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STELLINGEN

1. Bij een aangetoonde brughoektumor dient pre-operatief een verte-
bralisangiografie verricht te worden.

2. Een acusticusneurinoom wordt vaak mede gevasculariseerd door
takken van de arteria carotis externa. Pre-operatieve carotis externa
angiografie aan de zijde van de tumor verdient daarom aanbeveling.

3. In de meeste gevallen waarin er een sterk ontwikkelde caudomediale
tak van de arteria cerebelli anterior inferior bestaat is de arteria
cerebelli posterior inferior afwezig.

4. De arteria auditiva interna, gedefinieerd als een arterie die uitsluitend
het binnenoor vasculariseert, ontspringt nooit direkt aan de arteria
basilaris.

5. Het laterale medulla oblongata syndroom (of syndroom van Wallen-
berg) treedt vrijwel altijd op als gevolg van een afsluiting van de
arteria vertebralis en niet van de arteria cerebelli posterior inferior.

6. Geslachtsgebonden overerving kan zowel bij het hypertrofische type
als bij het axonale type van het syndroom van Charcot-Marie-Tooth
(Hereditary Motor and Sensory Neuropathy, type I en II) voorko-
men.

7. Bij patiënten die na een schedeltrauma worden beademd dient
terughoudendheid betracht te worden met het gebruik van Etomi-
date.

8. Het toedienen van een aldose-reductase-remmer aan patiënten met
een diabetische polyneuropathie is een rationele behandeling en de
waarde van deze therapie voor de praktijk dient verder onderzocht te
worden.

9. Er is tot nu toe onvoldoende onderzoek gedaan naar het effect van
combinatie chemotherapie op het cervixcarcinoom stadium III en IV.



10. Cursorisch onderwijs in de neuroanatomie en daarbij aansluitend in
de neuroradiologie moet een verplicht onderdeel gaan vormen van de
opleiding tot neuroloog.

11. Een onderschildering in ei- of caseïnetempera biedt grote voordelen,
mits daarna in een glacerende olieverftechniek wordt gewerkt.

12. Een medische faculteit die zich moet gaan toeleggen op onderzoek in
de zogenaamde eerstelijns gezondheidszorg is in dezelfde positie als
een symfonieorkest waar alleen nog het slagwerk mag worden
bespeeld.



"What's the good of Mercator's North Poles and Equators,
Tropics, Zones and Meridian Lines?"

So the Bellman would cry: and the crew would reply,
"They are merely conventional signs!"

LEWIS CAROLL
from: The Hunting of the Snark.

VOOR HESTER
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CHAPTER 1

INTRODUCTION

The anterior inferior cerebellar artery (AICA) is one of the major bran-
ches of the basilar artery and supplies part of the pons, the upper medulla
and the cerebellar hemisphere. The artery can be visualized by means of
vertebral angiography. This technique of examination was carried out for
the first time in 1933 by Moniz et al.

During the decades that followed angiographic techniques improved
considerably with the result that more details of the angio-architecture of
the posterior cranial fossa could be demonstrated. Satisfactory visualiza-
tion of the AICA and its branches depends greatly on the use of
subtraction, and this is the reason why detailed reports on the angio-
graphic appearance of the artery were for the greater part published after
1965 when subtraction techniques were more consistently used (Taka-
hashi et al. 1968, 1974; Gerald et al, 1973).

The angiographic appearance of the various segments of the AICA in
the lateral projection, both in the normal situation and in the presence of
tumours, has been studied by Naidich et al (1976). The primary aim was
to recognize and denominate the separate branches, loops and segments
of the AICA in order to locate tumours on the basis of displacements of
portions of the artery. The large variability of the AICA, as regards
course, calibre and distribution, was not emphasized.

Since the introduction of computed tomography (CT) the localizing
role of vertebral angiography is of less importance. However, in cases in
which operation on posterior fossa tumours is considered, angiography
offers essential information by revealing both the vascularization of the
tumour and the relationship of the tumour and major arteries, thus
reducing the chance of damage to the AICA which may occur during
cerebellopontine angle surgery. Such damage may result in lateral pontine
infarction.

During the last years several reports have been published on extra-
intracranial bypass operations in patients suffering from occlusive disease
in the vertebrobasilar system (Khodadad et al, 1977; Sundt et al, 1978;
Ausman et al, 1979, 1981). Also in these cases thorough knowledge of the
variations in the course and distribution of the posterior fossa arteries is
of great practical importance.



The aim of the present study is to describe the variations of the AICA
and to identify its types of appearance in normal angiograms as well as in
angiograms of patients suffering from posterior fossa tumours or from
ischemic lesions in the vertebro-basilar territory. For this purpose a study
of 20 normal specimens was undertaken. This part of the study was
carried out in the Department of Anatomy (head of the department: Prof.
Dr. A.H.M. Lohman). Four main types of the AICA could be dis-
tinguished.

The radiological part of the study was carried out in the Department of
Neuroradiology (head of the department: Prof.Dr. J. Valk). One hundred
normal vertebral angiograms, made between 1976 and 1982 in the
Valeriuskliniek and the Academisch Ziekenhuis der Vrije Universiteit
were reviewed. The AICA's were classified in the same way as in the
anatomical study.

The same classification was used in the analysis of 41 vertebral
angiograms of patients with posterior fossa tumours and nine angio-
grams of patients with ischemic disturbances in the posterior cranial
fossa.



CHAPTER 2

ANATOMY

REVIEW OF THE LITERATURE

GENERAL DESCRIPTION OF THE ARTERIES OF THE POSTERIOR CRANIAL
FOSSA

Two vertebral arteries (VA's) enter the skull through the foramen
magnum. Ventrobasal to the brain stem both arteries pass to the lower
border of the pons, where they unite to form the basilar artery (BA).
Exceptionally the VA's do not unite, and the BA is then formed by one of
them (Berry and Anderson, 1910; McMinn, 1953; Walker, 1965). The
calibre of the VA's varies widely and in most cases the right and left
arteries are of different sizes. Further, the junction of the VA's is not
always exactly at the pontomedullary sulcus. The vessels may unite
caudal to this sulcus, in which case the BA is longer than usual. In
contrast, a short BA occurs when the VA's unite rostral to the ponto-
medullary sulcus. The BA runs in the cisterna pontis and extends
rostrally as far as the upper border of the pons, where in most cases it
bifurcates forming the posterior cerebral arteries.

Rarely only one posterior cerebral artery is given off. The two VA's
and the BA give rise to the arteries supplying the brain stem and the
cerebellum. The cranial nerves emerging from the brain stem showacharac-
teristic arrangement and therefore are easy to define. The arteries of the
posterior fossa, however, are more variable, and confusion about the
nomenclature of the branches of the VA's and BA may therefore arise.
Symmetry — as is always the case with the cranial nerves — can be
considered an exception rather than the rule. Usually three major pairs of
arteries supplying the cerebellum and part of the brain stem are
distinguished.

1. The posterior inferior cerebellar arteries (PICA's).
These vessels originate from the VA's and supply the posterior inferior

surface of the cerebellar hemisphere and part of the brain stem. There is a
wide variation in the course of the PICA and its area of supply.
According to Stopford (1916), who studied 150 specimens, the PICA
follows a "normal" course only in 58% on the right side and only in 49%



on the left side. When following this normal course, the artery curves
around the lower border of the olive and passes in a dorsal direction
within the fissure between the medulla oblongata and the cerebellar tonsil
where it forms a caudal loop. In some cases this loop, which is often
referred to as the tonsillar loop, reaches as far as the foramen magnum.
Distal to the loop the artery usually divides into a medial and lateral
branch. The medial branch courses in a rostral direction till it reaches the
choroid plexus of the fourth ventricle. It then turns in a medial, and
subsequently in a caudal and dorsal, direction towards the fissure
between the cerebellar tonsil and the uvula and supplies the basal part of
the cerebellar vermis. A lateral branch supplies the inferior surface of the
cerebellar hemisphere.

However, as has been mentioned above, there is considt. ible variation
in the course and the distribution of the artery. According to Stopford
(1916), in 15% of the cases examined by him, the artery is absent on the
right side and in 6% on the left side. Further, an abnormal origin from
the proximal part of the BA was noted in three cases. Tschernyscheff and
Grigorowsky (1930) found this abnormal origin in 15 out of 54 cases.
Greitz and Sjögren (1963) reported that the artery was absent in two
cases. They divided their material into three groups: in the first group the
PICA arises from the VA and approaches the posterior pole of the tonsil.
In the second group the artery has a similar origin but approaches the
anterior pole of the tonsil, whereas in the third group the artery originates
from the BA and reaches the anterior pole of the tonsil. Four PICA
branch types have been distinguished by Stopford (1916):
- Bulbar branches.
- A choroidal branch to the p(exus of the fourth ventricle.
- A posterior spinal branch.
- Cerebellar branches (medial and lateral), which anastomose freely

with branches of the anterior inferior and superior cerebellar arteries.

2. The anterior inferior cerebellar arteries (AICA's).
These arteries usually arise from the BA and course in a laterocaudal

direction towards the cerebellopontine angle (CPA) and the great
horizontal fissure. The details of the course and the area of distribution of
these arteries will be described below.

3. The superior cerebellar arteries (SCA's).
These vessels also arise from the BA just before its bifurcation into

right and left posterior cerebral arteries. The course of these arteries is
more constant than that of the PICA'S and AICA's. The artery curves
around the pons, immediately caudal to the oculomotor nerve. Ac-



cording to Lazorthes (1961), this artery has a double origin in 10% of
cases. Stopford found duplication of this vessel in 12% on the right, in
16% on the left and in 3% on both right and left sides. The side of origin
is almost always just proximal to the bifurcation of the BA into the
posterior cerebral arteries. In 6% of Stopford's material the origin was
more caudal, whereas in only one case the SCA arose from the junction
of the middle and upper thirds of the BA. Absence of the artery was
noted only once by Stopford.

Blackburn (1907) examined 220 cases and found the artery was always
present.

Three types of branches have been distinguished by Stopford:
- Pontine branches
- Mesencephalic branches, which were already described by Alezaïs and

d'Astros in 1892.
- Cerebellar branches, which supply mainly the superior surface of the

cerebellar hemisphere.
Krayenbiihl and Yasargil (1957) have described a lateral and a medial

branch of the SCA. The lateral branch, which is referred to as the
marginal artery (Critchley and Schuster, 1933), curves towards the
frontal edge of the cerebellum and supplies parts of the quadrangular and
the superior semilunar lobules. The medial branches of the right and left
sides approach each other in the midline and supply the upper part of the
vermis.

As mentioned above, terminal branches of the SCA's anastomose with
branches of the PICA'S and the AICA's of both the ipsilateral and the
contralateral side. Krayenbiihl and Yasargil (1957) have termed this
vascular network the "hemispherical plexus".

Apart from the AICA's and the SCA's, the BA gives rise to a large
number of small arteries. Stopford (1916) has divided these branches into
a median set and a set of transverse rami. The median set is composed of
minute branches which arise from the side of the BA in contact with the
brain stem. These small arteries immediately enter the pons. The
transverse rami extend laterally and are often arranged symmetrically.
Their number is variable. Stopford also mentioned a larger branch that
extends to the trigeminal nerve.

Foix et al (1925) divided the transverse rami into a group of short
circumferential and long circumferential arteries. The same subdivision
was made by Böhne (1927).

Walker (1965) pointed out the confusion that exists as regards the
nomenclature of some of these arteries. In many textbooks of anatomy
the internal auditory artery is described as a branch of the BA. More



recent investigations (e.g. Martin et ai, !980) have shown that the internal
auditory artery usually arises from the AICA and not from the BA.

DETAILED DESCRIPTION OF THE ANTERIOR INFERIOR CEREBELLAR AR-
TERY

It must first be stated that there is much variation in the course and size
of the AICA. Moreover, there is no relation between the anatomy of this
vessel on the right and that on the left side; asymmetry can be considered
the rule.

Origin

The AICA arises from the BA. Some authors claim that this is always the
case (Atkinson, 1949; Lazorthes, 1950; Maillot et al, 1976). Others note
that exceptionally the AICA originates from the VA, especially when the
PICA is absent on the same side (Goodhart and Davison, 1936;
Mitterwallner, 1955; Krayenbühl and Yasargil, 1957). In 1,25% of the
cases investigated by Krayenbühl and Yasargil the AICA originated from
the PICA. Salamon and Huang (1976) stated that the AICA is a branch
of the PICA in 1% of the cases. Gerald et al (1973) mentioned that in one
case the right AICA arose from the left PICA. Scotti (1975) and Ito et al
(1980) reported cases in which an anomalous branch of the carotid artery
had a distribution that was nearly equal to that of the AICA.

Many of these different findings can be explained by the use of
different nomenc; :ures. It depends whether an artery is termed after its
origin or after its area of distribution. If the latter is the case, an artery
with the usual course and area of distribution of the AICA may be called
as such, even when it arises from the VA or from the PICA. However, if
an artery is only named AICA when it arises from the BA, then as in the
case described above in which the artery is given off by the PICA, the
AICA must be considered as absent and the PICA as having a larger area
of distribution than usual.

Lazorthes (1950) distinguished four types of AICA's according to their
areas of distribution. His type IV AICA supplies the total inferior aspect
of the cerebellar hemisphere, and in this case no PICA exists. This type
may also be interpreted as a variation with the AICA and PICA arising as
a common trunk from the BA.

Blackburn (1907) reserved that the AICA gives rise to a large branch
in order to take over the role of the PICA when the latter vessel is small
or absent.

Stopford (1916) found that the AICA originates in 78% of cases from
the lower third of the BA. Other authors report that the AICA originates
in most cases from the lower third of the BA (Goodhart and Davison,



1936; Krayenbiihl and Yasargil, 1957; Salamon and Huang, 1976) or
from the proximal half of the BA (Gerald et al, 1973). Lazorthes (1950,
1976), however, found that in the majority of cases the artery arises from
the middle third of the BA.

From these different findings we may conclude that there exists a wide
variation as regards the site of origin of the AICA. This is in accordance
with the findings of Naidich et al (1976). The site of origin in their
material was the lower or the middle third of the BA in 53% and 47% of
cases, respectively.

Multiplication of the AICA

Blackburn (1907) investigated 220 cases and found duplication of the
AICA in only 8. Stopford (1916) once found a double AICA, and
Mitterwallner (1955), who examined 360 specimens, saw no more than 17
cases in which the AICA was double.

Much higher percentages were found by Martin et al (1980): a single
AICA was seen in 72%, duplicate arteries in 26% and triplicate arteries in
2% of cases. Salamon and Huang (1976) found about the same: a solitary
artery in 73%, paired arteries in 25% and triplicate arteries in 1%.

Naidich et al (1976) found that in 29% of the investigated specimens
there was a duplication of the AICA. The largest of the two vessels was
referred to as AICA and the smaller as accessory artery. They dis-
tinguished between an inferior and a superior accessory artery, depending
on the site of origin from the BA-rostral or caudal to the AICA. In 10%
of cases they found two "aberrant" arteries, neither of which showed the
typical course of the AICA. A similar finding was mentioned by Gillilan
(1964) who found the AICA infrequently replaced by several smaller
vessels originating from the basilar trunk.

Ferrari Lelli (1939), in a study of the internal auditory artery, described
one case in which a small artery, originating from the BA, gave off
branches to the inner ear as well as the cerebellum. He called this vessel
"arteria cerebelli accessoria". Lazorthes (1950) mentions some cases in
which the internal auditory artery arises from the 3A just below the
origin of the AICA. This artery was referred to as "artère supplementaire
moyenne basse". This finding has been confirmed by others (Fisch, 1969;
Mazzoni, 1969).

Jakob (1928) has described a so-called middle inferior cerebellar artery
which is also mentioned by Tschabitscher and Perneczky (1974). This
artery is situated between the AICA and SCA. Lazorthes (1950) has
proposed for this vessel the name "artère supplementaire moyenne
haute". However, in most publications this artery is not mentioned and is
probably regarded as a (superior) accessory artery.



Absence of the AICA

Absence of the AICA is a rare phenomenon. Tschabitscher and Per-
neczky (1974) found the artery always present in 44 examined brains. In
the 220 cases examined by Blackburn (1907) the artery was absent only in
7 cases. In Stopfords material (1916) the AICA was missing once on one
side and once on both sides. Mitterwallner (1955) reported absence of the
AICA in 2,7% and Salamon and Huang (1976) in 2%. Lazorthes (1950)
found the artery missing in 2 instances out of 30 cases. Krayenbühl and
Yasargil (1957), however, found much higher figures: the AICA was
absent in 7,5% on the right, in 10,5% on the left and in 2% on both sides.

It is unclear how the difference between the figures of Krayenbühl and
Yasargil and those of other authors can be explained. Possibly a small
vessel originating from the BA, which runs towards the internal auditory
meatus and gives off only small branches to the cerebellum, is not
considered an AICA by Krayenbühl and Yasargil, whereas other authors
regard such a small vessel as a variant of the AICA.

The course of the AICA in relation to the abducens nerve

After its origin from the BA the AICA usually turns in a lateral or
caudolateral direction towards the flocculus, often with a superior
concave curve. The artery thus crosses the abducens nerve. Cushing
(1910) was the first to study in detail the relation between the lateral
branches of the BA and the abducens nerve. The reason for this study was
his observation that in cases of increased intracranial pressure, abducens
palsies often occur and that such palsies may be caused by vascular
strangulation of the nerve. In a majority of his cases the arteries were
more or less symmetrically disposed and overlay the abducens nerves in
such a way as to make strangulation possible. In other cases the arteries
crossed so far posteriorly that constriction of the nerves seemed unlikely.
In 10 of the 59 cases examined either the right or the left nerve was
superficial to the artery, i.e. the artery passed between the abducens nerve
and the pons.

The same observations were made by Stopford (1916), Konaschko
(1927), Watt and McKillop (1935), Lazorthes (1950) and Krayenbühl and
Yasargil (1957).

Perforation of the abducens nerve by the AICA can be considered rare
(Cushing, 1910; Mitterwallner, 1955). Stopford (1916) described eight
cases in which the artery on one side was too far forward to have any
relation with the nerve. He further pointed out that strangulation of the
abducens nerve in case of increased intracranial pressure occurs more
frequently when the artery is in a dorsal position to the nerve.



Naidich et al (1976) made the interesting observation that the relation
of the AICA and the abducens nerve depends on the distance between the
pontomedullary sulcus and the point at which the artery crosses the
nerve. When the crossing is within 6 mm of the pontomedullary sulcus,
the artery is situated ventral to the nerve. When the crossing is 6 to 8 mm
from the pontomedullary sulcus, either a ventral or a dorsal position may
occur. When the crossing is from 8 to 11 mm from the sulcus, the artery is
always situated dorsal to the nerve. Finally, when the AICA is 11 rnm or
more rostral to the sulcus, it bears no relation to the nerve.

Relation of the AICA with the facial and vestibulocochlear nerves and with
the infernal auditory meatus

After crossing the abducens nerve the AICA passes towards the cere-
bellopontine angle. Here it often bears a close relationship with the facial
and vestibulocochlear nerves and with the internal auditory meatus. In
most instances the artery forms a loop in this region. According to
Lazorthes (1950), the concavity of the loop is directed inwards and
backwards. This loop may be called cerebellar (Mazzoni, 1969, Mazzoni
and Hansen, 1970) or meatal (Naidich et al, 1976) loop. Naidich distinguish-
ed between a single and a double arterial loop. The double loop consists of a
meatal as well as a brachial loop. The latter is located on. or close to, the
brachium pontis.

Tschabitscher and Perneczky (1974) examined 85 cerebellopontine ang-
les. In 14 cases no meatal loop was seen. In 13 cases the loop was within
the meatus, in 16 cases it just reached the internal auditory orifice, while
in the remaining 41 cases the loop did not reach as far as the orifice.

Usually the loop has less curvature when it just reaches the orifice and
does not enter the meatus, (Mazzoni, 1969; Mazzoni and Hansen, 1970).
Mazzoni pointed out the difficulty in expressing the relationship betweenthe
artery and the nerves with the terms "anterior", "inferior", etc., because the
artery often has a tortuous course. In 35 of his 67 cases the loop of theartery
passed between the facial and the vestibulocochlear nerves. In a majority of
the other 32 cases the AICA passed inferior or anterior to the nerves.

Similar observations were made by Martin et a! (1980) in their
extensive study of the anatomical relations between the artery and the
facial and vestibulocochlear nerves. Sunderland (1945) distinguishes
between no fewer than 10 different types of artery-nerve relations.

Tschabitscher and Perneczky, on the other hand, described only 3
types: internerval, ventrobasal and dorsal types. Watt and McKillop
(1935) made a similar classification. Apart from a dorsal, a ventral and
two internerval positions these autnors described a situation in which the
loop runs around the nerves.
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Branches of the AICA

From the proximal part of the AICA small branches arise which are
distributed on the lateral aspect of the inferior pontine tegmentum,
(Böhne, I927; Gillilan, 1969). Some branches may extend on the surface
of the pons as far caudally as the region of the rostral medulla, before
penetrating the brain substance (Kaplan, 1959).

