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PHILOSOPHICAL TRANSACTIONS.

. On the Distribution of the Different Avteries supplying the Huwman Brain,
By Cnaries E. Beevowr, M. D, Lond., F.R.C.P.
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2 DI CHARLES T, BEEVOR ON THE DISTRIBUTION OF THE

Tue present work was undertaken to ascertain the area of distribution of the different
arteries of the brain, when they were injected simultaneously under the same
pressure with gelatine containing soluble colours, in place of the usual method of
mjecting the arteries singly and successively with insoluble eolours held in suspension.
The work is illustrated by photographs of the different sections of the brains,
reproduced in eolours by the chromo-collotype process.
The number of brams which have been injected s 87.

Aueatomy.

It is not proposed to give minute deseriptions of the course and relations of the
arteries amwd all themr branches, but an enwmeration is advigable of the arteries which
will be considered.

The eerebral blood supply comes from the internal carotid and from the basilar
arteries,

The snternal carotid artery gives off the posterior communicating artery and the
anterior ehoroid artery, and after f__fi'n.'[t:g oft these branches it divides into the anterior
and middle eerebral arteries.

The posterior communicating artery joins the posterior cercbral artery of the
hasilar,

The anterior ehoroid artery passes :1|rr]|:_r" and outside the uiriit: tract to the anterior
end of the inferior cornu of the lateral ventriele, which it enters, and there joins the
ehoroid ]_r]l"}:liﬁ.

The anterior cerebiral artery courses in front of the corpus eallosum and along its
upper surface, and ends in the guadrate lobule.

IIPlll" T I'Itlj‘ﬂl.lir" [ i"-l"'.!l.”'l"tlil i I'll_']'.‘r' "I."n-':‘”l,i]E !Jllt\l'ill‘[]ﬁ :II[I]Tg '.II[_." H}'I\"i?lrl ﬁ!-::-;ut'u t-{l tII:I(_'! ﬂnrl.{’.-x
on the outer surface of the hemisphere, and there divides into four branches.

The bastler artery, which is formed by the union of the vertebrals of either side,
divides at the upper border of the pons into the two posterior cerebrals, each of
which turns outwards round the outer surface of the erus cerebri, and runs along the
median surface of the oceipital lobe to end in the posterior extremity of the ealearine
fissuve. Soon after its origin it is joined by the posterior communicating artery, a
branch from the internal earotid.

Previous Observers.

It will not he necessary to mention all the writers on the Mll]ljl'.t:l., from HALLER
and WiLLis down to Ecker, and I will therefore refer to those who have most
recently added to our knowledge.

Dunrer* was the first to publish diagrams deseribing the different distributions of

* ¢ Archives de Physiologie,” 1874,




; DIFFERENT ARTERIES SUPPLYING THE HUMAN BRAIN. 3

the anterior, middle, and posterior cerebral arteries. He did not deseribe the methods
he used, and he did not state whether he employed a syringe, but he mentioned
using injections of gelatine coloured by carmine, or by Prussian blue. He also did not
state on how many different brains his observations were founded.

Durer divided the arterial cireulation of the brain into—

1. Arteries of the hase of the brain or of the eerebral nuele.

2. Arteries of the ventrieles,

3. Arteries of the cortical region or of the convolutions.

4. Arteries to second N-p}mlic vesicle, cerebral |1f=l|uu{t11-s-:. and COrpora illl:li]-
rigeining.

5. Arteries to fourth cephalic vesicle.

Hevexer® was the first to investigate methodieally the distribution of the different
branches of the eerebwral arteries. For this purpose he Pi-.l'ﬂn‘lm.'d 6o i]]_il'ctiiﬂl!‘i o1l
30 brains, and used the method of injecting a single artery piece by piece, and noting
the part of the brain that each piece sulllﬂiut].

He used a solution of Brircke's Berlin blue, which was driven in very gradually,
and with slight pressure, by a syringe.

He was the first to deseribe that the ramus communicans posterior supplied the
anterior tubercle of the optic thalamus, and that the chorowd artery suppled the
posterior limb of the internal capsule, and the outer half of the anterior part of
the thalamus. In his researches, the anterior choroid was injected alone in two
cases, and the posterior communieating artery in four cases; in the remainder of his
cases, the antevior, middle, or the posterior cerebral artery was injected.

Heopxer divided the arterial system of the hemispheres into basal region and
cortical region.  In the former he considers that the vessels have no anastomoses, but
are true end-arteries in the sense used h}f Clonmxari, So that, © from a definite
piece of an artery, a definite piece of brain substance is injected, and no more can be
injeeted by inereasing the pressure.”

Korniskof made a special study of the supply of the anterior choroid artery, and
repeated HEUBNER'S experiments, to aseertain * whether the posterior limb of the
capsula interna is supplied by an artery, which has found no recognition in the
scheme (of Chnarcor usually received), and which is not recognised as an end-
artery.”

He found that his experiments all gave the same result, and established Hevexier's
assertion with reference to the posterior limb of the nternal eapsule. Konsko
mjected single arteries, using first TrEicnMANN'S mass with finest chrome yellow or

* 4 Centralbl, fiir die medic. Wissensch,.! 1872, Na, 53 ; ‘Ihie Lnetische Erl:r.‘mkung der Hirnarterien,'
Leipzig, 1874,

t “Ucher die Beziehung der Arteria Choroidea Anterior zum hinteren Schenkel der inneren Kapsel
des Gehirnes,' Wien, 1801,

B 2



4 DR. CHARLES E. BEEVOR ON THE DISTRIBUTION OF THE

Berlin !Jluv,‘whiuh was injected by a syringe into the carotid artery after t}'ing
all branches except the anterior choroid.  He obtained the best results with Kapyr's
carmine olive-oil mass, which injected the finest capillaries, as well as the large vessels.
A cobalt blue mass was usged as a contrast, and also :mph:ﬂt--hmk-ﬂ*"nirﬁlt. He
employed altogether 17 brains, of which the anterior choroid artery was alone injected
in 10 brains, and in [‘l“[jt!!l.ctjml with the pcmll-rinr (‘mmmm]l!:tting artery in six
brains, and in four of these with injvctiun of the middle cerebral also. In one case
the posterior cerebral was alone injected.

It will be advisable to take the principal parts of the brain, and to eompare the
blood supply as it has been deseribed by Derer, Hevexer, and Kovisko,

As there 1s not mueh difference of opinion about the cortieal distribution, I will take
first the HIIII-]!L".' to the hasal g-'l.llgllm and to the (':Il'rﬁlliu interna.

The head of the Nueleus eaudeatus is supplied, according to Durer,® by the anterior
cevebral artery which gives arteries “to the intraventrieular nueleus of the corpus
strintum,  These arteries are not constant, as the ventreicular nueleus may receive
arterial blood from the wventrieular :ll‘tl.'l'iL'H, and even ]r}' the H}'h'i:m arteries.”
Further on (]1. 86) he states that © the two mam branches of the arteries of the
choroid membrane end in the head of the corpus striatum. . . . Two or three
times we have found small anastomoses of these branches with the arteries of the
anterior perforated space.  We have no doubt that, in certain eases, the ventricular
nucleus of the corpus strintum is Imm"[}' l-:».'v]l.l:-:'tn-]]_.' :-:ujlpliml '|n_1r the ventricular
arteries.”

,-"u'q-ut'ulin}; to Heupxer,t it is the * rart of the anterior cerebiral artery between
the arteria fossee Sylvii and the ramus communicans anterior which gives off’ vessels
which supply the head of the corpus striatum.”  The tail (swreingle) of the nueleus
caudatus, according to Durer (p. 77),% is supplied by the lenticulo-striate arteries of
the middle cerebral, and, aceording to Hevexer (p. 179)F by a branch coming
off from the first 2% em. of the middle cerebral artery, by one of the middle eerebral
arteries near the insula, and by the posterior eommunieating artery (p. 154), whereas,
according to Kousgo (p. 30)§ it s supplied by the ventricular branches of the
anterior choroid artery (internal earotid).

The three divisions of the Nuelews lenticuloris arve eonsidered to Le supplied thus :
the first and second divisions h}' the small internal lentienlar branches of the middle
cerebhral (Durer, p. 77),* which probably corvespond to the branches from the fork
formed between the anterior and middle cereliral artevies, the supply deseribed by
HevpNer (p. 819),1 while, according to Korisko (p. 30).§ the first division is supplied
by the anterior choroid artery. The third, or outer division, is supplied by the

* ¢ Archiv de Physiologie,’ 1574, p. 70

b * Centralbl, £, die Med. Wiss,” 1872, No. 52, p. 819
| ¢ Diie Luetische Erkrankung der Hirmarterien,”

& Loc el



DIFFERENT ARTERIES SUPPLYING THE HUMAN BRAIN. 5

lenticulo-striate and lenticulo-optic branches of the middle eerebral artery (Durer,
p. 77),* which, aceording to Heupxer (p. 810),1 come off from the first 2 em. of this
artery. According to KorLisko] (one observation, p. 19), the anterior half of the third
division is supp]hgd by the anterior eerebral.

The Thalamus Opticus.—DURET {lr_ 71)* states that the antevior internal it is
supplied by the posterior eommunicating artery —a branch penetrating between the
tuber cinereum and the corpora mammillaria, ealled the internal anterior optic; the
internal posterior part is supplied by the branch from the posterior eerebral or
posterior communicating artery, called internal posterior optie (p. 72); the external
posterior part is supplied by the external posterior optic from the posterior cevebral
artery, which enters the thalamus between the COrpora gu-ui{:ulul:t {]r_ HJ} Besides
these basal branches, Durgr considered that, from the ehioroid membrane, which gets
its blood supply through the posterior lateral choroid branch from the posterior
cerebral artery, © crowds of branches are detached which penetrate the thalamus,”
as ventricular branches (p. 86).  In addition, the lenticulo-optie arteries of the middle
cerebral artery are said to “ end in the thalamus " (p. 77), but what part they supply
15 not stated.

Hevsser (p. 820)7 mentions that injection of the posterior communieating artery
supplies the anterior inner part of the optic thalamus with a braneh, which would
correspond to Duker's internal antevior optic artery, while the anterior outer part is
_i:.ufnp]fu-[l by the anterior choroid artery (p. 820), but whether the branches ave basal,
or are ventricular through the choroid plexus or membrane, is not clear ; the posterior
cerebral supplies the posterior half of the thalamus (p. 820).

Kovisko {:11-. 32)1 states that the qu-:h-t'iur nrmmuniunling artery :L'.u||]r|i|-:-: the
anterior outer part of the thalamus—thus differing from Duorer and Heveser, who
made this artery supply the anterior mternal part of this structure—and that,
exceptionally, the anterior chovoid supplies the outer part of the superior half of the
thalamus “J. :j”}.

The Capsule Interna.—The supply of this part 18 not :ln-’riuih-l}‘ described by
Durer, but it is inferred (p. 79)* that it is supplied by the lenticulo-striate and
lenticulo-optic branches of the middle cevebral artery. Hevoxer (p. 819)F was the
first to describe that from the angle of the fork between the anterior and middle
cerebral arteries, and especially from the former, the anterior limb or division of the
capsula interna was supplied, an observation which has been in one experiment only
confirmed by Kouisgo (p. 19).4

With regard to the posterior division of the capsula interna, Hevexer (p. 820)t
first described that *“from the arteria choroidea would  be Sllljllliul the LV
uncinatus, the neighbourhood of the cornu inferior of the lateral ventricle, the plexus
choroideus of the cornu inferior, the posterior limb of the internal eapsule.”

* Lo, il ¥ ‘Centralbl, . dic Med. Wiss.,' 1872, Na, 52, { Loc. cif.
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Kovsko (p. 32)* finds that * the posterior division of the capsula interna was
supplied by three arteries, the anterior choroid, the middle cerebral, the ramus
communicans posterior,”

He states that above the hovizontal level of the ﬁilIK‘Tiﬂr ang]c of the middle
segment of the nueleus lenticularis, the posterior division of the ecapsule is supplied
by the middle ecerebral, probably through the lenticulo-optic arteries of Durgr, and
that below this level it is only the anterior one-thivd of the posterior division of the
internal eapsule which gets its blood supply from the posterior commumeating
artery.  The posterior two-thirds of the posterior limb of the eapsula interna is
supplied by the anterior choroid artery, and with a very slender posterior com-
!nlnl[f‘uiin;_{ branch also the anterior one-third is Sl]pp]ivd -2 {p. 33:}.

With regard to the branches which come from the trunk of the anterior choroid
artery and supply the eapsula interna, Kousko,® in one place (p. 31) states that
they are end-arteries, and further on (p. 33) he described that ““at the border
between the deeper parts of the posterior division of the internal eapsule, which are
supplied by the antevior choroid and posterior communicating arteries, and the
higher parts, which arve injected from the arteria fossee Sylvii (middle cerebral), the
capillaries of the three arteries are in connection with each other. So that through
these ecapillary anastomoses the region there of the three arteries merge into each
other,” It is therefore ditheult to know whether he considered them to be end-
arteries or not.

KovLisko thinks “ that the same econdition existed between the l't-;_i,flnn :-:upplif!d h}'
the arteria choroidea and the En‘ufln]:'l:l. so that the branches of the latter ean send
by its ofishoots to the thalamus (arteres optigues externes et postérieures of DURET)
blood to the capsula interna, and particularly to the lamina medullaris externa of the
thalamus by means of capillary anastomoszes ™ (p. 33).  He also considered that the
medullatod “'Ilitl' substance behind the 1'.'|,lr_-:.1:|]:,1, mterna as far back as the roof of the
descending eornu of the ventriculus lateralis was supphied by the ventrieular branches
of the anterior ehoroid {[r. :HJ}.

Chorord  Plewns and Membrane.—The three observers mentioned above differ
in their aceounts as to the distribution of the chovoud arteries,

The anterior chovoid artery in its comrse to the cornn  descendens of the
ventriculus lateralis is eonsidered |r_'r all the three authors to ;_l:h'l.-. branehes to the
tractus ::Enti:-m-:, the erus eerelmn and to the oYIrus uncinatus, where, .'1::::1:1':1'ln:r_,r fo
Hevexer (p. 184)F and Kousgo (p. 10),* it anastomoses with the branches of the
posterior and middle cerelwal arteries to this convolution. Heusser also deseribed
(p. 185) a distinet, * rather wide communicating branch between both arteries (the
anterior choroid and posterior cerebral) which runs across the under surface of the
crus cerchiri 73 whereas Korisko stated that this branch is sometimes, but not often,

* Loc, cif.

T ¢ Die Luetische |':|'1:r.'|111:t|11_-_l; der Hirnarterien®
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present (p. 12). According to HEeupNER (p. 184, ut supra) the anterior choroid
Hll]l!l].il‘!d “a few wessels in the lateral part of the E:]i‘.\:ll.‘% choroidens ™ ; ace 'l'l““{_’,' to
Durer (p. 85),* after entering the cornu descendens, the anterior choroid artery * ends
in the anterior uxt“-mit}' of the choroidal |111_=.\:|i:5 . . . and traverses two-thirds of the
extent of the |]I{:‘:~;115 and g[vl*s ine branches to it.” KoLiskoT stated {]r_ ll} that
“ the artery breaks up into numerous parallel branches in the plexus, from which one
courses along the inner border of the plexus as far as the foramen Monrol, forming the
continuation of the anterior choroid :u'l.l-.r:.'_” “ From the mner border of the lrlf*xllﬁ,
and especially from the larger branch, the continuation of the anterior choroid,
numerous branches go off and sink into the groove between the thalamus and
the cauda of the COrpS strintum.”  “The anterior choroid artery which Toes to
foramen Monroi as the artery of the inner border of the plexus gives off into the
tela choroidea many branches, which anastomose with the branches of the arteria
choroidea media, which enters the lateral transverse fissure from the profunda”
(posterior cerebral) (p. 11). According to Durer,* however, it is the posterior
latereal choroid artery which completes the vaseular supply of the chorvoid plexus; it
gives branches to its anterior and superior third, the part above the optie thalamus.
[tl COTES ii‘ﬂ'll t-h('i l:l{ﬁt'!l'i“l‘ 'Ci‘!l'i’i:ll'i'li ﬂl"..l,"l'_}', :1"1.]. {Ijl'[']l"H [lli.“ H R !'.\'il"]'ﬂ!i] ]Il'q'l]]ﬂ-II 1..”-
the choroid plexus and an internal for the choroid membrane " (pp. 85-86).  * These
two branches are separated at their entrance into the ventricle and their distribution
is distinet.” “ The arteries of the choroid plexus take no part, in most instanees, in
the nutrition of the ventricular walls {Il_ 87), but send branches into the plexus
which forms festoons or tufts.” 8o that, according to Durer, the anterior choroid
artery supplies the posterior two-thirds of the plexus, and, aceording to Kowisko, it
extends the whole way to the foramen Monrei. Durer makes the arteries of the
choroid membrane EH[JIJI}' vessels to the n-|]li(: thalamus and end in the head of the
corpus striatum and supply this freely and anastomose with the arteries of the
anterior perforated space (p. 86). Kowuisko? thinks that from the inner border
of the choroid ]ﬂcxus branches oo off and sink mto the LrO0Ve between the ::I:Lil::
thalamus and the tail of the caudate l:i" 11). The posterior median choroid artery,
according to Durer (p. 86),* “comes from the posterior cerebral artery when it is
nearest the middle line, and it is directed forwards alongside the pineal gland
and divides into two branches; one internal, for the choroid membrane of the
third ventricle, the other external, terminating in the choroid plexus of this
ventricle.”

According to OBERSTEINER (p. 96)f * the plexus choroidens lateralis, with a vein,
passes out of the lateral ventricle into the third ventricle through the foramen of
Moxro and bends backwards in the plexus choroideus medius, which is on the under
side of the tela choroidea near the middle line.”

