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Abstract

The intracranial internal carotid artery (ICA) is a muscular artery and lacks external elastic lamina
(EEL). Stenosis of the intracranial ICA is relatively uncommon, but the most common site is the caver-
nous portion. The characteristics of the arterial wall structures were examined using serial 3-mm sec-
tions of 32 intracranial ICAs obtained from 50 cadavers to identify where the EEL disappeared. The
portions of the ICA where the intima exhibited thickening were also determined. Both the internal elas-
tic lamina (IEL) and EEL were observed in all 32 specimens of the petrous portion of the ICA. Only the
IEL was observed in all 32 specimens of the intradural portion of the ICA. The EEL had disappeared in
31 of the 32 specimens of the horizontal segment of the cavernous portion of the ICA. Intimal thickening
of the ICA was observed in 23 of 32 ICA specimens, and frequently appeared in the horizontal segment
of the cavernous portion of the ICA. The EEL disappeared in the cavernous portion of the ICA, which is
the most common site of stenosis of the intracranial ICA. Change in the elasticity of the arterial wall in
the cavernous portion may be an important factor in the process of atherosclerosis in the intracranial
ICA.
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Introduction

Atherosclerotic stenosis of the internal carotid ar-
tery (ICA) is common, and most frequently occurs in
the cervical portion of the ICA just beyond its origin.
Stenosis of the intracranial ICA is less common, and
is usually located between the carotid canal and the
origin of the ophthalmic artery.6) The most common
site of stenosis of the intracranial ICA is the caver-
nous portion.3) The causes of development of
atheromatous plaque around the carotid bifurcation
have been frequently investigated.1,15,21) However,
the special features marking atherosclerotic change
in the cavernous portion of the ICA are poorly un-
derstood.

There are two types of arteries, muscular arteries
and elastic arteries, which differ primarily in the
tunica media. The tunica media of elastic arteries
consists mainly of elastic fibers, whereas that of
muscular arteries consists mainly of smooth muscle
cells. Muscular arteries have two elastic layers in the

tunica media, the internal elastic lamina (IEL) and
the external elastic lamina (EEL). The common
carotid artery is an elastic artery, whereas the ICA is
a muscular artery, and the change occurs at the
carotid bifurcation.7,8) The intracranial ICA is
characterized by the lack of an EEL,10,11) and the
elastic fibers are concentrated inside the IEL.5,17)

Microscopic examination of the arterial wall in the
cavernous and petrous portions of the ICA showed
that the EEL is present in the petrous portion of the
ICA but disappears within the cavernous portion.13)

The present study examined the characteristics of
the arterial wall structures in detail using serial sec-
tions of the intracranial ICA to investigate the
relationship between atherosclerotic stenosis and
arterial wall structures in the cavernous portion of
the ICA.

Method

Thirty-two specimens of the intracranial ICA were
obtained from 50 cadavers, without knowledge of
their causes of death or medical history. The
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Fig. 1 Schematic drawing of the anatomical classifica-
tion of the internal carotid artery: I, intradural portion;
II, cavernous portion (II-1, anterior knee; II-2, horizon-
tal segment; II-3, posterior knee); III, petrous portion.
Arrow indicates dural ring.

Fig. 2 Photomicrographs of various portions of inter-
nal carotid artery (ICA). Elastica van Gieson stain, ×

400. A: Petrous portion of the ICA. Note that both in-
ternal elastic lamina (IEL: arrows) and external elastic
lamina (EEL: arrowheads) are present. B: Posterior
knee. C: Proximal horizontal segment of the cavernous
portion. D: Distal horizontal segment of the cavernous
portion. Note that the IEL is present, but not the EEL.

Fig. 3 Presence of internal elastic lamina (open
columns) and external elastic lamina (closed columns).
See Fig. 1 for anatomical classification.
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patients were aged 57 to 100 years at the time of
death (mean 82.0 years). Serial sections of specimens
were obtained at 3-mm intervals and stained using
the Elastica van Gieson method. The ICA was classi-
fied into the intradural portion (I), cavernous por-
tion (II), and petrous portion (III) (Fig. 1). We consi-
dered the portion distal to the dural ring to comprise
the intradural ICA. The cavernous portion was sub-
divided into the anterior knee (II-1), horizontal seg-
ment (II-2), and posterior knee (II-3). Histological
sections were examined under a light microscope at
400× magnification. The presence of the EEL in the
wall of the ICA was evaluated. Regions of the ICA
with thick intima were also determined.

Results

Figure 2 shows representative photomicrographs of
various portions of the intracranial ICA. The IEL
was observed in all segments of all 32 specimens.
The EEL was observed in all 32 specimens of the pe-
trous portion (III) of the ICA and in 31 specimens of
the posterior knee (II-3) (Fig. 3). In contrast, the EEL
was present in 19 specimens of the proximal portion
and 12 specimens of the distal portion of the
horizontal segment (II-2), in 0 specimens of the an-
terior knee (II-1), and 0 specimens of the intradural
segment (I) (Fig. 3). Thick intima was recognized in
the posterior knee (II-3) in 2 specimens, the proximal
portion of the horizontal segment in 12 specimens,
and the distal portion of the horizontal segment in 9
specimens.