Most authors describe two main branches of the AICA: a lateral and a
medial branch which arise within the cerebellopontine angle cistern,
(Atkinson, 1949; Gerald et al, 1973; Perneczky and Tschabitscher, 1976;
Ross and Du Boulay, 1976; Takahashi, 1968; 1974). This bifurcation of
the ATCA occurs just before or after the point at which the artery crosses
the facial and vestibulocochlear nerves. The lateral branch courses
around the upper edge of the flocculus towards the great horizontal
fissure. On the cerebellar hemisphere it anastomoses with branches of
both the PICA and the SCA. The medial branch courses in a caudome-
dial direction towards the brain stem and supplies the inferomedial part
of the cerebellar hemisphere. It usually anastomoses with branches of the
PICA. Martin et al (1980) described a similar anatomical relationship,
but the lateral and medial branches are defined by them as rostral and
caudal trunks.

The most comprehensive description of the AICA-branches is given by
Naidich et al (1976). This description differs in some respects from the
description given by other authors. Naidich et al also distinguish two
main branches of the AICA, which are termed rostrolateral and caudo-
medial branches. However, according to these authors the bifurcation
occurs at the crossing with the abducens nerve or a few millimeters lateral
to it. The rostrolateral branch or rostrolateral artery forms the meatal
loop. Distal to the loop the artery enters the suprafloccular portion of the
great horizontal fissure. Near the posterosuperior corner of the flocculus
the artery divides into an ascending branch towards the horizontal fissure
and a descending branch towards the posterolateral fissure. The as-
cending branch of the rostrolateral artery often reaches the occipital
aspect of the cerebellum. The descending branch courses in the postero-
lateral fissure between the flocculus anteriorly and the biventral lobule
posteriorly. From this so-called "retrofloccular segment" small branches
pass to the inferior semilunar and biventral lobules. Naidich et al point
out the relation, which exists between this descending branch and the
PICA. When the latter artery is small, there is often a large descending
branch which runs on the lateral surface of the biventral lobule or in the
cerebellomedullary fissure towards the posterior inferior aspect of the
cerebellar hemisphere.

According to Naidich et al the caudomedial branch (CMB) is consis-



11

tently found, although it is quite variable in size. It arises in the vicinity of
the abducens nerve and describes a caudal loop on the lateral aspect of
the pons and the medulla oblongata. Sometimes it is only a tiny branch
which terminates on the pons. When the CMB is larger, the artery also
supplies the lateral aspect of the flocculus and the biventral lobule, in one
third of the cases investigated by Naidich et al the CMB is quite large and
forms a laterally directed loop around the roots of the ninth, tenth and
eleventh nerves, the foramen of Luschka and the "cauliflower of
Bochdalek". Small branches to the choroid plexus of the lateral recess of
the fourth ventricle arise from this part of the CMB, (Maillot et al, 1976;
Fujii et al, (1980).

Distal to the loop described above the CMB continues its course in a
way similar to that of the descending branch of the rostrolateral artery
and it may replace the PICA or a part of it. Usually the CMB is smaller
than the rostrolateral branch (RLB). Only when the CMB replaces the PICA
or when the RLB is replaced by the marginal branch of the SCA is the reverse
seen. Naidich et al emphasize that different names for the branches of the
AICA have been used by various authors. The bifurcation of the AICA is
usually considered to be located in the cerebellopontine angle and not in the
vicinity of the abducens nerve. According to Naidich et al, however, this
is not the bifurcation of the AICA itself but the bifurcation of the RLB
into its ascending and descending branches. Salamon and Huang
(1976) have distinguished between three AICA branches where the PICA
is absent: an external, a middle and an internal hemispheric branch.
Although the exact course and site of origin of these branches are not
specified by them, one may assume that these are the same three arteries
that are described by Naidich et al: the ascending branch of the RLB, the
descending branch of the RLB and the CMB, respectively.

Apart from these two or three main branches, the AICA gives off many
smaller branches. The branches to the pons and medulla oblongata and
the choroid branches have already been mentioned.

Perneczky and Tschabitscher (1976) divided the AICA into four topo-
graphical segments. The so-called anterior pontine segment, which is the
most proximal part of the artery and measures about one centimeter,
rarely gives off any branches. From the lateral pontine segment the
pontine branches arise. The next segment is the cerebellopontine angle
segment. From this part of the artery several branches originate, of which
the "labyrinthine artery", the subarcirate artery and the arteries which
accompany the facial and vestibulocochlear nerves, are the most impor-
tant. Much attention has been paid to the small arteries in the cerebello-
pontine angle region. This is due to the important role these branches
play in neurosurgical procedures in the cerebellopontine angle. Especially
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the anatomy of the internal auditory artery (IAA) has been extensively
studied, (Nabeya, 1923; Konaschko, 1927; Ferrari Lelli, 1939; Sunder-
land, 1945; Nager, 1954; Charachon and Latarjet, 1962; Fisch, 1969;
Mazzoni, 1969; Mazzoni and Hansen, 1970; Smaltinoet al. I97I).

Cavatorti (1908) found that in 70% of cases the IAA arises directly
from the basilar trunk. Stopford (1916) found that the IAA originates
from the BA in a rather high percentage, namely in 36% on the right and
in 28% on the left side.

This contrasts with the findings of Ferrari Lelli (1939), Adachi (1928)
and Guerrier and Villacèque (1949) who never observed the IAA originate
from the BA.

Watt and McKillop (1935) and Lazorthes (1950) regarded a separate
origin of the IAA from the BA as an exception.

Smaltino et al (1971) described a so-called cerebeilo-labyrinthine artery.
In 87% of cases this artery originates from the AICA and in 10% directly
from the basilar trunk. In the remaining 3% the artery arises as a separate
branch from the BA. From Smaltino's description it is clear that the
cerebeilo-labyrinthine artery, when it originates from the AICA. is the
same as the rostrolateral branch of the AICA, described by Naidich et al
(1976).

Konaschko (1927) did not distinguish an AICA at all: in its entire
length the artery was named the internal auditory artery.

Mazzoni (1969) described multiplication of the IAA. He found out of
100 cases a single IAA in 51, a double IAA in 45 and triplication of the
artery in 4 cases. He also mentioned 3 cases in which the IAA did not
arise from the AICA or from an accessory AICA but from the PICA.

A comprehensive study of the arteries in the cerebellopontine angle has
recently been published by Martin et al (1980). These authors report that
IAA's always originate from a branch of the AICA. Every artery that
enters the internal auditory canal is regarded by them as an IAA. Having
defined the artery in this way. multiplication was observed in as much as
70% of cases. In 2% even 4 IAA's were seen. 77% of all IAA's arose from
the premeatal segment of the AICA. Apart from the IAA, in 82% of the
investigated cerebellopontine angles recurrent perforating arteries were
found. The latter arteries arise from nerve-related vessels and often run
first towards the meatus before taking a recurrent course to the brain
stem. They travel along the facial and vestibulocochlear nerves and give
off branches to these nerves. In a majority of cases these arteries are

'• single. A subarcuate artery was present in 72% of the investigated cases.
This is an artery which penetrates the dura, enters the subarcuate canal
and supplies the mastoid in the region of the semicircular canals. In only
4 of the investigated 50 cerebellopontine angles a so-called cerebello-
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subarcuate artery was seen. This artery sends one branch to the subar-
cuate fossa and one branch to the cerebellum. Martin et al explained the
different findings of the various authors with regard to the origin of the
IAA by differences in definitions of the AICA and the IAA. In
accordance with the studies of Adachi (1928) and Fisch (1969) they call
an artery, which arises from the BA, an AICA when it gives off branches
to the cerebellum. The site of origin of the IAA is defined by them as the
point at which the branch to the internal auditory canal originates.

Variations of the AICA

From the previous description it is clear that many variations of the
AICA exist. The artery may be absent or it may be extremely well
developed, especially when on the same side the PICA is absent. It may
be duplicated or even triplicated and it may arise either from the VA or
from the BA. The various branches of the AICA may differ in length. The
characteristic meatal loop is sometimes absent but. if present, may be
either part of the main trunk of the AICA or part of the RLB.

Takahashi et al (1968) stated that variations of both the PICA and the
AICA are the rule rather than the exception. They also found that the size
of the AICA is usually inversely related to the size of the PICA. This
pattern is recognized by most other authors.

According to the territory supplied, Lazorthes et al (1950, 1961)
distinguished four types of the AICA. In the first type the artery supplies
only the flocculus. In the second type the AICA extends to the anterior
aspect of the cerebellum up to the lateral border. The third type occurs
when the artery additionally supplies the antero-external part of the
inferior aspect of the cerebellar hemisphere. In the fourth type the AICA
supplies both the total anterior and the total inferior aspect of the
cerebellar hemisphere. In this latter case the PICA is either small or
absent.

Areas of supply

It is obvious that the areas of supply differ with the length and the course
of the AICA. As many variations exist as regards the length of the vessel,
it is clear that similar variations are observed in the areas supplied by the
AICA.

The lateral and caudal parts of the pons are supplied by branches of the
AICA (Stopford, 1916; Böhne, 1927; Atkinson. 1949; Hiller, 1952;
Krayenbühl and Yasargil. 1957; Kaplan, 1956, 1959; Gillilan, 1964;
Brouckaert et al, 1981; Perneczky et al, 1981). The number of these
branches is proportional to the calibre of the artery from which they arise
(Gillilan, 1964). Structures that are supplied by branches of the AICA are
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the facial nucleus, the spinal nucleus and spinal tract of the trigeminal
nerve and some, or all, of the fiber bundles of the ascending iemniscal
system, (Gillilan, 1969).

Together with the PICA the AICA supplies a variable part of the upper
medulla oblongata (Stopford, 1916; Krayenbiihl and Yasargil, 1957;
Fisher et al, 1961; Gillilan, 1964). Also the middle cerebellar peduncle or
part of it may be supplied by the AICA (Atkinson, 1949; Tschernyscheff
and Grigorowsky, 1929). The AICA further supplies a variable part of the
cerebellar hemisphere.

According to Fazzari (1929), who investigated the AICA and other
cerebellar arteries in several animals, the flocculus and paraflocculus are
always supplied by branches of the AICA. Lazorthes (1950) pointed out
that the AICA supplies the phylogenetically oldest part of the cerebellum
(the archicerebellum), i.e. the flocculus and nodulus. This part of the
cerebellum is closely related to the vestibular apparatus, which is supplied
by the IAA. For this reason the term "cerebello-labyrinthine system",
used by Guerrier and Villacèque (1949) to define the complex of AICA
and IAA, was regarded by Lazorthes as an excellent term.

It depends on its length whether the AICA only supplies the flocculus
and paraflocculus or also other parts of the inferior aspect of the
cerebellar hemisphere. According to Tschernyscheff and Grigorowsky
(1929) parts of the anterior quadrangular lobule, the posterior qua-
drangular lobule, the biventral lobule and the cerebellar tonsil may be
supplied by the AICA. Parts of the gracilis lobule, the inferior semilunar
lobule and the superior semilunar lobule are in some cases also vascular
territories of the AICA.

The AICA does not contribute to the supply of any of the deep
cerebellar nuclei (Gillilan, 1969).

Anastomoses between the AICA and other cerebellar arteries

Several authors describe anastomoses between the hemispherical bran-
ches of the AICA, the PICA and the SCA, (Goodhart and Davison, 1936;
Atkinson, 1949; Krayenbühl and Yasargil, 1957; Mani et al, 1968; Ross
and Du Boulay, 1976;Takahashi, 1974). According to Tschabitscher et al
(1975) these anastomoses mainly occur in (1) the roof of the fourth
ventricle, (2) the paravermal region, (3) the horizontal fissure and (4) the
tentorial surface of the cerebellar hemisphere. The CMB of the AICA has
anastomoses with branches of the PICA, whereas the RLB anastomoses
with branches of both the PICA and the SCA.
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INJECTION STUDY OF THE VERTEBROBASILAR ARTERIES

MATERIALS AND METHODS

The present investigation is of the brains of 20 patients, who in a majority
of cases died of cardiac disease and did not suffer from any neurologic
disease during life. Ages varied from 51 to 79 years.

The brains were carefully removed in toto within 24 hours after death.
The brain stem and VA's were cut as far caudally as possible in the
vicinity of the foramen magnum.

The right and left posterior cerebral arteries were ligated immediately
distal to their origins from the BA. Catheters were inserted in both VA's
and the arterial system was perfused with a warm heparin solution.
Subsequently a heated, red-coloured solution of gelatine and barium
sulphate was injected. The specimens were then cooled in order to allow
the gelatine to set. Fixation took place in 10% formaline during a period
of one to four months.

The frontobasal aspect of the brain stem and the cerebellum of a
normal brain is illustrated in fig. 2.0 and the course of the arteries of each
brain are indicated. In addition multidirectional roentgenograms of the
preparations were made.

Because the examination of the arteries could be performed only after
removal of the brains from the skulls, the exact relations between arteries
and nerves in the cerebellopontine angle could not be studied. For this
reason the IAA will not be discussed in the following paragraph.

With the following exceptions the nomenclature of Naidich et al (1976)
is used:

The ascending and descending branches of the RLB, which are named
by Naidich et al, will not be named separately.

The conception of a common trunk of the AICA and the PICA is not
used.

An artery arising from the BA and supplying the territories usually
supplied by the AICA and the PICA is termed AICA. On the other hand,
an artery arising from the VA and supplying both territories is referred to
as the PICA.

When a PICA with its usual area of supply originates from the VA and
there is another artery which supplies the usual AICA-territory but arises
also from the VA, the latter is called AICA despite its unusual origin. A
second artery that supplements or replaces a part of the area of supply of
the AICA and arises from the BA is termed either a superior or an
inferior accessory artery. This is in accordance with the nomenclature of
Naidich et al.
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Figure 2.0
Frontobasal view of the brain stem and cerebellum. CM=corpus mammillare. P~
pons. PMS=pontomedullary sulcus. SF HF=suprafloccular part of horizontal fissure.
CP=choroid plexus of lateral recess of fourth ventricle. SSL=superior setnilunar
lobule, F^flocculus. HF=horizontal fissure. PLF=posterolateral fissure. ISL=infe-
rior setnilunar lobule. GL=graciIis lobule. BL=biventral lobule. CT=cerebellar tonsil.
NIII=oculomotor nerve. NV=trigeminal nerve. NVI=abducens nerve. NVII=facial
nerve. NVIII=vestibulo-cochlear nerve. NIX=glossopharyngeal nerve. NX=vagal
nerve. NXI=accessory nerve. NXII=hypoglossal nerve. MO=medulla oblongata.

RESULTS

Figure 2.1
The VA's join each other caudal to the pontomedullary fissure. On both sides a PICA
arises from the VA. On the right side the AICA originates from the middle of the BA.
The artery crosses the abducens nerve on the ventral side. When the artery reaches the
facial nerve it divides into a rostrolateral (RLB) and a caudomedial branch (CMB).
The RLB follows the facial and vestibulo-cochlear nerves and forms a complicated
meatal loop (ML). It follows its course through the horizontal fissure (HF) in a lateral
direction and divides into branches which anastomose with the hemispherical
branches (HB) of the PICA on the lateral border of the cerebellar hemisphere. The
CMB passes ventral to the flocculus and turns in an opposite direction near the
suprafloccular part of the HF. Through the PLF the artery continues its course
towards the lateral recess of the fourth ventricle. There is a small inferior accessory
AICA (IAccA) on the right side.

On the left side a small AICA is present which extends laterally as far as the
flocculus. Caudal to the AICA a small vessel forms an anastomosis (An) between the
BA and the PICA. One of the hemispheric branches of the PICA (HB) courses in the
HF where normally the AICA runs. The right and left SCA are symmetrical.

Figure 2.2
The VA's join each other caudal to the pontomedullary fissure. On the right side ihe
PICA arises from the caudal part of the VA. The posterici inferior aspect of the
cerebellar hemisphere is supplied by its branches (HB PICA). The AICA arises from
the unusual long BA at about the level of the junction of the lower and middle thirds.
It crosses the abducens nerve ventrally and forms a loop near the origin of the facial
and vestibulo-cochlear nerves. It then follows the nerves in the "internerval position"
up till the internal auditory meatus, where the meatal loop (ML) is formed. The AICA
continues its course in the HF. Distal to the origin of the AICA a small superior
accessory artery (SAccA) arises from the BA. This artery also crosses the abducens
nerve ventrally and then crosses the facial and vestibulocochlear nerves and the AICA
ventrally. It supplies the flocculus.

On the left side the PICA arises more rostrally than on the right side. Its branches
supply the posterior inferior aspect of the cerebellar hemisphere. At the same level as
the right AICA a small artery arises from the BA. which crosses the abducens nerve at
its base and reaches the facial and vestibulocochlear nerves. This vessel is termed as
inferior accessory artery (IACCA). Rostral to thif. artery the AICA arises. The AICA
crosses the abducens nerve dorsally and the facial and vestibulocochlear nerves
ventrally. On the surface of the flocculus a loop is formed, after which the AICA
continues its course in the posterolateral (PLF) and the horizontal fissure (HF). The
SCA is a single artery on the right side and is duplicated on the left side.
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Figure 2.3

The VA's unite near the pontomedullary sulcus, The BA has a curved course with the
convexity of the curve to the right side. No PICA is present on the right side. The right
AICA bifurcates just after its ventral crossing with the abducens nerve. The
rostrolateral branch (RLB) passes laterally between the facial and vestibulocochlear
nerves and does not form a loop. It runs partially within the horizontal fissure and
gives off branches to both the biventral and the superior semilunar lobule. The
caudomedial branch (CMB) runs in a caudal direction in the cerebellomedullary
fissure. Its branches (HB CMB) supply the posterior inferior aspect of the right
cerebellar hemisphere and anastomose with branches of the RLB.

From the. left VA a PICA arises that has the usual area of supply. The left AICA
arises from the BA at about the same level as the right AICA. It crosses the abducens
nerve ventrally and the facial and vestibulocochlear nerves dorsally and does not form
a meatal loop. No caudomedial branch is observed. On both sides a single SCA is
present.

Figure 2.4

The VA's join each other near the pontomedullary fissure. The branches of the right
PICA (HB PICA) supply the posterior inferior part of the right cerebellar hemisphere.
At the level of the junction of both VA's an artery arises that bears no relation to the
pons or to the abducens nerve. It forms a complicated loop in the vicinity of the origin
of the glossopharyngeal, the vagal, the accessory and the hypoglossal nerves and then
runs along the facial and vestibulocochlear nerves up to the internal auditory meatus,
where the meatal loop (ML) is formed. The artery continues through the horizontal
fissure into a lateral direction. No caudomedial branch is present.
A superior accessory artery (SAccA) arises about halfway from the BA and crosses the
abducens nerve dorsally. It reaches as far laterally as the facial and vestibulocochlear
nerve complex. j

The left PICA follows about the same course as the right PICA. The left AICA
arises from the BA at the same level as the right SAccA. It crosses the abducens nerve
dorsally. Subsequently it crosses the facial and vestibulocochlear nerves ventrally and
forms a wide meatal loop (ML). It runs laterally through the horizontal fissure. No
caudomedial branch can be observed. The SCA's are symmetrical.

Figure 2.5

Both the VA's and the BA show a tortuous course. The junction of the VA's takes
place at the origin of the left abducens nerve. From the right VA a strongly developed
PICA originates that supplies the major part of the right cerebellar hemisphere. One of
its branches reaches the horizontal fissure and anastomoses with the marginal branch
(MB). Only a very small AICA is present. It crosses the abducens nerve ventrally and
disappears behind the double loop that is formed by the right PICA. This loop reaches
as far as the facial and vestibulocochlear nerve complex.

On the left side the hemispherical branches of the PICA (HB PICA) supply the
posterior inferior aspect of the cerebellar hemisphere. The left AICA arises from the
junction of the VA's. It runs parallel to the left VA in its first trajectory, crosses the
proximal parts of the facial and vestibulocochlear nerves ventrally. then runs parallel
to these nerves for a short distance and describes a loop that curves distal to the
nerves. Within the suprafloccular part of the horizontal fissure the artery divides into a
rostrolateral (RLB) and a caudomedial branch (CMB). A small superior accessory
artery (SAccA) crosses the abducens nerve ventrally. The SCA's show both a norm?1

configuration.
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Figure 2.6

The junction of the VA's is caudal to the pontomedullary fissure. The branches of the
right PICA (HB PICA) supply the posterior inferior part of the cerebellar hemisphere.
A small anastomotic branch (An) connects the right PICA with the right AICA. The
right AICA arises about halfway from the RA and crosses the abducens nerve
ventrally. Its main trunk reaches almost as far caudolaterally as the pontomedullary
fissure, where it divides into its two main branches. The caudomedial branch (CMB)
passes along the facial and vestibulocochlear nerves to the suprafloccular part of the
horizontal fissure and then turns gradually in a medial direction. The rostrolateral
branch (RLB) forms first the meatal loop and then passes to the lateral part of the
horizontal fissure.

