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Abstract

The evaluation of venous drainage patterns prior to surgery for skull base meningioma is important 
 owing to their deep location and the vulnerability of surrounding vascular structures. In recent years, the 
microsurgical skull base approach has matured as a surgical technique, making it an important option for 
reducing complications related to skull base meningioma surgery. In addition, knowledge of the venous 
anatomy can prevent venous drainage route disturbance and potentially life-threatening complications. 
Hence, this topic review aimed to provide an overview of normal venous anatomy as it relates to the 
 microsurgical skull base approach, discuss known changes in venous drainage routes that are associated 
with the progression of skull base meningioma and the selection of an appropriate operative approach 
with the highest likelihood of preserving venous drainage structures.
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Introduction

The basic principal of a skull base surgical approach 
is to avoid brain compression by extending the bone 
resection. however, bridging veins and sinuses limit 
the approach window and can sometimes lead to 
unpredictable venous complications that disrupt 
venous circulation. Anatomical knowledge of the 
venous circulation is vital for neurosurgeons; however, 
the intracranial venous route is highly complicated. 

damage to the venous circulation is not usually 
a problem in surgery for anterior cranial fossa 
meningioma, except in cases of anterior clinoidal 
meningioma associated with the drainage route of the 
superficial middle cerebral vein (sMcV). however, 
for middle and posterior cranial fossa meningioma, 
the presence of many bridging veins and sinuses 
requires that neurosurgeons have the knowledge 
and capability of preserving these venous drainage 
routes during surgery. Thus, this review is focused 
on the anatomy of the venous circulation in the 
middle and posterior cranial fossa. 

Overview of the intracranial venous circulation
The intracranial venous circulation system is 

divided into the supratentorial and infratentorial 
venous systems. The supratentorial venous system is 
formed by the superficial and deep cerebral venous 
systems, connected by the medullary vein. The medul-
lary vein consists of the superficial medullary vein, 
deep medullary vein, and transmedullary vein. The 
superficial and deep medullary veins collect venous 
flow from the pial and subependymal veins. The 
transmedullary vein connects the superficial and 
deep medullary veins, and sometimes serves as a 
collateral route when tumor progression disturbs the 
venous circulation to the superior sagittal sinus. The 
superficial cerebral veins collect into four groups 
of bridging veins: (1) the superior sagittal group 
that drains into the superior sagittal sinus, (2) the 
sphenoidal group that drains into the sphen oparietal 
or cavernous sinus (cs), (3) the tentorial group that 
converges on the sinuses in the tentorium, and (4) 
the falcine group that drains into the inferior sagittal 
or straight sinus.1) The superficial cerebral veins  
include three major anastomotic veins: the vein 
of Trolard, which is the largest anastomotic  
vein connecting to the superior sagittal sinus; the 
vein of Labbé, which is the largest anastomotic vein 
connecting to the transverse sinus; and the sMcV. 
The deep cerebral veins collect into channels that 
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course through the walls of the ventricles and basal 
cisterns and converge on the internal cerebral, basal, 
and great veins.

delion et al.2) similarly classified the infratentorial 
venous system in terms of superficial and deep veins. 
within this system, the superficial veins travel along 
the surface of the cerebellum and drain the cerebellar 
cortex. in contrast, the deep veins traverse the fissures 
between the cerebellum and brainstem. These veins 
are divided into three groups: (1) the superior group 
that drains into the great vein, (2) the posterior group 
that drains into the transtentorial sinus, and (3) the 
lateral group that drains into the superior petrosal 
sinus (sPs). 

The most unique feature of the intracranial 
venous circulation is that the intracranial vein 
does not have a venous valve; as a result, venous 
blood flow can drain in both directions. Moreover, 
the cortical veins are linked by numerous anasto-
moses, allowing the development of a collateral 
circulation and potentially explaining the good 
prognoses of some cerebral venous thromboses. 
These features complicate our understanding of 
the intracranial venous circulation. Normal venous 
drainage patterns have been reported in previous 
studies.3–5) in particular, angiography, 3-dimensional 
computed tomographic venography (3d-cTV) and 
magnetic resonance imaging have proven useful 
for evaluating the preoperative venous circula-
tion.5–12) 3d-cTV is useful for understanding the 
anatomical relationship between venous structure 
and bone structure; however, neurosurgeons should 
pay careful attention to the middle cranial fossa 
vein because the determination of whether this 
vein runs along the surface of basal plane of the 
temporal lobe or along the interdural space of  
the middle cranial fossa is sometimes difficult. in 
the next chapter, we provide more detailed discus-
sions of each venous circulation system relevant 
to skull base approaches.

