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Why should we report posterior fossa emissary veins?

Yeliz Pekçevik, Rıdvan Pekçevik

NEURORADIOLOGY
PICTORIAL ESSAY

ABSTRACT 
Posterior fossa emissary veins are valveless veins that pass 
through cranial apertures. They participate in extracranial ve-
nous drainage of the posterior fossa dural sinuses. The mas-
toid emissary vein, condylar veins, occipital emissary vein, 
and petrosquamosal sinus are the major posterior fossa emis-
sary veins. We believe that posterior fossa emissary veins can 
be detected by radiologists before surgery with a thorough 
understanding of their anatomy. Describing them using tem-
poral bone computed tomography (CT), CT angiography, 
and cerebral magnetic resonance (MR) venography exam-
inations results in more detailed and accurate preoperative 
radiological interpretation and has clinical importance. This 
pictorial essay reviews the anatomy of the major and clini-
cally relevant posterior fossa emissary veins using high-reso-
lution CT, CT angiography, and MR venography images and 
discusses the clinical importance of reporting these vascular 
variants.

P osterior fossa emissary veins pass through cranial apertures and par-
ticipate in extracranial venous drainage of the posterior fossa dural 
sinuses. These emissary veins are usually small and asymptomatic 

in healthy people. They protect the brain from increases in intracranial 
pressure in patients with lesions of the neck or skull base and obstructed 
internal jugular veins (1). They also help to cool venous blood circulat-
ing through cephalic structures (2). Emissary veins may be enlarged in 
patients with high-flow vascular malformations or severe hypoplasia or 
aplasia of the jugular veins. They are associated with craniofacial syn-
dromes (1, 3). Dilated emissary veins may cause tinnitus (4, 5).

We aim to emphasize the importance of reporting posterior fossa em-
issary veins prior to surgeries that are related to the posterior fossa and 
mastoid region. Here, we review their embryology and anatomy based 
on high-resolution computed tomography (CT), CT angiography, and 
magnetic resonance (MR) venography images.

Posterior fossa emissary veins
The development of intracerebral veins and their extracranial drain-

age is complex in humans. The primary capillary plexus of the early 
embryo develops in three layers. The superficial vessels drain into the 
external jugular vein, whereas the middle and deep vessels drain into 
the internal jugular vein. Emissary veins, in the third trimester, consist 
of residual connections between the superficial and middle layers (1). 
During growth of the jugular sinuses, most of them disappear, but some 
persist and enlarge. The cause may be related to failure of normal matu-
ration of the sigmoid-jugular complexes (6).

The mastoid emissary vein (MEV), posterior condylar vein, occipital 
emissary vein, and petrosquamosal sinus (PSS) are the major posterior 
fossa emissary veins of clinical importance (Fig. 1).

Mastoid emissary vein
The MEV runs between the sigmoid sinus and posterior auricular or 

occipital vein by crossing the mastoid foramen. The posterior auricular 
and occipital veins drain into the suboccipital venous plexus or external 
jugular vein (Fig. 2). The suboccipital venous plexus drains into the an-
terior vertebral vein or deep cervical vein (7). 

The MEV may change in size, and there may be multiple MEVs (1, 7). 
The diameter of MEV is important because this vessel could be a potential 
target for endovascular procedures (Fig. 3). Endovascular treatment of dural 
arteriovenous fistulas is difficult due to limited access. It has been reported 
that MEV can be used to access an isolated or inaccessible transverse or 
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sigmoid sinus system in these patients 
(8). It would be valuable to determine 
the diameter of the MEV preoperatively 
to choose the appropriate cannula.

The MEV is a potential source of 
life-threatening bleeding during surgi-
cal procedures. Furthermore, surgical 
materials for achieving hemostasis of 
the MEV may predispose one to com-
plications. A previous study reported 
migration of bone wax into a sigmoid 
sinus that caused thrombosis (9). Air 
embolism is another postoperative 

complication of the MEV during later-
al suboccipital approaches (10).

The MEV can be the source of 
thrombosis of the sigmoid sinus after 
middle ear surgery. Most importantly, 
it may be the main outflow pathway 
of the posterior fossa dural sinuses in 
some cases, and ligation could lead 
to venous ischemic and hemorrhagic 
consequences (8). Two cases of cerebel-
lar infarction and one death resulting 
from coagulation of the MEV during 
skull base surgery have been reported 

(11). Assessing this vein preoperatively 
would allow one to modify the surgical 
procedure to reduce complications.

The MEV may constitute a potential 
risk for spreading infectious processes 
from extracranial to intracranial areas. It 
may be thrombosed as a complication of 
acute otomastoiditis. The MEV throm-
bosis causes edema and tenderness of 
the postauricular soft tissues overlying 
the mastoid process (Griesinger’s sign).

Posterior, anterior, and lateral 
condylar veins

The posterior condylar vein courses 
between the superior bulb of the inter-
nal jugular vein and deep cervical vein. 
It also communicates with the hori-
zontal portion of the vertebral artery 
venous plexus (Fig. 4).