* Lo, cil. T Loc. aif,

! fAnleitung der Nervisen Central Organe,’ 2nd edition, 1892,
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With regard to other parts of the interior of the brain, Dugrer (p. 71)* and
Hevpnert pointed out that the posterior eommunieating artery supplies the commis-
sura mollis, the vorpus mammillave, the mfundibulum, the ascending and posterior
|1i|]:n'.'-1 of the fornix, the crus cerebr {h-;_[im-n!nln}, anel, :l_:r,wr_-nn]ing to HeveNgr, the
tail of the eaudate nueleus, while the inferior parts of the erus cerebrl and the loeus
niger were supplied by the posterior cerebral. '

In the eortieal supply, according to Durgr (p. 323, et seq.),® the arvea supplied by
the anterior eerebral extends on the outer surfaee as far back as the fissure of
Rolando, and outwards to the inferior frontal suleus; and on the median surface
it HIIlP]I”['H the whole Inu!'girml TYVIUS, the Fyrus fornieatus and the :lli:uh':ltl_; lobule,
as far back as the internal Imriq-I::—::rr;lﬁt;ll fissure, The area 5-:11!;}-][111 by the posterior
cerebral on the outer surfiace is bounded superiovly by a line drawn from the external
parieto-occipital fissure forwards and  downwards, just below and parallel to the
parallel suleus, and thenee to the anterior end of the temporal lobe, so that the lower
half of the second temporal eyrus is supplied by the posterior cerebral artery.  On
the median suwrface the posterior eeveliral supplies all the area not Hn]rlrlimtl by the
anterior eerebal, exee]it the anterior quarter of the ||i]r|‘1m_‘nn|1|:t| lobule, which is
Hllll[l“(::l ]ulr the middle cevebral.  On the outer surface the rest of the cortex, which is
not supplied by the anterior or the posterior cerebral arteries, is supplied by the middle
cerebral artery.

s".l-ﬂrl'i!in;_: to Durer {]I-. TH}_ there are no anastomoses bhetween the different arteries
|J|-||i*1r;lii||;_1 the lasal g:lllg“:l and no anastomosis between  the cortieal and basal
arteries, as ”:1'}' are end-arteries, also no anastomotic network in the |1iu mater of the
cortex (p. 518) or between the arterial twigs or between the arteries and veins
{(p- 840). He thinks, however, that there is an anastomosis (p. 319) between the
three systems (anterior, middle, and posterior cerebral) at the confines of their
borders, but that they cannot be very im]n-rl:mi, :L!ﬂumgll he states that the whole
cortex can be injected from one system.

Durer states (p. 334) that the medullary arteries of the cortex supply the white
substance and the whole centrum ovale,

With reference to the cortical distributions of the arteries, 1 should mention that
in CusNiNcaaM's  Text-book of Anatomy,’] the cortical cireulation is illustrated by
firs, 625, 626, where the area supplied by the anterior cerebral artery on the outer
surface comprises the anterior portions of the superior and middle frontal convolu-
tions, more posteriorly the upper portions of the superior and ascending frontal
convolutions, and the upper parts of the ascending parietal and superior parietal
convolutions.  In the figures the anterior eerebral arterial area extends posteriorly on
the external surtice to the ]:HII'il'tﬂ-[lE'lLilbi‘lill fissure, where it joins the lmtl:l‘iﬂl'
cerebral area.  Also in the figure of the distribution of the middle cerebral artery on

# Lov, il t *Die Luetizche Erkrankung, ete., p. 184,
p o Text-book of Anatomy,” edited by D, J. Cussiscuan, F.R.S, 2nd edition,
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the outer surface, its lml‘ittl:-lltll'll]l.:ll"':'l]. branch is made to extend posteriorly to midway
between the posterior end of the parallel sulecus and the intra-parietal suleus.
Inferiorly the middle cerebral supplies the superior and middle temporal convolutions.
Professor ArrHur RopiNsox, who wrote the -r:|:|:l.j|tur on the cerebral eirculation, has
been good enough to inform me that the above figures were construeted from a series
of 12 brains which were hardened #n sitw by formol and injected in situ by a paint-
injection from the femoral artery with high pressure,

In Tesror's Anatomy,* in a lIi:’l_i._;l*:'{l'l'l (fig. B07) of the arterial distribution on the
outer surface of the cortex, the arrangement is very similar to that given by
Professor Rominsox, but I have not been able to ascertain how the diagrams in
Testur's work were made. '

Method of Tnvestigation.

In my earliest observations a brass syringe was used, with a serew-piston rod
to regulate the pressure, and the three principal arteries were successively injected
with Kadyi'sf linseed oil mass containing carmine or Prussian blue. This method
was found to be unsatisfactory, first from the circumstance that, there being com-
munications between the arveas of the cortex supplied by the different arteries, the
area supplied by the artery injected first was liable to be invaded by the injection
mass of the arteries subsequently injected, and thus a false result would be obtained ;
secondly, from the difficulty of penetrating the smaller vessels and capillaries with
this injection mass, so that the larger vessels and not the areas supplied by them
were injected.

The only way to obviate the first objection was to make the injections of all the
arteries simultaneously by means of pressure bottles. For this purpose two large
20-0z. pressure bottles (;mpirutﬂm} were used, Tl:fj‘ Were jnim-rl at their lower
openings by a rubber tube 8 feet long.  Connected with the upper opening of one of
these bottles by means of a three-way tube were the upper openings of three, four,
or in some cases five smaller 4-oz pressure bottles which contained the injection
mass. These were connected at their lower openings by small indiarubber tubes with
fine glass cannule, which were inserted and tied into the arteries. The pressure
was thus graduvally applied by raising the other large pressure bottle, which was
not connected with the three-way tube, so that the height of the column of water
between the two large pressure bottles, at the end of the experiment, was usually
found to be 3 to 4 feet, while in some cases it was as 11i£_§'|| as 6 to 8 feet,

The injection mass used was warm ligquid gelatine.

In the earliest injcctimls I used the gl.-.littim; with Ranvier's carmine and Prussian
blue according to BeaLgs formula, and also india ink, sepia, vermilion, and
chromate of lead, but I failed to make these colours penetrate. After injecting

* * Traité d'Anatomie Humaine,' par L. TestuT, 2nd edition, 1893, vol. 2, p. 583.
t ¢ Ueber die Blutgefiisse des menschlichen Rickenmarkes,” 1859,
VOL. CC—L. o
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12 brains with these colours with indifferent results, I found that after injecting with
gelatine eoloured with soluble carmine the colour remained fixed and did not come
out in the hardening fluid (formalin), and the injection penetrated to the finest
capillaries.  Other soluble colours were then tried, and for the last 60 brains I have
used soluble colours only,

The formula which I now use for the earmine mass is :—

Carmine, I drachm [2 grammes]; ammonia, § fluid drachm [1-8 c.c.];
elveerine, 1 fluid oz [14 c.c].
Mix and add to gelatine, 2 ozs. [56 grammes]; water to 1 pint [568 e.c.].

The gelatine is soaked in cold water for half an hour, then melted in a water
hath and the solution of carmine in ammonia and glycerine is added to it ; water is
added to make up to one pint, and the mass is filtered through flannel.

For the blue mass I use Nicholson's blue, prepared as follows :—

Nicholson's blue, 15 grains [1 gramme]; aleohol (90 per eent.), I fluid oz [14 c.c.].

Dissolve the blue in the aleohol and add to the gelatine mass as for carmine,
making up to one pint with water.

-"qlh-'itll t}ll‘_" ]J'I'l!"n‘l.'['l. JII]I] }"1."”!)“' ﬂ{'l]['lllrs grl_‘ﬂt. l].iﬂ:iﬁult.i(_"ﬁ llq'].TE} I)ﬁ‘cn l_‘!xl}l_"l'i{_‘l'lﬂ{:(l,
Bismarck brown has been used, but if any of it escapes it is liable to stain the cortex
and it is not a good contrast to the carmine. It has been used in varying strengths
as follows 1 —

Bismarck brown, 1-4 drachms [4-16 grammes]; methylated spirit, 3 fluid ozs. [83 c.c.];
glyeerine, 1 fluid oz [28 c.c.].

Dissolve and add to the gvl:ilim} mass as for earmine, Il]Fll-:i.]]g up tol I‘liﬂt EEEE r_',c.I
with water.

Aniline blue black (nigrosine) was also used onee, but it did not penetrate well.

For the yellow colour I have used gelatine coloured with saffron, aurantia yellow,
primuline, orange amatto, madder, naphthol yellow, picric acid, pyoktanin yellow and
others, but the colour has washed out in the formalin. Why some colours, as naphthol
green, remain permanent (2-3 years), and others, as naphthol yellow, dissolve out in
the formaline solution, is a chemical question which it is difficult to solve, but there
is probably some combination between the gelatine, coloured with carmine or
Nicholson's blue, and the formalin. The only yellow colours which were found so
far to be stable were acridin yellow and orange yellow, which, though they wash out
to a certain extent, were still visible in many cases a year after the injection.

The formula for acridin yellow is :—

Acridin yellow, 2 drachms [8 grammes]. Glyeerine, 1 fluid oz. [28 e.c.].

Dissolve and add to the gelatine mass as for carmine, and make up with water to
1 pint [568 c.c.].
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Gamhoge and turmeric were tried, but they failed to penetrate further than the
large arteries, and were of no use,

Of the green colours, naphthol green has proved to be a firm eolour which does not
wash out ; it is used in the proportion of

Naphthol green, } drachm [2 grammes]. Glycerine, 2 fluid drachms [7 e.c.],

Rub into a smooth paste, and add a hot solution of gelatine (of strength of 2 oes,
to 1 pint) suflicient to make 1 pint as before.

The red, blue, and green are quite stable colours, and do not colour the hardening
fluid at all ; the yellow has caused the most difliculty, not only from its liability to
wash out, but also from the fact that yellow most resembles the natural colour of the
uninjected cerebral substance,

With regard to the question of the fixation of the colours, I have found that if the
solid gelatine mass, coloured with earmine, Nicholson's blue, or naphthol green, be put
into cold water, the colour is dissolved out ; but after this gelatine has been put
into the formaline mixture used for the hardening, the colours become fixed and do
not wash out in water, In the case of gelatine coloured by yellow and brown, it was
found that if alum be added in the proportion of 2 ozs. of a saturated solution of alum
to a pint of the formaline solution (i.e., 1 to 10), these colours are more permanent.

In making an injection, the smaller pressure bottles in connection with the arteries
of the brain and the brain itself were immersed in a large basin of water at 40°-30° C.,
and the brain was first injected by means of the pressure bottles with water at about
50° €. to wash out the blood and to warm the interior of the brain. The melted
coloured gelatine masses were then filtered through muslin into the injection bottles,
and very gradual pressure was made by raising one of the larger pressure bottles till
about 2 ozs. of each injection mass had been used. The pressure was then taken off
by lowering the large pressure bottle and each of the indiarubber tubes leading to the
cannule was clamped. If the pressure be kept up, and one of the small pressure
bottles—say the anterior cerebral—be opened without the cannula tube being
clamped, the injection in the area supplied by the middle cerebral artery may be

driven into the area of the anterior cerebral artery and out of the anterior cerebral
artery itself into its small pressure bottle. The tubes then being clamped were
detached from the small pressure bottles, and the brain, without being handled, was put
into cold water to fix the gelatine, and the trunks of the arteries were then ligatured
off. The brain in every case has been hardened for a month or longer in a solution of
formalin : formaldehyde 1 pint [568 c.c.], potassic nitrate 2 ozs. [56 grammes],
potassic acetate 1 oz [28 grammes], water 4 pints [2272 c.c.], to every pint of which
2 fluid ozs. [56°8 e.c.] of a saturated solution of alum had been added, which helps to
fix the colours. After hardening, the brain has been cut by hand into sections in the
horizontal, sagittal, or coronal plane, and le'EHEI'L'l::El afterwards either in a weak
formaline solution, or in a solution of glycerine (1 pint) [568 c.c.] and water (5 pints)
[2840 c.c.], containing acetate of potash (2} 1bs.) [1134 grammes].
c 2
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In the earlier experiments with the soluble eclours, the anterior cerebral, the
earotid, and the ]'m.‘-;ll-l'jm' cevebral arteries on one side were 'illj!_‘{‘:t{:d with three
different colours after ligaturing the following arteries : The anterior communicating
artery, the anterior cerebral artery close to its origin from the carotid, the posterior
communicating artery, either midway or near the earotid and the posterior cerebral
arteries, and the I™ wterior cerebral a rtery of the other side [H«H*. :ﬁ:igl':uus, Classes A
and B). In the next series of l_"!\.'lk"l'hn[‘lll'ﬁ, in order to make a differentiation between
the areas supplied by the middle eerebral, by the anterior choroid, and by the posterior
communicating arteries, the anterior choroid was ligatured elose to the cavotid and the
posterior communieating was ligatured at both ends, near the earotid and near the
|::Ir::-'~'[1't'Fu1' cerebral artery (Class D). The objection was found, however, in many cases
that the area, which squ:ci.'l] injvctimm (-Lr!‘:f{r r':.:...l"r:r} had been found to be :-HII}IJHI_}LI h}'
the anterior choroid artery, was now injected by the injection mass from the posterior
cerebral artery, thus showing that there was a free anastomosis, probably through the
choroid plexus or on the temporal lobe, between these two arteries. This objection
does not :lj:pl_‘r tor Iig.—uiuring the |m.*-;lvl'iul' t.‘munnln':mliing artery, for, as itu_hr:llmlws
ave end-arteries, they do not anastomose with other arteries and would not be injected
]1":.' them.

Later, T have injected with four different colours—green, yellow, red, and blue—the
arveas supplied by the anterior cerebral, the anterior choroid, the middle cerebral, and
the posterior cerebral arteries respeetively, without the posterior communicating artery
(Class E). Taking, let us sy, the left ||f,=1111:-:fﬂu-;‘f~, the left anterior cerebeal artery
was injected by a cannula passed through the anterior communicating artery ; the left
anterior choroid, by a cannula passed into the carotid elose to the branching off of the
anterior choroid, the earotid between the anterior choroid and the anterior eerebral
arteries being loatured ; the left middle cerebral was injected by a cannula
passed into” it from the anterior cerebral, which artery was ligatured immediately
fiihtu”}‘ to the cannula ; and the left |]l]:-i1‘.t‘l'il}l' cerebral artery was iltjectt!d h}" a
cannula passed into it from the basilar artery with ligation of the right posterior
cerchral artery.  'The left posterior commumeating artery was cut out by higaturing
it at either end.

An endeavour was made in several eases to ascertain the course of the blood How in
the posterior communicating artery before it was ligatured, by allowing water to flow
through it under simultaneous pressure from the carotid and from the posterior
cerebral arteries. It was found that on stopping the flow from the carotid by com-
pressing the indiarubber tubing from its pressure bottle, the water flowed from the
posterior eerebral to the ecarvotid, but on relaxing the pressure on the carotid tube the
direction was reversed and the water flowed from the carotid to the posterior cerebral
ariery, which is evidently the natural divection of the flow. The posterior communica-
1i1|;_5 artery 15 considerad by anatomists to be a branch of the carotid artery, but I can
find no evidence that the divection of the blood from the carotid to the posterior

4
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eerebral under eonditions, which w_-_prmll,m(: the normal civeulation, has ever bheen shown
experimentally.

Diagrams of the arteries forming the circle of WiLLis at the base of the brain, to explain where they
were ligatured .and injected in the classes” A, B, I, E, G, H of the experiments.  The cannule show
where the injections were made, and the straight lines across the arteries where they were ligatured.
The injection into the anterior cevebral artery {ant. cer.) is shown by horizontal shading, into the
carotid (car)) or middle cerebral artery (mid. cer.) by oblique shading, into the posterior cerebral
(post. eer.) by vertical shading, into the posterior communicating artery (post. com.) by dots, and into

i the anterior choroid artery (ant. chor.) by rings, where the last two are separately injected,
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During the past year (1906), I have succeeded in injecting simultaneously five
arteries on the same side, viz, the anterior, middle, and posterior cerebrals, the
anterior choroid and the posterior communicating arteries with naphthol green,
carmine, Nicholson’s blue, acridin yellow, and Bismarck brown, respectively (Class G).
The anterior cerebral artery was injected from a cannula passed through the anterior
{:umlnun'u;.'tli:u;_: artery, liguturiug the anterior cerebral close to the c';u'ﬂtid; the
posterior communicating artery from a fine eannula inserted into it from the carotid ;
the anterior ehoroid from a cannula tied into the carotid just beyond the posterior
communicating artery, ligaturing the carotid on the distal side of the anterior
choroid ; the middle cerebral artery was iil_iu{:tud from a cannula ]J:iﬁ.‘itfrl into it from
the last pieee of the internal carotid ; while the posterior cerebral was injected from
a cannula passed into it from the basilar artery, the posterior communicating artery
being ligatured close to the posterior eerebral artery, Owing to the short space
between the origin of the posterior communieating artery and the bifurcation of the
carotid into the anterior and middle cerebrals, great difficulty was experienced in
ﬁl!lllill:_[ room for the three cannulse, and it was illli]m‘;ihlu in some brains.

Besides the injeetions just deseribed, in another set of experiments the posterior
communicating and the anterior choroid arteries of opposite sides were simultaneously
injected together with either the posterior or the middle cerebral artery (Class H).

In other cases the basal branches of the anterior cerebral, carotid, and posterior
cerebral, arteries were i[ljl'{"tl'll without the eortical branches, I}}' ]ig_:nt.uring these
arteries just beyvond where the basal branches were given off, and in other cases .ne
cortical arteries alone were injected beyond the basal branches.

The experiments may therefore be divided into the following classes :—

Class A.—Where three colours were used to inject simultaneously the
Anterior, Middle, and Posterior cerebral arteries of one side,
ligaturing the Posterior communicating artery at one place. . 36

(lass B..—Where three colours were used for the same arteries, but the
Posterior communicating artery was ligatured at bothends . . 7

Class C.—Where three colours were injected as above, but the Anterior
choroid artery was ligatured near its origin, and the Posterior
communicating near the Posterior cerebral artery . . . . . 1

Class D.—Where three colours were injected as above, but the Posterior
communicating artery was ligatured at either end, and the
Anterior choroid arteryatitsorigin . . . . . . . . . . 8

Class E.—Where four colours were used to inject simultaneously the
Anterior, Middle, and Posterior eerebrals, and the Anterior
choroid artery of one side, with cutting out by double ligature
of the Posterior communicating artery . . . . . . . . 15
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(lass F.—Where four colours were used to inject simultaneously the Middle
and Posterior cerebrals, the Posterior communieating, and either

L

the Anterior cerebral or Anterior choroid, on the same side .
Class G.—Where five colours were used to inject simultaneously the
Anterior, Middle, and Posterior eerchral arteries, the Anterior
choroid and the Posterior communicating arteries, all on the

T A .
Class H.—Where the Anterior choroid and the Posterior communicating

arteries on opposite sides with the Posterior or Middle cerebral

arteries were separately injected simultaneously, with three

PRI & S F 0 4 G W M RN fh e E g rm g 23
Class I.—Where t_}n]}' the basal or the cortical branches of the three chief

arteries were separately injected . . . . . By e o m s R
Class J.—Where the lateral ventricle was exposed, and the Anterior choroid

and Posterior cerebral arteries were separately imjected. . ., 2

Class K.—Where the Anterior and Middle cerebrals were separately
injected with ligature of the Posterior cerebral near the cuneus, 1

Class L.—Where the Anterior, Middle, and Posterior cerebrals were injected
separately after ligaturing the ascending parietal branch of the
Middle cerebral axtery , . . . . + + . o . ¢ § ¢ . 1

Tobal: = 5 & & & % BY

Taking the above classes from A to (i, the number of brains which were cut
horizontally was 46, the number eut covonally was 17, those cut sagitally
numbered seven. One brain in Class A was not eut and was used for photographing
for the eortical distribution.

