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THE TROELEM OF THE GENESIS OF ANEURYSHMS ARD
’ AKGIOMAS OF THE BRAIN » i

[Pollowing is the traunslatlon nf an article
by ¥. B. Kopylov zntitied K Voprosu o Geneze
Anevrisn 1 Angiom Golovnogo Mozen, {English
version above}, in Vogrgﬁvﬂﬂayrakh}ggrgi;
(Problems of Heurosurgelr] Vol. XX1vV, Ho. 3,
1960, Moscow, pages 37=4%..

| Distinetive aneurvsmal or anglomatous vascular structures of
the brain have néwvfer 2 long timé sttracted the atﬁeﬁtioﬂ of pathols
ogists (since 1761) and subsequently also that of neuresurgeeﬁa,. Thie
topic has been axtenaivély developed following t&é iﬁﬁraductian of tﬁa
angiographic methed. | :

In the literature {Padpet, Cushing and Bailey, Murphy, Olive~

cronz and Ladesheim, Lindgren, Bremer and others) the extensive group of

such

vaseular struetures of the brain as arteriovenous anaurys@s of the cavern-
ovs simis, ertarial anénrygms of tﬁe circle of ﬁiliis and angioma-like
structures of the hemisﬁheres are considered anomalies of embrycniﬁ
ée&alepmenﬁ or as strﬂnturés which develop against tﬁe background of a
congenital insufficiency of various 1ayars of the vessel wall, According
to the camgdsite data of Hamby, trauma is soted in only cﬁa to sewven per-
cent of the cases of aneurysm. This group includes only a disturbance in
ﬁha‘iﬂtegrity of the blood vessels by frgctures of bones and by fissures

at the base of the skull, as well as metal fragments, that is, é_ }




T dis;urbance‘of the blocd #essai.wall ffom without.‘ Hamby,éresents -

other causes for these formotions of anourysmst infectious ~- mycctig

and luetic, hypertensive or arteviogelerotic, unclagsified, etc.

}mgicma:caus etvuctures ere regarded only as congenital ‘anomalias. The
= gbsence of capiiiaxieé is explained by 2o apiasia of these blood vessels
during the embryoenic peried.

in morphological works note is made of elements of hvpoplasia
of the muscle layer in the walls of areurysmal blood vessels or insui-
fieiency of the elastic membrane, vhich, in'the opinion éf.a number of
authors (Forﬁuggvﬁichardson and Hylaﬁd'and chers),.is'tha cause of dilat-
atlon and rupture of the Blood vessel walls. Some mcrfholcgists n%te
difficulty in differentiation and in waking genetic cénciusioggiﬁnicros-
copié data at the 1a€e.periﬂds‘of development of the_vasculér ééf étruc«
sures {(A. P, bvtavn). |
From the embryonic point of view it seems incompreﬁensible to

us vhy the vascular pathology under gnalvels has its'preﬁerentialvlocal-
izatién {n some éreas and it is completely absent in others. Baged on
fﬁmpryelmggéaiz premizes =g the development of aneurysms might have been
expected in many other arsas whéfe gimilar conditions of embryological
development exist. Ror are we satisfied with the exp;anatioa of the ab-
seuce of capillafies in anglomas &s the hvpoplasia of these blond vessels

v during the embryonic period, From embryological standpointe we cannot




understand the constant presence of direct arteriovencus connections

{n the arterviovenous aneurysms, anglomas, either.

The explanation of the frequency of development of artario-

venous aneurysms in the caverncus sinus and of arterial aneury

the circle of Willis has little basis frow embryological standpoints,

76 have not found any morphelogical data in the works of asuthors

o
&
o
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which, ip the great majority of Cases, shou’d have confirmed the presence
of developmental anomalies wmicroscopleally,

The 4 aim of the prasan; worﬁ is to review tﬁe problem of the
pathogenesis of vascular pgthalogy considered ceng&niﬁai anomalies of vas-
cglax devaiopmeﬁt in the literature.