The left PICA is somewhat smaller than the right and supplies a smaller part of the
cerebellar hemisphere. The left AICA divides into its two main branches directly after
having crossed the abducens nerve. The rostrolateral branch (RLB) crosses the facial
and vestibulocochlear nerves ventrally without forming a meatal loop. It traverses the
flocculus and runs towards the horizontal fissure. The caudomedial branch (CMB) is
somewhat smaller in calibre and crosses the facial and vestibulocochlear nerves more
proximally. On the right side the SCA is a single artery, whereas it is duplicated on the
left side.

Figure 2.7

The VA's unite near to the pontomedullary fissure. On the right side no PICA is
present. The AICA crosses the abducens, facial and vestibulocochlear nerves ventral-
ly. It traverses the flocculus and describes a wide loop after which it follows a medial
directed course at first but gradually turns into a more caudal direction and thus
traverses the cerebellar tonsil. For a short distance it runs within the medullocerebei-
lar fissure and then divides into several branches that supply the posterior inferior
aspect of the cerebellar hemisphere. The proximal and distal limb of the wide loop of
the AICA are connected by a small anastomotic vessel (An). The marginal branch
(MB) of the right SCA runs in the horizontal fissure. Its branches supply the lateral
part of the cerebellar hemisphere and anastomose with the branches of the AICA (HB
AICA).

On the left side a comparable situation is present. A small branch, arising from the
left VA, can be described as PICA. The course of the left AICA is similar to the course
of the right AICA. A rostrolateral branch does not exist and the marginal branch
(MB) of the left SCA runs in the lateral part of the horizontal fissure. On both sides the
SCA is a single artery.

Figure 2.8

The VA's join each other rostral to the pontomedullary fissure. On the right side a well
developed PICA is present. One of its hemispherical branches (HB PICA) runs in the
posterolateral and the horizontal fissure. The right AICA is a short vessel and does not
reach further than the complex of the facial and vestibulocochlear nerves. It crosses
the abducens nerve ventrally. A smaller inferior accessory artery (I Ace A) follows a
similar course. Branches of the marginal branch (MB) of the SCA anastomose with
branches of the PICA on the surface of the superior semilunar lobule.

On the left side the branches of the PICA (HB PICA) supply the posterior inferior
aspect of the cerebellar hemisphere. The left AICA runs into a caudolateral direction
to the origin of the facial and vestibulocochlear nerves. It follows the course of these
nerves for some distance and does not form a meatal loop. After having traversed the
flocculus it runs within the horizontal fissure and divides into branches that
anastomose with branches of the PICA. A small superior accessory artery (SAccA)
runs parallel to the AICA and reaches the facial and vestibulocochlear nerve complex.
On both sides one SCA is present.
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Figure 2.9

The VA's unite somewhat caudal to the pontomedullary fissure. On the right side the
branches of the PICA (HB PICA) supply the posterior inferior aspect of the cerebellar
hemisphere. The right AICA crosses the abducens nerve ventrally and gives off a small
branch (FB) to the flocculus. After the crossing with the abducens nerve the artery
immediately turns caudally and crosses the facial and vestibulocochlear nerves
ventrally. On the flocculus it turns rostrally. passes between the nerves and turns
backwards towards the horizontal fissure. Within the suprafloccular part of the
horizontal fissure the artery bifurcates into two branches.

On the left side one of the hemispherical branches of the PICA (HB PICA) supplies
a part of the flocculus. The left AICA passes the abducens nerve ventrally. A tiny
caudomedial branch (CMB) arises from the proximal part of the AICA. The meatal
loop (ML) lies in close relation with the facial and vestibulocochlear nerves. On the
right side a double SCA is present, whereas on the left side the SCA is a single artery.
The marginal branch on the left side is more pronounced than on the right side.

Figure 2.10

The VA's join each other caudal to the pontomedullary fissure. On the right side the
posterior inferior aspect of the cerebellar hemisphere is supplied by a hemispherical
branch of the PICA (HB PICA). The right AICA passes ventral to the abducens nerve.
In the pontomedullary fissure the AICA passes behind the choroid plexus of the
fourth ventricle, where it divides into two branches to the anterior inferior aspect of
the cerebellar hemisphere. The right AICA does not bear any relation to the internal
auditory meatus. The marginal branch (MB) of the SCA supplies the lateral part of the
cerebellar hemisphere. Its branches anastomose with branches of both the PICA and
the AICA. A small superior accessory AICA (SAccA) is present.

On the left side the major part of the cerebellar hemisphere is supplied by branches
of the PICA (HB PICA). The AICA on this side has a small calibre. It crosses the
abducens, the facial and the vestibulocochlear nerves ventrally and does not bear any
relation to the internal auditory meatus. On the surface of the gracilis lobule the AICA
describes a loop and turns backwards to the choroid plexus of the fourth ventricle. The
marginal branch (MB) of the SCA on both the right and the left side is well
developed.

Figure 2.11

The VA's join each other near to the pontomedullary fissure. The right PICA is small.
The right AICA bifurcates into a caudomedial branch (CMB) and a rostrolateral
branch (RLB) between the crossing with the abducens nerve and the crossing with the
facial and vestibulocochlear nerves. The CMB passes dorsally from the facial and
vestibulocochlear nerves and describes a wide loop along the border of the flocculus
towards the medial aspect of the right cerebellar hemisphere. The RLB forms the
meatal loop (ML) and runs laterally in the horizontal fissure. The marginal branch
(MB) of the SCA runs parallel to the RLB. The posterior inferior aspect of the right
cerebellar hemisphere is supplied by branches of the left PICA. The left PICA also
supplies the major part of the inferior aspect of the left cerebellar hemisphere. One of
its branches (B PICA) traverses the flocculus, runs dorsally from the facial and
vestibulocochlear nerves and then back to the pontomedullary fissure.

The AICA on the left side is small and does not reach further than the
vestibulocochlear nerve. The right SCA bifurcates immediately after originating from
the BA. The left SCA is triplicated.
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Figure 2,12

The VA's unite caudal to the pontomedullary fissure. On the right side two PICA's
arise from the VA. The posterior inferior aspect of the cerebellar hemisphere is
supplied by branches of the PICA's. The right AICA arises from the distal half of the
BA. Because of its distal origin the artery bears no relation to the abducens nerve. The
meatal loop (ML) lies dorsal to the facial and vestibulocochlear nerves but the artery
crosses these nerves ventrally. It runs to the horizontal fissure and its branches
anastomose with branches of the PICA and of the marginal branch (MB) of theSCA.
Caudal to the origin of the AICA an inferior accessory artery (IAccA) arises that
crosses the abducens nerve ventrally.

On the left side branches of the PICA (HB PICA) supply the posterior inferior
aspect of the cerebellar hemisphere. The left AICA crosses the abducens nerve and the
complex of the facial and vestibulocochlear nerves dorsally and then forms a wide
loop that is not related to the internal auditory meatus. The artery passes backwards
on the surface of the flocculus and in the vicinity of the choroid plexus of the fourth
ventricles it changes its direction again and runs laterally in the posterolateral and the
horizontal fissure. A small inferior accessory artery (IACCA) crosses the abducens
nerve ventrally and ends on the flocculus. The SCA's are symmetrically developed.

Figure 2.13

The VA's join each other near to the pontomedullary fissure. On the right side the
PICA arises from the distal part of the right VA near to the site of junction with the
left VA. In its first trajectory the PICA runs into a rostrolateral direction. On the
surface of the abducens nerve the artery turns in a caudal direction and after a
tortuous course it proceeds between the medulla and the cerebellar tonsil. Its branches
(HB PICA) supply the posterior inferior part of the cerebellar hemisphere. The right
AICA follows a caudolateral course in its first trajectory. It runs between the abducens
nerve and the proximal part of the PICA and follows the pontorrfedullary sulcus until
it reaches the vestibulocochlear nerve. On the ventral surface of this nerve the meatal
loop (ML) is located. The artery proceeds laterally in the horizontal fissure. Its
terminal branches anastomose with branches of the marginal branch (MB).

On the left side the PICA arises from the proximal part of the VA. It runs into a
rostral direction parallel to the VA and returns within the medullocerebellar sulcus.
The left AICA arises from the proximal part of the BA. It crosses the abducens. the
facial and the vestibulocochlear nerves ventrally. The meatal loop (ML) is located
lateral to the nerves. Within the suprafloccular part of the horizontal fissure the artery
bifurcates into a caudomedial branch (CMB) and a rostrolateral branch (RLB). On
both sides one SCA arises from the BA.

Figure 2.14

The VA's join each other near to the pontomedullary fissure. The branches of the right
PICA (HB PICA) supply most of the inferior aspect of the cerebellar hemisphere. The
AICA follows a caudolateral course, crosses the abducens nerve ventrally and then
curls around the facial and vestibulocochlear nerves. The meatal loop (ML) lies dorsal
to these nerves. The artery proceeds in the horizontal fissure. No caudomedial branch
is present.

The branches of the left PICA (HB PICA) have a similar area of supply as those of
the right side. The left AICA arises from about the same level of the BA as the right
AICA. After having crossed the abducens nerve on the ventral side the artery forms a
loop on the ventral surface of the facial nerve and immediately divides into a
caudomedial (CMB) and a rostrolateral branch (RLB). Both branches are only short.
The marginal branch (MB) of the SCA runs within the lateral part of the horizontal
fissure. On both sides one SCA is present.
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Figure 2.15

The VA's unite somewhat distal to the pontomedullary fissure. The branches of the
right PICA (HB PICA) supply the posterior inferior part of the cerebellar hemisphere.
The right AICA crosses the abducens nerve ventrally and turns towards the internal
auditory meatus with a superior concave curve. No real meatal loop is formed. The
artery runs laterally in the horizontal fissure.

The branches of the left PICA (HB PICA) supply about the same part of the
cerebellar hemisphere as on the right side. The left AICA differs little from the right
AICA. It crosses the crania! nerves ventrally. A not very pronounced meatal loop
(ML) is formed. The SCA's are about symmetrical in their first traject.

Figure 2.16

The VA's unite somewhat distal to the pontomedullary fissure. On the right side a
small PICA is present. The AICA on this side is much larger. It arises from the
proximal third of the BA. The artery crosses the abducens, facial and vestibulo-
cochlear nerves ventrally without forming a meatal loop. It courses in the vicinity of the
posterolateral fissure and just before it reaches the horizontal fissure it bends in a
caudomedial direction. After having formed a wide loop on the surface of the
cerebellar hemisphere it reaches the cerebellomedullary fissure and here it changes
direction again. The artery finally divides into branches that supply the posterior
inferior aspect of the cerebellar hemisphere (HB AICA). The marginal branch (MB) of
the SCA runs laterally in the horizontal fissure.

On the left side the anatomical situation is totally different. The PICA is
considerably larger and its branches supply the same territory as the branches of the
AICA on the right side. Only a very small left AICA is present, and does not reach
further than the complex of the facial and vestubulocochlear nerves. The flocculus is
supplied by a branch of the SCA. The marginal branch (MB) runs in the lateral part of
the horizontal fissure. On the right side one SCA is present. The left SCA is
duplicated.

Figure 2.17

The VA's join each other near to the pontomedullary fissure. The hemispherical
branches of the right PICA (HB PICA)supply the medial part of the posterior inferior
aspect of the right cerebellar hemisphere. The AICA crosses the abducens nerve
ventrally. The meatal loop (ML) lies ventral to the facial and vestibulocochlear nerves.
The AICA continues its course in the suprafloccular part of the horizontal fissure,
where it bifurcates into two branches, neither of which takes a caudomedial course.
The most rostral branch reaches almost as far as the marginal branch (MB) of the
SCA. The more caudally situated branch runs within the horizontal fissure and its
hemispherical branches supply the lateral part of the right cerebellar hemisphere and
anastomose with the hemispherical branches of the PICA.

On the left side the branches of the PICA extend more laterally than those of the
right side. The left AICA crosses the abducens nerve ventrally and then passes between
the facial and vestibulocochlear nerves. Immediately dorsal to the nerves, the meatal
loop (ML) is situated. A small caudomedial branch (CMB) is present. On both sides
one SCA is seen.
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Figure 2.18

The arteries show a tortuous course. The VA's unite distal to the pontomedullary
fissure. The first part of the right PÏCA is also tortuous. The hemispherical branches
of the right PICA (HB PICA) supply the posterior inferior aspect of the cerebellar
hemisphere. The right AICA is small and bifurcates on the ventral aspect of the
abducens nerve. The most rostral of the two branches joins the vestibulocochlear
nerve. The other branch curves over the flocculus and ends near to the posterolateral
fissure. The marginal branch (MB) of the right SCA is strongly developed.

The branches of the left PICA supply not only the posterior inferior aspect of the
cerebellar hemisphere but also the more anterior aspect of the cerebellar hemisphere.
One branch of the PICA runs in the posterolateral and the horizontal fissure. In the
suprafloccular part of the horizontal fissure runs an artery that is an anastomosis
between the PICA and the SCA. The left AICA is very small. It crosses the abducens
nerve dorsally and does not reach as far as the facial and vestibulocochlear nerves. The
left SCA is duplicated and the right SCA is single.

Figure 2.19

The VA's unite at the level of the pontomedullary fissure. The branches of the right
PICA supply only the medial part of the posterior inferior aspect of the cerebellar
hemisphere. The AICA describes a superior concave curve and crosses the abducens
nerve dorsally. The meatal loop (ML) lies in close contact with the facial and
vestibulocochlear nerves and the AICA does not proceed more laterally. The right
marginal branch (MB) has a tortuous course and is of considerable size. Its branches
supply the lateral aspect of the inferior part of the right cerebellar hemisphere and
anastomose with the branches of the PICA.

The branches of the left PICA (HB PICA) supply the posterior inferior part of the
left hemisphere. The left AICA crosses the abducens nerve ventrally. It runs further in
a caudolateral direction, crosses the facial and vestibulocochlear nerves also on the
ventral side, turns back on the surface of the flocculus and passes between the nerves
to the suprafloccular part of the horizontal fissure. It continues its course into a lateral
direction. The marginal branch (MB) is of small calibre. The right SCA bifurcates
soon after its origin from the BA.

Figure 2.20

The VA's join each other at the level of the pontomedullary lissure. The right VA
shows a tortuous course. The right PICA arises from the distal part of the VA. Its runs
caudally within the cerebellomedullary fissure. Its branches (HB PICA) supply the
posterior inferior aspect of the right cerebellar hemisphere. The right AICA crosses
the abducens. the facial and the vestibulocochlear nerves ventrally. The meatal loop
(ML) lies lateral to the nerves on the surface of the flocculus. The AICA proceeds
laterally in the vicinity of the horizontal fissure.

On the left side no PICA is present. The left AICA arises from the same level of the
BA as the right AICA. It first runs parallel to the BA and the distal part of the left VA.
Near to the choroid plexus of the fourth ventricle it turns towards the triaeminal nerve.
When it reaches the trigeminal nerve it proceeds caudolaterally and surrounds the
flocculus. When it reaches the choroid plexus from the opposite side it
bends in a caudal direction and its branches supply the posterior inferior aspect of the
left cerebellar hemisphere. Just before the artery reaches the choroid plexus
a thin rostrolateral branch arises that proceeds laterally near to the horizontal fissure.
On both sides one SCA arises from the BA.
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DISCUSSION

In all 20 specimens examined AICA's were always present. However, in
some instances it remains questionable whether a small artery, arising
from the BA, should be regarded as an AICA or as one of the
circumferential arteries. This is especially so in cases 16L and 18L. The
AICA always arises from the lower or middle third of the BA, which is in
accordance with the findings of others (Stopford, 1916; Krayenbühl and
Yasargil, 1957; Lazorthes, 1976; Naidich et al, 1976).

Duplication of the artery is observed in 10 instances (table 2.1) whilst in 5
instances a superior accessory artery, and in 5 instances an inferior
accessory artery is present. Triplication of the AICA was not observed.
The relation with the abducens nerve was studied in all cases. In 6
instances the artery passes dorsal to the nerve, in 33 instances the artery
passes ventral to the nerve and in one case (12R) there was no relation
between the abducens nerve and the artery because the position of the
AICA was too far rostral. These figures are similar to those of Cushing
(1910).

TABLE 2.1.
Qassification of the anterior inferior cerebellar arteries in the twenty normal specimens

specimen AICA
number type

relation
to N.Abd.

Meatal
loop
present

Accessory
AICA

R
L

R
L

R
L

R
L

R
L

R
L

R
L

R
L

R
L

II+CMB
I

II
II

III A
II

II
II

I
II+CMB

II+CMB
III

IV A
IV A

I
II

II
II+CMB

Ventral
Ventral

Ventral
Dorsal

Ventral
Ventral

Ventral
Dorsal

Ventral
Ventral

Ventral
Ventral

Ventral
Dorsal

Ventral
Ventral

Ventral
Ventral

Inf

Süp
Inf

Sup

Sup

Inf
Sup



31

10

11

12

13

14

15

16

17

18

19

20

R
L

R
L

R
L

R
L

R
L

R
L

R
L

R
L

R
L

R
L

R
L

I
I

III
I

II
II

II

II+CMB

II
I

II
II

IV
II

II
II+CMB

I
I

II
I

II
iiiA

Ventral
Ventral

Ventral +
Ventral

No rel. +
Dorsal

Ventral +
Ventral +

Ventral +
Ventral

Ventral
Ventral +

Ventral
Ventral

Ventral +
Ventral +•

Ventral
Dorsal

Dorsal +
Ventral +

Ventral +
Ventral

Sui

Inf
Inf

The relation between the AICA and the facial and vestibulocochlear
nerves could not be studied because examination took place after
removal of the brains from the skulls. For the same reason no study could
be made of the small arteries which arise from the AICA in the vicinity of
the internal auditory meatus.

In our material many variations in the course and areas of supply are
observed. Four main types of AICA's are distinguished. Figure 2.21 is a
schematic drawing showing the configuration of these four types.

The type I AICA does not reach further laterally than the cerebello-
pontine angle.

The type II AICA extends laterally as far as the lateral border of the
cerebellar hemisphere but gives off no or only a small caudomedial branch.

In the type III AICA the caudomedial branch is of considerable size
and takes over the area of supply of the PICA or part of this area. In this
type the artery also extends laterally and the lateral segment of the artery
is now referred to as the rostrolateral branch.

In the type IV AICA the artery does not extend laterally but first runs
caudolaterally and then changes course in a caudomedial direction. In
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X"
TYPE I TYPE II

TYPE III TYPE III A

TYPE IV TYPE IV A

Figure 2.21.

The main types of the anterior inferior cerebellar artery.

this case the marginal branch of the SCA runs in the lateral part of the
horizontal fissure.

In the types III A and IV A no PICA is present and the whole inferior
aspect of the cerebellar hemisphere is supplied by branches of the AICA.

In table 2.1 the most significant data from the 20 examined specimens
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are summarized. The AICA's are classified according to the four types
outlined above.

As regards the major branches of the AICA, the nomenclature of
Naidich et al (1976) has, for the greater part, been adopted. The two
major branches of the AICA are referred to as the rostrolateral and the
caudomedial branch. However, Naidich et al claim that a caudomedial
branch is consistently present and further that bifurcation of the AICA
always takes place in the vicinity of the abducens nerve. This is in
contrast with the findings of other authors (Atkinson, 1949; Gerald et al,
1973; Perneczky and Tschabitscher, 1976) who also describe two main
branches but state that bifurcation takes place in the cerebellopontine
angle cistern. Naidich et al also described this more distal bifurcation, but
state that it is the division of the rostrolateral artery into the ascending
and the descending branch whereas the caudomedial artery is given off
from the AICA more proximally. This finding implies the presence of two
major bifurcations and therefore of three major branches. A similar
differentiation has been made by Salamon and Huang (1976), who
mentioned three major hemispheric branches of the AICA, but only in
cases where no PICA was present.

In the present material a caudomedial branch as described by Naidich
et al was observed in 5 instances (3R, 6L, 9L, 11R and 17L). In all these
cases the caudomedial branch was given off at, or a few millimeters distal
to, the crossing with the abducens nerve. Two of these AICA's are
classified as type II (9L and 17L) because in these instances the
caudomedial branch is only a small artery. The other 3 cases are classified
as type III because the CMB has taken over the whole area of supply of
the PICA or a considerable part of it.

In one instance (1R) the CMB emerged from the AICA at its crossing
with the facial and vestibulocochlear nerves. In two more cases (5L and
13L) a branch that followed a caudomedial course emerged even more
distally, i.e. from the segment of the AICA that runs in the suprafloccular
part of the horizontal fissure. These 3 cases are all classified as type II
because the CMB does not take over a substantial part of the area of
supply of the PICA.

In the 3 cases in which a type IV AICA is present (7R, 7L, 16R) the
term caudomedial branch is not used, although the distribution of the
artery is comparable to the distribution of the caudomedial branch of the
type III AICA. For the same reason the term rostrolateral branch is not
used when no caudomedial branch is present as is found in the type II
configuration of the AICA.

A meatal loop is present in a total of 18 cases. In 16 of these cases the
AICA is of the type II configuration and in 1 case of the type III
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configuration (ÜK). In one more case (19R) a meatai loop is present in
an AÏCA of the type I configuration.

