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ARTERIOVENOUS MALFORMATIONS OF THE BRAIN AND THEIR
EFFECT UPON THE CEREBRAL VESSELS*

BY

JUAN CARRASCO-ZANINI
From the National Hospital, Queen Square, London, W.C.J

Although the importance of these vascular anoma-
lies is widely recognized and the problems concerning
their diagnosis and treatment have been thoroughly
discussed in the literature of the last 30 years, not
enough attention has been paid to their physio-
pathology, particularly to the repercussion of these
anomalies upon other cerebral arteries and veins,
to the alteration of cerebral haemodynamics, and
to their effect upon the systemic circulation.

In order to obtain information regarding these

Number
of

Cases 9-

Table I
Age of Diagnostic Predominance

problems, a study was made of 102 cases of proved
angioma from the Lysholm Radiological Depart-
ment of the National Hospital, Queen Square, with
special attention to the angiographic evidence and
to the radiological changes after partial or complete
removal in 15 cases with cerebral arteriovenous
malformations.
The criterion followed in the study of this radio-

graphic material was mainly determined by con-
sideration of the existence of dilatation of arteries

and veins, the presence and site of dilated
veins, and the presence or absence of contrast
medium in the cerebral arteries as well as the
changes in their calibre and appearance after
the operation. The usual data concerning sex
distribution, age of diagnostic predominance,
side, size, and site of the malformations were
considered, as well as the relationship of the
angioma to the feeding vessels.

Results
The sex distribution of the 102 cases was

52 males and 50 females and the malformations

*The work described in this paper was done while the
author was holding a British Council fellowship at the
Institute of Neurology, London. He is now in Mexico.
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were located on the right side in 50 and on the left
side in 52 cases. Calcification of variable degree was
present in 17 cases (16-6%) and almost always over
the region of the angioma. The age of diagnostic
predominance is given in Table I, and the present
series is added besides those of Dandy (1928),
Bergstrand, Olivecrona, and Tonnis (1936), and of
Olivecrona and Riives (1948) for comparison in
Table II.

TABLE II

Age Dandy Olivecrona Olivecrona PresentAge Dandy ~ et al. and Prsent
(yr.) (1928) (1936) Riives (1948) Series (102)

%_-I% % %
1-10 38-9 9-5 9-17 1.9

11-20 16-7 18-1 34-2 14-7
21-30 - 36-3 34-2 23-5
31-40 16-7 18-1 12-5 22-5
41-50 27-7 18-1 9 7 26-5
51-60 - - - 11-4

The malformations were fed by the middle cere-
bral artery in 61 cases (60 %), by the anterior cerebral
in 12 (11-8 %), by both the anterior and middle
cerebral in 11 cases (10-8%), by the posterior cere-
bral in five (4-9%), by both anterior cerebrals in
two (1-9 %), and by the bifurcation of the internal
carotid, the ophthalmic, the anterior choroidal, the
middle cerebral and meningeal, and posterior cere-
bral and meningeal arteries in one case respectively
(Table III).

TABLE III
ARTERIAL DISTRIBUTION OF THE ANGIOMAS

Middle cerebral ................................
Middle and anterior cerebral ......................
Middle and posterior cerebral ....................
Middle cerebral and meningeal ....................
Anterior cerebral ................................
Both anterior cerebrals..........................
Posterior cerebral ................................
Both posterior cerebrals and vertebral.............
Posterior cerebral and meningeal ..................
Bifurcation of internal carotid ....................
Ophthalmic ....................................
Anterior choroidal ..............................

61 (60 %)
I1 (10-8%)
5 ( 4-9%)
1 ( 0 9 %)

12 (11-8%j)
2 ( 1-9°%)
5 ( 4-9%)
1 ( 0.9 %)
I ( 0-9%)
1 ( 0-9%)
I ( 0-9°%)
1 ( 0-9%)

Of the 61 cases with angiomas fed by the middle
cerebral artery, 42 (69%) showed no filling of the
anterior cerebral and in nine (14-6 %) contrast
medium was seen but very poorly. One of the 12
cases of angioma in the anterior cerebral distribution
showed no filling of the middle cerebral artery
(9-8%).
Of the 102 cases of this series, 95 (93%) had

dilatation of one or several of the cerebral arteries
and in the majority of them the feeding artery was
considered to have an increased calibre in com-
parison with that of the other side or with other
normal arteriograms (Table IV and Fig. 1).
The comparative study of the pre- and post-

operative arteriograms of the 15 operated cases

TABLE IV
RELATIONSHIP BETWEEN FEEDING VESSELS AND

DILATED ARTERIES

1. Middle cerebral
61 cases

2. Anterior cerebral
12 cases

3. Middle cerebral and
anterior cerebral
11 cases

4. Posterior cerebral
5 cases

5. Middle and posterior
cerebral
5 cases

6. Both anterior cerebrals
2 cases

7. Both posterior cerebrals
1 case

Common carotid ........
Internal carotid ..........
External carotid..........
Anterior cerebral ........
Middle cerebral ..........
Posterior cerebral ........
Posterior communicating..