We believe that the vascular changes are no£ the result of an
embryonic deva}apmﬁﬁtai anomaly of the blood vessels buﬁ rather arve acguir»
ed in conngotion with trauma, chiefly internal, as a result of womentary
increase Lo the bleod pressure in a section of the blood vessel wall at the
time of 55u11 trauma.,

in order to discover the significance of the traumatic hemodynamic

fecter in the complicated combination of vaseularization phepomena, we shall

begin the study of it with those forms in which the rele of the traumatic

v

factor in the development of such structures is indubitable, that is, with
aneurysug of the circle of Willis and with arterial and arteriovencus

sneurysms in the cavernous ginus,
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Blood 1s a 1iquid mediuwn with a wather high - &

~and is subééﬁin&te to the ?hysical laws of hydraulics for a fluid which

is contained in closed communicating B3 vessels -- it is incompressible,

but it transmits pressure, The figures which exprass the blood pressure

_from sn impact st the time it is aﬁministared from without at an unusuall

high rate of speed and with consideration of the countering wave of

blood, can increase momeritarily to um unusual degree, impaiving the nowmal

mawimom yesletsnce of the blood vessel wnll. ¥We charscterize such an effect

of 2 bleod wave on the bleod vessel wall g3 a hydraulle shock {the theory of
this shock has been worked out by K. Ye. Zhukovakiy).

The effect of the increased blood pressurs on the blood vesael

‘wall at the places of greﬁtast curvature of it or at the place vhere 2

blood vessel comes off & wain trunk at the greatest angle is certalnly most

+

destructive. Therefore, s considerable paxt of the anevrysms are formed

2t the sbrupt curvatures in the "siphon” of the internal cavotid artery

- or at the places wheve the aviterial branches come off the main trunk.

The tomposite Tables (Fig. 1) presented by MacDonald and
b

Forh and others, however, indicate that the manimum number of aneurysms

ceours not so much at the temminal or widdle portions of the blood vessels
sz at sowme sectiomg detevminshle by other factors. It iz fossible that

thase places coincide with the polnts of maximm increase in {iuid

pressure against the blood vessel wall at the time of the hydrauiic
: ‘ ~ ighouk.,
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The gbsance of dam§ening of the hemodynamic shock under comnd-

- . : novabl L .
itions of fixed, poorly m@#aa%ﬁamblaod vegsels increases the possibility

i

of their rugtﬁre. We explain the frequency of arteriovenous aneurysms
in the cavernous sinus and the relatively small number of bised-vesged rup-
turee of bplood vessels which are well protected by a fluid protective

sleeve in the spinal-fluid cisterns.

The frequency of aneurysms in the blood vessels of the cixcle

N

of Wiilis {see Fig., 1)} is explzined, spart from the considerations mentioned.
also by disturbances in the blood {low, which we characterize as !

“eemditions of an unstable equilibrium™., Such conditions exist in

lthe arterial and venous blood vessels, where the direction of the

—_— 5 e




_élood'flcw is igcoggtant,an& Wherg the bloqd ﬁay flow in one»direction
or the othér, which is determinad by‘ﬁhe rhysiological requirement and
the difference in pressure in the Efsod vas&eis conpected with these
:commugicating biood wessels.
Under these Yconditions of unstable equilibrium" the possib-

1lity of cceurvence of a suddan wave of blood duzing skull trouma with

z possible countering blood flow from the oppasite' side produces &
ary and extraordinary shock along the wall of the comaunicating vessel
with dictention oy ruptuﬁe of it. The devélépmant of such conditions dur-
ing traums is seen in arteries of the circle of Wiliis, in the end arter-
ies of the brain, in the coman micating venous ginuses and in th
particularly in the cavernous sinus,

1t is perfectly understanéauie that the merhaa1c 21 effect of the

blood wave is more destructive at places where the bleood vessel wall is

wesk, which situation is brought about either because of . - dmpeyfec~

oo

tions of its anlagen during the embryonic period or in connection with
developwental anomalies of 1t subsaquentlyg s well as in the case of

reduced mechaﬂical resistance of t in the event of infectious and wetab-

jier

olir de
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enerative processes in it,

Let us proceed with the explanation of the frequency of sceurr-
nee of these structures in the avea which lg defined by WAnY autheL“

<

25 the area of the Rolandic f1¢suree* From our point of view, it is

S O,




incorrect te define this area anatomically by landmarks.. The area of

the great majority of the structures in which we ave intevested is se,

: : L bocayuse of |
not because of the Rolandie svyi but rather . a the extensive
arvea of 1ateraL surface of ths brain hemispheres and of the

skuli, where the gx&aﬁest freguency of aneurysms is observed.