The brains were taken from subjects of both sexes, the ages ranging from 7 months
to 77 years, and it was particularly observed that the cases, where the injection did
not penetrate well, were those suffering from granular nephritis or aleoholism, where
there was much fluid in the subarachnoid space of the brain.

It has been objected to soluble colours that it would not be possible to use them,
as they would at once transude through the capillaries into the tissues, and so give
false results. An examination of a brain injected with gelatine and soluble
colour shows an absolutely hard and fast line between the areas supplied by two
different colours, and under the microscope the fine vessels can be seen to be injected
without staining the surrounding tissues. I would point out that the great
advantage of using soluble colours is that the injection of the finest capillaries is
accomplished, and the exact distribution of each artery can be seen, and not the
probable distribution deduced from the injection of the larger trunks.

I submit that the method employed has given such exact results and a
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differentiation so definite that it has been possible in coronal sections to show, in the
case where five arteries were injected, that the Corpus subthalamicum (Luy's body)
has sometimes a double supply, its ﬂllllm'fm' external part being i|1jga_~cfud by the
posterior communicating artery, while its internal inferior part is injected by the
posterior cerebral artery (p. 55). The fact that so small a body as the corpus
subthalamicum can receive its blood supply from two different arteries is against the
theory that the arrangement of the blood supply can have any funectional signifi-
cance, as it appears to b 1#111'1-3_}' anatomical and not distributed according to the
|J|I}‘Hilr]ugit‘-u1 action of the part. Another instance of the same condition is the
middle segment of the Lenticular nueleus, which is supplied in some brains by three
separate arteries (pp. 22 and 23).

[t will be advisable to take first the parts of the interior of the brain supplied by
the different arteries—basal branches, and then the distribution on the external

surface —the cortical branches,

The Basal Distribution,

As far as possible the parts supplied will be deseribed in the order of the flow of
the blood, i.e., the erus cerebri will be deseribed before the eapsula interna.

Regio subthalamica and Pes pedunculi.—In deseribing the arterial supply to the
Crusta or Pes pedunculi it will be advisable to take at the same time the Regio
subthalamica ; the region which lies below the, thalamus and is bounded ventrally by
the Lamina perforata posterior or the Corpus mammillare, medially by the third
ventricle and thie anterior pillar of the Fornix, externo-laterally by the internal
capsule and the reticular zone of the thalamus, and posteriorly by the Nucleus Ruber,
while anteriorly it is continuous with the Substantia innominata. The region is shown
in horizontal and coronal sections (Plates 4 and 6, figs. 8 and 11).

I have observed the blood supply to this region in 21 cases. Taking the Regio
subthalamica first, it was found that in eight cases this was supplied by the Posterior
L I-nmlnlliuzliing artery and in I-ighl enzes, where this artery was cut out, this area was
not. injected and was presumably® supplied by this artery. In one case it was
H“l'l]‘l‘i.'.‘[i. i!}r T.]Il'i J!J,Llltl"l'i.fﬂ' ci"r{"l]l'tll.‘ ill. e {}th{"'!' l|'II;}r thﬁ .t’l]]t.i!'l'iﬂ'l' ('!]:I”I'“il]., a!]fl i:l!. 0T
other by the Anterior choroid in the lower level and in the upper level by the Posterior
conmmunicating artery. In two cases the anterior third of the wall of the third
ventricle was injected by the Anterior cerebral, while its posterior part was
l”'l’.‘i“lllilhl}' .‘illlll:lil‘l] ]F}' tl]i"‘ IJEIHt{‘I'iI’H' ﬂUI]Il“ll]ﬁCHti]]g ul"tl_'.]':,.",

The Corpus mammiliore was noted in eight cases to be supplhied by the Posterior
cerebral and three times by the Posterior communicating artery.

The Pes pedunculi was, in five cases, entirely supplied by the Anterior choroid
artery. In two cases the anterior third only was supplied by the Anterior choreid

* Anarea 18 considered to be * presumably ™ injected by an artery, when after ligation of an artery
this area is not injected, but is injected when this particular artery is injected in other cases,
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artery. In six cases the anterior third was not injected when the Posterior
communicating artery was ligatured, and in six cases it was supplied by the Posterior
communicating artery when this was Hupnl'alfl‘l}’ injected. The |1DH1.E‘I‘i1'nI' two-thirds of
the Pes pedunculi was supplied in three cases by the Anterior choroid artery, and in
11 eases by the Posterior cerebral artery. This would give seven cases where the
anterior one-third was supphed by the Anterior choroid, and 12 cases where it was
supplied by the Posterior communieating artery ; while in 8 cases the posterior two-
thirds were :’-ill]lpliwl ]n}' the Anterior choroid and in 11 ll}' the Posterior cerebral a rtery.

Out of seven cases the supply to the Corpus subthalemicum (Luy's body) was
noterd to come in three cases from the Posterior communieating arvtery and in two
cases it was not injected when this artery was alone eut out; in one case the external
superior half’ was supplied by the Posterior eommunieating artery and the inferior
half by the Posterior cerebral artery; and in one ease by the Anterior choroid.  The
part known as Forels field was in three cases supplied by the Posterior communicating
artery. The Nuclews Ruber was in six cases seen to be supplied by the Posterior
cerebral artery.

The Internal capsule has a different supply in the anterior and posterior segments,
and also in the superior part as compared with that neaver the base.

The Aunterior segment was supplied by the Anterior cerebral and by the Middle
eerebral artery. In the 41 eazes in which the distribution could be ohzerved, the part
of the capsule nearest to the base was supplied by the Anterior cerebral, while the
part nearest to the vertex was supplied by the Middle cerebral.  The amount supplied
by the two arteries varied in different cases and agreed with the different degrees
with whieh the eaput of the nuclens eandatus was supplied by these two arteries.  In
the majority of cases (23 in number) the part of the anterior secment of the internal
capsule, which is below the horizontal level of the middle of the head of the eaudate
nuecleus, was {IE*.“]].llEE']}' .‘-H'I!l]l]"{-]l‘l h}f the anterior cerebral and the part above this level
was supplied by the middle cerebral artery. In two other cases the superior five-sixths
and one-guarter respectively were supplied by middle eerebral, and the inferior one-
sixth and three-quarters by the anterior. In one ease the whole of the anterior
segment. was supplied by the anterior cerebral; in two eases entirely by the middle
cerebral artery ; and in one case the anterior part was supplied by the anterior cerebral
and a small posterior part opposite the middle segment of the lenticular nucleus was
supplied by the middle cerebral.  Of the remaining ecases, seven were described as
being supplied by the middle and five by the anterior cerebral arteries, but the
degree of supply could not be ascertained owing to the injeetions not being complete.

The Posterior segment of the Capsula interna is supphed by three arteries, the
Posterior communicating, the Anterior choroid, the Middle cerelwal, and in some
cases, to a slight degree, by the Posterior cerebral. Taking the supply of the
Posterior communicating artery first, I have in 29 eases injected a hemisphere cutting
out the area supplied by the Posterior communicating artery by ligaturing it at both

VOL, CC.—B. I
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ends, and in eight of these cases (Class D, p. 14) the Anterior choroid artery was also
ligatured at its origin at the same time, In five eases the Pesterior communicating
and Anterior choroid arteries were injected with different colours together with the
Posterior or Middle cevebral arteries (Class H), and in four cases the Posterior
communicating artery was injected with three or four other arteries (Classes ¥ and G).
In the 29 cases eited above, the anterior one-fourth or one-third of the posterior
segment of the eapsula interna was not injected in any, and in the nine cases where
the (Classes F, (z, H) Posterior communicating artery was separately injected, in six
the anterior one-fifth or one-third of the posterior limb of the eapsule was injected.

The remaining two-thirds of the posterior limb of the capsula interna are supplied
by the Anterior choroid artery. Of seven cases in which the three ehief arteries
WO in_'p-(-tn-rl with three nr_'ulnm':-;, |]g:|ll|ri:|5;_; the Anterior choroid and the Posterior
communicating arteries (Class D), the posterior two-thirds of the posterior imb was
not injected in one case, and n six 1t was injected by the Posterior cerebral artery.
This last result was considered to be due to the free anastomosis {~:~;is-:ting hetween
the Anterior choroid artery and the Posterior eerebral arteries (see pp. 6, 7, and 12),
so that when the former was ligatured, its area was supplied through the Posterior
cerebral artery.  The Anterior choreid artery was injected separately in 22 cases,
six being with separate injection of the Posterior communicating artery (Classes I
and H), 14 being with separate injection of the three chief arteries and with cutting
ot of the I]tl.‘itl'l'ilﬂ' ﬂ';mmuni:-aﬁng {Uhlﬁ.‘i E:J, and two ]mitlg with separate iujtttt.iun
of the four other arteries (Class G).  In 20 out of the above 22 cases, the posterior
part of the posterior limb, varving from three-fourths to one-fifth of its length, was
supplied by the Anterior choroid artery.

The Anterior choroid artery also supphed the white matter on the external surface
of the thalanus, the zona reticularis.

I have made special observation of the blood supply of the Genn of the Capsula
interna, and found in all eases that the anterior segment of the Internal eapsule
was supplied by the Anterior or Middle eerebral artery—aceording to the level —as
fur posteriorly as the ternal angle of the Nucleus lenticularis.  In some cases these
arteries supplied the fibres from the anterior segment of the internal eapsule, which
can be seen on horizontal sections to pass into the anterior part of the optic
thalamus, forming its anterior peduncle.  The |)n:-:t{-.|'im' segment of the Internal
capsule at the genu was supplied by the Posterior communicating artery as far
anteriorly as a line drawn across, in horizontal sections, from the inner angle of the
Lenticular nueleus to the angle formed between the Optic thalamus and the Caudate
nuelens,

It will thus be seen that the part of the anterior limb of the Internal c';i];r-_:u]a
which forms the genu is :-L'L:ijr]il-u:l in most cases by the anterior cerebral artery,
while the part of the lm-?iil‘l‘inl‘ limb which contributes to form the enu is Hulalr]h_-:l
by the posterior communicating artery. 1 would, therefore, wish to refer to a
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p:lp!*l‘f'; hj_.' Sir Vicror HopsLey and m:rs-:c-]f‘ in which we showed in the monkey
(Macaens sinieus) that electrical stimulation of the fibres in the anterior part of the
genu at the most posterior part of the anterior segment of the internal capsule
produced conjugate movements of the eves to the opposite side.  As this posterior
part of the anterior segment has a different blood supply from the posterior segment,
it is probable that this fact may explain how, in hemiplegia due to thrombosis of
the posterior communicating and anterior echoroid arteries supplyving the posterior
secment. of the internal l:_‘iil]ﬂl!lr, the fibres in the anterior seciment, which on
stimulation produce conjugate movement of the eyes to the opposite side, may escape,
and the paralytic symptom of conjugate deviation of the eyes towards the side of
lesion may be absent ; whereas in cases of hemiplegia due to a large hemorrhage
from the middle cerebral artery, there is nut]ling to prevent the extravasation of
blood from {]m-:lt'u:.'ing the fibres of the anterior segment of the internal L':l[]h‘lll!*1 and
so produece conjugate deviation of the eyes away from the paralysed side.

The Anterior ehoroid artery not ”"].1" H'llIr[llEl‘.‘-] the Im.'itm'im' two-thirds of the
posterior secment of the internal capsule, but also the medullated white matter, which
has been ealled the retro-lenticular fibres, extending posteriorly to the capsule as far
back as opposite the splenium of the corpus callosum (Plates 3 and 7, figs. 6 and 14).
This white matter forms the roof of the descending cornu of the lateral ventricle,
extending to its anterior end, and in sagittal sections this avea is found to extend
from the roof of the descending eornu of the Lateral ventricle below to the
Claustrum above, and posteriorly to the Sylvian fissure, where it forms the roof to
the junction of the descending cornu with the main body of the ventricle, In
coronal sections this area, !-,I-III!I!liI,"II h}' the Anterior chovoud, is scen to I:"rJ]]'IIlJ_‘i!-;u- all
the white matter between the Optie thalamus and, but not including, the External
capsule. It extends outwards into the white matter of the superior temporal
convolution, and forwards to the part between the roof of the f]q;m:cnrling cornu of
the Lateral ventricle and the Lenticular nucleus, where it includes also the filves
forming the medullary lamina between the middle and inner segments of the
Nucleus lenticularis.

It will thus be seen that the Optic radiations where they emerge from the Optic
thalamus must be supplied through their entive coronal dimension by the Anterior
choroid artery. This distribution to the Retro-lenticular fibres of the Anterior ehoroid
was found in all the five cases in which the Anterior choroid and Posterior com-
municating arteries were injected separately (Class H), and in 10 of the 16 cases
where the Anterior choroid artery was injected separately with the other chief
arteries (Classes E, F, G).

In coronal sections (Plate 6, figs, 11 and 12) it is seen that the supply to the
internal cupsulu l]}f the Anterior choroid artery extends up to a certain level, which
wias g'l‘v't:ll lﬁ}' KovLiskot as that of the upper :mg]l: of the middle segment of the

* ¢ Phil. Trans,’ B, 1890, p. 49, t Loo eif, p. 32,
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Lf"llti[fulill' IIH['}I'“S. ﬂlHl t]]ill} ﬂ!_H:I\'U tl];H ].l_""l'i']. tl]ﬁ.‘: IT'l'tE_‘I'IIii], {'!Ell]h"'llll_‘! wWils Hlll!l!“{_"ll !}}r
the Middle cerebral artery. It is to be noted that the line separating the Anterior
cerebral from the Middle cerebral arterial supply of the Corpus striatum and of the
anterior segment of the capsule is arranged as a eurve round a centre at the base of
the brain, and 18 continuous with the line .'-:E-p:il':tlin;_{ the Anterior choroid .'e.upp]_}-' of
the Internal n:*:lln-auh_-, Im:-;trriur seament from the Middle cerebral Hlll]l]l}', and also that
in sagittal sections this line between the two areas (Plate 1, fiz. 2) can be seen to
slope backwards and upwards to about the vertical level of the coronal section through
the most anterior part of the Pons, and to follow the outline of the Nuecleus eaudatus
in its horizontal part. This arrangement was found in all the easzes in which 1t
L"U'li]ﬂ]. I.l!' ilﬁ[ﬁi'l‘tili”l‘[!.

In coromal sections the curved arrangement of the area of the middle cerebral supply
is well seen and it follows the course of the lenticulo-striate and lenticulo-optic
arteries of Durer, and it explains how the blood gets from the base of the brain to
the eaudate nueleus |1:,r the arteries which pass ihrmlgh the outer |:;|1'l, of the lentieular
nueclens, external to the distribution of the anterior cerebral, of the posterior eommuni-
cating, and of the anterior choroid arteries.

In horizontal seetions (Plate 2, fig. 4) it is seen that the external nucleus of the
Optie thalamus (Th. n. e.) (see p. 25) is supphed by the Posterior cerebral artery, and
it was found that in some cases the arvea of the Posterior cerebral artery extended on
to the n::mltigum:n-; part of the ;]ust.t:rinr two-thirds of the IJ{}:-stu_-.rim- segment of the
[nternal eapsule. In other cases the area of the Posterior cerebral artery extended
across the Internal eapsule in the form of a horn. This was particularly noticed
oppesite to the posterior end of the middle segment of the Lenticular nucleus.

In eoronal seetions at the |m:~:{‘m'im' Ir.il,]‘t- of the sttiuﬂ'im' level of the P:mtct'h:r
segment of the Capsula interna a narrow band was seen, showing an arterial supply
from the Posterior cerebral artery, whieh coursed across the Internal f:np:-mh: from the
tail of the eaudate nueleus—which was here supplied by the Posterior cerebral artery
—outwards and downwards to the inner superior angle of the outer segment of the
Lenticular nuelens.  Its first appearance corresponded to the posterior limit of the
Hllll]lll'l." of the Middle cerebial Eil't.l_"l"‘!." to the :-ul]u_-t'iur part of the Internal q:;ipuu]z:,
Traced backwards, this Posterior eerebral artery supply expanded into the large area
of white matter situated near the superior external posterior part of the Optic
thalamus which is supplied by the Posterior cerebral artery.

In describing the arterial supply to the Posterior segment of the Internal capsule,
I would say that I have never seen any anastomosis between the Posterior commu-
nicating, the Anterior choroid, and Middle cerebral arteries, as has been deseribed by
Kovisko (see p. 6), and 1 look upon them as “ end-arteries,” for, when the Posterior
communicating artery is ligatured at both ends, the part of the Internal capsule,
which should be supplied by it, is not injected by the Middle cerebral or Anterior
choroid artery, and when the Anterior choroid artery is ligatured, its area is supplied
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not by the Middle cevebral artery, but by the Posterior cerebral artery, which injects
the choroid plexus and thus reaches the Anterior choroid artery and the area
supplied by it

Nucleus ecndatus.—In deseribing the arterial supply of the Caudite wncleus, it
will be necessary to take its different parts separately. It reaches from the caput in
front to where it arches over the Optic thalamus Iumlvrirlr]}' and extends downwards
between this and the Lenticular nucleus, to reach inferiorly the descending cornu of
the Lateral ventricle to end in the anterior extremity of the temporal lobe in the
Nucleus amygdalie.  As the Nueleus caudatus has a different blood supply in the
different parts of its course, it will be advisable to deseribe the Caput or Head, the
superior horizontal part, and the descending part, Surcingle, in the descending cornu
of the lateral ventricle,

The arterial :ﬂlplrl}' to the Uu.lmn'. or Head u_,!" the Caundate nuclens is very similar
to that of the anterior part of the Lenticular nucleus, and is in favour of these two
ranglia being included together under the term of Corpus striatum.

In 22 out of 39 observed cases the inferior half of the head was supplied by the
Anterior cerebral artery, and the superior half was supplied by the Middle cerebral
artery. The dividing line between the two areas was in most cases at right angles
to the direction of the anterior limb of the Internal cuinsuh.', as seen in coronal
sections, and divided the head into two egual parts.

In the remaining cases the degree in which the head was supplied by the two
arteries varied from its being entirely supplied by the Anterior cerebral n eight
cases to its being entirely supplied by the Middle cerebral in two cases ; while in two
other cases the Anterior cerchral 3111:};]i1=11 the anterior three-fourths of the head, and
in four other cases the infevior three-fourths, one-third, one-fourth, and nlu*-ui;{lllh
respectively, the rest of the Caput being supplied by the Middle cerebral artery.

I have never seen the head of the Caudate nucleus supplied by the arteries to
the choroid membrane from the Posterior cevebral artery as deseribed by Durer®
(see p. 7), and I have consequently never seen any anastomosis between the
Posterior cerebral and the Anterior cerebral arteries in the Caudate nucleus.