20 (33 %)
2

9
37 (61 %)
I

Internal carotid .......... 2 (16%)
Anterior cerebral ........ 8 (66%)
Middle cerebral .......... I

Internal carotid .......... 4 (36%)
Anterior cerebral ........ 9 (82%)
Middle cerebral .......... 11(100%)

Anterior cerebral ...... 2
Middle cerebral .......... I
Posterior cerebral ....... 2
Internal carotid .......... I
Vertebral .............. 2
Basilar .................. 2

Posterior communicating.. I

Internal carotid ........ 2
Middle cerebral ........ 2
Posterior cerebral ....... 3
Vertebral .............. 2
Basilar .................. 3

Posterior communicating.. I

Anterior cerebral ........ 2

Anterior cerebral ...... I
Posterior cerebral ........ I
Posterior communicating.. I

8. Posterior cerebral and External carotid.......... I
meningeal artery Meningeal artery ... ..... I
I case

9. Middle and meningeal Meningeal artery ... ..... I
arteries Occipital artery ... ....... I
1 case

10. Ophthalmic artery
1 case

Ophthalmic artery ...... I

revealed an appreciable reduction in calibre of the
feeding arteries in 13 (86%) (Fig. 2) and reduction
or disappearance of the dilated veins in 10 (67%)
after the partial or complete removal of the angioma.
The arterial calibre was similarly reduced in other
branches of the main afferent artery which did not
feed the angioma directly, and, in one case of a very
small angioma fed by the posterior temporal, the
dilated common carotid artery was found to be
reduced in calibre after the surgical extirpation. The
dilated veins draining the angioma reduced their
size in most cases and sometimes disappeared alto-
gether after operation. The anterior cerebral artery
was not filled pre-operatively in eight of 15 cases
(53%) and only poorly filled in one; of those eight
cases, the artery and its remote capillary branches
were seen perfectly well after the operation in five
cases; the other three cases in which the anterior
cerebral artery remained unfilled were those which
were operated upon only superficially and most of
the angioma was left untouched.
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Fig. 1a * Fig. 2

:igi1b > X 00 , | tX X Fig. 2c

FIG. la.-A huge parietal angioma in the Syivian territory with i11I
dilatation of the carotid artery in the neck and siphon. rXv

FIG. lb.-Antero-posterior film to show filling of the angiomafrom_ :: :; _
the contralateral carotid artery which is also dilated._ i,Xag

2....Fig. 2d

-ig.2a~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.........

FIG. 2a.-Angioma fed by the posterior temporal artery. Dilatation
of the internal carotid, middle cerebral, and posterior temporal
arteries. Hosp. No. 17308.

FIG. 2b.-Antero-posterior view of same case.

FIG. 2c.-Post-operative reduction of calibre of arteries.

FIG. 2d.-Antero-posterior view of same.
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FIG. 3a.-Angioma fed by pericallosal artery with distinct dilatation
of the anterior cerebral artery. Hosp. No. 41582.

FIG. 3b.-Post-operative reduction in calibre of the anterior cerebral
artery.

*~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .....*~~~~~~~~~~~~~~
FIG. 4a.-Small angioma fed by dilated posterior temporal artery

with some dilatation of the anterior cerebral artery. Hosp.
No. 29400.

FIG. 4b.-Reduced calibre of both arteries after operation.

FIG. 5a.-Small angioma of the posterior parietal artery. Hosp.
No. 28631.

FIG. Sb.-Post-operative reduction of arterial calibre.
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ARTERIOVENOUS MALFORMATIONS OF THE BRAIN

FIG. 6a.-Medium-sized angioma fed by the dilated posterior tem-
poral artery. Absence of contrast medium in the anterior
cerebral artery. Hosp. No. 23035.

FIG. 6b.-Reduction in calibre of terminal branch of artery after
surgical occlusion of the main artery.

FIG. 7a.-Small temporal angioma fed by anterior temporal artery. FIG. 7b.-Post-operative reduction in calibre of both feeding artery
Hosp. No. 20068. and draining vein.

..

FIG. 8a.-Very large angioma fed by dilated parietal arteries. Absence FIG. 8b.-Posterior parietal reduction of anterior and posterior
of filling of anterior cerebral artery. Hosp. No. 6053. parietal arteries and visualization of the ascending frontal artery
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FIG. 9a.-Angioma fed by middle cerebral artery with dilatation
of its arteries and absence of filling of the anterior cerebral
artery. Hosp. No. 13946.