The classification chosen by us differs in some respects from the
classification of Lazorthes (1950, 1961). The latter is primarily based on
the area of supply of the AICA and not on the configuration of the
artery. The type HI AICA of Lazorthes supplies not only the anterior
aspect of the cerebellum but also the anterolateral part of the inferior
aspect of the cerebellar hemisphere. Specimens 6L, 7R, 17R and 19R may
be considered to be examples of this type. Our type III AICA is
characterized by the presence of two main branches, of which one takes
over the area of supply of the PICA or part of it. This type III
configuration can be considered as equivalent to the type IV AICA of
Lazorthes, because in this case the artery supplies the total anterior and
the total inferior aspect of the cerebellar hemisphere. Our type IV AICA,
which is characterized by its caudomedial extension and by the absence of
a lateral branch, and therefore by the absence of a lateral territory of
supply, is not mentioned by Lazorthes.



CHAPTER 3

RADIOLOGY

REVIEW OF THE LITERATURE

VISUALIZATION OF THE VERTEBROBASILAR SYSTEM

Visualization of the vertebrobasilar system in a patient was first per-
formed by Moniz et al in 1933. Contrast medium was injected into the
subclavian artery which was exposed in the supraclavicular fossa.

Percutaneous puncture of the subclavian artery was described by
Shimidzu in 1937. Lindgren (1950), however, reported poor results with
this technique.

Direct application of the contrast medium into the vertebral artery was
described by Olivecrona (1935), Berczeller and Kugler (1937) and Sjö-
quist (1938). In these cases it was necessary to expose the vertebral artery
operatively. Percutaneous puncture of the vertebral artery was for the
first time proposed by Takahashi (1940), who punctured the artery in its
proximal part.

Sugar et al (1949) and Lindgren (1950) punctured the artery in its more
distal part where it courses through the foramina of the transverse
processes of the cervical vertebrae. Direct puncture of the vertebral artery
was still used by Yasargil in 1962.

Radner (1947) introduced vertebral angiography by means of cathe-
terization. A catheter was inserted into the radial artery and was guided
through the main arterial trunk into the vertebral artery. In 1951 he
described the results of 221 cases performed by this method.

Olsson (1953) catheterized the vertebral artery through the subclavian
artery. As in Radner's cases, the artery had first to be exposed opera-
tively.

Percutaneous transbrachial angiography of the vertebral artery was
described by Pygott and Hutton (1959), Tatelman and Sheehan (1962),
and Van den Bergh and Van der Drift (1963). Similar catheter techniques
were used by Hanafee (1963) and by Roy (1965), who punctured the
axillary artery. The subclavian artery was punctured by Amplatz and
Hamer (1962) and by Weibel (1966).

In 1953 Seldinger introduced a new catheter technique. Via an arterial
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puncture a guide wire is placed into the vessel. Over this guide wire a
catheter is introduced. Using this technique it is possible to introduce a
catheter with a wider diameter than the needle used for the puncture.

Catheterization ofthe vertebral artery through puncture ofthe femoral
artery was done by Lindgren (1956). However, he did not use the method
described by Seldinger, but punctured the femoral artery with a thick
needle through which a thin catheter was introduced.

Bonte et al (1958) used the Seldinger method to catheterize the
vertebral artery. Soon other reports using the same method were
published (Brenner, 1961; Cronquist, 1961; Scatliff et al, 1965; Newton et
al, 1966; Braun et al, 1966).

Scatliff et al (1965) formulated some disadvantages of the catheter
method. They regarded plugging ofthe vertebral artery by the catheter as
the principal danger and, because of this, they emphasized that the
catheter approach is not the perfect answer for angiography of the
vertebrobasilar system. However, the Seldinger technique via the femoral
artery is nowadays considered the method of choice for angiography ofthe
vertebrobasilar system.

Thin catheters with an outer size French 5,0 or even 4,1 are used to
catheterize selectively the largest ofthe two vertebral arteries, Fluoroscopy
is used in a test injection to ensure correct positioningofthe catheter and free
flow ofthe contrast medium.

Guidewires should be handled with great care: when they are removed
no injection should take place before blood drips from the catheter, since
otherwise air may be sucked into the catheter.

Attention should be paid to the reactions ofthe patient: when there are
complaints which can even remotely be attributed to the position of the
catheter or reaction to the injection of contrast material, the examination
should not be carried out when no vital indication exists. In the latter case
the catheter can eventually be introduced into the vertebral artery on
the contralateral side. Directly after the injection of contrast medium the
catheter should gently be pulled out of the vessel to prevent spasms.

The contrast medium that is used must be of low toxicity, as most of
the modern contrast media are. In critical cases a non-ionic water-soluble
contrast medium should be used. If all these conditions are fulfilled,
vertebral angiography may be considered a low-risk investigation.

SUBTRACTION

Visualization of the smaller intracranial vessels is only satisfactory when
subtraction is used. This is especially the case with respect to the smaller
branches of the BA. Tönnis and Schiefer (1959) stated that the small
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arteries of the pons, the IAA and the AICA, have angiographically no
significance, because in the lateral projection these arteries cannot be seen
through the dense bone structures. Indeed, the AICA and its branches are
completely obscured by the petrous bones in the lateral projection if no
subtraction is used. Also in the antero-posterior (AP) projection it may
be difficult to identify the exact course of the AICA and its branches
when subtraction films are not utilized.

The principle of subtraction was first used in astronomy (Pickering,
1904). This was noted by Ziedses des Plantes (1934), who introduced the
use of subtraction to medicin. However, it took many years before the
technique was routinely used in angiography. In 1961 in a detailed
monograph by Ziedses des Plantes seme fine examples of subtraction in
angiography were shown. Also in this monograph the principle of the so-
called second order subtraction was discussed.

The use of this technique in carotid angiography was demonstrated by
Hanafee and Shinno (1966). They concluded that second order subtrac-
tion permits visualization of the brain substance in the capillary phase.
Avascular areas, localized cerebral edema and minor vascular blushes
can better be demonstrated by this method than by first order subtraction.
In a paper on the radiographic anatomy of the AICA Takahashi et al
(1968) reviewed 250 vertebral angiograms. They frequently used second
order subtraction, which was considered essential for the adequate
visualization of the finer ramifications of the AICA.

In order to obtain a first order subtraction an "empty" roentgenogram
without contrast is required. This roentgenogram is usually obtained
immediately prior to serial angiography. A diapositive is made of this
"empty" film and the diapositive is then superimposed on one or more
roentgenograms of the angiographic series. On the contact print of these
two roentgenograms the bony structures are "grayed out" and the
arteries which are filled with contrast are enhanced. On this film only a
faint outline of the bony structures remains. If this faint image of the
skull still interferes with the angiography, a second order subtraction can
be made. A second diapositive is obtained by registering the first
"empty" roentgenogram with its own diapositive. The faint film that is
thus produced is, together with the first diapositive, superimposed on the
roentgenogram of the angiographic series. Contact prints of these three
films are called second order subtractions and show almost no bony struc-
tures.

THE AICA IN VERTEBRAL ANGIOGRAPHY

Many reports on vertebral angiography were published during the fifties
and sixties. No doubt existed as regards the significance of this technique
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in the visualization of aneurysms (Collins et al, 1957; Krayenbiihl and
Yasargil, 1957).

The importance of vertebral angiography in the diagnosis of posterior
fossa tumours has been emphasized by many authors (Columella and
Papo, 1955; Löfgren, 1956; Isfort, 1960; Brenner, 1961; Mones, 1961;
Allcock, 1962; Yasargil, 1962). Avascular areas and abnormal tumour
stains were regarded useful signs, but displacement of arteries was also
considered to be of value in localizing tumours. Olsson (1953) regarded
such tumour diagnosis by displaced vessels as disappointing. He stated
that the vertebral system is a sector with a much more primitive pattern
than the carotid system which, unlike the carotid system, does not bear a
regular relationship with the mtdline. Moreover, the vascular pattern
varies widely from side to side and from patient to patient. Olssnn was of
the opinion, however, that experience and a more detailed knowledge of
the anatomy would in time make it possible to judge displacements of
various types.

Khilnani and Silverstein (1963) shared Olsson's view that vascular
displacements in the posterior fossa are only rarely of localizing value.

Those authors who regarded displacement of posterior fossa arteries as
an important localizing sign only mentioned the BA, the PICA and the
SCA. The AICA was considered by them to be of no angiographical
significance (Radner, 1951; Tönnis and Schiefer, 1959). Allcock (1962),
who regarded vertebral angiography as a useful tool in the diagnosis of
space-occupying lesions, did not mention the AICA in a review of 96
cases.

Radiological visualization of the AICA was for the first time described
in the late sixties (Dilenge and David, 1967; Mani et al, 1968; Takahashi
et al, 1968; Ziedses des Plantes, 1968; Peeters, 1969). Apparently, this was
due to a more wide-spread use of subtraction techniques.

Although knowledge of the anatomy of the AICA was available at the
beginning of the century, it is surprising that in most angiographic
reports little attention is paid to the variable origin, course and distribu-
tion of this artery.

The following data on the radiographic anatomy of the AICA have been
mentioned in the radiological literature. Salamon and Huang (1976)
described the loop that is formed by the AICA where it is in close relation
to the flocculus. The variable size of the artery and the caudal extension
of the AICA when the PICA is atretic or absent were also reported.

Takahashi et al (1968, 1974) analyzed 100 angiographies and found
that the AICA followed the "usual course" in about half of the cases. In
40% one or both AICA's supply the areas which are normally supplied by
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the PICA. The reverse situation, in which the PICA supplies the area
normally supplied by the AICA, was only present in 9% of the cases.

Gerald et al (1973) found the AICA was equal to or larger than the
PICA in 25% of the cases. In 60 of 74 AICA's visualized a meatal loop
was seen. It was not possible to determine whether this loop was
inside or outside the internal auditory meatus. Gerald also described
two main branches of the AICA and observed these two main
branches in 72 cases. Only in 18 cases branching was not seen with the
medial branch usually absent. The course of the proximal segment of the
AICA in angiography may be straight, convex superiorly, convex
inferiorly or the artery may even show a double loup with convexities
both superiorly and inferiorly.

Ross and Du Boulay (1976) pointed out that usually the proximal or
pontine portion of the AICA shows an inferior convexity, but that this
portion is often tortuous when the BA curves to the ipsilateral side.

An inverse relationship in size between the AICA and the PICA is
mentioned by George (1974). In the same report the common trunk of the
AICA and the PICA is mentioned, which is present in about 30% of the
cases. George also describes the meatal loop and the medial branch,
which is infrequently visualized. He distinguishes four segments of the
AICA: a pontine segment, a cerebellopontine angle segment, a flocullar
segment and a semilunar segment. The AICA is considered by him
diagnostically as the most important vessel for the evaluation of cerebel-
lopontine angle tumours and he emphasizes that preoperative visualiza-
tion of the artery is important in order to avoid inadvertent ligation of the
AICA during acoustic neurinoma surgery.

In 1949 Atkinson pointed out the danger of occlusion of the AICA
during surgery. A fact stressed again by Takahashi (1968) and by Pinto
(1977) in a paper on the base view in vertebral angiography, in which the
importance of preoperative visualization of the cerebellar vasculature
and especially of the AICA was emphasized. Kieffer et al (1975),
however, delineated the AICA in only 10 of 19 cases of cerebellopontine
angle tumours and they considered the artery usually as small and
difficult to recognize without subtraction and magnification techniques.

The most important study of the radiological appearance of the AICA
in the lateral projection is that of Naidich et al (1976). The angiographic
anatomy of both main branches of the AICA (the rostrolateral artery and
the caudomedial artery) is described in detail and illustrated by drawings
and photographs of anatomical specimens. Both main branches are divided
into segments.

The loop that is formed by the rostrolateral artery in the vicinity of the
porus acusticus internus is either single or double. The single loop is
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designated the meatal loop and the double loop is called the M-segment
because of its resemblance to the letter M in the lateral projection. This
M-segment consists of a meatal loop and a brachial loop, the latter being
in close relation to the brachium pontis. Together with the suprafloccular
segment of the rostrolateral artery the brachial loop of the M-segment
forms the brachial segment of the rostrolateral artery. The rostrolateral
artery divides into an ascending and a descending branch. A portion of
the descending branch is designated the retrofloccular segment and this
segment, together with the suprafloccular segment and the M-segment,
forms the so-called floccular loop. The distal part of the descending
branch is called the biventral segment. Also a part of the caudomedial
artery is called the biventral segment by Naidich et al. This segment
represents the portion of the caudomedial artery located distal to a lateral
loop formed by the more proximal part of the caudomedial artery.

Angiographic demonstration of the internal auditory artery, being in
most cases a branch of the AICA, is seldom mentioned. Walker (1965)
was able to visualize the internal auditory artery in dogs. However, he
doubted whether it would be possible to do so in man.

According to Sartor (1976) and Ross and Du Boulay (1976) the
internal auditory artery is only occasionally visualized in vertebral
angiography.

Smaltino et al (1971) found that the internal auditory artery in
vertebral angiography is visible only for a short interval of time. They
succeeded in visualizing the internal auditory artery in 22 of 30 cases. In
one third of the cases the artery was observed bilaterally. They sub-
divided the internal auditory artery into a precanalicular or cisternal
segment and an intracanalicular segment. The artery was usually visible
for a length of about 2 cm and had a diameter of 0.5 mm. This artery was
also studied in cases of "sudden deafness" and Ménière syndrome in
which only the stump of the so-called cerebello-labyrinthine artery was
visible. In cases of intra- and extracanalicular neurinoma of the eighth
nerve the intracanalicular segment was stretched and the cisternal
segment stretched and displaced.

Vogelsang (1974) also noted that the internal auditory artery is only
visible during a short period and mostly in the beginning of the arterial
phase. Rapid film exchanging is therefore necessary. Subtraction and
magnification techniques are also considered essential by him. When
these conditions are met, it is possible to visualize the internal auditory
artery on one side in about half of the cases and bilaterally in one third of
the cases.
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PROJECTION

Most authors consider the transfaciai or straight anteroposterior (AP)
view the best projection to visualize all segments of the AICA in the
frontal view (Dilenge and David, 1967; Takahashi et al, 1968, 1974;
Hanafee and Wilson, 1972; Greitz and Lindgren, 1971; Sartor, 1976;
Krayenbühl et al, 1979). Others routinely use Towne or halfaxial views
(Goree et al, 1964; Gerald et al, 1973; Naidich et al, 1976; Taveras and
Wood, 1976). Occasionally it may be difficult to identify the exact course
of the AICA in these projections because of the superimposed branches
of the PICA (Takahashi et al, 1968, 1974; Krayenbühl et al, 1979). A
disadvantage of the AP projection is that the caudomedial branch is
greatly foreshortened (Ross and Du Boulay, 1976). Furthermore, poste-
rior displacement of the AICA may be better visualized in the Towne
projection (Krayenbühl et al, 1979).

Little attention has been paid to the AICA in the lateral projection. Even
after subtraction it may often be impossible to identify the artery through
the dense structures of the petrous bones (Sartor, 1976; Takahashi, 1968).
Also superimposition of the right and left AICA often makes exact
identification of the artery difficult.

The extensive study of the AICA in the lateral projection of Naidich et
al (1976) has already been mentioned. The anatomical description of both
main branches of the AICA in this study is very detailed and many of the
details can be recognized in the lateral projection. No figures are
presented on the percentage of angiograms in which this detailed analysis
was not possible because of superimposition of either bony structures or
of the contralateral AICA.

The oblique projection in the diagnosis of cerebellopontine angle tu-
mours has been discussed by Hayman et al (1979) and was mentioned by
Huang et al (1971) and by Moscow and Newton (1975). In order to obtain
this projection, the face of the patient is turned 45 degrees towards the
side of interest and the central ray is directed through the long axis of the
cerebellopontine angle cistern. The vessels on the surface of the pons, the
medulla and the cerebellar hemisphere on this side are seen in profile.
Superimposition of bone and vessel images upon the tumour site is thus
reduced to a minimum. Furthermore, problems caused by variation in
vascular anatomy are also reduced. The authors state that variations in
origin and branching pattern of vessels such as the AICA are of
secondary importance. However, the oblique projection can provide
important information about tumour vascularity and can make vital
brain stem vessels visible — this will reduce the risk of operation.
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The base view is not often used although it offers certain advantages
(Maker and Roberson, 1972; Pinto et al; 1977). Especially medial
displacement of the so-called prepontine segment of the AICA by a
cerebellopontine angle tumour, indicating brain stem impingement can
be made visible in the base projection. This observation may imply
adherence of the tumour to the anterolateral aspect of the brain stem
making total excision of the tumour impossible. Other projections do not
provide this important information.

THE AICA IN POSTERIOR FOSSA TUMOURS — GENERAL ASPECTS

The radiological diagnostic approach to posterior fossa tumours has been
entirely modified by the introduction of CT-scanners. With the present
third or fourth generation CT-scanners small acoustic neurinomas can be
diagnosed, even when these tumours are located within the internal
auditory canal (Valavanis et al, 1982). The rapid development of CT-
technology has drastically diminished the importance of angiography in
locating both supratentorial and infratentorial tumours (Pertuiset et al,
1979; Philippon et al, 1979).

Diagnosis of space-occupying lesions in the posterior cranial fossa by
means of angiography alone has always been considered difficult (Greitz
and Lindgren, 1971), and some authors have even doubted the diagnostic
value of vascular displacements in vertebral angiography (Olsson, 1953;
Khilnani and Silverstein, 1963). It may nevertheless be stated that the
numerous reports on vertebral angiography in posterior fossa tumours, ;
which appeared during the years that CT-scanning was not possible, have '
provided valuable data on displacements of posterior fossa arteries in
various space-occupying lesions and on the vascularization of tumours.
Nowadays the localization of posterior fossa tumours by means of CT is
superior to localization by means of vertebral angiography.

However, angiographic findings may still be important, if not for the
localization of tumours, but for the visualization of tumour vasculature
and the relation of the tumour to the posterior fossa vessels.

There are several localizing classifications of posterior fossa tumours.
Naidich et al (1976) distinguished between extra-axial and intra-axial

tumours. Extra-axial tumours may be subdivided into:
1) clival tumours.
2) cerebellopontine angle tumours.
3) tentorial tumours.
4) infratentorial meningeomas.

Intra-axial tumours are:
1) brain stem gliomas.
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2) cerebellar peduncular and superior hemispheric tumours.
3) inferior hemispheric and intra fourth ventricular tumours.

Also Taveras and Wood (1976) made a division into extra-axial and
intra-axial tumours. Furthermore, they divided the posterior fossa into
an anterior and a posterior compartment.

The same was done by Greitz and Lindgren (1971). The posterior
compartment contains the cerebellar vermis and the cerebellar hemi-
spheres, whereas the anterior compartment contains the brain stem, the
cerebellopontine angles and the clivus.

Peeters (1969) subdivided the posterior fossa tumours into cerebello-
pontine angle tumours, brain stem tumours, tumours in the region of the
aqueduct, fourth ventricle and cerebellar vermis, tumours of the cerebel-
lar hemisphere and clivus tumours.

A similar subdivision was made by Takahashi (1974) and also by
George (1974), who in addition distinguished a category of rare extra-
axial tumours such as trigeminal neurinomas, glomus jugulare tumours
and lesions of the foramen magnum and of the floor of the posterior
fossa.

It may be pointed out that not all these tumours will effect the course
of the AICA in the same way or to the same extent.

THE AICA IN CEREBELLOPONTINE ANGLE TUMOURS

Masses arising in the cerebellopontine angle are most frequently acoustic
neurinomas. Other space-occupying lesions causing cerebellopontine
angle symptoms may be meningeomas, cpidermoid tumours, arachnoid
cysts, aneurysms, tuberculomas, gliomas and glomus jugulare tumours
(Wende and Nakayama, 1972).

High resolution axial and coronal computerized tomography and
oxygen CT cisternography are currently the methods of choice in the
diagnosis of acoustic neurinomas (Valavanis et al, 1982). However, there
are several reasons to perform vertebral angiography in the preoperative
evaluation of cerebellopontine angle tumours. Preoperative angiography
is considered essential in order to exclude the presence of vascular lesions
like aneurysms causing cerebellopontine angle signs (Long et al, 1973;
Bender, 1973; Taveras and Wood, 1976; Johnson and Kline, 1978). Such
aneurysms of the AICA may even be located within the internal auditory
canal (Mori et al, 1978). Furthermore, tortuous arteries of the vertebro-
basilar system may cause cranial nerve signs simulating a cerebellopon-
tine angle tumour (Kerber et al, 1972; Shalit and Reichenthal, 1978).
Philippon et al (1979) stated that in cerebellopontine angle tumours
computerized tomography provides enough information for surgery in
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those cases in which enlargement of the internal auditory meatus can be
seen on the skull film. However, when the clinical picture is incomplete or
the CT-scan atypical, vertebral angiography is indicated.

Another major reason to perform vertebral angiography preoperative-
Iy in cerebellopontine angle tumours is to visualize the relationship of the
major vessels (one of which is the AICA) to the tumour, as well as the
vascularity of the tumour itself (Hitselberger and House, 1966; Valvas-
sori, 1969; Takahashi et al, 1971; George, 1974; Hakuba, 1977; Pinto et
al, 1977; Numaguchi et al, 1980). Knowledge of the relation between the
tumour and the major vessels in the vicinity can be of vital importance.

