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Cavernous sinus: anatomy, histology and terminology
Seno cavernoso: anatomía, histología y terminología
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Abstract

Background: Although the cavernous sinus (CS) has been studied since 1695, its anatomy and name are still under discus-
sion. Method: Anatomy and histology of 40 CS from human cadavers were studied, included both from a newborn specimen. 
Results: Two walls limit the CS, an inferior medial one composed only of the dura’s outer layer and a superior lateral one 
consisting of both dura’s layers. Sinusoidal veins pass through the lateral wall of the CS as a transition between venous tribu-
taries and the CS. An endothelial layer covers the inner surface of the CS and the outer surface of the internal carotid artery. 
The space within the CS shows trabeculae, which are rarer in adults compared to the newborn. The loss of trabeculae in the 
CS may be a natural process along with life. Conclusions: In conclusion, the CS is a real sinus, and the term “cavernous 
sinus” is appropriately applied.
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Resumen

Antecedentes: Si bien el seno cavernoso (SC) ha sido estudiado desde 1695, su anatomía y nombre aún están bajo discu-
sión. Métodos: Se estudiaron la anatomía y la histología de 40 SC de cadáveres humanos, incluyendo los dos de un recién 
nacido. Resultados: El SC está limitado por dos paredes, una inferomedial compuesta solo por la capa más externa de la 
duramadre y otra superolateral compuesta por ambas capas de la duramadre. Hay venas sinusoidales que atraviesan la 
pared lateral del SC formando una transición entre venas tributarias y el SC. Una capa endotelial recubre la superficie interna 
del SC y la superficie externa de la arteria carótida interna. El espacio dentro del SC presenta trabéculas, las cuales son 
escasas en el adulto en comparación con el recién nacido. La pérdida de trabéculas en el SC puede ser un proceso natural 
a lo largo de la vida. Conclusiones: En conclusión, el SC es un verdadero seno, por lo que el término «seno cavernoso» se 
aplica de forma correcta.

Palabras clave: Seno cavernoso. Arteria carótida interna. Seno venoso. Compartimento lateral selar. Vía venosa paraselar.
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Introduction

The dura mater is the outermost meningeal layer 
made up of 2 layers according to some authors. The 
outermost layer includes the periosteum or, as some 
authors call it, the endosteum. The inner layer in-
cludes the true dura mater, the dural or meningeal 
layer1-5. However, other authors propose that only the 
outer layer should be considered the dura mater6,7. 
Venous sinuses are spaces that contain and drain 
venous blood from the brain and pericranial struc-
tures. The two layers of the dura mater outline the 
venous sinuses, according to Carpenter1. According 
to Barr6, the 2 layers outline true dura mater and the 
periosteum. In any case, a venous sinus can be in-
tra-  or extradural, considering that “sinus” means 
“cavity.”

The term “cavernous sinus” (CS) was first coined by 
Winslow bak in 17328,9, and has been studied since 
1695. However, there is still no consensus on its anat-
omy, histology, and terminology. The CS is a paired 
space, lateral to the sella turcica, located on the in-
tracranial surface of the sphenoid and temporal bones. 
The internal carotid artery (ICA) runs through it, while 
the oculomotor and trochlear cranial nerves are found 
inside its lateral wall, as well as the ophthalmic and 
maxillary branches of the trigeminal nerve. The abdu-
cens cranial and sympathetic nerves run medial to the 
lateral wall inside the CS2-5,9-14.

There is controversy on the location of the CS with 
respect to the dura mater; an extradural space for some 
authors6,10,11,15-21, an intradural space for others3,9,22-27.

Several reports on the interior anatomy of the CS de-
scribe it as a trabeculated space filled with blood8,9,14,24, 
while others describe it as a space where a venous plexus 
surrounding the ICA is located2,10,15,28-30. It is precisely be-
cause of this duality of concepts, that the term “cavernous 
sinus” has become a topic of discussion. Some authors 
maintain the concept of CS2-4,9,13,14,22,23,31,32, while others 
prefer to call it lateral sellar compartment or parasellar 
venous pathway10. However, many of these observations 
were done in dissections under stereoscopic microscopy, 
and only a few were histological observations. Therefore, 
we decided to study the anatomy of the CS using both 
stereoscopic microscopy and histological sections.