The :ﬁi'ql'rﬂ‘t'{i?' lorizoutal part of the Caudate nucleus seen i the lateral
ventricle was supplied in all cases by the Middle cerebral artery (38 observations).
In only one case was the anterior one-third supplied by the Anterior cevebral artery.
The part supplied by the Middle cerebral extended posteriorly to the eoronal
section made just in front of the pons or through its anterior part (Plate 7, fig. 14).

The part of the Caudate nucleus—which now forms the Tail or Swrcingle
is behind this section is differently EsLl|:l:|ie[]. [n all cases except two, where it could
be observed, the Surcingle posterior to the part nourished by the Middle cerebral
artery was supplied by the Posterior cerebral artery as far posteriorly as the upper end
of the descending cornu of the Lateral ventricle. From this point forwards to the

which

* Loc, cil, pp. 86, 8T.
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termination of the Surcingle in the Nucleus amygdake it was supplied by the Anterior
choroid artery.  In the two exceptions mentioned above, all the Sureingle posterior to
the Middle eerebral distribution was supplied by the Anterior choroid, while in some
of the other eases the Posterior cerebral supply extended for only 1 inch.

Nuelews  lentienlaris.—The Ewrternal or third Segment (Putamen) of the
Lenticular nucleus is supplied mostly by the Middle cerebral artery in all the cases,
In 22 out of 52 observed ecases the anterior inferior part was supplied by the
..‘llitl"]'i”r l"l'l'l"]"'ill H]'tl‘t"\.‘- T.]ll'! il.llt‘."l.'il]'l' Hl][lﬁ_'l'ii)[' IIEI'I."; ]H'illg E']'Ill]]l“'l;'l.! h}' tlll:} i‘ili(l[lll_‘:
cerchral artery,—and in nine cases by the Middle cerebral artery. Therefore in these
last nine eases the Middle cerebral would supply the whole of this segment.  On the
other hand, the area supplied by the Anterior cerebral artery is sometimes much
mnereased, so that in six eases the whole anterior half of this serment was :-;Itlll:llii!d |1':'rr
this artery, In some of the eases where the Anterior choroid ;1|*tu_-1'}' was s:rl]m'ah_-l}r
illj!‘t'tl'l! it was found to illjl'L't. the pﬂﬁlvl'i{rl' and inferior part of this segment. The
dividing line hetween the aveas supplied by the Anterior and Middle cerebral arteries
was i most cases through the middle of the anterior limb of the internal capsule,
and at |'ig]1[‘. :m:_{ivﬁ to the direction of the cnp.-;uh_-. as seen in coronal sections,
1t was therefore continuous with the dividing line in the Caudate nueleus.

The Middle or second seqment of  the Nucleus lenticularis—which with the
internal segment forms the Globus pallidus—holds a position in regard to its blood
supply intermediate between the internal and the external segments, in that although
it is supplied. chiefly by the Anterior and Middle cerebral arteries, it is also in some
cases supplied by the Anterior choroid artery.

In the earliest cases (Classes A and B) where the Anterior choroid was injected
from the Internal carotid artery, in three cases the middle segment was entirvely
injected by the Anterior cerebral artery, while in five cases only the anterior inferior
part was mjected by this artery, so that 1t was doubtful here how much of the
remaining part of the segment in the five cases was supplied by the Middle cerebral,
and how much by the Anterior choroid,

Of eight cases when the Aunterior choroid was ligatured and the Posterior
communicating artery was also ligatured at both ends (Class D), the middle segment
was supplied completely by the Middle eerebral artery in three cases ; in one case the
anterior half—and in another the anterior one-eighth—was supplied by the Anterior
cerebral, while the l]nﬁ;tm'inr half and the lmti:rim' seven-eighths were supplied by the
Middle cerebral artery. In one anomalous case the anterior inferior quarter was
supplied by the Anterior eerebral artery, the anterior superior quarter hy the
Middle eevebral artery, and the posterior half was not injected and was presumably
supplied by the Anterior choroid artery. In one case, where the Anterior choroid
artery was alone ligatured, the anterior half was supplied by the Anterior cerebral
and the posterior half was not injected and was presumably supplied by the Anterior
choroid artery (Class C),
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Of 14 ecases where the Posterior eommunicating artery was eut out and the
Anterior choroid was separately injected with the three other arteries (Class E) and
of two in Class F (p. 15), in eight cases this segment was ‘entirely supplied by the
Middle ecerebral artery, and in one entively by the Anterior choroid artery ; in one
case the anterior part was supplied ]}_1_.' the Anterior cerebral, the muddle 1;}' the
Middle cerebral, and the l:r:.*:’[v':'it_rt' part Ly the Anterior choroid arteries ; in two cases
the anterior part was supplied by the Anterior cerebral and the posterior part by the
Middle cerebral ; in two others this segment was partly supplied by the Middle
cerebral and partly by the Anterior choroid artery ; while in one the posterior part
was supplied by the Anterior choroid, and the anterior part was not injected and was
presumably supplied by the Posterior communicating artery, which was ligatured at
either end and not itl_iﬂ‘:twl.

In the two cases where the five arteries have been separately injected (Class G), in
one the anterior inferior half was supplied by the Middle cerebral and the rvest by
the Antervior choroid artery, while in the other ecase the anterior inferior half was
Bu':l:]ip:i l:}' the Anterior cerebeal and the rest h_'g.' the Middle eerebral m‘i‘vl‘_‘_r.

To sum up, the middle segment of the Nucleus lenticularis was in three cases
enlim'[_v .f-;u!]]l'li(u_] IJ-}' the Anterior cerebral artery ; in 12 cases it was p:ll‘ll}' HII|J|J|it*[1
L}'ihu Anterior cerebral artery in its anterior part. In 11 eases it was vrltil‘vh‘
supplied by the Middle cerebral artery and in 10 partially supplied by this artery,
chiefly in its posterior part. In one ecase it was entively supplied by the Anterior
choroid artery, and in seven cases only in the posterior part. One was presumably
partly supplied by the Posterior communicating, but it is evident that this supply is
not the usual one, as in the five cases where the Anterior choroid and Posterior
communicating arteries were separately injected the middle segment of the
Lenticular was not supplied by these arteries in any case.

The most frequent supply, therefore, would be either entively by the Middle cerebral
artery, or with the anterior inferior part supplied by the Anterior cerebral artery ;
and less rl't-:llltrllt]_}' with the ]m:-:h*riul' part .‘-;upplim] h}‘ the Anterior choroid u!'tw':_r.

The Tatericd or 1st Segment of the Nueleus lenticularis was entiely injected by
the Internal eavotid artery in all the eases {Cl.'u-m A} where the Anterior choroud and
Posterior communicating arteries were not ligatured oft from the Carotid (with the
exception of two cases which were partly supplied by the Anterior cerebral, and one
which was supplied by it entirely). Out of seven cases where the Posterior communi-
cating artery was alone cut out and the Anterior choroid was injected from the Internal
carotid (Class B), this segment was not injected in two cases n its anterior half and
wWas pl‘cmln‘lﬂhly ﬁlllﬁl}liﬁrl h}-‘ the Posterior t!mmmlni{rutiug artery. Out of five cazes
(Class D) where the Posterior communicating was cut out and the Anterior ehoroid
was ligatured, in three the internal segment was not injected and in two it was
injected by the Posterior cerebral artery, which had invaded the anterior choroid
area (see p. 12).
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In 12 cases where the Anterior choroid was separately injected with the principal
arteries and the Posterior communicating artery was eut out (Class E), the internal
segment was imjected i every case by the Anterior choroid artery. In one of these
cases the posterior halt® only was injected by the Anterior choroid, and, as the
anterior half was not injected, it was presumably supplied by the posterior com-
municating artery, which was the u]]l}' one which was cut out.

In five eases where the Anterior chorowd and Posterior communicating arteries were
separately imjected along with one other artery (Class H), this segment was supplied
in all by the Anterior choroid ; but of these, in one the ln’l-!'-:h‘l'i{,'l]‘ half uni:,r was
supplied by this artery and the Anterior half by the Posterior communicating,
whilst in one other example it was the outer half that was supplied by the Anterior
choroid and the median part by the Posterior communicating. In the one case
(Class f) where the Anterior choroid was ligatured off from the Carotid, but not the
Posterior communicating, the anterior half of this segment was supplied by the
Anterior cerebral artery, which in this particular brain had an unusually large
distribution (Eu{*]ltiﬁllg the whole of the head of the Caudate nucleus and a ]arge part
of the rest of the Lentieular nucleus), while the posterior half of this segment was
not injected, and presumably had its supply from the Anterior choroid.

In one ease (Class F) where the four arteries without the anterior cerebral were
injected, this segment was injected entirely by the anterior chorod.

In the two eases where five arteries were injected (Class G), in one case the first
seement was entirely injected by the Anterior choroid; while in the other this
artery injl-:'lﬁ:l the lrr:.'-'uh-l"un' half and the Anterior cerebral ﬁlll]l:l“t‘.tl the anterior
hialf.

To sum up, besides all the cases where the Internal segment was injected by the
Internal earotid presumably through the unligatured Anterior choroid artery, in
20 cases out of 23 possible cases (Classes E, F, G, H) it was certainly supplied by
the Anterior choroid, in 16 completely, in four for only the posterior or external
halt'; in two it was partly supplied by the Posterior communicating artery and in
three presumably so 3 while in four it was supplied by the Anterior cerebral artery,
one entirely and three in the anterior half.

Optic thalanins.—The arterial supply of this ganglion eomes chiefly from the
Posterior cerebral artery, but it is nearly always supplied also by the Posterior
communicating artery.  The Optie thalamus is divided into the following nuelei, the
anterior, the external, the internal, and the pulvinar, and it might be supposed that
the different nuelei would each have a special blood supply, but with the exception of
the anterior nueleus and the pulvinar, this does not seem to be the case.  Only those
examples were taken in which the Posterior communicating artery was either
separately injected, eight ecases (Classes F, G, H), or was cut out, 27 cases
l:{ lasses B, 1, I':'_J, a5 Eilt(lj_‘ft"”]{‘l‘.

In 16 of these cases the Awterior nuclens was supplied by the Posterior cerebral
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artery and the injected nueleus often stood out as an island in the vest of this part of
the thalamus (Plate 6, fiz. 11).  In seven cases, where the Posterior communieating
was the only artery ligatured, this nucleus was not injected and was presumably
supplied by this artery, and in one case it was mjected when this artery was
separately injected. In the one case (Class ') where the Anterior choroid was
alone ligatured, the anterior nucleus was not injected, and in one case it was not
mjected where both Posterior communicating and Anterior choroid were ligatured.

The Eeteriad nuelens lying on the outer side of the anterior nuclens has a different
supply in its various parts. Its most anterior superior part was i eight eases
supplied by the Posterior eevelwal artery, in two eases it was supplied by the Posterior
communicating, and in three eazes it was not imjected, when this artery was the only
one eut out. The anterior external part which receives the main part of the anterior
peduncle from the anterior division of the internal eapsule was supplied by the
Posterior cerebral in three eases, by the Posterior communicating in four enses, and
it was not injected in 11 eases where the Posterior communicating artery was alone
eut out, and not injected in three cases where in addition the Anterior chovoid was
ligatured. Besides these, three eases were noted in which the anterior halt of the
Thalamus was not i]!jf-t,'tw], when the Posterior {*nnlluul;]r:l‘(i]]g artery was alone ent
out, and in three others it was ullin_im:h*ul, when in addition the Anterior choroid was
ligatured ; also in one case the anterior half of the Thalamus was injected by the
Posterior communicating artery. The posterior halt of the external nucleus was
supplied by the Posterior cerebral artery in all eases, with the exception of one case
where the posterior superior part was injected by the Anterior choroid artery, and in
another where a vertical ﬁglll‘ﬁ-::f-l'ighi’-HI]:II:I'(], area in the middle of the external
nucleus was not 5]1_i+={‘ti.=|! when the Postervior wrinmmﬂl‘uiiug was alone ent out, It
seems probable that the superior external part of the Optie thalamus containing the
Ihrmh-]'im' half of the external nuelens is the part H]J[I]I]ii‘ll by the Posterior eerebial
artery through the choreid membrane,—which here gives off numerous branches
which sink into the Thalamus,—beeause, in one ease (Class K) where the Posterior
cerebral artery was ligatured in the calearine fissure near the anterior apex of the
cuneus, and enly the Anterior and Middle cerebrals were injected, this nueleus was the
nul:i.' part of the ﬂllt.ht thalamus which was injected. Tt was injected with earmine
from the Middle cerebral artery, presumably through the Anterior chovoid artery,
which had injected with earmine the whole of the choroid membrane and plexus,

The Interaal nuclens was observed in 10 cases to be supplied entively by the
Posterior cerebral artery.  In nine eases it was found to be supplied by this artery in
the posterior halt only ; the anterior half in these eases was not injected and was
presumably supplied by the Posterior communicating artery, which was the only one
which was cut out. In one case where the Posterior communicating artery was
separately injected, it supplied the anterior part of this nueleus. (Plates 6 and 7,
figs. 11, 12, and 13.)

VOL. CC—B. E
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The ptmtwim' Jart of the ﬂpti:: thalamus, ilm]ufling' the Pulvinar, was in all cases
supplied by the Posterior cerebral artery.

I have in no ease, exeept the two (one presumably) mentioned above found any supply
to the Optie thalamus from the Anterior choroid artery, and in no ease has there been
any supply from the Middle eerebral artery. Therefore the so-called lenticulo-optic
arteries of Dorer do not rtll]:|:|_1.' the l.]lrti:'. thalamus :u*r‘rlrtilug to my ohservations.

To sum up.  The Anterior nuclens was supphied by the Posterior eerebral artery
in 16 ecases, by the Posterior communicating in nine eases (eight presumably), and in
one case presumably by the Anterior choroid artery.  The External nucleus in its
anterior superior part was in five cases (three presumably ) supplied by the Posterior
communicating, and in eight cases by the Posterior cerebral artery; in its
anterior external part in 25 eases (20 presumably) by the Posterior communicating,
and three by the Postevior eerebral ; the posterior half of this nueleus was supplied
by the Posterior eevebral in all, except in one case by the anterior ¢horoid and in one
presumably by the Posterior communicating.  The Internal nueleus was in 19 cases
supplied by the Postevior eevebral in its posterior half, and in 10 eases by this
artery in its anterior half, while in one ease this hall was injected I]:'" the Posterior
communicating artery and in nine eases presumably supplied by this artery.  The
posterior part, including the Pulvinar, was in all eases supplied by the Posterior
cevebral artery.

Clovord pleens and menbranes—As was shown on p. 6, the accounts of the
arterial supply of these parts given by Durer and Kownisko differ very much. In
my cases, where it could be satisfactorily observed, it was found that the supply of
the plexus had a different distribution to that of the membrane. Taking first the
]r]!'xllﬁ in the i|l'.-:1.'1-1|11illg cornu of the lateral ventriele, it was found that in 13 enses
the plexus was supplied by the Internal eavotid artery, when the Anterior choroid
artery was not ligatured ; and in eight cases, out of 11, where it could be ohserved,
it was :ﬂl[i]r]il't] by the Anterior choroid artery, when this vessel was Hl-]ml'ni:-E:;
injected.  The plexus was injected by these vessels as far back as the upper posterior
end of the descending cornu, where it joins the central part of the Lateral ventricle.
The globular expansion of the plexus in the posterior cornu of the ventricle was in
ather morve than halt of the ecases m:]n]r]h-tl by the Anterior choroid artery—the
other cases being supplied by the Posterior eerelwal.

In five cases the plexus was supplied by the Anterior choroid artery only as far
posteriorly as the outer surface of the Crus cerebri, beyond which it was supplied by
the Posterior ehoroud from the Posterior esrebral, and in two cases the Hllllll]‘\' of the
Anterior choroid extended along the central part of the lateral veniricle as far as the
highest point of the optie thalamus.

In all cases the supply of the Choroid plexus i the central part of the lateral
ventriele was from the Posterior cevebral artery, either through the lateral posterior
choroid or the median posterior choroid arteries, which latter enters the median
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choroid plexus of the thivd ventricle near the middle line of the transverse fissure,
and passes through the foramen of Moxro to be continuous with the lateral elhioroud
plexus of the central part of the Iateral ventriele,

The Choreid saeemdraine was m]f:f:]iu-ul almost n-n!h'v]}' |r_1..' the latera] Posterior ehoroid
artery, which passes from the Posterior cerebral artery outwards into the descending
cornu of the Lateral ventricle n]l[lui-illl!‘ the postevior surface of the Crus cerebri,  The
part of the membrane in the anterior part of the descending cornn, which is anterior
to the entry of the lateral choroid artery, was observed in six cases, where the anterior
choroid was not ligatured, to be supphed by the carotid, and i five cases by the
anterior chovoid when this artery was .-;l.-p:u':ii.t-]}' ]rl‘it'i‘-ti'll. In one case the Anterior
choroid supplied the membrane in the whole of the descending cornu.

The part of the membrane in the descending cornu, posterior to the entrance of the
lateral posterior choroid artery, and the part in the eentral lateral ventricle was, in all
the other eases in which it could be observed, Huplsiiwd hj,' the Posterior cerebial
presumably |;r}’ its branch, the lateral posterior choroid artery.

To sum up.  The Choroid plexus is usually supplied by the Anterior choroud artery
in the descending cornu and in the posterior eornu, while in the central part of the
Lateral ventricle it is sulr[rliml IJ-_'_'..‘ the Posterior ecerebral and J:u':-'ﬁlllmth[\' |r_'h' its
braneh, the Lateral posterior choroid artery. The Choroid membrane in the descending
cornu in front of the posterior surface of the Crus cerebwi is supphied usually by the
Anterior choroid artery, while the rest of the membrane i supplied from the Posterior
cerebral through the Posterior choroid arteries,

The account gln-n above agrees with the :]L~:¢.c~1-iljl[:1r| i_{ivq-n |rl'|.' Durer rather than
that of KovLisko, hut.cuntmr}' to Duner's ujriuintt, [ have never found that the vessels
of the choroid membrane “end in the caput of the corpus striatum and supply this
freely and anastomose with the arteries of the anterior perforated spot,” as the caput
in my observations is never supplied by the Posterior choroid arteries (see p. 7).

As the Choroid plexus s supplied by the Anterior choroid, and also by the Posterior
choroid arteries, there is a communication between these two sets of arteries,  In two
eases | have t'xln.bﬁ'ull the lateral wventricle, and have then 'lu‘jg't:tw[l the Anterior
choroid artery from the Internal carotid with earmine and the Posterior cerebral with
Nicholson's blue.  When the former was injected alone, the carmine from the
Anterior ehoroid was seen to extend along the whole length of the plexus as far as the
toramen Monrvoi ; on then clamping the Anterior choroid tube and injecting the
Posterior cerebral artery, the Choroid membrane was seen to be injected, but the
pressure was not suflicient to displace the earmine injection mass, owing to the free
escape of the blue injection mass from the branches of the Posterior cevebwal, whicl
were cut in exposing the lateral ventricle.

