used to protect, in this way, the future happiness of their children.

“My wife ‘he continued’, is healthy and happy. but to our great regret
a junior has not been born to date. Since my wife has never accompanied
my trips abroad. it is my hope to take her with me one of these years”

Dr. Okinaka has retired recently from his Chair of Internal Medicine
but still remains as a creative force working and encouraging others to excel
in their endeavours.

The crop of goodness has been plentiful and Dr. Okinaka remarks “I
am looking back over these years of my life with profound gratitude and
satisfaction”.

“I have personally educated almost a hundred physicians as internists,
many of whom are provided with outstanding abilities. It will be not only
a great hope and pleasure but also a worth \\IIII(‘ job to help and ol)-uw
the future growth of these pupils as leading physicians and investigators™.

This is the brief account about the life of Prof. Okinaka one of the
most brilliant minds of Japan. and man of good will. modesty and courage.

East and West are merged in Japdm-sv contemporary culture in a delicate

balance. It has been claimed that Japan is the most Westernized country of
Asia.

But is also true that they have a queer way that is almost an instinct
in choosing what was needed to progress without doing violence to their
own traditions. And we are thankful for it. There are many aspects from
which Westerners may benefit by observing their way of life.

Japanese courtesy, is a magnificent trait of their character. That has
made possible the miracle of an orderly life in a crowded country. In busi-
ness this means fair play. In science, mutual respect and thankfulness to
their teachers. In every Japanese person there is something of Tokyo, an
open mind to other ways of thinking, living and doing aml -om:thmg., of
Kyoto. which is not (ml\' the reverse of |0k\0 in its I(’dtlln" but also in its
meaning. Tokyo is but a modern glowing facade and in a way a materia-
listic view of Japan.
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Kyoto whose meaning iz “Peace and tranquility” shows us the inner
spirit of Japan and the secret of its charm.

Resting at the foot of an attractive semi-circle of hills, Kyoto is medieval
Japan living side by side with the modern one, with its alluring beauty.

We remember our impression when Dr. Araki, Professor of Neurosur-
gery in Kyoto and Dr. Tada took us on a tour of its magnificent gardens.

In entering the Garden of the Saihoji Temple we were so bewitched
by its beauty that we could hardly utter a word. Dr. Araki stood near us
comprehensively smiling and gazing at our admiration through his glasses.

For 600 hundred years this place has astonished its visitors. It is a velvet
earden carpeted by seventy hues of different kinds of moss. Murmuring
water leads the visitors to the tea house, where the Zen Monks used to sip
tca to keep awake during the long hours of meditation.

Another garden, striking for its abstract beauty, the Sand garden, five
centuries old. has a serene simplicity that reflects the ascetie life dedicated
to unveil truth through perceptive thinking. It is comprised of 15 large
rocks striking austerely out of raked sand.

There are others like the famous tea garden of the Katsura Imperial
Palace that show us why art is so embedded in Japanese daily life.

Landscape gardening is a true homage of art to nature. making her more
endearing to her children.

The most exact feeling trusted to our hearts was one of reverence, and
we seemed to regain a sense of belonging, of coming back to a home, that
was once a universal one to makind: Nature.

There is in the hidden core of every country a piece of trascendental
rcality that is mirrored through its customs., way of living and symbols.

Wholeness of human personality is only attained when the spiritual
doors are opened to give and to receive the best in the human interchange
being. art science or style of life.

Dr. VICTOR SORIANO.
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