Atkinson (1949) was the first to point out the danger of damage to the
AICA during cerebellopontine angle surgery. Seven cases were described
in which infarction of the lateral tegmental region of the pons had
occurred during or directly after the operation. At autopsy occlusion of
the AICA was in all cases found in the neighbourhood of the internal
auditory meatus, either due to a clip placed on the AICA or to
postoperative thrombosis of the artery. This suggests that occlusion of
the AICA may be a cause of death following cerebellopontine angle
surgery, especially when the AICA has a larger territory of supply than
usual, as may be the case when the PICA is small. Atkinson considered a
rise in blood pressure as an important warning sign.

Hitselberger et al (1966) reported a series of 114 patients who were
operated because of an acoustic tumour. 34 exhibited vital sign changes,
of which elevation of blood pressure was the most common. Pulse
changes were variable, and irregular respiration and either apnea or
hyperpnea were also noted. These changes in vital sign parameters were
regarded as warning that further attempts at tumour removal might be
dangerous. In one patient which died, the upper third of the pons and the
middle cerebellar peduncles were found to be necrotic. As no occlusion of
arteries was found, it might be assumed that arterial spasm was the cause
of infarction. The authors further pointed out that in case of dominance
of the AICA the surgeon should be alerted especially to severe complica-
tions.

Olivecrona (1967) made similar observations and showed that when
the tumours are larger more pontine infarctions occur. One of the three
patients described by Perneczky et al (1981) developed a caudolateral
pontine syndrome after acoustic neurinoma surgery. On re-exploring the
operating field, the caudomedial branch of the AICA was found to be
spastic. After application of papaverine the vessel released and symptoms
diminished.

As already noted, vascular displacements by cerebellopontine angle
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tumours can be of localizing value but are generally considered of less
importance since the introduction of CT-scanners. Takahashi et al (1971)
found that diagnostic accuracy of vertebral angiography is low for
tumours which are smaller than 1,5 cm in the greatest diameter. Earlier
reports on vertebral angiography in cerebellopontine angle tumours did
not mention displacements of the AICA. The most important sign of a
space-occupying lesion in the cerebellopontine angle was upward dis-
placement of the SCA (Olsson, 1953; Isfort, 1960; Leman et al, 1967;
Dilenge and David, 1967). Displacements of the PICA and the BA were
also mentioned in these papers. Smaller arteries, usually branches from
the AICA, surrounding a cerebellopontine angle tumour have been
mentioned in several reports (Goree et al, 1964; Dilenge and David, 1967;
Ziedses des Plantes, 1968; Greitz and Lindgren, 1971; Moscow and
Newton, 1975).

In a number of more recent reports displacement of the AICA in
angiography is regarded as an important localizing sign. Since the artery
lies in close contact with either the ventral or the dorsal aspect of the
facia! and vestibulocochlear nerves, the vessel may be either depressed or
elevated by a tumour (Takahashi et al, 1967, 1971; Peeters, 1969; Hanafee
and Wilson, 1972; George, 1974; Kieffer et al, 1975; Krayenbühl et al,
1979). Numaguchi et al (1980) reported 42 patients with acoustic
neurinomas and found superior displacement in 25 cases and inferior
displacement in 12 cases.

In general, superior displacement of the AICA is regarded as a reliable
indication of the presence of a cerebellopontine angle tumour. Since the
AICA usually takes a downward course, inferior displacement can only
be appreciated in larger tumours (Hanafee and Wilson, 1972; Takahashi
et al, 1971).

Pinto et al (1977) pointed out the posterior displacement of the AICA
away from the petrous bone. This type of displacement is seen more
frequently than a superior or an inferior shift in acoustic neurinomas.
The authors considered this type of displacement as a key sign in the
differentiation between intra- and extra-axial tumours. It can especially
be seen in the base view.

Naidich et al (1976) described an arcuate displacement of the main
trunk of the AICA and of the rostrolateral branch in the lateral
projection. Because the so-called M-segment is located postero-inferior
and medial to the porus acusticus, the usual acoustic neurinoma that
grows into the angle from the internal auditory canal displaces the AICA
and its rostrolateral branch postero-inferiorly and medially. The part of
the artery that is located proximal to the porus and that is anchored at
both the BA and the porus becomes bowed and elongated. Also inferior
displacement of the caudomedial branch may be seen.
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Ziedses des Plantes (1968) mentioned that most cerebellopontine angle
tumours do not show a significant staining. Hanafee and Wilson (1972)
found that approximately one third of patients with cerebellopontine
angle tumours have some degree of tumour staining.

Numaguchi et al (1980) could demonstrate tumour stains in 38% of
patients with acoustic neurinomas. They found it difficult to differentiate
between meningiomas and acoustic neurinomas by tumour stains only.

Takahashi et al (1971) found tumour staining in 20% of cerebellopon-
tine angle tumours. These stains, which were supplied by the AICA, were
reported to be faint and patchy. Also Kieffer et al (1975) regarded the
AICA usually as the chief artery supplying extra-axial and intra-axial
tumours in the cerebellopontine angle.

Levine et al (1973) demonstrated a contribution to the vascular tumour
supply from the external carotid artery in two cases of acoustic neurino-
ma. In one of these cases the tumour was supplied exclusively by the
external carotid artery and there was no apparent contribution from the
vertebro-basilar circulation. The authors suggested the study of external
carotid circulation in the radiological evaluation of acoustic neurinomas.

Moscow and Newton (1975) found contributions from neighbouring
meningial vessels to tumour vascularization in one third of cases.

Théron and Lasjaunias (1976) reported six cases of acoustic neurino-
mas supplied by branches of the external carotid artery. In only three of
these cases injection of the VA partially opacified the tumour. The
internal carotid artery contributed to the blood supply of the tumour in
three cases via the lateral artery of the clivus. Superselective catheteriza-
tion of the internal maxillary artery and of the ascending pharyngeal
artery was performed and tumour staining was observed in five and two
cases, respectively. Superselective catheterization of the occipital artery in
three cases did not reveal tumour staining. The authors suggested a new
angiographic protocol for the study of cerebellopontine angle tumours.
This protocol should include (1) selective injection of the vertebral artery,
(2) selective injection of the internal carotid artery, and (3) selective
injection of the main stem of the external carotid artery. Complementary
superselective injections should then eventually be made of the internal
maxillary artery or the middle meningial artery, the ascending pharyngeal
artery and the occipital artery. In the case of a hypervascular tumour,
preoperative embolization may be considered.

Perneczky (1980) stated that there is no evidence that acoustic neuri-
nomas are primarely supplied by the AICA. The primary tumour site is
outside the arachnoid. The AICA is easily striped away from the tumour
surface at operation, since it only sends some minute branches into the
tumour. When the tumour is split into a medial and a lateral part, its
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lateral portion appears to bleed much more than its medial portion.
Therefore, the blood supply of the tumour is primarily from dural vessels.

THE AICA IN CEREBELLAR TUMOURS

Tumours that most frequently occur in the cerebellum are medulloblas-
tomas, hemangioblastomas, astrocytomas, ependymomas and metastatic
tumours.

As is the case in cerebellopontine angle tumours, computed tomogra-
phy is nowadays the method of choice in the diagnosis of cerebellar
tumours.

In the years before CT-scan became a routine diagnostic procedure,
important localizing value was attributed to displacements of the various
segments and branches of the PICA (Wolf et al, 1962; Yasargil, 1962;
Dilenge and David, 1967; Hoffmann and Leifer, 1967; Peeters, 1969;
Greitz and Lindgren, 1971; George, 1974; Ta veras and Wood, 1976).

In tumours located within the superior part of the cerebellar hemi-
sphere the SCA may be stretched and elevated (Wolpert, 1971). The
course of the AICA is affected by cerebellar masses, but these changes are
considered to be unspecific (George, 1974).

Takahashi (1974) mentioned a straightened and stretched course
of the AICA when fourth ventricle or cerebellar tumours are associated
with an increased pressure within the posterior fossa. This appearance
may simulate elevation or depression of the artery. Elevation or depres-
sion of the AICA may also exist when a cerebellar tumour extends within
the cerebellopontine angle.

Naidich et al (1976) made a more detailed analysis of displacements of
the AICA in cerebellar tumours. According to their observations, the
main trunk of the AICA and the so-called ascending artery may be
displaced by vermian and medially situated quadrangular lobule tu-
mours. Moreover, superior and inferior hemispheric masses can be
distinguished, because the rostrolateral branch of the AICA, which
courses in the horizontal fissure and thus describes an equator through
the cerebellar hemisphere, will be bowed inferiorly or superiorly, respec-
tively, by these masses. The brachial segment of the rostrolateral branch
of the AICA will be displaced antero-inferolaterally by lesions extending
through the peduncle. The loops that are part of the so-called M-segment
may be compressed in the lateral projection by tumours within the
superior part of the cerebellar hemisphere. Inferior cerebellar masses may
cause stretching and antero-inferior bowing of the biventral segment of
the caudomedial branch of the AICA.

Naidich et al also made the observation that in patients with small or
absent PICA'S evaluation of tonsillar herniation can be made from the
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position of the biventral segment of the caudomedial branch of the
AICA. The lateral loop of the caudomedial branch can be a useful
indicator of mass-effect of the antero-infero-medial aspect of the cerebel-
lar hemisphere.

THE AICA IN BRAIN STEM TUMOURS

Tumours in the brain stem usually arise in the pons or at the ponto-
medullary junction and may extend into the midbrain or into the medulla
oblongata. Gliomas are the most common brain stem tumours, but
metastases and medulloblastomas may also arise in the brain stem.

As in other posterior fossa tumours CT will be the method of choice in
the diagnosis of brain stem masses. The doubts about the value of
vertebral angiography in the diagnosis of brain stem tumours have been
expressed by some authors (Lefèbvre et al, 1963).

Apart from venous displacements, the most important angiographic
changes in the presence of a brain stem tumour are the following:
- Forward (and occasionally backward) displacement of the BA.
- Stretching and posterior displacement of the posterior medullary,

supratonsillar and retrotonsillar segments of the PICA.
- Lateral arching of the perimesencephalic portion of the SCA, when the

tumour extends into the midbrain. (Dilenge and David, 1967; Peeters,
1968, 1969; Huang and Wolf, 1970; Wolpert, 1971; Greitz and
Lindgren, 1971; Seeger and Gabrielsen, 1972; Takahashi, 1974).
Abnormalities of the course of the AICA are best seen in the AP view.

The proximal section of the artery may be stretched (George, 1974) or
inferiorly displaced (Peeters, 1969; Seeger and Gabrielsen, 1972; Taka-
hashi, 1974).

In the lateral view there are in most cases no dramatic changes in the
course of the AICA (Naidich et al, 1976).

THE AICA IN ISCHEMIC LESIONS

A case of occlusion of the right AICA was reported by Goodhart and
Davison in 1936. The patient was hypertensive and showed ataxia in the
finger-to-nose test, more marked on the right side. There was a gene-
ralized weakness of all muscle groups and all reflexes were slightly
hyperactive. A supranuclear weakness of the left side of the face was
present. At autopsy, apart from the occlusion of the right AICA,
numerous atheromatous plaques were found in the basilar, vertebral and
cerebellar arteries. Several small areas of softening were present in the
thalamus and putamen and in the corpus callosum and the right
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pallidum. Furthermore, an area of softening was present in the upper
third and on the inferior surface of the lobulus paramedianus and lobulus
ansiformis crus 2 on the right side. No ischemic lesion of the pons was
reported. However, because widespread lesions were present throughout
the brain, this case cannot be regarded as a typical example of occlusion
of the AICA.

Adams (1943) stated that the clinical picture following occlusion of the
AICA is probably the least known of any of the cerebellar artery
syndromes. He also described a case of complete occlusion of the right
AICA. The right flocculus and the right biventral and superior and
inferior semilunar lobules were softened. An area of infarction was also
present in the right half of the basal part of the pons. The right middle
and inferior cerebellar peduncles were also softened. The clinico-anato-
mic correlation in this case was obvious, Palsies of the facial and
vestibulocochlear nerves existed as a result of involvement of these nerves
and their nuclei. Vertigo, nausea and vomiting were ascribed to lesions of
the vestibular nuclei and their connections with the nuclei of the vagus
and oculomotor nerves. Ipsilateral loss of pain and temperature sensation
of the face was caused by interruption of the spinal tract and the nucleus
of the trigeminal nerve. Absence of contralateral hypalgesia and thermo-
hypesthesia was thought to be due to the extreme lateral and posterior
position of the lesion, which spared most of the spinothalamic tract. The
ipsilateral Homer's syndrome was related to interruption of pupillodila-
tor fibres, which descend ipsilaterally from the hypothalamus and
converge in the lateral portion of the pons and medulla. The ipsilateral
signs of cerebellar ataxia resulted from lesions in both the spinocerebellar
and pontocerebellar system.

According to Adams, the onset of the so-called "syndrome of the
AICA" is usually sudden and unaccompanied by loss of consciousness.
Vertigo, nausea and vomiting are the first and most important symptoms.
Other symptoms appear within a few hours. The clinical course is rarely
fatal and usually the patient gradually improves. Signs pointing to
involvement of the corticospinal tracts and medial lemnisci are absent.
The symptoms and signs are chiefly related to softening of the lateral
portions of the brain stem and cerebellar peduncles rather than to
involvement of the cerebellar hemisphere. Adams pointed out that,
because of the variability of the artery, probably not every case of
occlusion of the AICA will be identical to the one described.

Adams and Victor (1977) and Brouckaert et al. (1981) made a
distinction between a minimal and a maximal syndrome of infarction in
the AICA territory, thus emphasizing the importance of the variability of
the artery.
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The papers by Atkinson (1949), Hitselberger et al (1966), Olivecrona
(1967) and Perneczky et al (1981) have already been mentioned with
respect to cerebellopontine angle surgery. Infarction of the lateral
pontine tegmentum can result from occlusion of the AICA. One of the
cases reported by Perneczky et al is an example of this. The other two
patients they described suffered from a spontaneous occlusion of the
AICA. Three anatomical factors are considered of importance:
1. The perforating branches of the AICA, coursing to the lateral

pontomedullary region, supply the nuclei of the trigeminal and facial
nerves, the medial lemniscus, the ventral tegmental tract and the
spinothalamic tract.

2. The labyrinthine artery is a functional end artery and therefore lesions
of the AICA will be associated with partial or complete functional loss
of the vestibulo-cochlear system.

3. There are many anastomoses between the hemispherical branches of
the AICA and the other cerebellar arteries and therefore the cerebellar
hemisphere will not be easily infarcted.

The arterial supply of the pons has been studied extensively by many
investigators.

In accordance with Foix et al (1925), Hiller (1952) distinguished
three major arterial zones, supplied, respectively, by the paramedian
arteries, the short circumferential and the long circumferential arteries.
Three major pontine ischetnic syndromes can thus be distinguished: the
paramedian, the lateral and the tegmental pontine syndromes. The first is
caused by occlusion of one or more paramedian branches and is
characterized by crossed hemiparalysis, rarely accompanied by hemianes-
thesia. The patient looks away from the focus. The lateral pontine
syndrome results from occlusion of one or more of the short circum-
ferential branches. It is rare in its pure form and consists of an ipsilateral
cerebellar disturbance, sometimes combined with a transient dissociated
sensory deficit.

The nutritive arteries of the caudal portion of the pontine tegmentum
originate as smaller branches of the short circumferential pons arteries as
well as of the AICA. The symptoms of lasting ischemia of the AICA
territory are variable and may include ipsilateral dyssinergia, ataxia,
hypo-esthesia in the face, peripheral facial paralysis, deafness and a
positive Horner's sign, combined with contralateral dissociated hypo-
esthesia mainly for pain and temperature.

Gillilan (1964) stressed that the intrinsic arterial patterns of the pons
are more constant and predictable than those of the extrinsic arteries. The
penetrating arteries supply primarily gray matter. He distinguished four
major arterial zones:
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1. Medial arteries, arising from the most medially situated extrinsic
arteries.

2. Paramedian arteries, branching from the short and long transverse
arteries.

3. Lateral arteries, branching from the transverse arteries and also from
the AICA.

4. Arteries of the dorsal zone, arising from the longest of the lateral
arteries.
According to Gillilan the pattern of the lesion within the brain stem

can be predicted from the distribution of the intrinsic arteries and does
not bear any relationship to the pattern of the superficial arteries. It is
therefore suggested by him that a clinical terminology must be based
upon the zone of the brain stem involved and not upon the name of the
extrinsic artery. The term "inferior lateral pontine syndrome" is more
exact than "anterior inferior cerebellar artery syndrome". For the same
reason the term "inferior posterior cerebellar artery syndrome" should be
avoided. Instead the term "lateral medullary syndrome" should be used.

The pattern of vascular occlusion in lateral medullary infarctions was
studied by Fisher et al (1961). They analyzed 26 cases from the literature
and 16 own cases and found that in 75% the lateral medullary syndrome
resulted from occlusion of the VA. Dissection studies showed that the
lateral medullary region is supplied by five or six small arterial branches
which arise from the BA, the VA, the AICA and the PICA. The
variations in the vascularization of the area depend on the development
of the AICA and the PICA and on the site of origin of the PICA. The
special vulnerability to infarction of the lateral medullary region must be
caused by the absence of collateral flow from one lateral medullary artery
to the other.

In one case, described by Fisher et al, a lateral medullary infarction
was combined with inferolateral pontine infarction. In this case, in which
an old occlusion of the left VA and a recent occlusion of the right VA
existed, only a very thin and short AICA was present on the side of the
lesion.

ANALYSIS OF NORMAL AND ABNORMAL ANGIOGRAMS

MATERIALS AND METHODS

One hundred vertebral angiograms of patients in whom no infratentorial
lesions were present were analyzed. In some of the elder patients
atherosclerotic changes were present. 44 of the investigated patients
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TABLE 3.1
Age distribution of 100 patients with normal vertebral angiograms.

NUMBFR

20.

10.

4 0
ACE

HO

ARS'

TABLE 3.2
Diagnoses of 100 patients with normal vertebral angiograms.

Suspected aneurysm or arterio-venous malformation
Supratentorial ischemic disturbance
Supratentorial tumour
Cranial trauma
Miscellaneous

26
46
17
3
8

were females and 56 were males. Ages ranged from 3 months to 76 years.
Table 3.1 shows the age distribution.

The clinical diagnoses of these 100 patients are listed in table 3.2.
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Furthermore, 41 angiograms of patients in whom an infratentorial
tumour was present were analyzed. This clinical material has been
subdivided into three major groups:
1. Cerebellopontine angle tumours, (20 patients).
2. Cerebellar tumours, (15 patients).
3. Brain stem tumours, (6 patients).

The ages of the 20 patients with cerebellopontine angle tumours ranged
from 23 to 76 years. Ten were males and ten were females. In 18 cases CT
scans were available. 14 patients had surgically confirmed acoustic
neurinomas. In another two cases this diagnosis was assumed likely on
the basis of the clinical picture and the CT-scan. Operation in these two
cases did not take place. In two cases a glomus jugulare tumour was
present. One patient suffered from a lipoma in the cerebellopontine
angle. In one case a metastasis from a hypernephroma was presumed
present. This patient was also not operated upon.

The ages of the 15 patients with cerebellar tumours ranged from 1 to 72
years. Seven of them were children younger than 13 years. Eleven patients
were males and four were females. Diagnoses were: medulloblastoma (5),
astrocytoma (3), hemangioblastoma (2), spongioblastoma (1) and meta-
stasis (4). All diagnoses were verified operatively with the exception of one
of the metastatic tumours. All five cases of medulloblastoma, two cases
of astrocytoma and the one spongioblastoma were located in the midline.
In the other seven cases the tumour was located in one of the cerebellar
hemispheres.

Four of the six patients with brain stem tumours were children ranging
from 3 to 10 years old. Only two patients were adults (48 and 66 years).
Five patients were males and one was female.

Diagnosis of a pons glioma was made in all six cases. However, only
two were operated upon and the diagnosis was confirmed histologically.

Apart from 100 normal angiograms and 41 angiograms of patients with
posterior fossa tumours, nine angiograms of patients with transient or
persistent ischemic lesions in the posterior cranial fossa were analyzed.

These patients ranged from 33 to 59 years old. Five'of them were males
and four were females.

In all cases the Seldinger technique via the femoral artery was utilized.
Using a thin-walled French size 5,0 catheter with a small terminal curve
the largest of the two vertebral arteries was catheterized. Fluoroscopy
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was used to ensure correct positioning of the catheter and the free flow of
contrast material in a test injection. Subsequently, 8 to lOnil.ofHexabrixR
were injected. After injection the catheter was immediately withdrawn.

Images were made with a biplane installation, allowing three films per
second.

As a rule an AP projection of 20 degrees angulation cranial to the
orbito-meatal line was chosen, bringing the petrous bones just above the
roof of the orbit. In some cases enlargement in the AP projection was
used. Oblique projection was used additionally in some cases with
cerebellopontine angle tumours.

Subtraction films were always made. An empty roentgenogram '"as
obtained as the first exposed film, prior to the contrast injection, in serial
angiography.