I have nhmﬂ'vml, lu}".'rl:‘-.'tl‘, that it is more casy to iujc-(:t the part l'lr-ill:i”‘\' :-1'|||1|J|iw|
h}' the Anterior chovoid artery from the Posterior cerelial artery than the rveverse, as
out of nine cases where the Anterior choroid artery was ligatured near its origin, the
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pat which is usually supplied by this artery was supplied in every case except one by
the Posterior eerebral artery, whereas in the two cases where the Antevior choroid was
Illtljl.'l‘-ti‘l[, but not the Posterior cerebral, the part of the choroid membrane and ]llr?{'ll-‘-.-'
usually supplied by the Posterior cerebral vemained uninjected.  There thus seems in
most eases a free communication between the Posterior eerebral artery and the
Anterior chorod artery, and it would not be possible to determine the corvect distri-
bution of each unless the Anterior and Posterior choroud arteries were injected
stimultancously with the same pressure,

The Corpus geniculatem interavm was in every case supphed by the Posterior
cerebral artery.

The llf_',hg'j;ar-; :ﬁwrfr”fuh”;{ ealeriipic was Hl,'l_lllil!i!'l_l h"l.' Ll |'l,i:-_:|:1't';ul' l!1'1'L~!H';l| tl]'lt'r:..‘ mn
every case exceplt in four (ont of 23 cases), where it was supplied by the Anterior
choroid artery, which was here separately mjected.

In connection with this distribution, the ”‘r:h'q.' tedet was in all eases, where the
Antevior choreid artery was Hi‘[rrll'ult‘]}' ]rljt.'utnl. Hllflfltil'l[ !r_‘gr' this artery up to its
cutry into the Corpus genieulatum externum (Plate 4, fig. 8, C. g e.).

-

The fovuie~The body (Corpus) was supplied i all cases by the Posterior cerelwal
artery, except in five cases, where it was r;llljjllii,'lt h}_' the Anterior cerebral artery.
The Crus posterior was in all eases supplied by the Posterior cerebral arterv, except in
two cases, where the Anterior cerebral gave the supply.  Of the Columna fornieis, or
Anterior pillar, the lower part was supplied by the Posterior cerebral, while the upper
part was nourished by the Anterior cerebral artery,

The Septuim pellucidim was in all eases supplied by the Antevior cevebral artery,

The Adiderior commessire was .-ﬁ|||Jl||it-1|, in all cases where it was mjected, in its
imedin vt |J_'I: the Anterior cerebral artery, i the outer Jart ]l_':." the Middle cerelaal
artery, and in the extreme posterior outer part by the Anterior choroid artery.

The basal arterial supply to the brain may, therefore, be arvanged in zones or areas
of distribution.  Starting with the supply of the Posterior communicating artery to
the |h-;_{iu subthalamien as the centre nearest to the middle line, we have in the
next zone the Anterior choroid area and the Anterior eevebral wrea, and external o
these the Middle cevebral avea.  This arrangement is seen best in coronal sections
{l’]utr G, iig. II:I. ,
The Cortical Disteibution.

As has been pointed out by Durer® and other observers, the anastomosis between
the vessels—anterior, middle, and posterior cerebral arteries—supplying the three
prineipal arveas is sufliciently free to allow the area of the anterior or posterior
cerebral arteries to be injected from the middle eerebral artery, and thervefore, in
using soluble eolours by whieh alone the finest capillaries can be injected, 1 would
submit that it is essential that the injections of the different arteries should be made
simultaneously with the same pressure, as has been done in the present research,

* Lov, cil., p. 319,
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I can confirm by several observations that the aveas of the anterior and  the
postevior cerebral arteries can be injected from the middle cerebral avtery, and also
that the middle cerebral area can be injected from either the anterior or the
posterior cerebral arteries.  From the illljt.‘{‘iilil]'l of the anterior eevebral artery alone
on one side, the l'.:Ululll'illg matter has not peached the ]qul'l"Inl' cerebral area, I]rult:_;‘l!
I have no doubt it would he Pu.h'eiilrlr with a longer continued injection.

This communication between the areas of two different arteries is well shown by
the following observation, which 1 have repeated several times. If the anterior,
middle, and posterior cerebral arteries be mjected with three different colours and
with the same pressure, until there is a well-marked line of demareation—let us say
between the middle and the posterior cerebiral areas, and if now the tube supplying
the middle eerebral artery be elamped, it will be seen that the injection from the
posterior cerebral area will invade that of the middle cerebral area and drive its
colour out, but on releasing the clamp on the middle cevebral artery tube, the
invading injection from the posterior cevebral area will be driven back until the
original border line is attained.

Durer® states that he has never found an anastomotic network in the pia mater,
u]ﬂmllgh Hevpxiert and other anatomists deseribe such a network U{tlImlllt:'t.’-:“'l‘l'k}.
To determine this question, I have made the tollowing experiment.  The third branch
of the middle cerebral artery, viz, the ascending parietal branch, was ligatured close
to the Sylvian fissure, and the anterior, middle and posterior cerebrals were then
hilnultum_-uusl}‘ 'm_jm;t:-ul alter I:utting out the |:l)Htt*l'i{II' r:n]]nlliuii_‘uting artery. It was
found on subsequently cutting the hardened brain horizontally that the convolutions
supplied by this ascending parietal branch were injected by the coloured gelatine
from the anterior ecerebral artery. This would show that either there is no
communication between the contiguous branches of the middle cerelwal artery, or
that the communication is so slight that it is easier for the blood to reach the area
corresponding to the ligatured artery from the branches of the anterior cerebral than
from the contiguous branch of the same artery, or, in other words, that the
communication between the middle cerebral artery and the anterior cerebral artery,
where their areas touch, is much more free than that between the contiguous branches
themselves of the middle cerebral artery.

I have made several observations to determine if the fine arteries of the cortex
communicate with each other after they have entered the brain substance, and I find
that there is no evidence that these fine vessels have any intercommunication when
they have penetrated the cortex. So that it the lji.u. mater be c:,u‘t:ih":,r st.r'lppe[l off
the cortex over a small arvea, or a circular incision be made through the pia mater,
that part of the cortex denuded of membrane, or the part inside the cirele, will not
be injected and will not receive any blood from the small cortical arterioles in the

* Loc. cif., P 318,

f * Die Luetische Erkrankung,” ete., p. 157,
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brain substance surrounding this area.  The artevioles, therefore, after they enter
the eortex, are end-arteries, and do not anastomose with their neighbouring arterioles,

As was shown by Dorer, the cortical and basal systems ave gquite distinet and do
not anastomose, and 1 am unable to find any anastomosis between the cortical and

basal arteries when these aee :-u-|-:u'.-|l=r]}' in.jl-r:ln:-li {'I Aass 1, I I;':}_

Diistiilution i the Cortical diteries.

The dduiterior cerelival avtery supplies the gyrus rectus of the Ovbital surface lyving
on the inmer side of the Olfactory suleus, and also the convolution on its outer side,
but not as a rule the mner, middle, and outer orbital g:n.'ri, which are Hllilfllii_'lt h}' the
Middle cerebral artery ; though ina certain number of cases the inner orbital gyrus
is also supplied by the Anterior cerebral,

The Anterior eevebral artery then winds round to the median surface of the hemi-
sphiere i front of amd above the Corpus eallosum, and its extent posteriorly is given
in the I‘u]luuiu:_-: table, the nuwmerals g_{llvin;_[ the number of different braims m whieh

the diferent distribution was observed - —
Cases,
To half way along the Lobulus quadratus (praceuneus) (fig. 1), . . . 21
To the Fissura |Ji|!'ii‘lll-tl[‘t'i1ri|.'E]Il:-1' internan {Iig, '_'!;1 o i o am e s oca

To the Fissure of Rorawpo {fig. 2). . . . . . . . . . « + . 8

Fra, L—Anterior Cerebral Artery.  Most frequent Fre, £ - Antevior Cerebral Artery.  Vertical lines
distribution on median surface, Shading denotes denote  maximal, and  obliqgue  lines  minimal,
thie most frequent distribution, distrilution,

It will be seen from this table that in 40 of the ecases examined the Anterior
cerebral area extended along the median edge of the hemisphere as far posteriorly as
the Fissura parieto-oceipitalis interna, or to an inch anterior to this. From this pont,
along the median edge of the hemisphere, the posterior limit of this area extended
obliquely forwards to the Corpus callosum, the body of which was EIIIIII]EI.'-J, h}' the
Anterior eerelral artery m all cases, except three i which the posterior part of the
body was supplied by the Posterior cevebral artery.
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O the outer surface, the area supplied by the Anterior eevebral artery varied con-

siderably, Posteriorly it extended —
’ ' Cases,

To a point half way along the Gyrus parvietalis superior (fig. 3) n . . 20
To the Fissura occipito parietalis externa R AN o e o a o en D
To the Fissura Rolandim:. . . - <« « v =« o 5 « « « « =« 11
To the Suleus praccentralis superior in, . . .« . . . . . [
For the Anterior half of Gyrus frontalis superior (fig. 4) M s & @ 5o B

Fii, 3.—Anterior Cerebral Avtery.  Onter surface.  Fie, 4—Anterior Corebral Artery.  Outer surface.
Most frequent distrilution, Vertical shading denotes  maximal, amd cross

:ah:ulin; minimal, distriliation.

It will thus be seen that the m;l_jnrit}' of cases extended to hall way along the
ﬂ}'rllﬁ |J:1I‘i1'tz!“H ﬁLtEll-J'iirl', which is more |:n.~itr*l'inl' than the limit ;_f;i".'i‘]] ]l}' [MoRET
(upper part of Fissure of Roraxpo).

The extent of the Anterior cereleal area outwards and downwards on the outer

surface of the hemisphere is shown i the following table :-—
Cazes,
To the Sulcus frontalis superiorin. . . . . . . . . . . . . 40
To the middle of the Gyrus frontalis medivs . . . . . . . . . 1b

To the Suleus frontalis inferior in

' " " El + - ;

To a line dreawn hnl‘ixr:]llu“}' lill'ibiig]L the middle of the “}'I'H:-‘. frontalis
BUPBHIOT-I & % & % & & a0 W G A e @ m % e W D A 1|
G

This distribution differs from that given by Durer,® who deseribes the Internal
and Anterior frontal artery as |H-ing distributed as far down as the Inferior frontal
suleus.  In my observations, therefore, the Anterior cerebral artery supplies, in
two-thirds of the cases, only the Superior frontal gvrus, and only one case in nine

* Lo cil,
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corresponded to the distribution given by Durer.  In some of the 40 cases which
extended to the Suleus frontalis H-Hl)l‘l'i“l".. the arvea of the Anterior cerchral artery
extended to the Middle frontal gyrus in its most anterior part.

The Middle cerebral artery, as it winds round the fissura Sylvii, supplies the
outer part of the orhital surface, and also the anterior part of the temporal lobe—the
extent of its distribution on the inferior surface, and the border line between its area
and that of the Posterior eerelral artery, is given under the tlz-'ucrillt]uu of the
Posterior cerebral artery (p. 34).  The avea supplied by the Middle cerebral artery
VATIeS very mueh in different hv!:ﬁﬁl:h:*l‘q-.‘:. [ts extent Hll]ﬂ*l‘[lil‘l}' anl :1||1:1-1';m'11\.' has
been given in the aceount of the anterior cevebral distribution (p. 31), viz, to the
superior frontal sulens in most eases, and it was there shown that the Antervior
cereleal area extends ]HHtI‘I‘iHI‘I}" m most eases to the anterior half of the ovrus
parietalis superior.  As the area supplied by the Posterior cevelwal artery (p. 35)
extends anterorly to the external ]h‘ll'il"l:~l1l'l‘;fli1il] fissure, or, in many  brains,
along the gveus pavietalis superior, so as to meet the avea supplied by the Anterior
cerebral artery, the Middle cerchral aren in many eases does not reach the middle
line, T have found out of 51 eases that the Middle eerebral veached the middle line
in 30 cases (fig. 3), and did not do so in 21 cases, We have, therefore, every variety
between the ease of the area HIl!l]:liwI IJ}' the Middle cerebral l'l-"q'I.-l.'".!JllII:,_‘T the middle
line for the distance from the superior praecentral suleus to the external parvieto-
oceipital fissure, and the case of the Middle cerebral area not reaching the middle line
at all.  In rarve eases, the Middle eevebral area reaches the middle line just in front of
the superior preecentral suleus, then the upper parts of the two central gyrl arve
supplied by the Anterior cerebral artery, while the s-:ulu-rinr ]mri{*tnl TYrus s supplied
by the Middle eerelwal.

Durer,® in his diagrams, fig. 3, p. 327, fig. 4, p. 328, carries the arvea supplied by
the fourth branch of the Middle eerelral artery to the middle line, taking in the
posterior half of the superior parietal gyrus, vet in the text he says that “ above it
(the fourth branch) supplies the inferior parvietal convolution, and does not pass
bevond the inteaparietal suleus ™ (p. 328).  On p. 326 he states that the third braneh
of the Middle eerelral artery * often supplies the anterior part of the first ]Nil'if*till
convolution.”  As in fig. 4 the area supplied by the Posterior cerebral does not
extend forward beyond the external parvieto-oceipital fissiwe, there is no deseription
of the artery which supplies the posterior part of the superior parietal gyrus.

The extent of the Middle cerebral avea posteriorly towards the occiput varies very
much in diffevent hemispheres, and T have arranged the varieties in the following
table in the ovder from the most extreme extent in that divection to the least extent.
The area was measured in most cases along a horizontal line drawn from the upper
end of the Fissura extrema of the Calearme fissure to the angle of the Parallel
stleus ;—

¥ Loc, eil,
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Cises, Taotal.

To the m'i.'ilrital] I le and round to the median surface . I

To the oceipital pole (ig. 6). . . . . . . . . in 19
To § or L ineh anterior to the m.:uilritul pole (hig. -L_I:} , 1 12

To the Intraparietal sulens, posterior end, where it

is continued into the anterior oeeipital sulens . in 19 19
To the angle formed by the uptuwrned end of the

Parallel sulevs . . . . . . . . . . . In 2
To a point anterior to the angle of Parallel suleus . in 2
To a line drawn from the posterior end of the

H}']Ti;l_ll fissure to the mwedian line o the

middle of the superior parietal gyvrus (hg G) . I 1

Vi, .—Middle Cerelaal Avtery,  Outer sweface.  Fig 6—Middle Cerelbral Artery.  Outer surface.

Arvea of most common distribution shown I-J,' Avea of maximal distribution shown '||11_,' Hing]u
shading. limes, mimimal by erossed shading.

The mindmal diswrilution is not that of any one
brain, but it is m:tlllmlllull:tl of all the winimal
distribntions observed.  The maximal distribu-
tion would represent that of one extreme case if
the anterior cercbral area was made to extend
posteriorly to the Rolandie fissure and externally
to the superior frontal sulens.,

Dividing the eases into those in which the Middle cerebral area extends to, or
within % inch of, the oceipital pole, in which it reaches to the level of the anterior
occipital suleus from 1 to 1} inch (2:5-3'8 em.} from the pole, and in which
it reaches to the upturned angle of the parallel suleus about 2 inches (5 cm.) from
the ]_mstgrim' pole, we find that the preponderance is i favour of the ucuilritn! pole

YOL. ©C.—B. I



od L. CHARLES E. BEEVOLR OXN THE DISTRIBUTION OF THE

il _}— inch anterior to i, ad then for the :mg]e-. Forred ]:}‘ the ll:l.l'-il”l’l sileus,
As will be seen later on, this distribution is of great importance in determining the
supply of the optic radiations,  The greatest extension of the Middle cerebral arvea
in this direction was to the median swrface for the posterior | inch of the Cuneus,
and the least was to the Fissure of SyLviuvs.

The extent of the Mid cevebral area downwards varies considerably, and is shown
i the accompanying table :—

Cases,
To the middle of the gvreus temporalis inferior (thied) (fig. 5) . 26
To the lower hovder of the gyrus temporalis medius (second) « 21

To the lower border of the gyrus temporalis inferior (thd) . . . 13
To the middle of the UVIIS l!']l!lhll'.‘l,]i..‘-{ medins {m-cnuu]j o pl

To the fissura H_':.']\'ii thee ) + & 4

2

It will be seen from the above that in all the cases, except three, the bovder line
between the Middle and Posterior cerebral arveas is m the thivd or inferior temporal
ayvirus, most I'1'1-L|||1-||1|3.‘ at its middle, next at s L rpeer border, and then at its lower
horder,

This vesult differs from the extent given by Durer, viz, the middle of the gyrus
1,;~|||1mr:1li:«4 meding,  The extent of the area gin-u above in the m,rq;-.ifnltall dlivection
also differs from that given by Durer, who continues the line back from the middle of
the second {l-lupul'ul EYrus jll:-;t behind the uplltt'nml ]Hii‘;l“tl sulens to the external
pavieto-oceipital fissure,

The Posterior cerebral avtery :-:llllllrlt‘!-? the median and mterior surfaces of the
temporal and occipital lobes, and in most eases extends on to the outer surface of
the occipital lobe.  On the mferior surface of the temporal lobe the line between the
Middle eerebral and the Posterior eerelbral areas extends outwards, as we saw
above, to the middle of the gyrus temporalis inferior in most eases, and when this
border is traced forwards it forms a curve convex forwards around the anterior end
of the third temporal suleus, and thence to the sulens collateralis and across the
substantia reticularis alba of the gyrus l'I'|’|:'”'l"'l"'|Ji to the base of the uneus and the
hippocampal fissure (fig. 7).  The avea of the Posterior cerebral artery asecends pos-
teriorly along the gvrus hippocampi across the posterior part of the corpus callosum to
the bovder-line, between this avea and that of the Anterior cerebral artery, drawn from
this 1Hriui to the mternal ]I:Ll'ivlu-n::cilritu.] fissure or for an inch anterior to it {|J. :IU}.

On the onter surface the area differs i shape acecording to the amount of extension
hackwards of the Middle eevebral area.  As was shown on a ln'u_-.u.'lmls-; page {l:l. 33),

* Althongh the parallel sulens has the highest number, 23, it will be found that if the horizontal line be

ilivided into half inches, the half inch next to the lH_l:iLl.!I'JIH'.' pode will claim more cases, 32, than the half
inel at the angle of the parallel suleus,
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the Posterior cerebral arvea did not extend on to the outer surface at all at the
horizontal level of the ]Irfmll"]"l:!]' ]uﬂt- in 19 eases out of 77, and did not even veach
the oecipital pole on the median surface in one ease, while m 12 it extended for
44 inch from the occipital pole on to the outer surface along a line drawn from the
upper end of the fissura extrema of the calearine fissure to the angle of the parallel
suleus.  In 19 eases the Posterior cerebral area extended to the iI!tl‘;h—]i:l‘:'it't:1| or the
anterior D{.‘C'Ellitﬂl sulens, and in 23 to the ':lTIl'_?:]l* of the Parallel suleus, while in three

cases it was anterior to this point.