The posterior condylar vein and deep 
cervical vein may be very large, partic-
ularly regarding jugular vein throm-
bosis (7, 12). Dilatation of these veins 
should be known before performing 
surgery on the posterior fossa and/or 
posterior cervical region. Dilatation 
may also change the surgical approach 
and makes the surgeon more cautious 
during surgery. A dilated MEV or con-
dylar emissary vein can be a rare cause 
of tinnitus. Posterior condylar veins 

Figure 1. Schematic representation of posterior fossa emissary veins in a patient with a 
hypoplastic sigmoid sinus and internal jugular vein. External connections of emissary veins are 
indicated by the blue arrows and bold white letters. DCV, deep cervical vein; EJV, external jugular 
vein; IJV, internal jugular vein; JB, jugular bulb; LCV, lateral condylar vein; MEV, mastoid emissary 
vein; OEV, occipital emissary vein; PAV, posterior auricular vein; PCV, posterior condylar vein; PSS, 
petrosquamosal sinus; RMV, retromandibular vein; SOVP, suboccipital venous plexus; SS, sigmoid 
sinus; SSS, superior sagittal sinus; TS, transverse sinus; VAVP, vertebral artery venous plexus.

Figure 2. a, b. Axial multiplanar reformatted image (a) shows a mastoid emissary vein (MEV). 
A three-dimensional volume-rendered image (posterior view) (b) shows the MEV draining into 
the posterior auricular vein (PAV) and PAV draining into the suboccipital venous plexus on the 
left side. A posterior condylar vein emerges from its canal on the right side.

a b

Figure 3. Sagittal oblique reformatted image 
of CT angiography shows the entire course 
of the mastoid emissary vein along the canal. 
The diameter of the mastoid emissary vein is 
very important when it is being considered 
for endovascular procedures (arrow). 
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may be localized very closely with tu-
mors in the skull base or neck (Fig. 5).

Lateral and anterior condylar veins 
also contribute to the venous drainage 
from the posterior fossa dural sinuses 
to the vertebral venous system, par-
ticularly in cases of thrombosis of the 
jugular system (12). However, these 
veins are plexiform connections, and it 
is difficult to distinguish among these 
veins with imaging.

Petrosquamosal sinus
The PSS arises from the transverse 

sinus before its junction with the sig-
moid sinus and drains either into the 
retromandibular vein through the post-
glenoid foramen or into the pterygoid 
venous plexus through the foramen 
ovale. Its main drainage pathway is the 
external jugular vein (Figs. 6, 7) (1, 13).

The PSS is rarely found in humans 
(13). In contrast to anatomical studies, 

radiological identification of the PSS is 
quite uncommon (14). In animals that 
have a smaller degree of telencephalic 
growth, the PSS is the major outflow 
pathway of the transverse sinus, and 
the external jugular vein is the domi-
nant encephalic venous drainage path-
way. However, in humans, internal 
jugular veins and the vertebral venous 
system are the major cerebral venous 
outflow pathways. Venous drainage 
of the brain differs depending on the 
position of the body. The outflow is 
through the internal jugular veins in 
the prone position, whereas most of 
the encephalic drainage transfers to the 
internal and external vertebral venous 
system in the upright position (12, 15). 

The PSS is mostly found in patients 
with congenital malformations of the 
skull base. It has been reported to be as-
sociated with semicircular canal aplasia 
(16). Both semicircular canal aplasia and 
PSS may be a component of CHARGE 

syndrome (17). In these patients, the PSS 
is generally very large, and it represents a 
risk for cochlear implant surgery.

The PSS may be the main outflow 
pathway of the transverse sinus in 
some cases, and particular care should 
be taken during surgical procedures be-
cause sacrificing this outflow pathway 
could lead to catastrophic venous isch-
emic and hemorrhagic consequences.

The PSS and other emissary veins may 
accompany syndromic craniosynosto-
sis, and they should be assessed before 
surgeries, particularly when posterior de-
compression is being considered (3, 17). 

Occipital emissary vein
The occipital emissary vein is present 

in the midline. Its multiple presenta-
tion may be seen rarely (Fig. 8). It drains 
from the confluens sinuum (torcula) to 
the internal vertebral plexus (3). It may 
be very large and may also constitute a 
potential hazard during surgery.

Figure 4. a–c. A sagittal multiplanar reformatted image (a), curved planar reformation image (b), and three-dimensional volume-rendered image 
(posterior view) (c) show the posterior condylar vein (PCV) arising from the superior bulb of the internal jugular vein and draining into the deep 
cervical vein (DCV). It also communicates with the horizontal portion of the vertebral artery venous plexus (VAVP). JB, jugular bulb; SS, sigmoid sinus.

a b c

Figure 5. Coronal multiplanar reformatted 
image shows bilateral  posterior condylar 
veins (PCV) with the left one very close to a 
hypervascular neck mass. 

Figure 6. a, b. Sagittal (a) and coronal multiplanar reformatted (b) temporal CT images show 
a petrosquamosal sinus (PSS) sulcus on the left, located on the upper portion of the petrous 
bone (arrows) and ending in the postglenoid foramen (PGF).

a b
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Conclusion
Posterior fossa emissary veins should 

be reported by a radiologist before sur-
geries to avoid complications, particu-
larly when related to the posterior fos-
sa and mastoid region. 
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Figure 8. Axial multiplanar reformatted image 
showing a large central occipital emissary vein 
(OEV).

Figure 7. Axial maximum intensity 
projection image from a three-dimensional 
phase-contrast MR venography shows the 
petrosquamosal sinus on the left side (arrows) 
draining into the retromandibular vein (RMV).

RMV
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