Since the time of the iﬂtrwauctian of arteriogra?hy, cevebral
anglology hasg been gxpﬁﬁﬁéd extrasrﬁinarily, Tremeﬁﬂovs material has
‘been accumﬁlatéd and everyone occupiled in cergbral anglography knows how
.va}1ah}e tba blood vaqsmls -~ the arteries and particulerly the veiﬁﬁ in
the laters 1 por ;ans of the skull and brain et all 1&ve15 of the circul-
stion -~ are in tha banes and @n the dura and pia.materse Wﬁile in the
sagittal planes bpth the arteries aﬁd the weinsg ccnstitute'zalatévely
constant ealieatiﬁg chamnels, in the iateral pnrﬁions the iimitg of
;Q;iﬁtian are much wider, particﬁiariﬁ at the venous stage of ;hé circul-

. The gagitiai'”‘ auses snd veins are relatively stable; however,

ths énvclopmamt of the venous hiaoé vessels in the parietotempc val por-
tiemy of the vaulft are so individual that it is bardly possible to fiod
tun parietal aveas with gles ac vase u;ari&ayioﬂ among an abundanre of

sugtographic material (we repeat: thia is observed at various circulatory

Apart from tha exiatencp of 8 musthuae of cvmmuﬁiéatians between

. _ .
large vessels, characterized by an inconstant equilibrium of the blaad

—— ? ——
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flow, the same eonditions apparently obtain even in the small rerainal

veszels and in the capiliariea¢ Nagurally, the possibility of mavked
presgure rises in these términai vesgels muét ba suppaged at the :@ﬁe
of &an unaﬁ e*tné a“d coﬁﬁiderahle acceleratluﬂ in the blood flow from
a2 ghock ﬁhr&wgh the closed, complately incempressible, hard housing of
them == ﬁhe skull.

4s a consequence of & - trauma obiiter&ﬁientcf-part of th%
capillaries has bean noted by a mumber of asuthors (B, N. Kloaﬁvskiyi
an& othars). The reméining intach biooé vegsels of tﬁisvarea have éo
caéry the aame'qnantiﬁy ﬁf blood but at an even greater rate and higher
pressnre,'which, in c*r opinion, als o~1;aés to a reorganization of their

walls and a conversion of capillavies into larger blood vessels.

These considerations permit us readily to axplain'the existence

gquently oecurring direct artericvenous connections in the
suruetures in which we are jnterested from & hydrodynanic point of wiew.

Afterwards, the post$rraunatic tlood vessel dlotuvbanc,s may

)
It

4

ive rise to the necessity for an unusugl develcpmaﬁt of blood vessels
s compumicabions of a compensabtory natuxeg wh1cﬁ also ié ds tn the
fevmation of vascular forms, to ﬁaiert a name for which is di fficult fa%
il authors and which in some cases W&y be called "anegrysms”; in others,

Ngrrerviovenous aneurysms' or "arterioverous anastomoses'; and in still

others, “"arteriovenous angiomas", etc.” These forms are post-traﬁmatii
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compensatory vascular structures, end only part of them are congenital.

e -

In 72 of our cbservations on carotid-cavernous-sinus aneurysms;
there were fractures and flﬁsures of the base of the skull in 30 percent,
and;ap impairment of the bicod ves§e1 wall from without may be suspected
,Iith‘the‘exception of solitary imstances of infectious etiology, in all
‘the other observations of carotid- cavernous-sinus aneur?sms‘the divect
icéuse was closed ttauma of the skull, where it was gecessary to consider

fthat the Wdll of the carotid artery had bee“ impaired from within under

;the influence of the hydraulic shork (Fig, 2, a, b, ¢, d)
e

tig., 2. 7Two farotid—@avernouﬂ~31nua ineuryems After Clozed Traumes of
‘ihe Skull with the nlood tlow Which Developed, ’