Fig. 7.—Posterior  Cerebral  Artery.  Median  Fio, & —Posterior  Cerelral  Artery,  Median
surface, Shaded area shows the most common surface.  Horizontal shading shows maximal,
dizgtribution. and erossed .lih:ulin:_{ minimal, distrilation,

The Posterior ecervebral artery area also, in MANY Cases, extends forwards ;|]u||:_f the
onter surface near to the middle line, and this is shown in the ﬁ:"nu'ing table :ll'l'.'lllgi-il
postero-anteriorly along the median line, excepting the three last numbers ;—

To a point half way between the oceipital pole and the parietal- Cases,
occipital fissuwre . . . . . . . , s Nma NN o e AR

To the fissura parieto-oceipitalis externa (fig. 9) . . . . . . . 24

To 4 inch anterior to this fisswre, ., . . . . . . . . , . 8

To & inch anterior to this fissure . T . L 3

To half way between the external parieto-oceipital and Rolandie
fissures e A T . ws ahi)
To & inch (1°25 em.) llcmh't'iur to Rolandic fissure (fig, 10) 5
To Rolandie fissare . . . . . . . . . . . . . . 1
On posterior part of third temporal gyrusonly . . ., | | 3
Noton external surface . . . . . . . . ., . . . . . 1
GO

Here the most frequent point is the external parieto-oceipital fissure, in 24
hemispheres, which corresponds to Durer's :it-'ﬂi'l'ilrtinll. but it must be noted that in
27 cases the Posterior ecerebral extended :mt{-riuﬂ:.' to this fissure, It was seen that,
in all cases except one, the area in its infevior part extended anterviorly along the
inferior temporal gyrus.  The commonest form for the area of the Posterior eerebral

F 2
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artery on the outer surface to take is that of a & with the concavity forwards.  In
those eases (20 in 77) where the middle eerelwal arvea veached to the oecipital pole,
the bottom of the & was broken through, and in those eases where the Posterior
cerehral artery extended on to the outer surface uhmg the line of the [J:II'.'I.llvl suleus,
the concavity of the o was filled up, and the shape became triangular, till in one
extreme ease all the cortex ErnHtN"Lnl' to a line drawn from the |ln.*;f.4't'inl' endd of the
."-'.:..']ri:m fissure to the middle of the superior |l:ll‘i|'iu| OVIUS Was Htt|1|1“1'l! by the

I'IlHti"I'ij'l'I' E'i"]'I'IH":II Ill"ti"l:'."f.

Frie. 9 — Posterior Cereloal Artery,  Chiter =m fruee, Fu:. 10 —Tosterior Cerclial Artery. Maximal
Mast frequent disteibntion shown by shading, distribution on onter snrface,

Thiz lli;tgr.'l.m 15 not taken from the disteibontion

of one brain, bug iz compounded of all the maximal

digtribmtions,

I connection with the .-m]ninl"u.' ol thie nrczfpii.-t] cortex 1= the very ]m{nul'l;ulf +|||1-:-.'Iin||,
ol the :~;u|n|n|_\' of the interior of the occipital lobe, and particularly of the rl|rti:'
radiations.

Optic Kadiations,

The white matter of the mterior of the oceipital lobe is :-Hl]r]r]il't] by the branches
from  the widdle cevelwal and posterior cerelwal arteries to the oceipital eortex,
These cortieal branches send small artevies through the cortex into the white matter,
and the question 1s hm;r mueh of this white matter, and particularly how mueh of the
optic radiations, is supplied by the middle eerebeal and how much by the postevior
cerelral artery,  Aceording to vox Moxakow,” “a complete mtegrity of the optic
radiations Lias never been seen in lesions of the ealearine fissure where ]u-mi:mupia
was present . . . oa blocking of the calearine artery eausing necrosis of the whole
calearime cortex waontld Ii'l'fb[il.;l_'i' a lesion of the uIrti{' I'.'l.{ﬁ:!l'!l:ll.‘-: e 1|!E~I'1' wonld he
a permanent hemianopia only when the optic radiations were affected either in the
posterior horn or in their position behind the ventricle. A pure cortieal hemianopia
is anatomically impossible.”  According to Moxakow.™ the optic radiations are
supplied almost entively by the posterior cerebral.

* o Gehirn-Pathologic,” po 464,
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.r"Lt'mriliug fo ”I-‘,S.-H‘III-:N,"" who has made numerons illj!‘t.'lfill!tn-i- I have not been
able to ascertain the method used by him—the nutrition of the median surface of the
occipital lobe is supplied chiefly by the posterior cevebral artery, which also gives the
principal supply to the ventral part of the optic radiations, while the supply of the
lateral part of the oceipital lobe (? outer surfiee) is chiefly by the middle cerebral
artery, which also supplies largely the middle part of the optie radiations measured
from below upwards.  He considers that the injection mass can pass from the
posterior cerebral artery to the middle cevebral avtery, and vice versd ; that numerous
anastomoses exist between the two Areas, P'H|Jl‘1"i-it”_"\' on the exterior ; that all the
optie radiations can be injected from above downwards, not only from the posterior
cerebral, but also from the middle eevelval artery.  That the whole of the pomnt of
the lobe {’1 n:]r"i]rit:lf ||u|1']|- ean e well i||‘i|'|'t1~[1 ||:.‘ the two sets of 1.'1'3-&!-:4'].1-;; that
0 {*ulﬁlhn'_\' injection of the calearine cortex can be made from the middle cerebral
artery ﬂit'mlgll the little arteries which IESS into the i|!4-4|1]||m'|".' substanee and u|lli1'
radiations which ave supplied by the middle cevebral artery, and that this avea of the
median surface of the oceipital lobe has also numerous communications with  the
Anterior cerebral artery, so that from this artery it is possible to supply the posterior
cerebral and the middle eerelwal arterial area as far as the point of the lole, also
a part of the calearine cortex, as well as the oreater part of the optie radiations,  He
concludes that Moxakow's idea—that an exelusively cortical lesion of the cortex
avound the calearine fissure is an anatomical impossibility—is against anatomical
researches and evident ||.'1t||u!ng]r:1| facts,

He also thinks fp. 83)% that the seat of the representation of the macula of the
reting is ]II'H!.K"llFI.'h' in the anterior Ijil.l‘t of the lIT_'{'iFII-:t:II lobe, and l'HIJl't'i:l“:l.' the pranwct
within the ealearine fissure, .., the gvrus or pedunculus eunei. This part would be,
he thinks, H[H‘t:i.‘l“}' favoured for outrition, as it ecould devive its blood HiIIr]b]}'
from three different arteries (anterior, middle, and posterior cerebral), whereas the
posterior part of the ealearine fissure eould et its supply from only two different
arteries, the middle and ]HH'E‘I';HI' cerebral arteries : and this would u-,\;p]nin wh_\' the
vision for the macular 1'|'g1|J!t w0 often BECAPES 1N Coses nf’lnuni;lrml]iu_

I have, therefore, made observations to determine = (1) The distance of the ZYTUS
or l'n’f]ll!:lf‘-lll'llﬁ eunei—the apex at the anterior end of the cuneus, which is anterior to
the junction of the internal parieto-oceipital and ealearine fissures, and which ean
only be seen, on separating the lips of the calearvine fissure, to be Iving on the floor
of this fissure—from the areas of the middle and anterior cerebral arteries, and the
distance of the anterior and l!l’JHt{*l‘inl' parts of the cortex fhrmiug the floor of the
calearine fissure from the middle cerebral arterv. (2) The Hiififlt}' of the optie radia-
HHHH, Elﬂ't the relative -"-!-li'rlt'E”H taken ]J}' the middle and lﬂh‘il{!'t'i.ﬂt' cerebral zil'lu-l'iwﬂ-,

(1) The normal supply of the gvrus cunei and of the cortex rvound the calearine
fissure is from the Posterior cerebral artery. Taking first the distance of the gyrus

* e Centre Cortieal de Ia Vision,” 1900, p. Gk,



a8 . CHARLES L BEEVOR ON THE DISTRIEUTION OF THE

cunei from the anterior and middle cerelwal areas, 1 have examined in 23 cases the
distance of the base of the CYIus cunel from the nearest antervior cerebral arterial
avea, viz., that of the gyrus fornicatus. In 14 ecases the distance was 1 inch
(25 em.), in #ix it was & inch, and in three it was from 23 to 3 inches. Out
of 22 eases which 1 examined, the base of the gyvrus cunel was in contact with the
middle cerelwal area in nine cases, in six cases it was -1 inch distant from it, in
five eases 1 oineh, and in two cases there was a distance of from ]-:'= to 2 inches between
the base of the gyrus cunel and the nearest middle cerelbral area.

I have also ascertained the distance of the cortex of the anterior and posterior
parts of the calearine fisswe from the arvea of the middle cerebral artery,  Taking
the cortex of the anterior part of the calearine fissure which is adjacent to the
internal Ji:;n"ll‘tn-m't"lpil:il fissure, out of 23 ecases the cortex on the floor of the
calearine fissure was in eontact in nine cases with the middle cerelwal area supplying
the internal medulla of the oceipital lobe, in two cases the area was L inch from the
cortex, in five cases 1 inch, in four cases 1 inch, in three cases I;E- 2 inches.  The
distance of the posterior part, and the fissura extrema, of the ealearine fissure was
examined in 18 cases: in two eases the eortex at the bottom of the fissure was in
contact with the middle cerelwal arvea, in two eases 1t was } inch away, in
seven cases 41 meh, 1 three eases 1 eh, and in four eases 2- _‘E inches, Tt will
thus be seen that in the majority of eases the supply to the ealearine eortex can be
easily supplemented by the middle cevebral artery, and also that the gyrus cunei and
the anterior half of the cortex forming the floor of the calearine fissure is more often in
contact with the area of the maddle cerebral ;|I'{1']‘_‘I.' than the lJlJHt!‘I';:Hl' half of the
calearvine cortex, and thus this is in favour of Hexsenes's contention that the gyrus
etned is, while supplied by the posterior eerebral artery, nearer to the arveas of the
mididle and anterior cerelwal arteries, than is the cortex hounding the posterior half
of the calearine fissure,

(2) The other point to determine was the supply of the l.'i_??."i"i‘ wadiaticns, and
q-:-]u-:'iu]]:.' of the |J:|t'| ]";Ih;_{ |I:1Ht4'1'iil1'!}‘ to the lateral ventriele,  This eould ul]lj.' The
acenrately ascertained in eoronal sections, and the following account refers only to
coronal sections,

It was shown on p. 53 that the distribution of the middle cerebral artery to the
cortex on the outer surface of the parvietal and oecipital lobes varies very much in
different hemispheres, and 1 have found that the supply to the optic radiations
funrrvspmul:«: to the supply of the cortex, so that when the area of the middle cerebral
does not extend on the outer surface further towards the u('(“i]rit:ll end than the
Sylvian fissure, or to a point situated between this and the |.:L]'.'L]h-] suleus, the :-’.II|:|:|:,'
of the optic radiations s almost entively by the posterior cevebral artery and not
by the middle cevebral, whereas when the avea of the middle cerelwal extends to the
occipital pole the supply to the "l"“" vadiations from this artery ]I]'E'llllllflt']‘ilfi’ﬂ OVET

that of the ll'llHII.'I'iHi' coerebral. 1 have examined 15 i]l__iulr;h-rl brains eut covonally, and
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of these hrains in six the middle eerebral avea on the outer surface extended to the
w:(‘ilﬁtnl IHl]E" or to 1/4 inch from it, in six cases this area veached the |ulHt|'!'ilrl‘ part
of the intra-parietal suleus, in two cases it reached the ll|Jllll'!ll.'¢l end of the [lin':!”t-l
suleus, and in one ease to the Sylvian fissure.™

The most common  distribution, which  oceurred six times, was as  follows,
In front of the covonal section thhrli;‘]l thee jlllll'liull of the internal r!.'ll'il'lll lll.':'i]lilu]
fissure with the calearine fissuve, the upper three-fourths of the optic fibres, as seen in
the coronal plane, were supplied by the middle cerebral artevy while the mferior
one-fourth was supphied by the !‘Ju:-,'LL'I‘iuI‘ cerehral artery. Posteriorly to the internal
_llzlt"lrtq_r-q_r(:{tifnit.-l| fissure the upper three-tourths of the fibres were supplied by the
middle eerebral for the anterior one-thivd of the distance (which measures on an
average 11 inches) from this fissure o the fissura extrema of the calearine fissure ;
while for the posterior two-thirds of this distance these filwes were supplied by the
posterior cerebral artery. The whole of the inferior one-fourth of the fibres behind
the internal parieto-oceipital fissure were supplied by the posterior cerebral artery.
In other words, the HI]]:IL'I'iUI' three-tourths of the fibres, which l.:Uttl_IJl'i..‘-iE"H those which
go to the cortex of the cuneus on the Hlllu't'im' |i1: of the ealearine fissure, were
supplied by the middle cerebwal, with the exception of the posterior 1 inch (2°5 cm.)
which was supplied by the posterior cerebral, while all the inferior one-fourth of the
optic radiations, which end in the cortex of the gyrus lingualis, were supplied by the
posterior cerebral artery. In two other cases the supply of the middle cerebral
artery to the Hulsi*riur three-fourths of the ::fl!i:; radiations extended to the anterior
one-sixth and one-half respectively of the distance between the internal parieto-
occipital fissure and the fissura extrema.  Thervefore, in 8 out of the 15 cases
examined, the middle eerelwal artery supplied the superior three-fourths of the optic
radiations from the part i front, supplied by the anterior choroid artery, to a point
behind, which lies from one-sixth to one-halt of the distance measured along the
calcarine fissure from the internal parieto-oceipital fissure to the fissura extrema.
In three other cases the middle cerebral artery supplied not only the upper three-
fourths of the l;rlJtiU radiations along the anterior half' of the horizontal distance from
the internal }r'.l.l'i::tu-l.nbciflilzll fissuwre to the fissura extrema (in one case for one-sixth
of this tli,‘shlllcu}, but also the inferior one-fourth of its fibres to the same Inuint
posteriorly ; so that in two of these cases all the optic radiations posteriorly to the
part supplied by the anterior choroid artery were supplied by the middle cerebral
artery, with the exeeption of the most posterior § inch—and in one case of the
posterior 1} inches—which had their supply from the posterior cerebral artery.
In one case the inferior one-fourth of the radiations was supplied by the middle

* The relation between the supply of the posterior cerelval artery to the external surface and the
prolongation of the line of Gexxari on to the external surface, T have examined in five cases. In all of
these eases the posterior cerebral supply extended for 2 inches anteriorly to the occipital pole, but in none
of them could the line of GENNARL De traced on to the external swiface. (February 18th, 1908.)
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cerebral to a |1ni!|l : ineh anterior to the internal I::n'[l-tn-m-(*ifﬁlzlE hssure,  In
all the 12 eases eited above, the avea of the middle eevelwal artery extended on the
otter surface of the cortex either to the u:}qri}ﬁt:l] or the illtl‘.:l-Ilﬂ]'il_'t.:l.] suleus (or the
anterior occipital suleus which it Joins).  Of the three remaining cases, in two the
middle cerebral avea veached posteriorly to the upturned end of the parallel sulens or
nearly to it, and in one only to the Sylvian fissure.  In the two first of these cases
the upper three-fourths of the radiations were .-u||||1|il-{| by the mddle cevebral as far
as the eoronal level of the internal parvieto-oceipital fissure and posteriorly to it by the
Iul:-;ti'l'iur cerelral. In 1,||1' L‘lHi, ca=e  the I_Il,]-!‘-itl,_‘l'il,ll' cerelral :ll'tl‘l'l"-' 511!!!!“131} all the
optic radiations, 1 have also noted in other cases cut horizontally, where the middle
cevebral area did not extend on the outer surtace posteriorly to the pavallel fissure,
that the supply to the optie radiations was eliefly from the |umt|-1'im' cerelral artery.

i Lmlciu:,{ at the table on . S it will be seen that the number of ecases in
which the middle eerebral artery reaches the oceipital pole or within 1 ineh of it is
nearly double the number of these eases wherve it reaches to the angle of’ the parallel
suleus or not so fr as that, and, therefore, the cases where the optic radiations are
supplied alone by the posterior cerebral artery are in a decided minority.

The guestion therefore arvises whether the eireumstance that the whole vertical
depth of the optic vadiations for the posterior inch or § inch of their course is
supplied by the posterior cerebral artery would mean that all the optic radiations
wonld have to pass through the avea supplied by the posterior cerelwal artery before
reaching the ealearine cortex.  The optic radiations have to pass round the end of
the posterior cornu of the lateral ventriele from the outer side of this cavity to reach
the calearvine cortex on the median surface of the hemisphere, and the guestion arises,
how far posteriorly to the posterior end of the lateral ventriele do those optie radia-
tions, which arve supplied by the middle cerelral, extend ? 1 have in five eases, which
haul been eut {'ut'un=1|]}'.. ascertamed this |mi||t.. L two cases the extent was lf; im:ll,
in another ease 6/8 inch, in another 1/2 inch, and in the last case only 3/16 inch.
There is, therefore, in some cases ;unph: room  tor the upper two-thirds of the (rlrtiu
radiations, which are supplied by the middle eerebral artery, to rveach the calcarine
cortex without passing throngh the avea supplied by the posterior cerebral artery.