RESULTS

The AICA in 100 normal vertebral angiograms

The configuration of the left and right AICA in the 100 reviewed
angiograms was classified in the same way as described in chapter 2. In
each case both sides were evaluated separately. Table 3.3 summarizes the
results of this categorization.

No AICA present.
In 16 cases no AICA was seen on one side and in 2 cases no AICA was

seen bilaterally.
In all cases in which the AICA was absent, the ipsilateral PICA was

well developed.

TABLE 3.3
Frequency of occurrence of the main types of the anterior inferior cerebellar artery in
100 normal vertebral angiograms.

Bilateral Unilateral Total %-age

No AICA present
Type I
Type II
Type HI
Type III A
Type IV
Type IV A
No categorization made

2
4
34
—
3
-
-
5

16
11
28
12
17
5
11
4

20
19
96
12
23
5
11
14

10
9,5
48
6
11,5
2,5
5,5
7
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In figures 3.! and 3.10 the AICA on the right side is lacking. Especially in
figure 3.1 the marginal branch of the SCA is well developed and
anastomoses with branches of the PICA on the lateral aspect of the cere-
bellar hemisphere. Figure 3.2 shows a case in which AICA's on both sides
are absent.

Type I AICA.
In four patients the AICA on both sides was of the type I configuration

and the artery is of small calibre. Figure 3.3 shows an example.
In 11 cases the type I AICA was unilaterally present. Figure 3.4 shows an

example. Hemispherical branches of the SCA and the PICA are well
developed and anastomose with each other lateral to the short AICA.

In all cases in which a type I AICA was present, the PICA on the same side
was well developed.

Type II AICA.
This configuration of the artery was seen in almost half of the cases

investigated. Angiography in 34 patients revealed type II AICA's bi-
laterally. In 28 patients the AICA on one side was of the type II
configuration. Figure 3.5 shows the bilateral type II AICA. Both the
arteries describe a loop in the vicinity of the internal auditory meatus.

The type II AICA is not always of substantial calibre as is shown in
figure 3.6, in which both AICA's are thin but show a considerable lateral
extension. The right AICA forms a clearly defined meatal loop.

Usually the AICA originates from the proximal half of the BA. It first
travels in a caudolateral direction, gradually changes course into a
rostrolateral direction towards the internal auditory meatus thus de-
scribing an inferior convex curve. In figure 3.5 this inferior convex loop
of the proximal part of the AICA is visible in both the AP and the lateral
projections. A tortuous course of the proximal segment of the artery may
sometimes occur, as illustrated in figure 3.7. This case also illustrates the
advantage of the early filling phase in recognizing the exact course of the
proximal part of the AICA, that in a later stage is partially obscured by
the branches of the PICA. A more or less straight lateral directed course,
as present in figure 3.8, is exceptional.

In 16 of the 96 type II AICA's no meatal loop was visible. In the other
80 cases the angiographic appearance of the loop in the vicinity of the
internal auditory meatus was variable, as illustrated by figure 3.46.

Branching of the type II AICA usually occurs distal to the meatal loop.
A small caudomedial branch that originates from the proximal portion of
the artery is an exception. Figure 3.9 shows an example. The right AICA
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bifurcates before reaching the internal auditory meatus and one branch
turns in a caudomedial direction towards the brain stem.

Distal to the internal auditory meatus the AICA usually divides into
several hemispherical branches. This is illustrated in figure 3.5. In this
case three hemispherical branches supply the superior and inferior
semilunar lobules of the cerebellum.

In the majority of cases in which a type II AICA was present the calibre
of the AICA was smaller than the calibre of the PICA (72 times). The
calibre of the AICA and the PICA was about equal in 20 cases, and in
only four cases the type II AICA was larger in calibre than the ipsilateral
PICA. The PICA never failed in all 96 cases of a type II AICA.

In one case (figure 3.10) a type II AICA originated from the VA. The
ipsilateral PICA originated from the same VA in this case.

In the lateral view it was often not possible to visualize the different
parts of the AICA as well as in the AP view. In figure 3.11 the proximal
parts of the AICA's are not visible because of overprojection of the
petrous bones. In figure 3.12 the meatal loops of the right and the left
AICA are not clearly visible in the AP view. In the lateral projection,
however, it is difficult to tell both AICA's apart.

The distal branches of the A J C A may be obscured by either the
branches of the controlateral AICA or by the branches of the PICA'S. An
example is shown in figure 3.13. In the case shown in figure 3.14
asymmetrical AICA's are present, the right one being larger in calibre
than the left one. The right AICA divides into two main branches, one of
which ascends and one descends. In the lateral projection the distal parts
of these branches are obscured by the branches of the PICA's. However,
the proximal segments and both meatal loops can be recognized quite
well in the lateral projection. The meatal loops in this case have about the
same M-shaped configuration in the lateral projection as is shown in
figure 3.5 and 3.13.

In 18 out of 80 cases in which a meatal loop was visible in the AP view,
the lateral view showed a recognizable M-shaped meatal loop. In the
other cases either another configuration of the meatal loop was present or
the exact configuration could not be determined (as in figure 3.12).

Type III and type III A AICA.
In 12 cases a unilateral type III AICA was present. A bilateral type III

AICA was not observed. The type III A AICA was seen 17 times
unilaterally and 3 times bilaterally. Figure 3.15 shows a case in which a
type III AICA is present. The diameter of the main stem of the AICA is
about equal to that of the ipsilateral PICA. The latter artery does not give
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off hemispherical branches but supplies only the caudal part of the vermis
cerebelli. In this case the caudomedial branch of the AICA takes over the
hemispherical supply of the PICA. As shown in figure 3.16, however, this
is not always the case. The caudomedial branch of the AICA in this case
supplies part of the cerebellar hemisphere, but a branch of the PICA also
contributes to the vascular supply of the cerebellar hemisphere. This case
also illustrates that a meatal loop in the type III AICA is not always
present.

Figure 3.17 shows the III A configuration on the left side. In both the
AP and the lateral projection the caudomedial branch is well visible. This
branch of the AICA provides those areas of the left cerebellar hemisphere
that are usually supplied by the PICA. The rostrolateral branch is of only
small size, but a meatal loop is present. The vascular configuration on the
right side in this case is exactly the reverse: no AICA is present.

In figure 3.18 the rostrolateral branch and the caudomedial branch on
the right side are about equally developed.

In figure 3.19 an exceptional case of a so-called megadolichobasilar
artery is shown. On both sides a type III A AICA is present.

Of the 23 cases in which type III A AICA's were present, the
caudomedial branch and the rostrolateral branch were in eight cases
about equal in size. In 12 cases the caudomedial branch was larger than
the rostrolateral branch and in three cases the rostrolateral branch was
larger than the caudomedial branch. In the 11 cases of type III AICA's
these figures were about the same: the branches were equal in size in six
cases, the caudomedial branch was larger in five cases and the rostro-
lateral branch was larger in one.

Type IV and type IV A AICA.
In five cases a unilateral type IV AICA was present. An example is

shown in figure 3.20. There were no cases with bilateral type IV AICA's.
In two cases in which a type IV AICA was present the AICA was smaller
than the ipsilateral PICA and in three cases the AICA was larger than the
ipsilateral PICA.

In eleven cases a unilateral type IV A AICA was seen. There were no
cases with bilateral type IV A AICA's.

Figure 3.21 shows a case with the type III AICA on the right and the
type IV AICA on the left. The marginal branch of the left SCA is strongly
developed. Both the right and the left PICA are small.

Figure 3.22 shows a case in which a type IV A AICA is present on the
left side. The artery divides into two main branches: a branch to the
caudal part of the cerebellar vermis and a branch to the cerebellar
hemisphere. The latter branch divides into several smaller hemispherical
branches. The marginal branch is strongly developed.
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No categorization made.
In 14 cases no categorization according to the described classification

could be made. In six instances (i.e. in three patients) this was due to
overprojection of the ipsi'ateral PICA in the Towne or halfaxial projec-
tion, which made it impossible to recognize the exact configuration of the
AICA.

In seven cases no classification was made, because multiplication of the
AICA was present and both arteries were of about equal size. Therefore it
was not possible to nominate one of both arteries as an accessory AICA.
Figure 3.23 shows a case in which two AICA's are present on the right
side: both arteries are of the type II configuration.

The AICA in cerebellopontine angle tumours

Tumour stains were present in four of the 20 cases investigated. Two of
these cases were acoustic neurinomas of which figure 3.24 shows an
example. It is important to note that especially the medial part of the
tumour is stained after contrast injection into the VA. In figure 3.25
tumour staining is also present.

In three cases no AICA could be identified angiographically. In two of
these cases the AICA was likely to be absent, but in one case (figure 3.26),
in which a very large acoustic neurinoma was present, the possibility
exists that the AICA is severely distorted and can therefore not be
recognized. Small tortuous vessels are present in this case.

A type I AICA on the side of the lesion was seen in three patients and
figure 3.27 shows one of these cases. Apparently, there is no significant
displacement of this vessel, which is in accordance with the finding at
operation that only a small acoustic neurinoma was present. No clear
displacement was observed in the two other cases of type I AICA's.

Type II AICA's were present in ten instances.
A superior shift of the artery was seen in seven cases. In the other three

cases inferior displacement was present.
In figure 3.24 a superior shift of the artery is shown. In figures 3.28 and

3.29 only a portion of the AICA shows a superior displacement. In these
cases there is probably also a posterior displacement of the artery.

Superior and posterior displacement of the type II AICA is also visible
in figure 3.30. Especially on the original (not subtracted) film it becomes
clear that the AICA is pressed away from the petrous bone.

Figures 3.31 and 3.32 show examples of an upward displacement of a
type II AICA in combination with a medial shift.

In three cases inferior displacemen* of a type II AICA was seen.
Figures 3.33 and 3.24 show examples of inferiorly displaced type II
AICA's. This type of displacement is well illustrated in the lateral
projection.
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No type III AICA's were present in the reviewed material.
In four cases a type IV or type IV A AICA was seen.
Figure 3.34 shows a case in which the proximal part of the type IV

AICA is stretched. The part of the artery, which courses near the meatus
acusticus internus is elevated. Distal to this, the artery turns back in a
medial direction.

In the case presented in figure 3.35 the type IV AICA obviously
supplies the larger part of the inferior aspect of the right cerebellar
hemisphere and the ipsilateral PICA is small.

The AICA in cerebellar tumours

In the eight cases of midline tumours no severe displacements of the
AICA's were present.

Figure 3.36 shows a case of medulloblastoma. On the right side a type
II AICA and on the left side a type IV A AICA are seen. In the AP view
no displacement of either artery can be seen. In the lateral view arterial
branches show a stretched course, surrounding the tumour. No tumour
vessels are observed.

In one of the seven cases of cerebellar hemisphere tumour the AICA
failed on the side of the tumour.

Type II AICA's were present in five cases. No severe displacements of
these type II AICA's could be observed in the AP and lateral views.
Figure 3.37 shows a case in which a type II AICA is present on the side of
the tumour. The artery contributes to the staining of a large metastasis in
the cerebellar hemisphere.

Figure 3.38 shows the vertebral angiogram in a case of hemangioblas-
toma in the right cerebellar hemisphere. A type IV A AICA is present
here. Displacement of the artery is difficult to confirm in the AP view. In
the lateral view the artery shows a stretched course and is antero-
inferiorly displaced. The tonsillar loop of the left PICA is located below
the foramen magnum as a sign of tonsillar herniation. As the right PICA
fails, this criteriom is absent on the right side.

The AICA in brain stem tumours

In the six cases of brain stem tumours three cases showed no definite
abnormality in the course of the AICA's.

Figure 3.39 shows a case in which a type II AICA is present on both
sides. The proximal portions of both AICA's show a stretched course and
some inferior displacement. The latter is particularly well seen in the
lateral projection. A similar course was observed in two more cases.
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The AICA in ischemic lesions

Nine angiograms of patients with transient or persistent ischemic lesions
in the posterior cranial fossa were reviewed. The clinical diagnoses and
angiographic findings are summarized in table 3.4.

In three cases (A, E and H) no stenosis or occlusion of major arteries
could be demonstrated. Lesions of the VA were present in five other cases
(C, D, F, G and I).

The only case in which abnormalities in the distribution area of the
PICA and the AICA are present, is B. This patient presented the clinical
picture of lateral caudal pontine infarction.

TABLE 3.4
Angiographic findings in nine patients with transient or persistent ischemic lesions in the
vertebrobasilar territory.

Nr.

A
B

C

D

E

F

G

H

I

M/F

I-
M

F

M

M

M

M

F

F

Age
(yrs)

57
37

49

33

55

40

46

45

59

Clinical diagnosis

Left medullary TIA
Right caudal pontine
infarction
Right medullary
infarction
Right lateral medul-
lary infarction
(Wallenberg's syndr.)
Left medullary
infarction
Left lateral medul-
lary infarction
(Wallenberg's syndr.)
Right pontine TIA's

Right pontine
infarction
Left medullary TIA

Angiographic findings

No abnormalities
PICA and AICA
branches occluded
Stenosis of light and
left VA.
Occlusion of right VA

Elongation of arteries

Occlusion of left VA

Stenosis of right VA
Occlusion of right PICA
No abnormalities

Stenosis of the right
VA and non-union of
the VA's

AICA-type on
side of lesion

III
9

I

1

II

II

II

rv A

ii
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Figure 3.1

Left vertebral angiogram. Arterial phase.
Half axial projection.

The BA shows a right concave curve.
There is elongation of all arteries.

On the right side no AICA is present.
The marginal branch (large arrowheads)
of the SCA is well developed and takes
over part of the area that is usually sup-
plied by the lateral extension of the
AICA. The right PICA (large heavy arrow)
has a tortuous course. A hemispherical
branch (small arrowheads) courses along
the inferior aspect of the cerebellar hemi-
sphere. The AICA on the left side is of
the type IV configuration (arrows).

Figure 3.2.

Left vertebral angiogram. Early arterial
phase. Half axial projection.

The VA's are asymmetrical; the left one
being larger in calibre than the right. The
latter is indicated by large arrowheads.

On both sides a well developed PICA
is present (small arrowheads). No AICA's
are seen on either side.

Figure 3.3

Vertebral angiogram. Arterial phase. Half
axial projection.

On both sides a type I AICA is present
(arrowheads). The AICA's are smaller in
calibre than the PICA's and do not reach
further laterally than the cerebellopon-
tinc angle.
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Figure 3.4

Right vertebral angiogram. Arterial phase.
Half axial projection.

There is no filling of the right posterior
cerebral artery. The right AICA (small
arrowheads) is thin and of the type 1
configuration.

Branches of the SCA (small heavy
arrow) and of the PICA (large arrow-
heads) are well developed and supply the
lateral part of the cerebellar hemisphere.
The left AICA arises from the distal half
of the BA. A small inferior accessory
AICA (Inf.Acc.AICA) arises from the
BA at about the same level as the right
AICA.

Figure 3.5

Left vertebral angiogram. Arterial
phase.

A. Half axial projection.
Both AlCA's (large arrowheads)
display meatal loops (ML) and are
of the type II configuration. Espe-
cially on the left side the different
hemispherical branches (small
arrowheads) are clearly shown.
The calibres of the AlCA's are
about equal to the calibres of the
PICA'S.

B. Lateral projection.
The premeatal segments (arrowheads) of
the AlCA's are symmetrically developed
and show inferior convex curves. The
more distal parts of the two AlCA's are
difficult to distinguish due to overpro-
jection.
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A

r~ *

Figure 3.6

Left vertebral angiogram. Ar-
terial phase. Halfaxial pro-
jection.

Both the right and the left
AICA are of small calibre,
(arrowheads). A meatal loop
(ML) is present on the right
side. (Abnormal tumour ves-
sels of a left sided occipital
lobe tumour are oresentV

A B

Figure 3.7

Left vertebral angiogram. Halfaxial projection.
A. Early arterial phase.
Of both the PICA'S and the AICA's only the proximal parts are shown. The proximal seg-
ment of the left AICA shows a tortuous course.
B. Arterial phase. (One second later than A.).
Both AICA's are of the type II configuration and in this phase the meatal loops are visua-
lized (ML). Because of overprojection of PICA branches it is difficult to identify the exact
course of the proximal part of the left AICA.
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PICA

A B

Figure 3.8

A. Right vertebral angiogram. Arterial phase. Half axial projection.
There is no filling of the left VA and the left PICA. The right and the left A1CA arise
from the same level of the BA. On both sides the proximal segment shows a straight laterally
directed course.
B. Left vertebral angiogram. Arterial phase. Half axial projection.
The left VA does not unite with the light VA and injection of the left VA does not
achieve filling of the BA and its branches. There is only filling of the area of the PICA.

-V"

Figure 3.9

Left vertebral angiogram. Arterial phase.
Half axial projection.

The right AICA (arrowhead) is of
small calibre. The artery bifurcates into
a caudomedial branch (CMB) and a
rostrolateral branch. The meatal loop
(ML) is part of the latter branch.
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Figure 3.10

Left vertebral angiogram. Arterial phase. Half axial projection.
On the right side only a PICA is present and no AICA is seen. On the left side the PICA

and the AICA (arrowheads) both originate from the VA. The AICA is of the type II configu-
ration.

Figure 3.11

Left vertebral angiogram. Arterial phase. Lateral projection.
The proximal parts of the AICA's are obscured by the petrous bones.
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B
Figure 3.12

Left vertebral angiogram. Arterial phase.

A. Half axial projection.
On both sides a type II AICA (large arrowheads) is present and both AlCA's form a meatal
loop (ML). The hemispherical branches of the AlCA's are indicated by small arrowheads.

B. Lateral projection.
The proximal segments of both AlCA's (large arrowhead) can easily be recognized. It is
difficult to distinguish between the more distal parts of the arteries (open arrow).

PICA-

A B
Figure 3.13

Right vertebral angiogram. Arterial phase.

A. Half axial projection.
Both the right and the left AICA (arrowheads) and the right and the left ?{( A are more or
less symmetrically developed. A meatal loop (ML) is present on both sides.

B. Lateral projection.
The proximal segments of the right and left AlCA's (arrowheads) show overprojection. The
meatal loop (open arrow) can be identified, but the distal segments of both AlCA's cannot
be recognized because of overprojection.
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B

Figure 3.14

Left vertebral angiogram. Arterial phase.

A. Towne projection.
On both sides a type II AICA is present (arrows) but the right one is larger in calibre than
the left one. Distal to the meatal loop (ML) the right AICA divides into an ascending and a
descending branch (small arrowheads). The left AICA also forms a loop near the internal
acoustic meatus (ML).

B. Lateral projection.
The right and left AICA (arrows) are easy to distinguish because of the difference in calibre.
The same is true for the right and left meatal loop (ML). The ascending (large arrowheads)
and descending branches (small arrowheads) can be recognized.

C. Lateral projection. Not subtracted film.
The details which can be observed in the subtraction (B) cannot be seen in this not sub-
tracted film.
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Figure 3.15

Right vertebral angiogram. Arterial phase. Half axial projection.
The BA shows a right concave curve. On the left side the AICA and the PICA are about

equal in diameter. The AICA divides into a rostrolateral branch (large arrowheads) and a
caudomedial branch (small arrowheads). The PICA supplies only a part of the cerebellar
vermis and does not contribute to the supply of the left cerebellar hemisphere.

Figure 3.16

Left vertebral angiogram. Arterial phase.
Half axial projection.

On the left side there is a type HI AICA.
The rostrolateral branch is indicated by
large arrowheads and the caudomedial
branch by small arrowheads.

Despite the large area of supply of
the AICA, on the left side there is a well
developed PICA, which sends branches
(small arrows) to the inferior aspect of
the cerebellar hemisphere.



69

Figure 3.17

Vertebral angiogram. Arterial phase.

A. Half axial projection.
On the right side no AICA is present.
The right PICA (long arrow) sends large
branches to the right cerebellar hemi-
sphere (small arrows). On the left side
the PICA fails and a large AICA is pre-
sent. The proximal part of the artery
(heavy arrow) shows a tortuous course.
The relatively thin rostrolateral branch
is indicated by large arrowheads. This
branch forms a meatal loop (ML). The
caudomedial branch (small arrowheads)
is much larger in diameter and curls
around the inferior aspect of the cere-
bellar hemisphere.

A small branch runs upwards on the
posterior aspect of the cerebellar hemi-
sphere, (open arrow).

B. Lateral projection.
Symbols used are the same as in A. The
course of the caudomedial branch along
the inferior aspect of the cerebellar
hemisphere is clearer in this projection
than in the halfaxial view. The rostro-
lateral branch is foreshortened.

Figure 3.18

Left vertebral angiogram. Arterial phase.
Half axial projection.

On the right side a type III A AICA is
present. The most proximal part of the
artery is indicated by the heavy arrow.
The artery divides into two main branch-
es: a rostrolateral branch (large arrow-
heads) and a caudomedial branch (small
arrowheads).

On the left side a PICA is present
(long arrow). No AICA is seen on this
side.
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Figure 3.19

Left vertebral angiogram. Arterial phase. Straight anteroposterior projection.