Sphenoidal Group

SMCV
sMcV variation is based on the relative develop-

ment of anastomoses. drainage of the sMcV was 
classified by hacker to include the sphenoparietal 
sinus, sphenobasal vein, sphenopetrosal vein, or 
the cortical veins in the absence of a definitive 
sMcV.13) suzuki et al. reclassified sMcV drainage 
into seven patterns using 3d-cTV (Fig. 1);5) these 
reclassified patterns are useful for understanding 
venous drainage in the context of surgery, as the 
preservation of these veins is considered necessary 
to avoid injury.14) 

The sMcV is connected to the superior sagittal 
sinus by the great anastomotic vein of Trolard and 
to the transverse sinus by the posterior anastomotic 
vein of Labbé.15) in 53% of cases, the deep middle 
cerebral vein and sMcV are connected,16) and 
this connection serves as an important collateral 
route when the proximal position of the sMcV is 
occluded by a tumor. The drainage pattern of the 

Fig. 1 Schematic depictions of superficial middle cerebral 
vein (SMCV) drainage patterns. (A) Undeveloped type: 
the SMCV is absent. (B) Sphenoparietal sinus type: the 
SMCV enters the CS through the sphenoparietal sinus. 
(C) Cavernous capture type: the SMCV enters the anterior 
end of the CS directly. (D) Emissary type: the SMCV 
courses along the lesser wing and turns inferiorly to 
reach the pterygoid plexus through the middle cranial 
fossa basal foramen. (E) Basal type: the SMCV runs along 
the Sylvian fissure, turns downward posteriorly along 
the middle cranial fossa, and runs along its floor lateral 
to the foramen ovale to join the transverse sinus. (F) 
Superior petrosal type: the SMCV runs along the lesser 
wing, turns downward posteriorly without connecting 
with the sphenoparietal sinus or CS, runs along the 
middle of the cranial floor medial to the foramen ovale 
and lateral to the CS, and joins the SPS. (G) Squamosal 
type: the SMCV turns directly backward along the inner 
aspect of the temporal squama without turning medi-
ally to connect with the sinus and runs posteriorly to 
connect with the transverse sinus or lateral tentorial 
sinus. (H) Combined type: the SMCV is composed of a 
combination of any of the above types.
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sMcV influences the selection of a microsurgical 
skull base approach with middle cranial fossa 
dura incision.

CS
The development of the cerebral vein starts with 

the formation of three meningeal plexuses until 
the fourth week of embryonic life. Thereafter, the 
intracranial venous system is formed by venous 
anastomosis and degeneration. The cs has an 
important role in the frontal and temporal venous 
circulations. The anterior part of the cs connects 
to the superior ophthalmic vein, the anterolateral 
part connects to the superficial sylvian vein, the 
lateral part connects to the sinus of the middle 
meningeal vein, and the posterior part connects to 
the superior and inferior petrosal sinus, although 
these connections are subject to some variability. 
The bilateral cs is connected by the intercavernous 
sinus (anterior and posterior) and basilar sinus. 
The lateral wall of the cs is usually composed 
of two layers of dura mater.17–19) in one cadaver 
study, a venous channel was present between these 
layers in 24% of specimens.20) when present, this 
channel connects with the sMcV and runs poste-
riorly through the middle cranial fossa towards the 
pterygoid plexus, transverse sinus, or sPs.5) Thus, 
the cs is a likely candidate for a collateral route 
when the original drainage route is disturbed by 
meningioma progression. 

Tentorial Group

SPS
The sPs connects the cs and the junction of the 

transverse and sigmoid sinuses. Accordingly, the 
sPs usually joins the cerebellum and brainstem 
bridging veins. in some cases, the sMcV empties 
into the sPs in a structural pattern known as the 
sphenopetrosal sinus.1) sPs patterns have been clas-
sified into four types based on whether the sinus 
empties into the cs (medial type), transverse sinus-
sigmoid sinus junction (lateral type), both (complete 
type), or neither (absent type). Matsushima et al. 
reported the frequencies of sPs patterns in subjects 
as follows: 60% complete type, 37% lateral type, 
and 3% medial type.4) Adachi et al. reported that 
the proportion of the hemispheres with complete 
and medial type patterns was significantly lower 
and the proportion of the hemispheres with lateral 
and absent type patterns was significantly higher in 
petrocrival meningioma (PcM) cases.7) in surgical 
contexts, the prevention of venous flow from the 
cerebrum to the sPs via the petrosal vein is more 
important than patency of the sPs. 