It must be stated that, :1,(1'-”1':1i||g to Frecusic, the fasciculus |011git-ll{lilllli1$ inferior
belongs to the projection svstem of fibres, its fibres connecting the oceipital eortex
with the optie thalamus.  This opinion is supported by Repnien® and by
Arcuavpaver.t I have found that the arterial supply of this tract eorresponds
very closely to that of the optie radiations, so that the anterior superior external part
is supplied by the middle eerebral and the inferior together with the posterior part
by the posterior eerebral artery,

."';I}' observations would  therefore agree with  those of both Moxakow and

* 4 Avh, neurol. Inst. Wien, Univ,,’ vol. 10, po 109,
T ¢ Rev, newrol,,” November 30, 1903, p. 1053,
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HexscHeN (pp. 86 and 37), as in" some of my eases the optic radiations could
hardly escape if the occipital artery from the posterior cerebral was thrombosed,
while in the majority of my cases a good part of the radiations would not he
involved. As the lingual fibres are more supplied by the posterior cerebral artery
than the cuneal, it nught. to be more eommon to have .‘-:l.lpf"l'inl* “[|qu11'mtlmm]ri;l &
than hemianopia, if the loss of vision were due to involvement of the optie
radiations rather than of the calearine cortex, but at present there are only two
cases™ recorded with post-mortem verification of quadrantanopia and a cortieal lesion,
I would also wish to point out that in those cases, where all the optic radiations are
ﬂupp]fed by the posterior cerebral artery, the branches to the radiations, which in
other cases are supplied by the middle cerebral, may bhe here supplied by the
posterior temporal branch of the posterior cerebral artery to the outer surface of
the cortex. If in those cases where the posterior cerebral area is large the
radiations were chiefly supplied by the posterior temporal artery, they would not he
affected by blocking of the oceipital or calearine artery.t 1T should agree with
HexscHeN that in most cases the middle cerebral supplies the upper one-third of the
optic radiations while the lower one-third is supplied by the postevior cerelwal, but
I also found that the supply to the posterior part of the radiations is by the posterior
cerebral, though in some cases it only comprises the most posterior § inch
of the cuneal fibres. With regard to the question of injecting all the optie
radiations from the middle cerebral artery, I made the experiment of injecting the
middle and anterior cerebral arteries with different colours after ligaturing the
oceipital artery of the posterior cerebral just anterior to the internal parieto-oeeipital
fissure, and 1 found that the injection from the middle cerebral readily injected all
the posterior cerebral area including the optic radiations. It seems, thevefore, that
the softening produced in pathological cases must, as HexscHEN has suggested, e
due to a rapid extension of the thrombus into the minute arterioles or else to
embolism of the fine arteries, for it is not possible to cut off the blood supply to the
cuneus and gyrus lingualis by simply ligaturing the occipital artery, as the
cireulation to the posterior cerebral area can be so readily restored through the
branches of the middle cerebral artery.

Corpus Cullpsum.—The arterial supply to this structure is obtained from the
cortical vessels. The principal part or body of the corpus callosum was supplied in
all cases by the anterior eerebral artery, with the exception of three cases in which
its posterior part was supplied by the posterior cerebral artery. In one case the
whole of the body up to the genu was supplied by the posterior cerebral artery.

* Hux, * Amer. Journ. Med. Seiences,’ January, 1887, vol. 93, p. 141; BEEvor and CoLLIER, *Brain,’
1904, p. 153. In the last case the cortex, but not the optic radiations, was affected, which is against
Moxagow's view, p. 36

I have not yet determined whether the arterial supply to the inferior one-fourth of the optic radiations
comes from the calearine branch or from the posterior temporal branch of the posterior cerebral artery.

VOL. CC.—B. G
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The Genn and Rostivin werve in all eases supplied by the anterior cerebral artery.
The Teapetuni in the part nearest to the main part of the corpus callosum was
supplied by the anterior or middle cerebral, in the external part by the middle
cerebral, and in the posterior part outside the posterior cornu of the lateral ventricle
by the middle or the posterior cevebral.  The Splenium was supplied by the posterior
cerebral in all cases, except in two by the anterior cerebral, and the Foreeps major
by the posterior eerebral in all eases, except in two by the middle cerebral artery,

There 18 one part of the Cerebral cortex, which is not supplied by the anterior,
middle, or posterior cerebral arteries, and that is the Usncus, which is supplied by the
anterior choroid artery.  This artery comes off from the internal earotid, and courses
outside the optic tract to the median surface of the temporal lobe. Out of 15 cases
where the anterior choroid artery was separately and successfully injected, in all,
except one when it was supplied by the posterior cerebral, the Uneus was injected by
this artery.  In most cases the area injected extended downwards to the horizontal
level of the dentate fissure or hall’ way between this fissure and the fissura collateralis,
anteriorly it extended usually to the suleus bounding the uncus anteriorly, but in one
or two instances it extended forwards to the anterior extremity of the tvnl!mru] lobe.

The Cornn ammonis, or Hippocampus major, has an arterial supply which is not
the same in all cases. Of 15 cases . which the anterior choroid artery was
separately and successfully injected, in seven the Cornu ammonis was supplied by the
anterior choroid artery; of these cases, in one the whole of this body was supplied
below the horizontal level of the COTPOTiL :111;11|I'i§_§en|il‘1:u and in six others the anterior
inferior L ineh was alone supplied, the rest of this region in these six being supplied
by the I;Lm{m'iul' cerehiral artery. In the eight other cases the IIUHf_L‘I'iUI' cerebral artery
sup] lied all the cornu ammonis. In rvelation to the anterior end of the cornu ammonis,
it can be seen in horizontal and coronal sections (Plate 6, figs. 11 and 12) to make a
sigmoid bend forwards and to join the Nwelews amygdale.  This body and the
sigmoid bend were supplied by the anterior choroid artery in all the cases where this
artery was sepa :':1I|.-1:,-' injected, and 1t is it]]lmrt;mb to note that the nueleus lllll}'gd-ﬂ.lm,
the surcingle or tail of the caudate nucleus, the inner segment of the lentienlar nucleus,
and the optic tract are all supplied by the anterior choroid artery.

The Fascioa dentata was in nearly all cases supplied by the posterior cerebral artery.

The Fimbria was noted in four times to be supplied in its anterior inferior part by
the anterior choroid, and in five—presumably by the anterior choroid—from the
internal earotid, and in 14 times by the posterior cerebral artery, in its posterior part.

Centrum Grale.~The arteries on the surface of the brain are divided by Durer®
into cortical and medullary.  The former end in the grey matter, and the latter pass
through the grey matter of the cortex into the medullary white matter, which they
supply, ineluding the whole eentrum ovale.t T have in four eases injected the arteries

* Loc. cil, p. 334
i The distribution to the centrum ovale is shown in figs. 9-20 in MoNakow’s ¢ Gehirn-Pathologie.”
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to the outer surface of the hemisphere beyond where their basal branches arve given
off, and in five cases I have injected the three chief arteries at their commence-
ment, ligaturing them just beyond their basal branches, so as to inject only these
branches. In confirmation of DURET's® statement, it ean be seen that when the cortieal
arteries are injl_-ctml after having been ]igﬂlllrﬂ] h::}‘mul the basal lwanches, the
injection extends through the whole depth of the centrum ovale, as far as the upper
surface of the eaudate and lenticular nuelei and the internal eapsule, but without
injecting them, while the converse is the ease when the basal branches arve alone
mjected. I can also confirm Durer's statement® that the Claustrum and the external
capsule are supplied by the eortical arteries, which penetrate from the Insula, and that
there is no connection between the arteries to these struetures and those of the adjoin-
ing lenticular nucleus. The optic radiations, as has already been stated (p. 36), are
supplied by the middle and posterior cerebral arteries of the occipital cortex, which
send their medullary arteries into the white substance of the oceipital lobe. On
injecting the basal arteries after ligaturing the posterior cerebral artery behind the
hasal arteries, the optic radiations posterior to the arvea supplied by the anterior
choroid artery, were not injected, thus showing that the arterial supply comes from
the Cortical arteries.

The distribution of the three chief arteries to the Centrum ovale corresponds to
the cortical distribution of each artery. The exact area occupied by each-artery,
as seen in sagittal, horizontal, and coronal sections, is shown in Plates 1-7.

Sunineryy.

Basal Branches.—Taking the distribution which was most frequently found, the
Regio subthalamica (Plate 6, fig. 11), including the Corpus subthalamicum and
Forer's field, was supplied by the Posterior communicating artery, and the Corpus
mammillare by the Posterior cerebral artery. In the Crusta or Pes pedunculi the
anterior one-third was supplied by the Posterior communieating artery and next in
frequency by the Anterior choroid artery, and the posterior two-thirds mostly by
the Posterior cerebral (Plate 6, fig. 12) and next by the Anterior choroid artery
(Plate 4, fig. 8). In the Jaternal capsule the anterior segment was supplied by the
Anterior cerebral for the inferior half and by the Middle cerebral in its superior half
(Plate 5, fig. 9). The posterior segment of the internal capsule, below the level of
the superior angle of the middle segment of the lenticular nucleus, was supplied in
its anterior one-fourth or one-third by the Posterior communicating artery (Plate 6,
fig. 11), and in its posterior three-fourths or two-thirds by the Anterior choroid
artery (Plate 3, fig. 6). The Retro-lenticular (Plate 3, figs, 5 and 6, Plate 7,
fig. 14, R. 1) fibres and the Optic radiations at their commencement were
supplied by the Anterior choroid artery. The superior part of the posterior
segment of the internal capsule above the level of the upper angle of the middle

* Lo, cil, p. 79
G 2
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segment of the lenticular was supplied by the middle eerebral artery, and was
continuous with the distribution of the middle cerebral artery to the upper anterior
parts of the caudate and lenticular nuelei, and of the anterior segment of the
internal eapsule,

In the Cuwdate nueclens the Caput was supplied in its lower half by the Anterior
cevebral artery, and in its upper half ],}, the Middle cerebral artery. The superior
horizontal part of the caudate nueclens was supplied by the Middle eerebral artery
as far posteriorly as the vertieal level of a coronal section made through the anterior
part of the Pons (Plate 7, figs. 13, 14). Behind this level for } inch the caudate
nucleus was supplied by the Posterior eerebral artery, while the tail or surcingle was
supplied by the Anterior choroid artery.

Of the Nuwelews lenticularis, the external segment (Put:i.ttu;‘.n} was in the main
supplied by the Middle eerebral artery, but the anterior inferior part was in over
half the eases supplied by the Anterior cerebral, the dividing line between the
anterior and middle cerebrals being midway along the internal capsule at right
angles to 1t as seen in eoronal sections (Plate 5, fig. 9}, while the posterior inferior
part was in several cases supplied by the Anterior choroid artery,

The middle segment of the Nucleus lenticularis was supplied chiefly by the Middle
cerebral artery, but in some cases the anterior inferior part was supplied by the
Anterior eerebral artery, and oceasionally the posterior part by the Anterior choroid
artery (Plate 3, fig. 6).

The nternal segment of the Lenticular nucleus was chiefly supplied by the
Anterior choroid artery (Plate 3, fig. 6), but occasionally by the Posterior
communicating and Anterior cerebral arteries,

In the Optic thalemus the anterior nucleus was supplied by the Posterior cerebral
artery {l’hltr G, ﬁg. ll}. The anterior external part of the external nuelens ]1-_}-' the
Posterior communicating artery (Plate 6, fig. 11); the posterior part of the external
nucleus by the Posterior cerebral.  The internal nucleus was supplied by the
Posterior cerebral in its posterior half, and by this artery or the Posterior com-
municating in its anterior half (Plate 7, fiz. 13). In some cases the whole anterior
half was supplied by the Posterior communicating artery. The pulvinar was supplied
by the Posterior eerebral (Plate 7, fig, 14).

The Chovand plecus was supplied by the Anterior choroid artery in the descending
and posterior cornua of the lateral ventricle, and in the central part of the lateral
ventricle by the Posterior cerebral,  The Choroid membrane in the descending cornu,
anterior to the ecoronal section through the anterior or the lateral part of the crus
eerebri, was supplied by the anterior choroid artery, while the rest of the membrane
was suppliedd by the posterior cerebral artery. - So that, posterior to the coronal
section through the lateral part of the crus, the choroid plexus in the descending
cornu on the outer side of the fimbria was injected by the anterior choroid artery,
while the choroid membrane on the median side of the fimbria was injected by the
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posterior eerebral. The Corpore geniculata rveceived their blood supply from the
]mstﬂ]'iur cerehral artery ; the UP{:—{: tract from the anterior choroid artery (Plate 4,
hig. 8).

In the Forniz the body was supplied by the posterior cerebral, occasionally by
the anterior cerebral artery ; the columna fornicis was supplied in its inferior part
by the posterior cerebral, and in its superior part by the anterior cerebral artery ;
the crus fornicis by the posterior cerebral.  The Septum lecidwm always by the
anterior cerebral artery.

The Anterior commissure was supplied in its median part by the anterior cerebral,
in the external part h}' the middle cerebral, and in the Pu.‘-;iifra—uxternul part I'.I-j.' the
anterior choroid artery.

Cortical Branches.—The area of the Anterior cerebral artery extended posteriorly
along the median surface to half way along the lobulus quadratus or to the internal
parieto-oceipital fissure (21 cases to 19) (fig. 16), and on the external surface
pm;l:uriﬂrl}r to half way ;l]nng the ayrus Imrictu] is Hulwl‘im' {|u] wilus l_un'i:-t.'t]ir-e] {ﬂgﬁ_ | ]
and 17); inferiorly on the external surface to the suleus frontalis superior, and in
some eases for the anterior one-third of the frontal lobe to the middle of the second
frontal gyrus. The area supplied by the middle cerebral artery on the outer surface
was bounded antero-superiorly by the suleus frontalis superior, superiorly it extended
to the middle line along the posterior halt' of the gyrus parietalis superior (not shown
in figs. 15 and 17), downwards to the middle of the third temporal gyrus, or to ifs
superior border (fig. 18), and posteriorly it reached to the oceipital pole or to §-1 inch
anterior to it {ﬁf_l;. 15}. The |]U!-jf-|;‘l'i0l_‘ cerehral art ::r}r_suppliv.d all the median surface
of the temporal and occipital lobes, except the anterior end of the temporal, which
was supplied by the middle eerebral, and the uncus, which was supplied by the
anterior choroid (fiz. 16); on the median surface the posterior cerebral area reached
to the internal parieto-oceipital fissure, or 1 inch anterior to this (fiz. 16); on the
outer surface near the middle line its area reached :3.||1;1:rim']}' to the external ll:ll‘iuiu-
m:cipit&l fissure, or to a point between this and the middle of the :-ullu-':'im' EIFII'EI"!FII
lobule (fig. 17), posteriorly to the occipital pole or to the intra-parietal suleus
I:lmf-itﬁriur llzll't} I,[lﬂg. Iﬁ}, and illﬁ:rh:rl}' it reached to the middle or the H'I:IEII;_'I'iI:hI' border
of the inferior temporal gyrus (fig. 18).

With regard to the optic radiations, the part nearest to the optie thalamus was
supplied by the anterior choroid artery (Plate 3, figs. 5 and 6), while the part which
courses round the posterior cornu was supplied by the cortical branches from the
middle or posterior cerebral arteries, which sink into the white matter of the oceipital
lobe.  In most cases the middle cerebral artery supplied the superior three-fourths,
and the posterior cerebral the inferior one-fourth, of the optic radiations—as seen in
coronal section—with the exception of the posterior 1 ineh or 1 inch, where all
the fibres were supplied by the posterior cerebral artery. In a fewer number of cases
the posterior cerebral artery supplied all the optic radiations.
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With regard to the distance of the gyrus eunei and the cortex forming the floor of
1r'..IIE' c'rl.!qu'll'.i.[ll'! ﬁﬂ_"}lll"l']_'l‘l.']l.i{:]] were H"I]l]‘li"[l ll]}' f,-l]iﬁ Im‘ll}ri.ﬂl' cl_'!r[:!'] Il'ﬂi.—'f-l'{}"l t]ll._',' FIRREHE
supplied by the anterior and middle cerebral arteries vespectively, it was found that
in most eases the gyrus cunei was about 1 inch from the anterior cerebral avea, and
that its base was in contact with the middle cerebral area. The relations of the
anterior part of the floor of the calearine fissure were similar to that of the oyris eunel,
while in the case of the posterior part of the fissure it was in most cases §-21 inches
distant from the middle cerebral area.

Of the Corpus eallosum, the Genu, Rostrum, and Body were supplied by the cortical
branches of the anterior cerebral artery (fig. 16); the Tapetum nearest to its origin
was supplied by the anterior or middle cerebral, its external part by the middle
cerebral, and the ]'Hrﬂlﬁt'inl‘ part ]1}' the middle eerebral {I"I:Ltu 2, ﬁg 4:}, ar i_l_‘-,r the
posterior cerebral artery : while the splenium and Forceps major were supplied by
the posterior cerebral artery (Plate 3, figs. 5 and 6).

In comparing my observations with those of previous workers, I would draw
attention to the following points. I believe that the method of injecting the arteries
simultaneously and under the same pressure with gelatine containing soluble colours
has not been employed before for cerebral injections. The arterial supply of the
Regio subthalamica, including the Corpus subthalamicum and Forev's field, have not
been deseribed, and the relative shares of the Anterior choroid, Posterior communi-
cating, and Posterior cerebral arteries in the arterial supply of the Crus cerebri have
not been given before, The {,'{}I'lm.f-: mamillare I find to be Blll:l]]ie{l more often h}" the
Posterior eerebral than by the Posterior communicating arteries (Dunrer and
Heveser), In the Internal eapsule, the exact supply to the anterior limb by the
Anterior and Middle cerebral arteries is ascertained in my investigations to supply
respectively the inferior and superior halves ; previously this part had been described
by Hevn¥ER as being supplied by the branches from the fork between the Anterior
and Middle eerebral arteries.  In the posterior limb of the internal eapsule, and in
the retro-lenticular fibres, I agree with the supply given by Kownisko, but I do not find
that there is any anastomosis between the three arteries supplying the posterior limb
of the internal capsule. I also find that in some cases the posterior cerebral artery
supplies part of the posterior two-thirds of this limh.

In the Candate nuelens, although the anterior cerebral artery was considered by
the three observers quoted to supply the head of this nucleus, the exact sharve taken by
the anterior and middle eerebral arteries had not been azcertained, nor had the exact -
distribution of the middle cerebral, posterior cerebral, and anterior choroid arteries to
the rest of the caudate nucleus been observed. I cannot agree with Durgr that the
head of this nucleus is ever supplied by the posterior cerebral artery through the
Choroid membrane, or that this artery anastomoses there with the Anterior eerebral.

In the Lenticular nucleus I cannot find any evidence of the internal branches to
the corpus striatum from the middle cerebral artery (Durer), and T agree in the main




DIFFERENT ARTERIES SUPPLYING THE HUMAN BRAIN. 47

with Korisgo, but I find that the outer and middle segments are sometimes supplied
in their posterior part by the anterior choroid artery, and that the anterior part of the
]]]E(][IIL’ {'I.“.I:l illtf_‘,‘l‘lli:ll Sl's_{ill{_"ll*ﬁ e H(lill{"lil"uﬁ ."]'li];FIPI i.l_'![]. l}j" t]l{_“ ii]lfi’.!l‘irll' {'l'l'i."]'"'ﬂ]. Ell'll"]'}'.

As to the Optic thalamus, no attempt has been made by previous observers to work
out the vaseular supply to the different nuelei, but I find that the external nucleus in
its anterior superior external part is supplied more frequently by the posterior
cerebral instead of by the posterior eommunicating (Kovisko), while its anterior
external part 18 :-;.upl_ﬂh-d ]:‘}r the ]:::r-;ferim' (:mmnll]ﬂf!ntil:g artery. j‘ql}f observations
agree with Kovrsko, that the [Illtil'.,‘: thalamus is ﬁxm*pti(nm”_}“-—-—l should Ay very
arely—supplied by the anterior choroid artery. It is not supplied by the lenticulo
optic arteries of DURET.