FIG. 1Oa.-Small angioma showing dilated terminal branch of the
middle cerebral artery and poor filling of the anterior cerebral
artery. Hosp. No. 29241.

FIG. 1 la.-A small angioma of the posterior temporal artery. Hosp.
No. 34004.

FIG. 9b.-Post-operative reduction in size of middle cerebral branches
and filling of anterior cerebral artery.

FIG. lOb.-Posterior parietal reduction in size of the Sylvian vessels.
Good filling of their peripheral arteries and of both anterior
cerebral arteries.

FIG. I lb.-Posterior parietal reduction in size of the Sylvian trunk.
There is now very much improved filling of its branches and of
the anterior cerebral artery.
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Discussion
From the analysis of these data, it appears that

the dilatation of the afferent vessel is a constant
finding, since it was seen in 61 % of angiomas fed
by the middle cerebral, in 66-5 % of those fed by
the anterior cerebral, and in 82% and 100%
respectively, of those fed by both the anterior and
middle cerebral arteries. It was also present in other
arteries not feeding the angioma directly, especially
in the internal carotid which was seen to be enlarged
in 33%, 168%, and 365%, respectively, and in the
vertebral and basilar arteries which were found to be
enlarged in 40% of angiomas fed by the posterior
cerebral artery alone or combined with the middle
cerebral. In one case (Fig. 5), in spite of the very
small size of an angioma fed by the middle cerebral
artery, there was dilatation of the homolateral
common carotid artery and post-operative reduction
of its calibre.
Another fairly constant element of these vascular

anomalies is the dilatation of the cortical veins FIG. 12.-Enormous dilatation of the common and internal carotid
draining into the longitudinal and lateral sinuses; arteries in the neck and skull base. Hosp. No. 6053.
70 cases (68 -5 %) showed this venous dilatation and
in 18 (17 8 %) the deep venous system was involved,
especially the internal cerebral vein and the vein
of Galen.
The arterial dilatation was present in all the cases

studied pre- and post-operatively and the reduction
in calibre of these dilated arteries occurred (Figs. 4,
5, and 6), in almost all of them (13 out of 15) and
that of the veins also in many cases (Fig. 7). The (a)
lack of contrast medium in the anterior cerebralv
artery was observed in five cases; but a much better
filling was also seen after the operation in three
other cases in which the capillaries in the anterior
cerebral territory were clearly seen where previously
they were absent.
Although it is well known by arteriographers that

the velocity of circulation is markedly increased in
these cases of arteriovenous cerebral malformations,
the confirnation of this fact was not given in terms
of haemodynamics and with quantitative data
until 1948, when Shenkin, Spitz, Grant, and Kety
demonstrated in two of these cases an increased
cerebral blood flow three times the normal value, an
increase of the cardiac output, and a discrete reduc-
tion of the mean arterial pressure. In both these
cases they found cardiomegaly and in one of them -. -b
myocardial abnormality was shown by the E.C.G.
These workers have suggested that the increase of
cardiac output is produced reflexly by the lowered
arterial pressure in the carotid and aortic reflexo-
genic zones subsequent to the diminution of peri-
pheral resistance. Bernsmeier and Siemons (1953)
found in six cases of angioma an increase of cerebral __
blood flow of 80 to 200 ml./100 g./min. (normal,

FIG. 13a.-Gross dilatation of the left vertebral and basilar arteries
feeding a large central angioma. Hosp. No. 45317.

FIG. 13b.-Antero-posterior view of Fig. 13a.

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.20.4.241 on 1 N
ovem

ber 1957. D
ow

nloaded from
 

http://jnnp.bmj.com/


JUAN CARRASCO-ZANINI

50-55 ml.), a decrease of the oxygen arteriovenous
difference of 1-4 to 4-3 (normal, 6-4 vol. %), an
increase of venous pressure of 6 to 10 mm. (normal,
3 mm.), and a reduced peripheral resistance of
05-1l2 (normal, 17). Tonnis and Lange-Cosack
(1953) found a return to a normal cerebral blood
flow in five cases after the surgical removal of
angiomas.
From the evidence obtained in the present study,

it is clear that the presence of a cerebral arterio-
venous malformation determines a dilatation of the
arteries feeding the angioma and of the correspond-
ing arterial trunks in the neck and as proximal to
the heart as the common carotid and vertebral
arteries. It seems also apparent that this structural
change is relatively reversible when the primary
cause is removed, and it is reasonable to infer that
the reason for this dilatation is the increase of
blood flow passing through those arteries into the
angioma, which constitutes a point of considerably
diminished peripheral resistance.
From the point of view of the distribution of

blood to the different territories of the cerebral
arteries, the presence of a cerebral angioma will
direct towards its location a considerable amount of
blood from other regions of the brain, especially
from the territory of the anterior cerebral artery in
those cases which are the most frequently (Fig. 8) fed
by the middle cerebral artery. The absence of filling
of the anterior cerebral and its appearance after
operation (Figs. 9, 10, and 11) was considered to be
strong evidence of the effect of these anomalies on
the rest of the cerebral circulation.