Superior petrosal vein
extensive microsurgical anatomical studies 

on cadavers21) have allowed classification of the 
superior petrosal veins into three groups.22) in 
Type i, the superior petrosal vein empties into 
the superior petrosal sinus above or lateral to the 
boundaries of the internal acoustic meatus. in Type 
ii, the superior petrosal vein empties into an area 
between the lateral limit of the trigeminal nerve 
at Meckel’s cave and the medial limit of the facial 
nerve at the internal acoustic meatus. in Type iii, 
the superior petrosal vein empties into the sPs 
above or medial to the boundaries of Meckel’s cave. 
Type ii is the most common pattern (72% of cases) 
and Type iii is the least common pattern (9% of 
cases).22) The relationship between the petrosal vein 
and cerebellopontine angle (cPA) meningioma has 
been reported using the above classifications based 
on tumor attachment in both PcM and anterior 
petrous meningioma; the most common vein type 
was Type iii.23) 

in a recent anatomical report by Matsushima et al.,4) 
four major vein groups were described as tributaries 
of the superior petrosal vein: (1) the petrosal group, 
draining the fourth ventricle, lateral medulla, cerebel-
lopontine fissure, and petrosal cerebellar surface; 
(2) the posterior mesencephalic group, draining 
the area facing the cerebello-mesencephalic fissure; 
(3) the anterior mesencephalic group, draining the 
anterior-lateral portion of the midbrain and pons; and 
(4) the tentorial group, draining the lateral portion 
of the cerebellar surface facing the tentorium. The 
petrosal group is the largest group and the vein of 
the cerebellopontine fissure is the largest tributary. 
collateral anastomosis between the petrosal vein and 
the galenic system is common.24) Mizutani et al. 
reported that the basal vein via the pontotrigeminal 
vein serves as a collateral route for the superior 
petrosal vein in PcM.25) The risk of sacrificing the 
superior petrosal veins is well established and can 
lead to venous complications;23,26–38) however, there 
is a very low rate of serious complications related to 
microvascular decompression (MVd) procedures, in 
part due to the established practice of coagulating 
the vein for decompression and/or to achieve better 
exploration of the nerve.39) several authors have 
reported the importance of preserving venous flow 
via the petrosal vein during the petrosal approach.22,40) 

Falcine Group

Deep cerebral veins
The deep cerebral veins traverse the walls of the 

ventricles and basal cisterns and converge on the 
internal cerebral, basal, and great veins.1) Anatomical 
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variation of the straight sinus has been noted in 
association with the infratentorial supracerebellar 
approach for the surgical treatment of pineal lesions.41) 
The basal vein of rosenthal (BVr) is sometimes 
associated with the skull base approach. This vein 
exits the anteromedial part of the temporal lobe 
and collects venous flow from the insular cortex, 
medial side of the frontal lobe, and brain stem, and 
drains into the vein of galen. The BVr is classified 
into three segments: (1) the anterior segment, which 
collects venous flow from the anterior cerebral vein, 
deep middle cerebral vein, inferior striate vein, 
posterior front-orbital vein, and olfactory vein; (2) 
the middle segment, which collects venous flow from 
the peduncular vein, inferior ventricular vein, and 
the vein from the medial side of the temporal lobe; 
(3) the posterior segment, which collects venous 
flow from the veins of the thalamus and cerebral 
peduncle and the lateral mesencephalic vein.1) Five 
drainage routes of have been classified for the BVr: 
(1) the great vein of galen, (2) the cavernous sinus 
or sphenoparietal sinus, (3) the sPs via the lateral 
mesencephalic vein, (4) the sPs via the peduncular 
vein, and (5) the transverse sinus or straight sinus 
via the tentorium.42) Neurosurgeons should carefully 
note BVr drainage pattern variations in order to 
reduce the likelihood of venous complications.43) 
in particular, tentorium incisions in the anterior 
transpetrosal approach should be performed with 
extreme care to preserve the BVr.44)