There is a megadolichobasilar artery. No PICA's are present on either the right or the left
side. The AICA's are more or less symmetrical and are both of the type III configuration.
Both AICA's divide into a rostrolateral (large arrowheads) and a caudomedial (small
arrowheads) branch.

Complicated meatal loops (ML) are part of the rostrolateral branch on both sides.

* t

Figure 3.20

Right vertebral angiogram. Arterial phase. Half axial projection.

A type IV A AICA is present on the right side, (arrowheads). The PICA is smaller in calibre
than the AICA.
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Figure 3.21

Left vertebral angiogram. Arterial phase. Straight anteroposterior projection.

On the right side there is only a small PICA. The AICA is much larger and is of the type
III configuration (large arrowheads). The rostrolateral branch is small. The meatal loop
(ML) is part of it.

On the left side the PICA is also smaller than the AICA. The left AICA (large arrow-
heads), however, is of the type IV configuration, because no rostrolateral branch is pre-
sent. The marginal branch (small arrowheads) is well developed and runs in the lateral
part of the horizontal fissure.

A small superior accessory AICA is seen on the left side (small arrows).
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Figure 3.22

Right vertebral angiogram. Arterial phase. Half axial projection.

The right AICA is of the type II configuration and forms a meatal loop (ML).
On the left side no PICA is present. The left AICA is indicated by large arrowheads.

After having described a large loop over the cerebellar hemisphere, Ihe artery divides into
a vermal branch (VB) and a branch (heavy arrow) which further divides into hemispheri-
cal branches (HB). The marginal branch (MB) of the SCA is well developed and extends
laterally to the most lateral part of the horizontal fissure.
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Figure 3.23

Left vertebral angiogram. Arterial phase.

A. Halfaxial projection.
Two AICA's are present on the right (heavy arrows). Both are of the type II configura-
tion and one of the arteries forms a meatal loop (ML). The right PICA is of small calibre.
On the lei't side one AICA is present (arrowheads), which is of the type !I configuration.

B. Lateral projection.
Die proximal parts of both right AICA's and of the one left AICA can be recognized.
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Figure 3.24

Acoustic neurinoma
bellopontine angle.
Female, 75 years.

in the right cere-

ArterialA. Left vertebral angiogram.
phase. Half axiaJ projection.

A type II AICA is present on the
right side, (large arrowheads). The part
of the artery, which is located distal
to the meatal loop (ML) is lifted up and
displaced posteriorly. There is apparently
no displacement of the marginal branch
of the SCA (arrows).

B. Left vertebraJ angiogram. Late arterial
phase. Half axial projection.

Staining of the medial part of the
tumour, (small arrowheads), is clearly
visible.

C. CT scan after contrast injection.
A contrast enhanced, well circumscri-

bed tumour is present in the right
ccrebellopontine angle.
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Figure 3.25

Acoustic neurinoma in the right cerebellopontine angle.
Female, 60 years.

Right vertebral angiogram. Arterial phase.
A. Half axial projection. B. Lateral projection.
A large hypervascular tumour (small arrowheads) elevates the proximal portion of the
SCA (open arrow). There is a type II AICA on the right, of which both the proximal
part (large arrowheads) and the meatal loop (ML) are inferiorly displaced. Distal branches
of the AICA (small arrows) supply a large part of the cerebellar hemisphere.
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Figure 3.26

Acoustic neurinoma
bellopontine angle.
Male, 28 years.

in *'.e right cere-

ArterialA. Left vertebral angiogram.
phase. Half axial projection.
The right SCA is medially displaced and
makes a sharper curve than the left one.

Only a small PICA is present on the
right side, a finding which is often
associated with the presence of a large

AICA. However, no AICA is observed on the right side. Small irregular tumour vessels
can be seen, which cross the midline and extend to the left side.

B. CT scan after contrast injection.
A large contrast enhanced tumour it present in the right cerebellopontine angle.



77

Figure 3.27

Small acoustic neurinoma in the left
cerebellopontine angle.
Male, 54 years.

Left vertebral angiogram. Arterial phase.
Half axial projection.

A type I AICA is present on the left
side, (arrowheads). The artery shows an
inferiorly convex curve. No obvious dis-
placement of the vessel is evident.

Figure 3.28

Lipoma in the right cerebellopontine angle.
Male, 62 years.

A. Right vertebral rngiogram. Arterial phase. Half axial projection.
On both sides a type II AICA is present. The right AICA (largJ arrowheads) shows a nor-

mal course in its proximal portion. The distal part of the artery (small arrowheads) is some-
what displaced into a superior and posterior direction.

B. CT scan.
There is a well circumscribed low density lesion in the right cerebellopontinc angle.
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Acoustic neurinoma in the right cere-
bellopontine angle.
Male, 52 years.

A. Right vertebral angiogram. Arterial
phase. Half axial projection.

The right type II AICA is somewhat
elevated in its premeatal portion (large

arrowheads). There is an inferior accessory AICA running in the direction of the internal
auditory meatus (small arrowheads).

B. CT scan after contrast injection.
A Lmall, contrast enhanced - partly intracanaliculai localized - acoustic neurinoma is

present in the right cerebellopontine angle (arrows).
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Figure 3.30

Acoustic nerurinoma in the left cerebellopohtine angle.
Female, 53 years.

Left vertebral angiograrn. Arterial phase. Towne projection.
A. Subtracted film.

There is elevation of the proximal part of the SCA (open arrows). The AICA is of very
small calibre (arrowheads) and has an arched course.

B. Not subtracted film.
From this original film it is clear that the proximal part of the artery is pressed away

from the petrous bone (arrowheads).
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Figure 3.31

Acoustic neurinoma in the left cerebellopontine angle.
Female, 58 years.

A. Left vertebral angiogram. Arterial phase. Half axial projection.
The BA shows a left concave curve. The AICA is superiorly and medially displaced, (large

arrowheads). The meatal loop (arrow) projects behind the SCA. Two small stretched arteries
(small arrowheads) originate from the AICA and run into a lateral direction towards the
internal auditory meatus.

B. CT scan after contrast injection shows a large contrast enhanced mass in the left cerebello-
pontine angle.

MCA

Figure 3.32

Right cerebellopontine angle mass.
Male, 48 years.

Right ver*ebral angiogram. ('arly arterial
phase. Half axial projection.

Marked tortuosity of the VA's and
the BA exists. The right AICA is elevated
and displaced towards the mid-line
(arrowheads). The meatal loop projects
behind the SCA (heavy arrows).
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B ;
Figure 3.33

Acoustic neuronima in the left cerebellopontine angle.
Male, 37 years.

A. Left vertebral angiogram. Arterial phase. Oblique projection.
The left AICA (arrowheads) is small. In this view the artery is projected free from sur-

rounding vessels, which is not the case in the ^P projection. Eventual displacement of the
artery cannot be judged in this view.

B. Left vertebral angiogram. Arterial phase. Lateral projection.
The course of the left AICA is stretched and the artery is displaced inferiorly by the

tumouv, (arrowheads).
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Figure 3.34

Glonius jugulare tumour extending into the left cerebellopontine angle.
Fe;nale, 60 years.

A. Left vertebral angiogram. Arterial phase. Transfacial projection.
There is displacement of the BA to the right. The course of the proximal part of the type

IV AICA is stretched (arrowheads) and more distally the artery is elevated (open arrow). At
this point the artery turns in a medial direction (small arrows).

B. CT-scan after contrast injection.
A circumscribed, contrast enhanced lesion is present in the left cerebcUoponti"e angle

(arrow).
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Figure 3.35

Acoustic neurinoma in the right cerebellopontine angle.
Male, 38 years.

A. Left vertebral angiogram. Arterial phase. Half axial projection.
The right SCA is medially displaced (open arrow). The right PICA, which is small (large

arrow), sends some branches to the interior aspect of the cerebellar hemisphere (small
arrows). A type IV AICA is present on the right side. A large arrowhead points to the origin
of the artery from the BA. Small arrowheads indicate the course of the artery and are num-
bered from 1 to 7, the higher numerals being more distal. Immediately after its origin, the
AICA describes an inferior convex loop. Between 1 and 2 it changes in a medial direction
and at the inferior aspect of the cerebellum crosses the mid-line (4), after which it curves
back to the right side (5). This small shift to the opposite side is probably due to the pre-
sence of the tumour.

B. Left vertebral angiogram. Arterial phase. Lateral projection.
Arrowheads indicate the course of the right A ICA on the inferior aspect of the cerebellum.

C. CT-scan after contrast injection.
A contrast enhanced circumscribed mass is present in the right cerebellopontinc angle.
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show a stretched course (small arrowheads).

Figure 3.36

Medulloblastoma in the cerebellar vermis,
associated with hydrocephalus.
Male, 6 years.

Left vertebral angiogram.
A. Arterial phase. Half axial projection.

On the right side a type II AICA is
present and on the left side a type FV A
AICA exists, (large arrowheads). No evi-
dent displacement of these vessels can
be seen. Some smaller arterial branches

B. Arterial phase. Lateral projection.
The presence of the tumour is outlined by stretched vessels (small arrowheads), which

are branches of the SCA's, the AICA's and the right PICA.
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Figure 3.37

Tumour in the left cerebellar hemisphere, probably metastasis from a bronchial carcinoma,
(diagnosis no t ' -.-rified operatively).
Female, 71 ye irs.

Left vertebral angiogram. Half axial projection.
A. arterial phase.

A type II AICA is present on the left side, (large arrowheads). The artery, including its
meatal loop (ML), is not apparently displaced. Hemispherical branches are already visible in
this phase (small arrowheads), but tumour staining is not yet seen.

B. Late arterial phase.
The hemispherical branches of the AICA seem to contribute to iJic staining of a large

hemispherical mass (heavy arrows). In this phase the shift of the PICA (long arrows) to the
right side is better visible than in A.
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SC A

Figure 3.38

Hemangioma with cyst formation in the
right cerebellar hemisphere, associated
with hydrocephalus.
Male, 41 years.

Left vertebral angiogram.
A. Arterial phase. Half axial projection.

The right SCA is displaced superiorly
and medially (long arrow). The vermian
branch of the left PICA is laterally dis-
placed (heavy arrows). The tonsillar loop
(TL) of the PICA is located below the
foramen magnum. A type IV A AICA
is present on the right side (arrowheads);
the higher numerals arc the more distal.

B. Late arterial phase. Half axial projec-
tion.

A small hypervascular tumour is pre-
sent in the right cerebellar hemisphere
(open arrow).

C. Arterial phase. Lateral projection.
The descending course of the tonsil-

lar loop (TL) of the left PICA into the
foramen magnum in this projection is
clearer than in the half axial projection.
This sign is not present on the right side,
where the PICA fails. The numerals, in-
dicating the AICA (large arrowheads),
correspond to those in the AP projec-
tion. A small hemispherical branch of
the right AICA (small arrowheads)
shows a stretched course.
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Figure 3.39

Eccentric left sided brain stem tumour.
Diagnosis not operatively verified.
Female, 4 years.

A. Left vertebral angiogram. Arterial
phase. Half axial projection.

Both AICA's are of the type II con-
figuration and arc inferiorly displaced
(arrowheads). The SCA's (heavy arrows)
arc superiorly and medially displaced.

B. Vertebral angiogram. Arterial phase.
Lateral projection.

The vermian branch of the right
PICA is posteriorly displaced. The in-
feriorly displaced proximal parts of both
AICA's are superimposed, (arrowhead).

C. CT-scan after contrast injection.
A contrast enhanced left sided

intra-axial lesion is present.



Figure 3.40

Case B, male, 37 years.
This patient experienced sudden profound dizziness and nausea, followed by deafness of the
right ear and a numb sensation in the right half of the face.

On examination the right pupil was smaller than the left. A right sided abducens paresis
was present and a hemihypesthesia for pain and temperature of the rigiit side of the face was
found. l;urthermore a right sided facial paresis of the peripheral type and total deafness on
the right side existed.
Diagnosis: Infarction of the right half of the caudal part of the pons.

Left vertebral angiogram. Arterial phase. Half axial projection.
There is no filling of the right posterior cerebral artery. The right SCA (white arrow) is

extremely well developed and its terminal branches (small arrows) extend to the inferior
border of the right cerebcllar hemisphere.

At the site of junction of both VA's an artery originates that is probably the AICA (large
arrowhead), but shortly after its origin only a few thin branches are present (small arrow-
heads). There is only an extremely small PICA on the right side.

Figure 3.41

Case C, female, 49 years.
The patient had experienced brief episodes of headache and dizziness during the few days
prior to admission. Slurring of speech and numbness in the left arm and left leg developed
suddenly. On examination the right cornea) reflex was hypoactive. Dysarthria and dysphagia
were present. There was a moderate paresis of the left arm and the left leg.
Diagnosis: right medullary infarction.

A. Left vertebral angiogram. Arterial phase. Half axial projection.
There is marked stenosis of the left VA, just proximal to tile origin of the PICA (heavy
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arrows), which barely contributes to the blood supply of the cerebellar hemisphere. A type
IV AICA is present on the left side, (large arrowneaas, numbered from 1 to 4; the higher
numbers being the more distal). There is a superior accessory AICA (small arrowheads).

The right AICA is of the type I configuration (small arrows).
B. Left vertebral angiogram. Arterial phase. Lateral projection.

The origin of the left PICA (heavy arrows) directly distal to the stenosis of the left VA
(open arrow) is better visible in this projection than in the AP view. The left AICA (arrow-
heads) courses on the inferior aspect of the cerebellar hemisphere.
C. Right vertebral angiogram. Arterial phase. Half axial projection.

The right VA shows atherosclerotic changes. The right PICA (long arrow) is of sub-
stantial calibre. Both the left AICA and the left accessory AICA are visible.
D. Right vertebral angiogram. Arterial phase. Lateral projection.

Both VA's and both PICA'S are filled. The right PICA extends below the foramen
magnum. Symbols used are the same as in A, B and C.
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Figure 3.42

Case F, male, 40 years.
The patient experienced episodes of occipital headache the ten days prior to admission.
During the last two days he suffered from persistant hiccoughs and dizziness.

At examination the left corneal reflex was diminisiied and a left horizontal nystagmus
was present on lateral gaze. A left-sided Homer's syndrome existed. A partial left peripheral
facial palsy and a left-sided paresis of the pharyngeal and tongue muscles existed. Cerebellar
ataxia was present in the use of the left arm and left leg. Pain and temperature sensation
were diminished over the right half of the body.
Diagnosis: left lateral medullary infarction.

Right vertebral angiogram. Arterial phase. Half axial projection.
The left VA is only visible in its most distal trajectory. The open arrow indicates the site

where it is completely occluded. No left PICA is visible.
The right PICA is small (heavy arrow).
Both AICA's are of the type II configuration and are indicated by arrowheads.
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Figure 3.43

Case G, male, 46 years.
This patient experienced sudden blurring of vision and rightsided headache, two days prior
to admission. He was admitted to hospital because of episodes of numbness in the right half
of the face, associated with dysarthria and dysphagia. During these attacks there also ap-
peared to be a right abducens paresis, slight peripheral facial paresis on the right and cere-
bellar ataxia of the right arm.
Diagnosis: transient ischemic attacks of the right half of the pons.

Left vertebral angiogram. Arterial phase.

A. Half axial projection.
Marked tortuosity of the BA exists. There is a 50% stenosis of the right VA (open arrow)

with aneurysmal dilatation of the part of the artery directly proximal to the stenosis.
No right PICA is visible. The right AICA is of the type II configuration.
On the left side a type IV A AICA is present, (large arrowheads, numbered from 1 to 7;

the higher numbers being more distal). The distal part of this AICA projects on the right
side of the BA and probably supplies the caudal part of the cerebellar vermis.

B. Lateral projection.
The course of the large left-sided AICA on the inferior border of the cerebellum is indi-

cated by arrowheads.
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Figure 3.44

Case H, female, 45 years.
This patient suddenly experienced severe vertigo, nausea and diplopia. There was cerebellar
ataxia in the use of the right arm and leg. A well sustained horizontal nystagmus appeared
on both right and left lateral gaze and rotatory nystagmus on upward gaze. There was some
hearing le-s of the right ear.
Diagnosis: pontine infarction on the right side.

A. Right vertebral angiogram. Arterial phase. Half axial projection.

B. Left vertebral angiogram. Arterial phase. Half axial projection.
On both sides a type IV A AICA is present. Both AICA's are indicated by arrowheads,

numbered from 1 to 7, (the higher numbers being the more distal). The proximal part of
the right AICA (between 1 and 2) shows a superior convex curve, possibly as a sign of swel-
ling in the right half of the pons.

The right VA is of small calibre.



94

•n.

B

D

Figure 3.45

Case I, female, 5 9 years.
This patient experienced an episode of dysarthria, vertigo and unsteadiness of gait, which
lasted approximately three hours, two months prior to admission. She was admitted to
hospital because of transient paresis of the right arm and leg. On examination the only
neurological sign was dysarthria. This improved during the first days in the hospital.
Diagnosis: transient ischemic attacks in the vertebrobasilar system.

A. Right vertebral angiogram. Arterial phase. Half axial projection.
A stenosis of the most distal part of the right VA is present (curved white arrow). The

large PICA (heavy arrows) originates far proximal to this stenosis. Branches of this PICA
supply the right cerebellar hemisphere (small arrowheads). No AICA is present on the right
side. A type II AICA is seen on the left (large arrowheads).

B. Right vertebral angiogram. Arterial phase. Lateral projection.

C.Left vertebral angiogram. Arterial phase. Half axial projection.
The left VA does not unite with the right VA but exclusively supplies the PICA terri-

tory (small arrowheads). The arrows indicate a stenosis of the VA at a length of about 1 cm.

D. Left vertebral angiogram. Arterial phase. Lateral projection.
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Figure 3.46

Eighteen examples of a type II AICA, illustrating the variability of the radiological ap-
pearance of the meatal loop. The distal branches of the AICA's are not indicated.

DISCUSSION

In the 100 normal angiograms, which were analyzed, classification of the
AICA was made in the same way as in the anatomical specimens. In the
majority of the angiograms the same four main types of the artery could
be distinguished.

In six of the 14 cases which could not be classified, this was due to
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overprojection of AICA and PICA branches, which is a disadvantage of
the halfaxial or Towne projection. This was already pointed out by
Takahashi et al (1968, 1974) and Krayenbühl et al (1979). As illustrated in
figure 3.7, the early filling phase makes it possible to recognize the course
of the AICA. When two or more AICA's of about equal size were
present, no classification was made. However, in all these cases the
AICA's could be classified as one of the four types.

In the 20 anatomical specimens the AICA was always present. This was
not the case in the angiographic material: in 2 patients no AICA was seen
bilaterally and in 16 patients the AICA was absent on one side. However,
when an AICA is small as in specimen 16, it can only be visualized
angiographically when magnification techniques are used. It is therefore
possible that in some angiograms in which no AICA could be seen, a
small AICA was, in fact, present. Consequently, such an artery must be
classified as a type I AICA. In this respect it is important to note that
Gabrielson and Amundsen (1969) found that visualization of pontine
arteries in the AP projection was possible only in 41% of cases. A small
AICA will be of about the same calibre as such a pontine artery and,
therefore, will be equally difficult to visualize.

Our type II AICA is the AICA which is described in most anatomy
textbooks. In our material this type II AICA was seen in 48% of cases,
which is in accordance with the observation of Takahashi et al (1968,
1974) that the AICA follows the "usual course" in about half of the cases.

In our material a meatal loop is distinguished in the majority of cases
with type II or type III AICA's whilst no meatal loop is seen when the
AICA fails or is of the type I or the type IV configuration. In less than
two thirds of instances a type II or type III AICA is present. Gerald et al
(1973) found a meatal loop in 60 of 74 AICA's. Therefore, the frequency
of occurrence of a meatal loop in our material is lower than in the
material of Gerald et al. The meatal loop was called as such by Naidich et
al (1976) in cases when only a single loop occurred. Where there was a
double loop, that part of the artery was called the M-segment, named in
reference to the shape of the loop in the lateral projection. In our material
this M-shaped configuration was present in 18 cases. There are, however,
many cases in which identification of the course of this part of the artery
in the lateral projection was not possible because of overprojection of
both AICA's. This is illustrated in figure 3.12.

Figure 3.46 shows that the radiological appearance of the meatal loop in
the AP projection is strongly variable. The variability in the appearance
of the meatal loop makes it difficult to appreciate distortion of the loop
by the presence of a tumour. In the report of Naidich et al (1976) minor
variations in the ascending segment of the meatal loop in the presence of
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cerebellopontine angle tumours are mentioned, but it is also pointed out
that such variations may occur when no tumour is present, especially
when the artery is excessively tortuous.

As already pointed out in chapter 2. much confusion exists as regards
the branching of the AICA. This is also the case in the radiological
literature. In the material of Gerald et al (1973) branching of the AICA
was seen in 72 instances whilst in 18 instances branching was absent.
However, the site of bifurcation of the AICA was according to Gerald et
al, near the internal auditory meatus in the majority of cases. This is
contrary to the findings of Naidich et al that the AICA bifurcates into its
rostrolateral and caudomedial branches near the crossing with the
abducens nerve.