- o~ p———

Ea,b—-enherﬂeflv, aloﬁw the orbital veins' G, é-~nosteriorly alongz the
:basmlar veins




Therefore, the chisf sipgnificance ﬁf the hydrodynamic fécto;"
in fhe ifmpairment of the blood vessel wall is indubitable as farAas wa
are concerned, and this factor represents specifically the influénce of
the hydraulic shock both in tears of phe‘arﬁerial wall in the cavernous
sinus and in aneurysms of the area of the circle of Willis,

Proceeding with the analysis of 38 cases (there was trauma in
the history of 12 of them), of so~called Marteriovenous aneurysms'' or
"angiomas', we divide them into several groups.

In the first group we include lesions which penetrate deeply
into the brain tissus, sométimes not only reaching the midline but also
the opposite side, Mgrphological desériptions of lesions of this gréup
indicate gross abnormalities in the brain tissﬁe of dysembryogenstic
nature (Lindgren, Cushing); The lesions of this group undoubtedly are
congenital and should be included amoﬁg the malformations.

By X—fays of the skull ané contrast méthods an éxtension of
the distﬁrb;nces over a number of layers is.frequently found 1In this
case, Changes may be found in the bones, in‘thg blood veséels of the dura
‘mater and in the cerabrél tiésﬁe at the time of pneumoencephalography
~(a focal eﬁlargement of the genétral brain mass with a displacement and
compression of the ventricles or a reduction of its mass and a regional
dilatation of the sﬁinal fluid spaces).

The second group is characterized by features in the
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* development only of the pilal blood vessel, Changes in the brain tissue

may be sbsent, and if they have developsd they afefofl seaondaxy charac-
ter and are expressed as snftanings ér atrophicfcicatficial changas in
‘cannection with an iﬁg&eQuécy of vasculariﬁaﬁion of brain tissve for a
long period of time, Angiog%aphicaiiy g group of wniformly or non-unie-
formly dilated blocd vessels Aw séen.‘ According.te the data of uworphologists,
the absence of capillaﬁies is chﬁraétEﬁiﬁtia of the lesicns of this group,
We béliéva.that a group of such blood vessels develops from capilléries

i1 connection with a dilatation of them.

This group of vascular pathology can be refetfed férmally to the
group of sngiomas and is probably the consaquence of the improper .&§310p~
ment of blocd vessels during thé embyyonic period& ‘While aéhering‘to this
viewpoint and giving due importénce to the defect;iu the.embrypnic
anlagen, we do not consider-all the cases of this group céngenital, hoWevar,
and we do not attribute all of them to defécts in the devel&pmént of their |
walls. We believe that thie tangle‘of blood vessels should be considered
az being formed from ;apillarias which have been &ila:éd besavse of hemo-
dynamic Ffactors.

In the gacodﬁ gfoup of malformatisns-we include cases where the
existence of a large number of blood vessels is connected with a compens~
arory development of them for the pnfpose of filling in a congenital

Linsufficiency - hyﬁoplasia'or aplasia of various 1arge_blbed vessels

i
%




tor sinuses. Changes of this kind are éeéﬂ chiefly in the venous gysten

of cerebral bloed vessels, However, even in this;graup of disﬁurh&naﬁ5‘

we: cannét always confidently prove the existence of congenital hypoplasia
or ap%&sia,cf the hlood vessel by the wetbods of intravital examinatiqﬁ

and exgluﬁé the passibiiity of a disturbance in its patency associated

with impéirment of its walls>and in the lumen . by diseases of acquired
nature, of infectlous etiolopy or afﬁér genesls. Mafkeé dilatations of the
internal cerebral vein and of branches coming into the sagittal pléﬁe of &
compensatory nature {fainé of the geptum pellucidum) gpeak for insuffic-

i nﬁ§? &gpﬁfentiy songenital, of the vewnous aollaqtors of the mid-line:

the inferics auglctal ginus, in spité oé its being common, cannot ba sean
on any aﬁgimgfamvﬁf the cases under analysis (Fig. 3).