Discussion

The previous detailed study of the extradural and in-
tradural portions of the intracranial ICA observed
that the adventitia was thicker in the intracranial ex-
tradural carotid segment than in the intradural seg-
ment.13) The EEL, located between the collagen
fibers of the adventitia and the muscle coat of the
media, was a well-defined structure in the petrous
portion of the intracranial ICA, but disappeared wi-
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thin the cavernous portion of the ICA. The EEL was
not observed in the intradural segments of the ICA.
The present study of the arterial wall structures in
serial sections of the intracranial ICA found that the
EEL disappeared in the horizontal segment of the
cavernous portion of the ICA. Marked reduction or
loss of elastic fibers in the tunica media and EEL is
also observed in the portion of the vertebral artery
entering the skull.4,19) This change is most
pronounced in the last 0.5 cm extradurally, but is
not complete until about 0.5 cm beyond the point of
dural perforation.19)

Intracranial atherosclerotic stenosis typically oc-
curs in the petrous cavernous siphon segments of
the ICA.20) The North American Carotid Symptomat-
ic Carotid Artery Trial found that the infraclinoid
portion of the ICA was affected 7 times more often
than the supraclinoid portion.9) Examination of the
prevalence of intracranial cerebral artery stenosis in
patients with extracranial carotid artery stenosis
showed that the petrocavernous segment of the ICA
was the most commonly involved site.2) The interos-
seous course of the petrous portion of the ICA is a
unique feature, but stenotic lesions are least com-
mon in this segment of ICA.14) The cavernous por-
tion of the ICA is the most common site of athero-
sclerotic stenosis of the intracranial ICA.3) Stenosis
of the intracranial ICA was found in the cavernous
portion in 72% of cases, in the petrous portion in
16%, and in the intradural ICA in 12%.3) Athero-
sclerotic stenosis of the intracranial ICA occurs in
the petrous portion in 7% of cases, in the cavernous
portion in 68%, in the intradural ICA in 48%, and at
multiple sites in 23%.12)

The present study identified regions of the in-
tracranial ICA with thick intima, often referred to as
early progression of atherosclerosis,18) are most fre-
quently occurring in the horizontal segment of the
cavernous portion of the ICA. The tortuosity of the
cavernous portion of the ICA and associated flow
characteristics, as well as the composition of the ves-
sel wall in this area, have been suggested to be fac-
tors predisposing to atherosclerosis.12,13,16)

The present study found that the EEL disappeared
in the cavernous portion of the ICA, which is the
most common site of stenosis of the intracranial
ICA. Change in the elasticity of the arterial wall in
the cavernous portion may be an important factor in
the process of atherosclerosis in the intracranial
ICA.
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Commentary

This simple but elegant pathoanatomic study by
Masuoka et al. provides interesting and novel obser-
vations regarding the loss of external elastic lamina
(EEL) in the horizontal cavernous segment of the in-
ternal carotid artery (ICA). Long recognized to lack
EEL in the subarachnoid space, it has not been previ-
ously noted, to my knowledge, that EEL is lost in the
cavernous segment and not more distally at the transi-
tion into the subarachnoid space.

The authors also note intimal thickening in the
cavernous segment, they point to the prevalence of in-
tracranial stenosis in that segment, and speculate that
atherogenesis may be related to the loss of elasticity in
that segment associated with loss of EEL. We caution,
as they do, that this association does not prove causa-
tion, and other factors than loss of EEL, including
unique hemodynamic stresses may be involved in
atherogenesis vulnerability in that location. Other
carotid locations such as the cervical carotid bifurca-
tion are quite prone to atherogenesis without loss of
EEL, and more distal intracranial arteries lack EEL

and have infrequent atheromas.
The loss of EEL in the cavernous segment may also

explain the vulnerability of this segment, but not the
more proximal ICA, to the development of saccular
aneurysms, which luckily are unlikely to bleed be-
cause they are not in the subarachnoid space, but they
occur nevertheless. And the loss of EEL (along with
the absence of surrounding arachnoid layer) may ex-
plain in part the vulnerability of the cavernous seg-
ment to vessel injury when peeling tumors away from
it, as opposed to the more proximal ICA which seems
more resilient (or more distal arteries where an
arachnoid plane often helps).

The authors are congratulated on their careful ob-
servations which should motivate novel hypotheses
related to several cerebrovascular pathologies.
Issam A. AWAD, M.D., M.Sc., F.A.C.S., M.A. (Hon.)

Neurovascular Surgery Program
Section of Neurosurgery

University of Chicago Medical Center
Chicago, Illinois, U.S.A.

This paper provides a convincing and rational expla-
nation for a fact of common observation, i.e. the rela-
tively high incidence of atheromatic plaques in the
horizontal segment of the cavernous carotid artery.
The authors correlate the presence of intimal thicken-
ing and/or of atheromatic changes to the microscopic
demonstration of a decreased elastic component of
the vessel wall.

It explains also why the most frequent localization
of atheroma is at the level of the carotid bifurcation in
the neck: the authors point out that the transition
from an elastic vessel, such as the common carotid ar-
tery, to a muscular vessel (typically with less elastic
material in the tunica media) such as the internal
carotid artery, can explain the stress on the intima,
that in turn leads to a stenotic modification of the
wall.

In conclusion, this is a simple work, but useful to
read in order to increase the understanding of the
pathology.
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