Changes in the venous circulation in skull base 
meningioma

in meningioma, the surrounding venous structures 
are obstructed by gradual tumor progression, and 
congestive venous flow is drained through a collateral 
venous route.45) considering the relationship between 
skull base meningioma and the venous circulation, 
three major intracranial venous circulation routes 
can be classified as follows: (1) superficial venous 
flow to the internal jugular vein via the superior 
sagittal sinus, transverse sinus, and sigmoid sinus; 
(2) an internal jugular venous route through the cs 
to the inferior petrosal sinus; and (3) a route via the 
pterygoid plexus through the sMcV and cs. Adachi 
et al.7) studied changes in venous drainage routes in 
PcM and proposed three hypotheses based on the 
study findings. First, the progression of PcM impairs 
the drainage route involving the medial part of the 
sPs and/or the drainage route from the sMcV to 
the cs. second, impaired venous drainage causes 
a change in route; specifically, impaired venous 
flow drains through the emissary foramen and/
or greater anastomosis of the sMcV. Third, if the 
emissary foramen route functions in a compensatory 

capacity when the original sMcV drainage to the 
cs is impaired, greater anastomosis of the sMcV is 
not necessary. in contrast, if sMcV drainage to the 
 emissary foramen does not compensate for impairment 
of the original sMcV drainage to the cs, greater 
anastomosis of the sMcV is necessary (Fig. 2).  
Moreover, the study findings showed that sMcV 
drainage to the pterygoid plexus via the emissary 
foramen was the important drainage route in PcM.

Operative approaches for skull base meningioma 
considering the venous circulation

The ideal operative approach allows tumor detach-
ment as early as possible, involves few or no cranial 
nerves or vascular structures in the approach route, 
and preserves local venous structures. endoscopic skull 
base surgery has particular value for this purpose. 
however, a microsurgical skull base approach is more 
suitable for skull base meningioma because endo-
scopic surgery is unable to resolve the problem of 
handling the dural tail in meningioma. Meningioma 
saddled from the middle to posterior cranial fossa 
and posterior cranial fossa meningioma sometimes 
lead to a controversial approach route. one such 
meningioma saddled from the middle to posterior 
cranial fossa is PcM. A transpetrosal approach is 

Fig. 2 Schematic depictions of the relationship between 
greater anastomosis and superficial middle cerebral vein 
(SMCV) drainage pattern. When the SMCV drains into 
the cavernous sinus (CS) (A) or pterygoid plexus (B), 
venous drainage occurs via the jugular foramen and 
emissary foramen. In these cases, greater anastomosis of 
the SMCV is not required to prevent congestive venous 
flow. When SMCV drainage to the emissary foramen 
does not compensate for the impairment of original 
SMCV drainage to the CS (C), congestive venous flow 
drains through the jugular foramen via the connection 
between the vein of Trolard and the vein of Labbè. 
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appropriate for PcM;46–57) however, some authors have 
reported postoperative venous complications28,48,51,58) 
secondary to the impairment of venous drainage routes 
and modified the transpetrosal approach to prevent 
these complications.7,59–61) shibao et al. reported the 
idea of an epidural and/or subdural modification to 
the anterior transpetrosal approach for PcM based on 
the sMcV drainage pattern.61) in the anterior trans-
petrosal approach, the dura propria of the trigeminal 
nerve (V3) of the foramen rotundum is peeled away 
to expose the apex of petrous bone.62,63) This may 
cause venous complications after surgery due to the 
obstruction of venous flow through the emissary 
route (Fig. 2). Adachi et al. suggested that peeling 
away the dura propria of V3 was not necessary for 
the anterior transpetrosal approach, as this proce-
dure does explicitly require exposure of the petrous 
apex (i.e., the petrous apex was successfully drilled 
without this step).7) The vein of Labbè also has an 
important role. when the venous drainage route of 
the sMcV empties into the cs and/or when the 
emissary foramen is disturbed, greater anastomosis 
via the vein of Labbè and vein of Trolard is needed 
to control venous drainage flow. in this situation, the 
maneuver in which the temporal lobe is lifted away 
from the middle cranial fossa causes stretching and 
stenosis of the vein of Labbè, which increases the 
risk of venous congestion in cases where the entry 
of the vein of Labbè is caudal to the transverse and 
sigmoid sinus junction.7) in petroapex meningioma 
and PcM, it is sometimes unclear whether a retrosig-
moid approach or an anterior transpetrosal approach 
is more suitable. The anterior transpetrosal approach 
is often more suitable because it can reach the tumor 
from the inside of the cranial nerves and handle the 
feeding artery at a comparatively earlier stage. The 
positional relationship between the petrosal vein and 
PcM or petroapex meningioma has been reported, with 
the most common vein pattern being Type iii (the 
superior petrosal vein emptying into the sPs above 
or medial to the boundaries of Meckel’s cave).23) From 
this perspective, although a retrosigmoid approach 
is more suitable for cPA meningioma, the anterior 
transpetrosal approach is more useful for both PcM 
and petroapex meningioma because retraction of 
the cerebellar hemisphere could cause an increase 
in intracerebellar pressure and aggravate venous 
congestion. For the retrosigmoid approach, the rate 
of petrosal vein sacrifice is 42.1–47% and that of 
postoperative venous complication is 30–37.5%.23,28) 
in contrast, for the anterior transpetrosal approach, 
the rate of petrosal vein sacrifice is 25–35.7% and 
that of postoperative venous complication is 0%.25,64) 
According to these results, Mizutani et al. suggested that 
sacrifice of the petrosal vein during the retrosigmoid 