| In the thirxd grbup Sf developmental gnomaliea we include ‘cases
whers there is no congenital anomaly in the vascular pathology or where

gnly a local inégffieien&y of the wall associated with the formation of this
blood véssel ié pessible, In this group we include those forms of vasculax
pathalagonf the brain in the formation of which, from aﬁr point of view,
the main part is played by trauma. | o |

Such forms ghould have been called "arterial, afteriovenaus o?

venous aneurysme', They cannot be considereé ag belonging to the groups of
angiomas, &8 has been done by s@mé authors (fig‘ &y, ‘We have at our dispesél

2 small number of autopsy cases of this group, but, naturally, we have

|
%




r no data of anglographic examinations prior to trauma for the purpose of

comparison with post-traumatic pleturas, Thase eircumstances complicate

the pruoofs.

fig. 3. Congenital Anomaly of rig. 4. Arteriovenous Aneurysms on
Development of Internal Cerebral both Sideg--on the Anterior lerebrsl
Veln uwith Fypoplasia of ihe Artery on the Right (s} end on the
Inferior Sagittal Simus Eﬁﬁdle zerebral on the Left (b).

The tnterior carabral artery on the
lef% and the middle esrebral on the
rizht have been obliterated. ;Ze'e
vas a history of cerebral contuaion,

]

Let-us summarize what has been said. The viewpoint'of the

genesis of the so-called "arteriovenmous aneurysms == angiomas® which has

been established in the literature - as being developmental anomalies

|

A




¢ris without adequate basis, we believe. . .9

We recognize tﬁe part of &ﬁsembfyogenﬁgis on;y in part of the
cases.
-QY The embryblégical theoxy fiéé@éﬁ]? & number of factors gnclat—

”’ified--— the freqﬁéncy of im ﬁirment cf the blooé vegsel walls aﬁ cértain
levels: ajnlin the éavernoﬁs sinusy b) at the level of the civele of Willls
vﬁﬁ& ¢} in the area ef.fhe>Rolandic.fissures, |

The. explanation of the absence of ;apillaries in arteriovencus
anevrysms —--anéiomﬁs -- is unconvincing. .- |

“The freQuency of direci a:ﬁariovenoﬁsAanastamosés in the 1eéions
under analysis is in»omprehensible.

ased on the embryological theory, ﬁhe existence of anomalles

in othér ﬂor£ions of ﬁhe central nervous system night hav; been expected.

Givxng what is due to the emb*yological factors we ascribe great
importance to functlonal hamodynamic factors in the crigin of aneuxysms and -
arteriovenous aneurysms -- angiamasf

By the mechanical hermodynamic factors of a mcmeﬁtary, marked rise
in blood pre*sure on the blood vessel wall during skull trauma -- the‘
'hydraulic shock -=- 1ight is thrown on a number of insufficiently or complet—
ely unexpiained proﬁlems'in the origin of both arteriovenous gnd arterial
aneurysms.

L The lumina of arterial and venous blood vessels of the brain £




r and skull do not have sny valves to interfere with the flow of blood.w .
Pressure on the blood veswl wall is - pmpoftional tio the square of

the rs.te of movement of the fln*& along the blood ‘vesse"},, by which tha
dilatation and reorganization of the capiﬂary, arrariole and venule walls
isg éﬁgi,ained in the anginmatous lesions., In adli.tmn to this, in the pres-
ence of ghe hard incompressible prm:enﬁive frame a‘rmmd the braﬁ,n‘m the
glull ~- thé force of the shozk through the skull is 1ar391y taken up by
flui&s} in the spinal«ﬂuid spme.@;hqf the brain as we}.i as by theff.sle;}ad in
its blood ve:ssais. .Hgmentafily, un;.;aually large pressures are addaév £o
the ordinary blood pressure, ami the ‘blaéd pressure againgt é‘ne blood
vasgel wall ia.cquires the significance of a hyému}zic s':’hz:rck in it. In the
case of a counter-wave of blood tﬁ@ gite of gxaximm hydraulic pressure
agaiﬁst the blood véssel. wall is determined by the point at which L

" gumation of both wmﬁs occurs {formula a,f N. Ye. Zhukovskiy}.