The case shown in figure 3.14 is an example of an AICA which
bifurcates near the internal auditory meatus. In this instance there is no
medially directed branch and therefore the AICA was classified by us as
type II. An artery classified as a type III AICA bifurcates more
proximally: the caudomedial branch describes a laterally convex loop and
turns back towards the brain stem, thus taking over a part of the area of
supply of the PICA. This is illustrated in figure 3.18.

One of the variants, observed by Gerald et al, is the marginal branch of
the SCA supplying the usual distribution area of the lateral branch of the
AICA. In our material this variant occurred either in cases when the
ipsilateral AICA was small or absent or when the ipsilateral AICA was of
the type IV configuration.

The inverse relationship in size between AICA and PICA is empha-
sized by many authors. This is also reflected in our own findings. In all
instances in which the AICA was absent or was of the type IV
configuration, the PICA was well developed. The PICA was always
present in cases with a type II AICA, and in most cases with a type II
AICA the PICA was larger in calibre.

Types III A and IV A AICA's occurred more frequently than types III
and IV AICA's, respectively, and this finding implies that in most cases in
which the AICA has a type III or IV configuration the PICA was absent.
This finding has practical consequences for cerebellopontine angle
surgery, since, especially when the AICA has a large territory of supply,
damage to the AICA may be followed by serious complications, (Atkin-
son, 1949). This is the case when the PICA is small or absent.

As can be seen from specimens 7 and 16, the type IV AICA
traverses the cerebellopontine angle cistern and then turns medially on
the surface of the flocculus. As the artery reaches the fissure between the
brain stem and the cerebellar hemisphere, it runs caudally and then
changes course again in a lateral direction. As in these cases no PICA is
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present, probably a large part of the lateral medulla oblongata is supplied
by branches of the AICA. If damage to a type IV AICA occurs the larger
part of the cerebellar hemisphere and possibly a part of the pons and the
medulla oblongata could be infarcted.

The localizing function of vertebral angiography in the diagnosis of
cerebellopontine angle tumours has been taken over by computed
tomography. Nevertheless, vertebral angiography provides information
about details, which are important when surgical therapy of a cerebello-
pontine angle tumour is considered and which are not provided by CT.
Kendall and Symon (1977) point out the importance of demonstrating
variations in vascular anatomy as well as the relationship between the
tumour and the major blood vessels. They regard vertebral angiography
particularly important in extra-axial tumours adjacent to the brain stem,
such as acoustic neurinomas. Kendall and Symon also emphasize that the
AICA can be displaced by a cerebellopontine angle tumour in various
ways, depending on its original relationship to the vestibulocochlear
nerve. A posterior, superior and medial displacement of the AICA
occurred most frequently in their material. In 25% of their material the
AICA was displaced inferiorly, often combined with posterior or medial
displacement.

In our ten cases of cerebellopontine angle tumours with a type II AICA
similar figures were found: superior displacement was seen in seven
instances and inferior displacement in three instances. The combination
of a superior and a medial shift was also observed (figures 3.31 and 3.32).
In the halfaxial projection, we routinely use, it is often difficult to
differentiate between superior and posterior displacements of the AICA.

According to Pinto et al (1977) posterior displacement of the AICA by
a cerebellopontine angle tumour is seen most frequently. These authors
point out the advantage of the base view in visualizing this type of
displacement, but in our experience it is often impossible to position the
patient such that this projection can be achieved.

The described types of displacement are especially relevant for the type
II AICA. When the artery is of the type I configuration and does not
reach further laterally than the internal auditory meatus, no significant
displacement can be demonstrated, (figure 3.27). On the other hand,
eventual displacement of a type IV AICA is difficult to appreciate. In our
opinion, however, it is especially important that the type IV configura-
tion is recognized as such, because of the vital role the type IV AICA may
play in the blood supply of the brain stem.

In our material staining of a cerebellopontine angle tumour was
observed in four of 20 cases. This is in accordance with the findings of
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Ziedses des Plantes (1968), Hanai'ee and Wilson (1972), Takahashi et al
(1971) and Numaguchi et al (1980). Only Kendall and Symon (1977)
found a higher percentage, namely 627c

We did not investigate the external carotid circulation in the 20 cases of
cerebellopontine angle tumours. In such cases selective external carotid
injection should be considered, since there is often a contribution from
branches of the external carotid artery to the vascularization of the
tumour (Levine et a!. 1973; Moscow and Newton. 1975; Théron and
Lasjaunias. 1976; Kendall and Symon, 1977; Perneczky, 1980).

As mentioned by Kendall and Symon (1977), the increasing availability
of CT has led to a decline of the use of angiography in the elucidation of
posterior fossa lesions. They point out that this is not justified for extra-
axial tumours such as acoustic neurinomas, but the decline may easily be
justified for lesions confined to the cerebellum or the brain stem, where
intimate vascular anatomy is not usually of importance.

In a paper on pediatrie posterior fossa tumours Rappaport and Epstein
(1978) even stated that vertebral angiography is unnecessary in the pre-
operative evaluation of these tumours. As far as the AICA is concerned,
no severe displacements were seen in the 15 cases of cerebellar tumours
and in the six cases of brain stem tumours. This is in accordance with the
findings of other authors (George. 1974: Takahashi. 1974; Galanski
et al, 1978) who regarded changes in the course of the AICA in the
presence of cerebellar or brain stem tumours as unspecific. Only in the re-
port ofNaidichetal( 1976) a detailed description of displacements of various
segments of both main branches of the AICA in the presence of cerebellar
tumours is given.

In the case of a medulloblastoma in the cerebellar vermis, shown in
figure 3.36, the configuration of the right and left AICA can be easily
recognized. Only the distal branches, supplying the vermis and the
cerebellar hemisphere, show a stretched course and in this case vertebral
angiography has not provided preoperative information of vital impor-
tance. Nevertheless, vertebral angiography can reveal staining of cerebel-
lar tumours and details of the anatomy of arteries, which contribute to
the blood supply of these tumours, (figure 3.38).

In the case, shown in figure 3.37 the hemispherical branches of the type
II AICA supply the hypervascular metastasis in the left cerebellar
hemisphere.

Vertebrobasilar ischemic disorders occur frequently. However, es-
tablishment of a vascular lesion in the vertebrobasilar territory often has
no therapeutical consequences and vertebral angiography carries some
risks in elderly patients with vertebrobasilar vascular disease. For this
reason the number of angiograms of patients with ischemic lesions
examined by us is relatively low.
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In younger patients vertebral angiography may confirm a suspected
vascular lesion in the vertebrobasilar territory. A consequence of such a
finding could be the prescription of anti platelet aggregating drugs.
Operative therapy of a vascular lesion in the vertebrobasilar territory is
not yet a routine procedure. However, several reports on extra-intra-
cranial bypass operations in patients suffering from occlusive disease in
the vertebrobasilar system-have been published (Khodadad et al, 1977;
Sundt et al, 1978; Ausman et al, 1979, 1981). Obviously, thorough
preoperative angiographic evaluation is needed when such operations are
considered. The only case in our series of nine patients, in which a
suspected AICA lesion is present, is the case presented in figure 3.41. On
the right side a small AICA originates from the junction of the VA's. The
ipsilateral PICA is very small and this is unusual in the presence of an
AICA of the type I configuration. Possibly the visualized artery is an
inferior accessory AICA and the AICA itself is occluded. The clinical
picture this patient presented resembles the clinical picture in the case
described by Adams (1943). In Adams' case ipsilateral cerebellar signs,
not found in our patient, were present. Furthermore, Adams did not
report an abducens palsy which existed in the case described by us and
which can probably be ascribed to ischemia of the abducens nerve.

In the two cases of lateral medullary infarction vertebral angiography
revealed occlusion of the ipsilateral VA. This is in accordance with the
findings of Fisher et al (1961).

Since arteries that supply the lateral medullary region originate not
only from the PICA, the AICA and the BA, but also from the VA, and
collateral flow from one lateral medullary artery to the other is absent
(Fisher et al, 1961), the lateral medullary syndrome can be caused by
occlusion of the VA only. The type of AICA, present on the side of the
lesion, is obviously not of importance for the prevention of an ischemic
lesion.



CHAPTER 4

SUMMARY

The aim of the present study, which is also presented in chapter 1, is to
provide a description of the anatomical variations of the AICA as well as
of the radiological appearance of these variations, in both normal and
abnormal angiograms.

Chapter 2 deals with the anatomy of the AICA. The literature on
various anatomical details of the artery is reviewed with emphasis placed
upon the different criteria which have been used in naming the arteries of
the posterior fossa or the various parts of these arteries.

Some authors state that the AICA and the PICA may originate from a
common trunk. Others use the label AICA only for arteries which
originate from the BA, irrespective of their course or area of supply.
When the AICA is defined in this way, it may then possess a well
developed caudomedial branch that takes over the whole, or part of, the
area of supply of the PICA.

In most reports absence of the AICA is considered rare. In contrast,
multiplication of the artery is reported to occur in up to 30% of cases.

In most instances the AICA has an intimate anatomical relationship
with the facial and vestibulocochlear nerves. Various types of artery-
nerve relations can be distinguished, depending on the configuration of
the loop that the AICA describes in the vicinity of the internal auditory
meatus.

Several small arteries originate from this section of the AICA one of
which is the internal auditory artery. According to some authors the
internal auditory artery may also originate directly from the BA. Others,
however, state that it always arises from the AICA. Obviously, these
different opinions about the origin of the internal auditory artery depend on
how the artery is defined: as an artery that exclusively supplies the inner
ear or as an artery that sends branches to the brain stem and the
cerebellum as well as to the inner ear.

Different criteria are used by various authors to define the main
branches of the AICA, i.e. the rostrolateral or lateral branch and the
caudomedial or medial branch, especially as regards the site of origin of
these branches.
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In an injection study of twenty normal anatomical specimens we were
able to distinguish four main types of the AICA.

The type I AICA is short and does not reach further laterally than the
internal auditory meatus.

The type II AICA usually forms a so-called meatal loop, which is in
close relation with the facial and vestibulocochlear nerves and with the
internal auditory meatus, and then continues its course laterally in the
great horizontal fissure towards the lateral border of the cerebellar
hemisphere.

The type III AICA follows the same course as the type II AICA but, in
addition, a caudomedial branch is present. This branch originates from
the proximal part of the AICA and takes over the whole, or part of, the
area of supply of the PICA.

In the type IV AICA no laterally coursing segment is present and there
is only a caudomedial branch.

Additionally a type III A and a type IV A AICA are distinguished in
cases when no ipsilateral PICA is present.

Chapter 3 is a study of the radiological appearance of the AICA.
The first vertebral angiography was performed in 1933. During the

fifties and early sixties techniques improved and the role of vertebral
angiography in the diagnosis of posterior fossa tumours became more
important. Demonstration of abnormal tumour vasculature and dis-
placement of major arteries were both regarded as localizing signs.

Adequate visualization of the AICA is only possible with subtraction
and the first reports on the radiological significance of the AICA
appeared during the late sixties when subtraction techniques were more
consistently used.

The importance of locating posterior fossa tumours by means of
vertebral angiography has decreased drastically with the wide spread use
of CT-scanners. Vertebral angiography is still an important pre-operative
examination in patients with a posterior fossa tumour. Especially in cases
of cerebellopontine angle tumours severe complications of operative
therapy may result from damage to the AICA. These complications are
more likely to occur when the AICA has a large area of supply. The use of
special projections may, eventually, clarify the relation between the AICA
and the tumour.

One hundred normal vertebral angiograms were analyzed and the
AICA's classified according to the four types described in chapter 2.

In 18 cases no AICA was observed unilaterally of bilaterally. In some
cases this might be due to the fact that the AICA was too small to be seen
without magnification.

The type I AICA was present in 9,5% of cases.
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The type II AICA occurred most frequently and was seen in almost
half of the cases investigated. In the majority of these cases a meatal loop
was present. The radiological appearance of this locp is strongly variable.

Types III A and IV A AICA's were more frequently present than types
III and IV, respectively. This implies that the PICA is often absent when
the caudomedial branch is strongly developed.

In addition to the 100 normal vertebral angiograms, 41 angiograms
from patients with posterior fossa tumours were analyzed. In tumours of
the cerebellar hemisphere, the cerebellar vermis or the brain stem the
AICA is usually not significantly displaced. In the 20 patients suffering
from a cerebellopontine angle tumour the AICA was not clearly dis-
placed when the artery was of the type I configuration. The type II AICA
can show either a superior or an inferior displacement, sometimes in
combination with a posterior or a medial shift. In the reviewed material
no cases of cerebellopontine angle tumours with a type III or III A AICA
were present.

It is often not possible to recognize eventual displacement of a type IV
AICA, but since this type of the artery is frequently seen in combination
with a small or absent PICA, it is important to recognize this configura-
tion, because in these cases the AICA plays an important role in the
vascularization of the brain stem and the cerebellum. The same is true for
the type III AICA.

Nine angiograms of patients with transient or persistent ischemia in the
vertebrobasilar territory were analyzed. One of these patients showed the
clinical picture of lateral pontine infarction. In this patient both the
AICA and the PICA on the ipsilateral side were small and probably one
of the major AICA branches was occluded. In the other eight patients
various lesions of the vertebral arteries could be demonstrated but no
lesions of the AICA's were present.



SAMENVATTING

Zoals ook in de inleiding uiteengezet, is het doel van deze studie een
beschrijving te geven van de anatomische varianten van de arteria
cerebelli anterior inferior (AICA) en na te gaan, of deze varianten in
normale en pathologische angiogrammen te herkennen zijn.

Hoofdstuk 2 handelt over de anatomie van de AICA. In een samen-
vatting van de literatuur over de anatomie van de arterie wordt de nadruk
gelegd op de verschillende criteria die worden gehanteerd bij de benoe-
ming van de arteriën van de achterste schedelgroeve. Zo wordt door
sommige auteurs een variant onderscheiden, waarbij de AICA en de
PICA een gemeenschappelijke stam hebben. Anderen noemen een arterie
AICA als deze aan de a.basilaris ontspringt, onafhankelijk van het
verloop van het vat of van het gebied dat door de arterie wordt verzorgd.
Als de AICA op deze wijze wordt gedefinieerd, kan er een variant worden
onderscheiden, waarbij de AICA een sterk ontwikkelde caudomediale
tak heeft, die het verzorgingsgebied van de PICA gedeeltelijk of zelfs
geheel overneemt.

In de meeste publicaties wordt het ontbreken van de AICA als een
zeldzaamheid beschouwd. Het voorkomen van twee of zelfs drie AICA's
wordt daarentegen dikwijls waargenomen: in sommige studies in 30%
van de gevallen.

De AICA heeft meestal een nauwe anatomische relatie met de n.facialis
en de n.vestibulocochlearis en ook aan deze relatie kunnen meerdere
varianten worden onderscheiden, afhankelijk van de vorm van de lus die
de arterie doorgaans in de buurt van de poris acusticus internus vormt.
Meerdere kleine takjes ontspringen aan dit deel van de arterie, waarvan
de a.auditiva interna er één is. Hoewel sommige auteurs van meningzijn dat
de a.auditiva interna ook direkt aan de a.basilaris kan ontspringen, menen
anderen, dat deze arterie altijd een tak van de AICA is. Waarschijnlijk
zijn deze uiteenlopende meningen te verklaren door een verschillende
definitie van de a.auditiva interna. Sommigen verstaan hieronder een
arterie die uitsluitend het binnenoor vasculariseert. Anderen gebruiken
de naam a.auditiva interna ook voor een arterie die zowel takken naar het
binnenoor als naar de hersenstam en het cerebellum zendt.

Ook ten aanzien van de benaming van de grotere takken van de AICA,
zoals de rostrolaterale of laterale en de caudomediale of mediale tak,
worden verschillende criteria gebruikt, vooral waar het de oorsprongs-
plaats van deze takken betreft.
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Twintig injectiepreparaten van obductiehersenen werden bestudeerd en
aan de hand van deze studie werden vier typen AICA's onderscheiden.

De type I AICA is slechts kort en reikt niet verder lateraal dan de porus
acusticus internus.

De type II AICA vormt in de meeste gevallen een lus, die een nauwe
relatie heeft met de zevende en achtste hersenzenuw en met de porus
acustus internus en die daarna verder naar lateraal verloopt in de fissura
horizontalis tot aan de laterale rand van de cerebellaire hemisfeer.

De type III AICA heeft hetzelfde verloop, maar heeft bovendien een
caudomediale tak, die aan het proximale deel van de arterie ontspringt en
het verzorgingsgebied van de PICA geheel of gedeeltelijk overneemt.

De type IV AICA mist het lateraal verlopende deel. Hier is alleen een
caudomediale uitbreiding van de arterie aanwezig.

Naast deze vier typen werden nog een type III A en een type IV A
onderscheiden, waarbij de ipsilaterale PICA ontbreekt.

Hoofdstuk 3 handelt over de radiologie van de AICA. De eerste
vertebralisangiografie werd in 1933 uitgevoerd. In de vijftiger en zestiger
jaren werd de rol van de vertebralisangiografie bij de diagnose van
achterste schedelgroeve tumoren belangrijker, daar de techniek verbeter-
de. Zowel aan de aanwezigheid van abnormale tumorvaten als aan de
verplaatsing van arteriën werd lokaliserende betekenis toegekend.

De AICA kan alleen met behulp van subtractie bevredigend zichtbaar
worden gemaakt en pas toen subtractietechnieken in de late zestiger jaren
op grotere schaal werden gebruikt verschenen de eerste publicaties over
de AICA in de radiologische literatuur.

Het belang van vertebralisangiografie voor het localiseren van tumoren
van de achterste schedelgroeve is zeer sterk afgenomen toen CT-scanners
op grote schaal hun intrede deden. Als pre-operatief onderzoek bij
achterste schedelgroeve tumoren is vertebralisangiografie echter nog
belangrijk, daar het onderzoek informatie verschaft over de relatie van
arteriën tot de tumor. Het gebruik van speciale projecties kan deze relatie
verhelderen. Vooral bij de operatieve behandeling van brughoektumoren
kunnen ernstige complicaties optreden als gevolg van beschadiging van
de AICA. Dergelijke complicaties treden vooral op als de AICA een
groter verzorgingsgebied heeft dan normaal.

Honderd normale vertebralisangiogrammen werden beoordeeld en de
AICA's werden volgens de in hoofdstuk 2 beschreven typen geclasseerd.

In 9,5% van de gevallen was de type I AICA aanwezig.
De type II AICA kwam in bijna de helft van het aantal gevallen voor.

In het merendeel van deze gevallen was de karakteristieke lus in de
nabijheid van de porus acusticus internus aanwezig. De radiologische
configuratie van deze lus is sterk variabel.
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AïCA's van het type III A en IV A werden in meer gevallen
waargenomen dan AICA's van respectievelijk het type III en IV. Deze
waarneming betekent dat de PICA vaak ontbreekt als de caudomediale
tak van de AICA sterk ontwikkeld is.

Benevens de honderd normale angiogrammen werden 41 angiogram-
men beoordeeld van patiënten met achterste schedelgroeve tumoren. Er is
doorgaans geen belangrijke verplaatsing van de AICA bij tumoren van de
cerebellaire vermis, de cerebellaire hemisfeer of de hersenstam.

In de 20 gevallen van een brughoektumor was er geen duidelijke
verplaatsing van de AICA als deze van het type I was. De type II AICA
kan door een brughoektumor zowel naar boven als naar beneden worden
verdrongen. Deze omhoog- of omlaagwaartse verplaatsing treedt soms in
een combinatie op met een verplaatsing in achterwaartse of mediale
richting.

Gevallen van brughoektumoren met een AICA van het type III of III
A werden niet waargenomen. Verplaatsing van een AICA van het type IV
is vaak moeilijk te beoordelen, maar het is van belang dat deze
configuratie van de arterie wordt herkend, daar bij dit type arterie de
PICA in de meeste gevallen ontbreekt en de AICA derhalve een
belangrijke rol speelt bij de vascularisatie van de hersenstam en het
cerebellum. Hetzelfde geldt voor de AICA van het type III.

Negen angiogrammen werden beoordeeld van patiënten met passagere
of blijvende uitvalsverschijnselen ten gevolge van ischemische stoornissen
in het vertebrobasilaire stroomgebied. Eén van deze patiënten toonde het
klinische beeld van infarcering van de laterale pons. Bij deze patiënt
waren zowel de AICA als de PICA aan de zijde van het infarct klein en
het is waarschijnlijk, dat één van de grotere takken van de AICA was
afgesloten. Bij de overige acht patiënten waren verschillende afwijkingen
aan de vertebrates zichtbaar, maar afwijkingen van de AICA's werden
niet waargenomen.
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ABBREVIATIONS

AICA anterior inferior cerebellar artery
AP antero-posterior
BA basilar artery
CMB caudomedial branch
CPA cerebellopontine angle
CT computer tomography
HB hemispherical branch
HF horizontal fissure
IAA internal auditory artery
IAccA inferior accessory AICA
MB marginal branch
ML meatal loop
PICA posterior inferior cerebellar artery
PLF posterolateral fissure
RLB rostrolateral branch
SAccA superior accessory AICA
SCA superior cerebellar artery
VA vertebral arterv