Method

This was a cross-sectional, observational, and de-
scriptive study of 40 cavernous sinuses from 19 adult 

human cadavers and 1 newborn whose cause of 
death was not cerebral. From the adult cadavers, 
blocks from the parasellar and sellar regions were 
obtained that were fixed in a 10% formaldehyde solu-
tion after being injected with liquid acetate colored 
with red paint through the common carotid arteries 
and internal jugular veins. The two cavernous sinuses 
of each specimen were dissected under microscopic 
vision, and then, paraffin sections stained with hema-
toxylin-eosin were obtained from each CS. The new-
born’s cavernous sinuses were fixed with a 1.5% 
glutaraldehyde solution to obtain semi-thin araldite 
sections stained with toluidine blue after being washed 
with a sodium cacodylate buffer solution (pH  7.2) 
through the common carotid arteries.

Results

We found that the CS superolateral wall is a thick 
wall made by both layers of the dura mater (Figs. 1 and 
2). We saw venous channels in the lateral wall ending 
inside the CS, through which the afferent veins drain; 
these venous channels separate the two layers of the 
lateral wall. These channels are similar to those in the 
superior longitudinal sinus, those that Testut and 
Latarjet24 referred to as sinusoidal veins (Figs. 3 and 
4)24.

The inferomedial wall is thinner than the lateral one 
and is only made up of the outer layer of the dura 
mater that represents the periosteum or endosteum of 
the base of the skull. This layer surrounds the struc-
tures inside the CS lateral wall (oculomotor and troch-
lear cranial nerves, ophthalmic branches, and 
maxillary branches of the trigeminal nerves). We also 
found that the endosteum surrounds the abducens 

Figure 1. Internal anatomy of the cavernous sinus (coronal section). 
DL: dural layer; EL: endosteal layer; ET: endothelium; ICA: internal 
carotid artery; III, oculomotor nerve; IV, trochlear nerve; PG: pituitary 
gland; SV: sinusoidal veins; V1: ophthalmic branch of the trigeminal 
nerve; V2: maxillary branch of the trigeminal nerve; VI: abducens 
nerve.
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cranial and sympathetic nerves that run medial to the 
CS lateral wall (Fig. 5).

The cavernous portion of the ICA runs inside the CS. 
There are multiple irregular trabeculae between the 
walls of the CS and the ICA. A layer of modified endo-
thelium covers the inner surface of the CS and reflects 
to cover the tunica adventitia of the ICA. This arrange-
ment resembles the visceral peritoneum (Fig. 6).

The newborn’s CSs showed more trabeculae than 
the adults’ CSs.

Discussion

Our results are consistent with those proposed by 
Carpenter1, Loveren et al.2, Campero et al.3, and 

Boardman et al.14, that the dura mater is made up of 
two layers. It is well known that some venous sinuses 
are limited by the two layers of the dura mater, as it 
is the case of the superior longitudinal sinus, or solely 
by the dural layer (the case of the inferior longitudinal 
sinus).

We found that the CS is a unique structure divided 
by trabeculae, not a venous plexus with multiple veins. 
This is consistent with the descriptions given by au-
thors such as Harris and Rhoton9, among others8,14,24, 
but in contrast with what other authors have de-
scribed2,10,15,28-30. Given this finding, we consider the 
use of the term “cavernous sinus” is the proper term 
to use (Fig. 7). However, Hashimoto et al.4 argue that 
both concepts are not mutually exclusive and that 
based on the different variations in the development 
of the CS, it can be arranged as a sinusoidal venous 
space with trabeculae or as a venous plexus with 
multiple veins.

Figure 2. Microscopic image of the cavernous sinus. Coronal section 
of a paraffin block stained with hematoxylin-eosin. DL: dural layer; EL: 
endosteal layer; ICA: internal carotid artery; III, oculomotor nerve; IV: 
trochlear nerve; SV: sinusoidal veins; V1: ophthalmic branch of the tri-
geminal nerve; V2: maxillary branch of the trigeminal nerve; VI: abdu-
cens nerve.

Figure 3. Dissection of the cavernous sinus lateral wall, longitudinally 
traversed by the sinusoidal veins. DL: dural layer; SV: sinusoidal veins.

Figure  4. Microscopic image of the cavernous sinus (close-up of 
figure 2). Coronal section of a paraffin block stained with hematoxylin-
eosin. ET:, endothelium; SV: sinusoidal veins.
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We agree with the authors who propose that the CS 
is limited by two walls, an inferomedial and a supero-
lateral one. The inner and outer layers of the dura 
mater create the lateral wall, which also makes up the 
roof of the CS3,14.