in t‘g{a evant of a curve iu the hloond vaszzel the greatast pressure
is taken ﬁp by the inside of the external arc of the blood vessel av;rz—;?.‘ this
is mors warked the moxe ahrx,‘é!. the curve in the blood vessel, and in the
event th ﬂ‘ it ‘bra nches, it is move marked the greater the a:vgla at which
the branch leaves the main trumk,
The sharp jump in the blood ‘pmsaure in the cerebral vessels

which occurs in the césa of head trauma, lpart:iculariy closad trauma

« is related not only to the existence of the hard frame of the skull




‘.v} : . ) . -«
* but also. o the degree of fixation of the blood vessel itself or part

of it in the skull., Therefore, the influence of the hydraulic shock on

the wall of the internal carciid artevy which has been fixed at the

caverncus sinus, should exert its influénce,fand specifically heve so

frequently leads to the formation of arteriovenous anastomoses even

withoutig%bryonic defect in the blood vessel. The existence of émbryonic

L]

defects and of embryoﬁic ¥ascular remmants (Krayenbﬁhl and Yasargil) in-

_creases the number of such ruptures only to a certain degree. The method

 of anglography demonstrates the preservation of these gmbryanié blood

vessels with exceptional rarity.
The existence of a large percentage of aneurysms of the internal
carotid artery as it leaves the caverncue sinus in the vicinity of its

place of division as well as &t the beginning of the anterior and middle

cerebral arteries is detewmined to & considerable degree by the great

curvatures of the blood vessels here; the large number of aneurysms in the

blocd vessals of the circle of Willis, b& thae presence of conditions of
an unstable equiligrium inAtha hemodynamice here. The dilatatiom uf the
smglihterminal blood vessels fcfming'the artériovanous anégryams -
angiomaslu- in the cereb?al hemigpheres is.determinad by these coﬁditions
as well aé by the involvement of part of the capillavies in the traumé‘
The predominance of their number in the 1ateral pertions of the

'ﬁemispheres is determined, in our opinion, by the great variability of

— 1 ———




t the blood vessels, that is, if we can express ourselves in this way, v

byvtﬁeigreat instability of the forwms of develépmant-ef the b}aoéyyessels
here dé?iﬁg the course of ontogeny. |

Among the ixed blood vessels ruPtureé of the superior
1ong££udiﬁa1 and traﬁsvarsé ginusesy from c1w3ed trauma without fractures
of the bones are extremely rare-in adults. FHere, the successive reduction
in the rate of movenent of the‘blocﬁ wave by the transverse septa -=-
projeciians on the inner‘éuffaée-af these sinuses deégribéd by K, .D.
Baiyasav - 1¢ssens the ;nfluence of-tﬁe hyd:o&ynamic factor.

Theselﬁﬁructurea, in our opinion, are of physiological importe-
gnce as devices which dizect snd cﬁegk the flngof blo;é at times of
excessive géceicratiOﬁs of it; devices which pfévent the harmful influence
of the hydraulie shock., Among these dampening éevices whiqh lessen the
harmful influence of skull trauma aﬁ the cerebral vgssels generally and -
of increase& preasures'of blood in the véééels in it in particular men-
tion should bé wade of ﬁhé fact ﬁhaﬁ thz blood vessels are surrcunded by
repositories of a m6é351é,‘fluid medium «~ the spinal~-fluid cisterns,

The influence of the nevroregulatory fac;or at the tiﬁe of marked
increases in.thé blood pressure should ﬁa considered spastic; in some of
the cases ultraboundary stimulation may produce no reaction. 'Withveithei

result the hydraulic shock may'exért its destructive effect on the integ-

L A

rity of the blood vessel wall,
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" In conclusion, we ::;hmxm jike to note that the existance of

tafectious foci, the influence of /. ./ intoxlcation, of metabolic-degenerative
changes, the influ&nce of both exogenous and particularly endogencus trauma
in the farm of the momentary and e:{cemive riée in blocci pressure during

skull Lrauma Whlf:ﬂ we have noted =- sll these factors which de:stroy the
their

walls of cerebral blood 'vesselrs are respcnsible for pimpairment.

“The factors of conggnital deficiency of ce.rebfal bl;::‘od vessels
are not of sﬁgh great signi_ficmpe as they are ’considered to be in the
literature. | |
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