approach may cause further venous congestion and 
increase intracerebellar pressure, leading to venous 
complications.25) 

Unnecessary and prolonged brain compression due 
to retraction should be avoided as this maneuver 
can disturb the venous circulation.65–67) For example, 
the anterior transpetrosal approach requires lifting 
of the temporal lobe. in this situation, minimal 
incision of the temporal lobe dura is useful for 
preventing excessive displacement or retraction of 
the temporal lobe.

of note, the information in this review is also 
useful for avoiding venous complications in the 
combined petrosal approach. in this context, neuro-
surgeons must understand the drainage direction 
of the petrosal vein via the sPs, and transect the 
sPs to preserve the petrosal vein drainage route 
through the sPs.

surgery for anterior clinoidal meningioma is also 
influenced by drainage through the sMcV. Nagata 
et al. reported three venous drainage patterns in 
anterior clinoidal meningioma: (1) cortical type 
(63.6% of cases), where the sylvian vein drains 
to the cortical veins only; (2) sphenobasal type 
(27.3% of cases), where the sylvian vein drains into 
the pterygoid plexus; (3) cavernous type (9.1% of 
cases), where the sylvian vein drains directly into 
the cavernous sinus. The authors concluded that 
a cortical-type venous structure does not restrict 
removal of the meningioma; however, neurosur-
geons must preserve the venous drainage system 
in sphenobasal- or sphenoparietal-type cases using 
tailored a surgical strategy.68) 

while many reports address the preservation of 
venous drainage routes, ligation of the temporal 
bridging vein has been argued to provide a safer 
and wider approach route. in one case series, liga-
tion of the bridging veins from the temporal lobe to 
the middle cranial fossa floor was planned in the 
first stage, followed by tumor removal through the 
desired skull base approach in the second stage; of 
seven cases using this strategy, only one resulted 
in asymptomatic mild temporal edema.69) Based on 
accumulating knowledge about venous thrombosis, 
this technique may be useful in cases where other 
skull base approaches are contraindicated.

A thorough knowledge of venous anatomy and 
collateral routes is important for minimizing compli-
cations during skull base surgery for meningioma; to 
this end, the insufficient preoperative evaluation of 
the venous drainage route can lead to post-operative 
venous complications. To improve surgical results, the 
accumulation of knowledge about venous drainage 
patterns in skull base meningioma and implementation 
of a scoring system for the preoperative evaluation 
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of procedural difficulty level in skull base menin-
gioma70) are urgently needed.

Conclusion

in the present article, we reviewed the venous anatomy 
in the context of microsurgical skull base approaches, 
discussed changes in venous drainage patterns in 
skull base meningioma, and identified operative 
approaches that minimize the likelihood of venous 
complications after surgery for skull base meningioma. 
Venous drainage routes are gradually disturbed with 
the progression of meningioma, such that congested 
venous flow is rerouted to drain through alternative 
developmental routes. Neurosurgeons should care-
fully evaluate and understand these drainage routes 
preoperatively and take care to preserve these drainage 
routes intraoperatively by using a suitable approach. 
of note, we have not discussed the condyle emissary 
vein, marginal sinus, or basilar plexus given that 
associations between these venous structures and 
meningioma have not yet been studied. Future studies 
should address venous drainage patterns in relevant 
pathologies such as foramen magnum meningioma. 
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