Olivecrona and Riives (1948) state that cardiac
hypertrophy or dilatation is practically absent in
cases of arteriovenous malformnations of the brain
in contrast with those of peripheral arteriovenous
fistulae, and Lindgren (1946) has written that the
congenital arteriovenous aneurysms do not produce
cardiomegaly. Nevertheless, the fact that cardio-
megaly has been found by Shenkin and others (1948)
in their two cases (one of them with myocardial
abnormalities) and by Rosenberg (1952) in another
case with increased cardiac output of 7-2 1./min.,
and the fact that the arteries in the neck have been
described as dilated by Cushing and Bailey (1928)
and shown to be so in this series, suggests that these
cerebral angiomas must have a greater repercussion
upon the heart itself than the all too few cardio-
vascular studies of these cases allow us to suppose.
The return to normality after operation of the

dilated arteries and veins is a very striking one,
demonstrating the relatively benign character of
these angiomas in relation to their effect upon other
vessels and perhaps also to the general circulation.
One of the interesting problems of these malforma-

tions is the very slow evolution of a process con-
sidered to be congenital and the fact that, although
it is presumably present since birth, it begins to
show symptoms, and therefore to invite recognition,
after two or three decades. This fact would suggest
that these angiomas are relatively small at birth and
only with time become or produce the enormous
dilatations that are so frequently seen, and perhaps
the latter are wrongly considered as part of the
angioma itself and not as a consequence of its
presence.

In the same way as these vascular dilatations are
reduced by the extirpation of the angioma, it is
reasonable to consider them susceptible of increasing
their size; this is supported by an observation of
Olivecrona and Riives (1948) of a case in which
arteriography showed an appreciable increase in the
size of the anomalous vessels after a 10-year interval.
The dilatation of the arteries in the neck reaches

sometimes such great calibre (Fig. 12) that it is not
surprising that the bone orifices through which these
arteries enter the cranial cavity or traverse the spine
should be enlarged. Although necropsy material has
not been abundant in confirming the existence of
enlarged vertebral foramina or carotid canal,
Blackwood (1956) has found in one of the cases of
this series an enlarged jugular foramen. The enor-
mous size of the carotid and vertebral arteries in
Figs. la, lb, 13a and 13b should make it safe to
infer a structural increase of their bone orifices.
Lindblom (1936) found an enlarged foramen spino-
sum in 12 cases of arteriovenous malformations of
the brain as well as increased vascular channels of
the middle meningeal artery, and Hoare (1953)
considers the increase in size of the vertebral fora-
mina as radiological evidence of angioma of the
posterior fossa.
Whether the change in arterial calibre encountered

in these cases corresponds to hypertrophy of the
arterial wall or only to dilatation of the artery can-
not, of course, be answered by radiological evidence.
The review of the literature did not yield sufficient
histopathological data to be certain of the answer
to thi3 question, although it would perhaps be more
reasonable to expect a passive dilatation of the
arterial wall due to the increased blood volume.

Conclusions
The cerebral arteriovenous malformations studied

in this series were shown to produce a secondary
dilatation of the afferent artery and of other arteries
distal to it and as near to the heart as the common
carotid and the vertebral arteries. The veins draining
the corresponding region of the angioma were also
found to be very frequently dilated. The dilatation
of the feeding artery was seen to be associated with a
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ARTERIOVENOUS MALFORMATIONS OF THE BRAIN

reduction in calibre of arteries feeding adjacent
territories and in a considerable number of cases
with an absence of contrast media in these vessels.
These radiological changes of the cerebral circula-
tion are considered to be a direct consequence of the
presence of the angioma, since the appearance of
these vessels returned to normal after the surgical
excision of the malformation. It is considered that
more cardiovascular studies of such cases are needed
to be able to assess the repercussion of these vas-
cular malformations upon the heart and the systemic
circulation.

Summary
One hundred and two arteriograms of cases of

cerebral arteriovenous malformation were studied
in order to assess the influence of thesc anomalies
upon the rest of the cerebral circulation, and the
radiological changes after the surgical extirpation
of 15 of those cases were analysed. The afferent
artery was constantly found to be dilated as well
as the arteries feeding adjacent territories and even
the common carotid and vertebral arteries. This
secondary arterial dilatation disappeared after re-

moval of the angioma and a marked improvement of
circulation was seen in previously unfilled arteries,
especially the anterior cerebral artery when the
angioma was in the territory of the middle cerebral
artery.

The author is indebted to Dr. Hugh Davies for his
advice and criticism, and to the Medical Committee of
the National Hospital for permission to use the material
described.
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