Although it has been described that the abducens 
cranial and sympathetic nerves run medial to the lat-
eral wall. Inside the CS, these observations have 
mostly been made through microscopic dissections3 
or imaging rather than histological studies16. In the 
present study, it has been demonstrated that these 
nerves are surrounded by lateral wall endosteum 
(Figs.  2 and 5). These observations are consistent 
with what Hashimoto et al.4 have reported during the 
embryonic development of the CS.

Our observations prove that the inferomedial wall is 
thinner and made up of only the outer layer of the dura 

mater, which reinforces the notion proposed by Camp-
ero et al.3, who also suggested that this wall creates, 
simultaneously, the hypophyseal fossa lateral wall.

The CS lateral wall is a structure that, according to 
some authors, is of dual embryonic origin: on the one 
hand, the inner wall, actually limiting the CS, originates 
from extracranial structures and drains venous blood 
through the superior ophthalmic vein, the only afferent 
before birth. On the other hand, based on this theory, the 
outer layer of the CS lateral wall would have a different 
embryonic origin from a primitive tentorial sinus that origi-
nally, before the 8th week of gestation, drains blood from 
the superficial middle cerebral vein (SMCV). According 
to this theory, the formation of the CS lateral wall involves 
the fusion of both systems, the CS itself and the primitive 
tentorial sinus31,34,35. These two structures would fuse 
and, depending on the degree of fusion, would give rise 
to 3 types of SMCV drainage into the CS: 1) persistence 
of the primitive tentorial sinus in adults, known as the 
paracavernous sinus, which receives the SMCV; 2) the 
formation of a venous sinus inside the CS lateral wall, 
the laterocavernous sinus, which also receives blood 
from the SMCV and may or may not have secondary 
connections to the CS, and 3) direct drainage of the 
SMCV into the CS31,35,36. According to Gailloud et al.31, 
the first pattern is the most common of them all, while 
the third one is the least common, although the most 
reported of all. In this regard, our findings of venous 
structures within the lateral wall suggest the presence of 
sinusoidal veins draining directly into the CS and receiv-
ing blood from the CS afferent veins. We consider that, 
since the observations made by Gailloud et al.31 were 
angiographic, the pattern found in our study can be easily 
mistaken with the second and third patterns described 
by Gailloud et al.31 and other authors36.

The findings that the endothelium that covers the 
CS inner surface reflects to cover the outer layer of 
the tunica adventitia of the ICA are not described in 
the literature we have looked into1-36.

The presence of fewer trabeculae in the newborn’s 
CSs compared to adults’s CSs suggests the possible 
disappearance of trabeculae throughout life. These 
findings are consistent with what Hashimoto et al.4 
have reported, who found less venous spaces during 
fetal development.

Conclusions

The CS is a true venous sinus made up by two 
walls, an inferomedial one consisting only of the 

Figure  5. Microscopic image of the cavernous sinus (close-up to 
the abducens nerve). Coronal section of a paraffin block stained 
with hematoxylin-eosin. EL, endosteal layer; SN, sympathetic 
nerves; VI, abducens nerve.
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outer layer of the dura mater, and a superolateral 
one including both layers of the dura mater. Inside 
the CS lateral wall, there are sinusoidal veins show-
ing the transition between the CS afferent veins and 

the CS itself. Both the inner surface of the CS walls 
and the outer surface of the ICA are covered by an 
endothelial layer. It is possible that, in time, the loss 
of trabeculae inside the CS is just a natural 
process.
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Figure 6. External surface of the internal carotid artery (ICA) covered by a thin layer of modified endothelium. A: microscopic image of the cavern-
ous sinus (CS) (close-up to the ICA). B: dissection of the CS lateral wall (the ICA tunica adventitia is separated from the endothelium using an 
insulin needle). AD: adventitia of the ICA; ET: endothelium; IN: insulin needle; LW: cavernous sinus lateral wall; ML: muscular layer of the ICA.

Figure 7. Cross-section of a block of the sellar and parasellar regions. 
CS: cavity of the cavernous sinus showing the internal trabeculae; 
DL: dural layer; EL: endosteal layer; ICA: internal carotid artery; MO: 
medulla oblongata; PG: pituitary gland; SS: sphenoidal sinuses; VA: 
vertebral artery.
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