With regard to the Choroid plexus and membranes, my observations agree with
those of Durer rather than those of Kovisgo, but I find that the anterior part of the
choroid membrane in the descending cornu is supplied by the anterior choroid, also
that there is a free communieation between the anterior choroid and posterior lateral
choroid arteries supplying the choroid plexus, so as to inject the former from the
latter., As stated above, I have never found the vessels of the choroid membrane to
end in the caput of the corpus striatum and to anastomose with the arteries of the
anterior perforated spot (Durer). The exact vaseular distribution to the Fornix
and anterior commissure has not been given before,

In the Cortex my observations agree with those of Durer, viz, that while the
basal branches are end-arteries, there is an anastomosis between the cortical arteries
at the borders of the different aveas; I find, moreover, that this communication
is more free than that between the contiguous branches of the same artery. This
is therefore against the opinion of Hrevexer that there is an anastomotie network in
the pia mater. I also agree with Durer’s view that the eortical arterioles become
end-arteries as soon as they enter the cortical substance. My observations show that
great variation is met with in the cortical arteries, but, taking the distribution found
in the greatest number of cases, my results differed from those of Durer in the
following particulars : the Anterior cerebral area extends on the external surface
posteriorly to midway between the fissure of Roraxpo and the external parieto-
oceipital fissure, instead of to the fissure of Roraxpo, while it extends outwards and
downwards to the superior frontal suleus, instead of to the inferior frontal suleus,
The Middle cerebral area reaches the middle line q_ml}' :,1,|m]g the posterior half of
. the superior parietal lobule, and not along its whole extent, as figured by Durer.
Posteriorly this area extends rather more frequently to the oceipital pole, or to ) inch
anterior to it, than to the up-turned posterior end of the parallel suleus (Durer).
Inferiorly this area extends to the middle or upper border of the inferior temporal
gyrus, rather than to the middle of the middle temporal gyrus (Duner). The
Posterior cerebral area on the external surface extends to the external parieto-
oceipital fissure, agreeing with Durer, but, in almost an equal number of eases it
extends to various points anterior to this fissure,
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My observations on the arterial supply to the pedunculus vel gyrus cunei agree
with those of Hexscuex, that this part of the cuneus is more intimately related to
the middle and anterior cerebral areas than the rest of the cuneus, and also that the
supply of the optie radiations is obtained more frequently from both the middle and
posterior cerebral arteries (middle and ventral parts of radiations) than from the
posterior cerebral alone, as figured by Moxakow. More exactly, the superior three-
fourths of the optie radiations, as seen in coronal section in the oceipital region, are
supplied by the middle cerebral, and the inferior one-fourth by the posterior cerebral,
except the posterior part for 1 inch (2+5 em.), where all the fibres are supplied by the
posterior cerelwal artery.  The inferior longitudinal bundle has the same arterial
distribution as the optic radiations,

The supply to the different parts of the Corpus callosum, and especially of its
posterior constituents, has been exactly determined, and also that of the Uneus and
the Cornu ammonis.  The direction of the flow of blood in the Ilgmtm'iﬂr COMmIm-
nicating artery has been found by experiment to be from the earotid to the posterior
cerebral artery.

The exact areas of distribution of the Antevior, Middle, and Posterior cerebral
arteries to the Centrum ovale, as they appear in sagittal and horizontal sections,
are given on Plates 1-7, T believe for the first time,

The present uncertainty about the distribution of the arteries to the cortex is well
shown in the case of the anterior cerebral artery.  According to Durer, the area of
supply extends posteviorly to the fissure of Rornaxpo, and, according to Quaix’s
¢ Anatomy ' (10th edition) and CunxiNeaan’s © Text-book of Anatomy,” it extends
to the external yul'ii'ln-m'i.'il}it;ﬂ fissure.  Reference to p. 31 in this paper shows that
the most frequent distribution is midway between these two points.

At the present time there is no work which gives a deseription of the arterial
supply to all parts of the brain. It is considered that this ean nu]}' by uccurzltgi}r
ascertained by simultaneous injection of the five arteries with soluble colours, and by
{_'Il_ll:l.llln}"i'l'l:_l: a ]_H_I':__.';L" Illlllilﬂ']' l:lr CASEs, A8 !JH.H ]]l’{"ll Llﬂi'!{_'.‘ i]] tll'lu I!l'l_"H-l'_"T'lt “.'Hl'i{.

The accurate knowledge of the area of supply of any particular artery is not only
of importanee from the point of view of anatomy, but it is also of great value from the
lmlm.iu;iml side, as it is neeessary to know, for the purposes of dinguming disense,
the exact portion of the brain which is liable to undergo softening when any
particular artery is blocked by a elot of blood.

In conclusion, I desire to state that the injections were carried out in the
athological Department of the Great Northern Central Hospital, and T would
here thank the pathologists of that institution for their help in obtaining material.
My special thanks are due to Mr. SkiNxer, the dispenser to the hospital, for his
valuable help in suggesting various colours, and in preparing the injection masses, as
without his assistance the above results would not have been attained.
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Panrs sUPPLIED BY THE DIFFERENT ARTERIES.

Internal Carotid,

Posterior cmnmmziccﬁéng—-

Chiasma optica. Tuber cinereum,

Regio subthalamica.

Pes pedunculi, ant. §.
Capsula interna

Posterior

1 1
s ant. &+ or =
division } LRy

Thalamus opticus, nuelens externus (anterior external part).
Thalamus opticus, nucleus internus, anterior } (sometimes).

Awtervior Chovord dvtery—

Basal.

Cortical.

Tractus opticus.

Pes pedunculi, ant. § (sometimes) ; postero-external § (sometimes).

Capsula interna, posterior division, posterior £ or 3.

Retro-lenticular fibves, posterior to capsula interna, optic radiations at
Origin.

Surcingle or Tail of Nueleus eaudatus.

Nucleus lenticularis, external segment, posterior inferior part (some-
times).

Nucleus lenticularis, internal segment,

‘horoid plexus, in descending and posterior cornua.

Choroid membrane, in cornu descendens, anterior to posterior surface
of crus.

Nueleus amygdale.

Comnussura anterior (extreme outer part).

Uneinate gyrus.

Anterior Cerebral—

Basal.

Clortical.

VOL, CC-—E.

Lamina terminalis vel Cinerea (floor of third ventricle).
Capsula interna, anterior division, inferior 1.
Caput nuclei caudati, inferior 1.
Nuecleus lenticularis, external seciment {;lllfﬁl'i(ll' inferior parts).
Nuecleus lenticularis, middle segment (antevior inferior part).
Columna anterior fornicis (superior part).
Eul]lum lucidum.
Commissura anterior, median part.
Gyrus rectus orbitalis, inferior surface.
Gyrus fornicatus
Gyrus marginalis median surface,
Lobulus quadratus, ant.

1
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Corpus Callosum.
Gyrus frontalis superior I
Gyrus frontalis aseendens 7

. T superior
Gyrus parietalis aseendens

texternal surface,
Gyrus parietalis superior (anterior 1) J

Middle Cerelyyal—

Basal.

Clortical.

Clapsula interna, anterior division, superior L.

CJI]:I."HI.IEL ].I:l’,l'l"ll.ﬁ:I IIUHlEI'Ei_}I' [].i‘n'iﬁiﬂ]]} :'lllIU"I."i’. ].i}"u'{_’l. QF 1111'1!]1{?- ngn'le“tl
of lenticular nueleus,

Caput nuelei eaudati, superior 1.

Nucleus candatus, horizontal part

Nucleus lenticularis, external segment (all in & cases).

Nueleus lenticularis, middle segment (all, exeept anterior inferior part
sometimes),

Clommissura anterior {mltm' lmri},

Giyri orbitales internus medius et externus,

Gyrus frontalis ascendens, mferior §

G}'l'“ﬁ IJHl'il'i:lIiH FIHUI,""{‘IL'"K, i]]ﬁ'!'i‘"ﬂ' ::I.

Gyrus parietalis superior (sometimes, posterior 1),

Gryrus supra-marginalis.

{:’}'I‘“H il rl:_:1]IiII'iH.

Gyrus temporalis superior,

Gyrus temporalis medius.

Gyrus temporalis inferior (superior & sometimes).

Anterior end of lobus temporalis,

Basilar dvtery.

Posterior Cerelral Avtery—

Basal.

Corpus manmmillare.

Pes pedunculi, posterior 2.

Nueleus ruber,

Thalamus opticus, posterior L.

Thalamus opticus, nucleus anterior.

Thalamus opticus, nucleus externus (anterior superior part).

Thalamus opticus, nucleus externus, posterior 1.

Thalamus opticus, nucleus infernus, posterior 4.

Choroid plexus in ventricularis lateralis centralis.

Chorowd membrane (in cornu descendens, posterior to posterior surface
of erus, and in ventricularis lateralis centralis).

Corpus geniculatum internum,
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Corpus genienlatum externum.
Corpus fornicis.
Columna descendens fornicis, inferior part.
Crus posterior fornicis.
Cortical.  Gyrus temporalis inferior, inferior 1.
Gyrus fusiformis,
Ciyrus lingualis. 2
: median surface.
Gyrus cuneus,
Gyrus quadratus, posterior § inch.

e,

DESCRIPTION OF PLATES 1-8.

FPlates 1-7 are l]]lcliﬁgrﬂphﬁ of the t‘yl'if_';im'll .‘iﬂctiunﬁ, l'E‘Ill‘ﬂfl'llCt"l'l h}" the chromo-
collotype process.  In all the figures the area, where injected, of each artery is of the
same colour, viz, :—

Posterior communieating artery . . .  DBrown,
Anterior choroid artery . . . . . . Yellow,
Anterior cerebral artery . . . . . . Green
Middle cerebral artery ., ., . . . ., Carmine,
Posterior cerebral artery. . . . . . DBlue

Prate 1.

Figs. 1 and 2.—Sagittal sections of the human brain made § inch (1 em.) and % inch
(1'5 em.}), respectively from the median surface of the left hemisphere.
The three arteries, anterior, middle, and posterior cerebral were injected
at the same time, the 111_\0511-1‘]1}1' Cf_ummmir:;ltiug artery was ligatured at
each end, and the anterior choroid artery was lir_.ruturul{l at its ﬂrigi"_
(Class D, pp. 18, 14), so that the areas supplied by these two arteries are
not injected, and appear white,

PLATE 2.

Figs. 3 and 4.—Horizontal sections of the human brain made through the most
5111_11-1'1131' part of the optic thalamus, and of the lenticular nucleus
respectively.  Four arteries, the anterior, middle, and posterior cerebrals
and the anterior choroid were injected simultaneously, and the posterior
communicating artery was ligatured at each end (Class E) and the area
supplied by it is not injected,

PraTe 3.
Figs. 5 and 6.—Horizontal sections of the same brain made through the most
aul:ln'i::r pnrt of the internal segment of the lenticular nuclens, and of the
anterior commissure respectively.  The arteries arve injected as in Plate 2,

H 2
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PraTte 4.

Figs. 7 and 8.—Horizontal sections of the same brain made through the superior
part of the corpora quadrigemina, and the nueleus ruber with the corpora
geniculata, I't‘:ii]l,"ﬂli‘n'l‘:l"}'. The arteries arve injected as in Plate 2.

PLATE 5.

Iigs. 9 and 10.—Coronal seetions of the human brain made through the anterior
COMIISSure {:-m]u-rinl' median part), and _j!l!-d' EJtJHti'I‘i'll'l}' to the ﬂlﬁh‘-
chiasma, respectively.  Five arteries, the anterior, middle, and posterior
cerebrals, the anterior choroid, and the posterior communicating arteries
were simultaneously injeeted with different colours (Class G).

PLATE 6.

Figs. 11 and 12.—Coronal seetions of the same brain made through the tuber
cinereum and the genu of the internal (*;1.}::-_:1]]._-, and iln'nugh the most
anterior part of the pons, 1'(‘.‘-‘-]":{‘-1‘.5‘&'(‘]}-‘, The arteries arve illj!tchtd as in
Plate 5.

Prate 7

Figs. 13 and 14.—Coronal seetions of the same brain made just posteriorly to the
lentieular nueleus, and ﬂll'ﬂugh the 1Hr:-;tl.-.1'iut' part of the ﬂpiic thalamus,
respectively.  The arteries are injected as in Plate 5.

Plate 8 shows photographs of the external surface of an injected brain.  The
vertical H]l:u]in;_-: represents the arvea .'-:11|1|1]iw| h}' the anterior eerelral artery, the
obligue  shading that of the middle eerebral artery, the horvizontal that of the
posterior cerebral artery, and the small rings that of the anterior choroid artery.

PLATE 8.

Figs. 15 and 16 show the external and median surfaces of a brain in which the
‘d]:lf.i'l‘inl', "]ifi.llli.', ﬂ-"{l ]J'm‘.i"l'i“]' ﬂl'!]‘{‘] ll':ll .'—ll‘fi’l'iL’S Were E'}E,'Elﬁll'-';liﬂ]:lr i”j""l‘_,':tﬂl_‘]l.i
Figs. 17 and 158 show the superior and inferior surfaces of the same brain. In
figs. 15 and 17, the posterior cerebral area extends beyond the external
paricto-oceipital fissure for half way along the parietal lobule, so as to
join the anterior eerebral area and so prevent the middle cerebral area

from reaching the median line, as commonly oceurs (see fig. 5, p. 33).
N.B.—The small ringed areas in figs. 16 and 18 were filled in from another

I.“'Eli" \\']llﬂl'l'ﬁ t! e El"tt‘l'iﬂl' {,‘-]'l.ﬂl'ﬂif] nrtl:‘l‘}' was ﬂl.‘;“ ile{"(‘itL"Il,
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EXPLANATION OF LETTERING TO THE PLATES.

('l'lu_-. mine Jetlers lllJlI]:_-.' to all the Iiguru:-a.]

A L Ansa lenticularis,

U, Ulllmllﬂ.

C. A. Clalear Avis.

C a. Clommissura anterior,

Cale. Fissura Calearina.

Call. Marg.  Calloso-Marginal suleus,

C. Am. Clornu Ammonis.

C. C. Corpus Callosum.

C.C.f m. = o f'ur{}u,-l}:-; |||:1jn1',
G . " gen.

C.E. Capsula externa.

Cler, Clerebellum,

C.ge Corpus geniculatum externum.

C.g. L i 5 internum,

Ch. Chinsma of opt It TETVEes, :
Ol Capsula Interna, anterior segment.
C.Lg. 5 . genu.

.1 P & 5 |J{mll-.:|"mt' m-.:,_;‘tm-.nf._
451 g N . - " ﬁupm'iur part.
C.Lpi < i n i inferior part.
CL Claustrum.

C.m. Commissura mollis,

C. O, Centrum ovale,

Coll. Fissura Collateralis.

C. p. Commissura posterior.

C. q. a. Corpus gquadrigeminum anterius,

C. K. Corona Radiata.

Cr. Crusta or Pes pedunculi.

L 8 Corpus Subthalamicum (Luy's hody).
F. Fornix.

F. ant. e anterior pillar,

F. P i pu.‘-..'tm'iur ]J-ill.'u'.

F. 1, Gyrus Frontalis Superior.

F.2. - i Medius,

F. s, " o [nferior.

| i Suleus frontalis ﬁll]k’_‘.l';l}l'.

. 2, o 5 inferior.
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F. a.

F. D,
F.D. a.
F. H.
Fi.

555
F. M.
K. R
F.S.
Fus,

G. H.
G. Hab.
g
I.P.=s
L.

L. e a.
]J. 1. e,
L. N.
L. p. a.
Mid. C.
N. A.
™, O,
N. Y,
N.C.e
N.Coh.
N. 1. 1.
N2
N. 1.8
N

Gyrus frontalis ascendens,
Fascia Dentata.

" w  anterior end.
Fissura Hippocampi,
Fimbria.
Fasciculus longitudinalis inferior.
Iﬂi ML HE. }!IUIII'{L.
Fissura Rolandi.
Fissura Sylvii.
Gyrus fusiformis.
Gyrus Hippocampi
Ganglion Habenulw of optie thalamus,
Tter a tertio ad quartum ventriculum,
Intra-parietal sulcus.
Gyrus Lingualis,
IJ"[I.‘ if_"lll(l-['.'i'l.:l(].illl'! ﬂl'tl"]'il"f‘i ﬁ'flll! 1]].|.l:|.l“{‘- (:l_'ll'cl_]].'ﬂ]. ﬂ.l'tﬁriﬂs.
Lamina medullaris externa of optie thalamus,
Locus niger.
Locus perforatus anticus.
Middle Cerebral artery branches.
Nuclens Amygdalae,
:\‘“['Il"llﬁ. [_Ei"[]'rll“i‘i.
Nueleus Caudatus, Tail or Surcingle.

- 4 Caput.

: 4 horizontal part.
:\‘ltl_’]!'uﬁ lﬂ'[liif"l!l-}l]'iﬂ. ]]]f{'l'lh'l]. HE"_E_:'IIH‘“L.
s Middle segment.
i 2 External seament.
Nucleus Ruber.
Optie Radiations,
'ons Varolil,

Gyrus parietalis ascendens.
Ijl'-'l'["l"]]']'Ell Hlil{ruH_
Plexus choroideus lateralis,

" posterior {posterior cornu).
Fissura parieto-oceipitalis,
Parallel or first temporal sulcus,
Pltl\'illil!' Thu]illui U]Fli{'-[..
Lobulus guadratus.
Betro-lenticular fibres,

I{i*:_;lt:u subthalamica.
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8. g. Substantia grisea centralis,

8. L. Septum Lueidum,

E. M., {:}'T'IIH H“lrl':l,*-“lﬂ!';_:itlfl]iﬁ.

Spl. Splenium Corporis Callosi.

i b (8 Gyrus Temporalis Superior

T 2. i o Medius.

b e o Interior.

2 Second Temporal suleus.

| Third : =

Tap. Tapetum Corporis Callosi,

T e Tuber einereum.

Th. Thalamus opticus.

Th, n. a. i s nueleus anterior.
Th. n. e. . a externus.
Th. n. i. - i o internus
b S Traetus Opticus.

U Uneus.

. Root of uneus, where it is joined by fascia dentata.
V. 11, Ventriculus Tertius.

V.G Vena Galeni.

Vieq. Tract of Vieq. d’'Azyr.

V. L. Ventrienlus Lateralis.

V. L. ca. ok - cornu anterius.
‘-?. L, 11 {1. L 2 i ﬂl,-.‘-:t;vildg:ias_:,
Y. hep - . ., osterius,

Y.ul Ventriculus Septi lueidi,

en
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