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Abstract 

Objective: The drainage portion of the vein of Labbé varies, and it is difficult to pre-
dict whether the operation is likely to damage this vein. The aim of this study was to 
correlate the microanatomy of the vein of Labbé with digital subtraction angiography 
(DSA) and computed tomographic venography (CTV), in order to provide a basis for 
the preservation of the vein of Labbé during a supratentorial surgical approach.

Methods: A total of 30 human cadavers (60 sides) and 61 living patients (110 sides) 
were examined in this study. Each cadaver head was injected with blue latex via the 
superior sagittal sinus and the internal jugular veins. The venograms of each patient 
were obtained from the venous phases of DSA (60 sides for 36 patients) or CTV (50 
sides for 25 patients).

Results: The patients were divided into four subgroups based on the location where 
a vein entered the dural sinus: the transverse sinus group, the tentorial group, the 
petrosal group, and the upper-transverse sinus group. The veins of Labbé in transverse 
sinus group and petrosal group directly entered dural sinus. The veins of Labbé in 
tentorial group and upper-transverse sinus group indirectly entered transverse sinus via 
the tentorium sinus or the upper-transverse sinus. These sinuses were meningeal veins 
running through two layers of the cerebral dura mater. The length of meningeal veins 
in these groups was 10.0 ± 7.2 mm. The veins of Labbé were mainly localized around 
the STP junction, which was the confluence of sigmoid sinus, transverse sinus, and 
superior petrosal sinus. The distance between the dural entrance of veins and the STP 
junction was 16.8 ± 10.2 mm. There was no significant difference in the results of the 
DSA and CTV examinations when compared to the observations in cadavers.

Conclusions: Preoperative venograms are useful to design an individualized surgi-
cal approach for the preservation of the vein of Labbé. In general, the supratentorial 
median approach has the least chance to damage this vein. However, when preopera-
tive venograms show that the vein of Labbé is too close to the confluence of sinuses or 
the meningeal veins are too long, an alternative approach should be chosen.
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Background
Anatomic and histological observation has shown that the cerebral venous wall is 
thin and the course is flat [1]. During the operation process of a given neurosurgical 
approach, issues such as the separation of blood vessels, cerebral traction, and expansion 
of the operation space may necessitate electrocoagulation and ligation of the cerebral 
veins, resulting in intraoperative bleeding and differing degrees of postoperative compli-
cations [2–8]. It has been proven that after damage to the bridging veins, which are the 
final segment of cerebral veins bridging between brain and dural sinus, venous occlu-
sion and regional blood flow decreased, leading to cerebral edema, cerebral hemorrhage, 
cerebral venous infarction, and other postoperative complications [9–11]. In addition, 
cerebral traction and injury to the bridging veins will further aggravate the injury to the 
vascular endothelial cells and affect postoperative rehabilitation [11].

The vein of Labbé is a type of bridging vein that is first discovered and should be 
protected during the operation. It was originally defined as one of a group of anasto-
mosis veins that connect the superficial middle cerebral vein around the lateral sulcus 
and the lateral sinus. It was also called the inferior anastomotic vein [12] which drained 
the blood from lateral temporal lobe and the gyrus around lateral sulcus. In the clini-
cal supratentorial surgical approaches, the separation of blood vessels, cerebral trac-
tion, expansion of the operation space and other risks, may injure the vein of Labbé and 
result in aphasia, logagraphia, encephaledema, and other complications. Neurosurgeons 
should protect the vein of Labbé as much as possible [13, 14].

The drainage portion of the vein of Labbé varies [15–17], so it is difficult to predict 
whether the operation is likely to damage this vein. Preoperative imaging can evaluate 
the number, diameter, distribution, and drainage of the cerebral veins [18], which play 
an important role in the design of the operative approach. However, there have been few 
reports on imaging studies of the vein of Labbé. Therefore, the aim of this study was to 
correlate the microanatomy of the vein of Labbé with venograms as obtained by digital 
subtraction angiography (DSA) and computed tomographic venography (CTV), in order 
to provide a basis for the preservation of the vein of Labbé during supratentorial surgical 
approaches.

Methods
Microanatomy

Thirty cadavers fixed with formalin were provided by the Department of Anatomy of 
Anhui Medical College. There were 23 male cadavers and 7 female. The age range was 
40 ± 11 years old (16–59 years).

After removing the cranium, cavity congestion in the superior sagittal sinus and inter-
nal jugular veins was flushed by intubation, and blue latex was perfused through these 
vessels. The dura mater near the temporal occipital lobe was carefully separated from 
the skull after 48 h, in order to protect the veins below them. The skull above the trans-
verse sinus was removed along both sides of the mastoid. The dura mater was cut 25 mm 
above the transverse sinus.

According to the Rhoton standard [19], the maximal anastomotic branch between the 
superficial middle cerebral vein and the transverse sinus is defined as the vein of Labbé. 
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The pattern by which the vein of Labbé entered dural sinus were observed, the loca-
tion of the dural entrance was noted, and the diameter was measured at the site 5 mm 
before the dural entrance. When the vein of Labbé indirectly entered transverse sinus 
through the veins in dura mater, the length of this veins was measured (Fig. 1). If the 
dural entrance was in the dural sinus, the shortest distance from the dural entrance to 
the confluence of sigmoid sinus, transverse sinus, and superior petrosal sinus (STP junc-
tion) was measured. If the dural entrance was not in the dural sinus, the shortest dis-
tance from the vertical projection of the dural entrance on the transverse sinus to the 
STP junction was measured (Fig. 1).

Digital subtraction angiography

DSA views of veins from 60 sides with no cerebral venous diseases were selected from 
36 patients. There were 22 male patients and 14 female. The age range was 45 ± 16 years 
old (11–76 years). The indications for examination were aneurysm (8 patients), lacunar 
cerebral infarction (21 patients), and only suspicion of an intracranial lesion (7 patients). 
In 12 patients, only unilateral vein was obtained. In other 24 patients, bilateral veins 
were obtained.

A 500 MA digital subtraction X machine and a Siemens Axiom Artis DSA machine 
were used. In addition, selective cerebral angiography was performed by puncturing the 
femoral arteries using the Seldinger technique. The contrast medium was Omnipaque 
from GE Healthcare AS, and the imaging rate was three frames per second. Views were 
taken of the bilateral internal carotid artery and from the venous phase of a series of 
anteroposterior and lateral radiography. The flow rates of the internal carotid artery and 
vertebral artery angiography were 3–5 and 2–4 ml/s, respectively. The total amounts of 
the contrast medium were 7–l0 and 5–7 ml, respectively.

Fig. 1 Sketch map of dural entrance of veins of Labbé. The part behind the transverse sinus shows the dura 
mater above the transverse sinus. The dural entrances (filled circle) were in the surface of transverse sinus 
(TSG, transverse sinus group), superior petrosal sinus (PRG, petrosal group), tentorium cerebelli (TNG, tento-
rial group) or dura mater above the transverse sinus (UTG, upper-transverse sinus group). CS confluence of 
sinuses, D distance from dural entrance to STP, L length of meningeal vein, MV meningeal vein, SPS superior 
petrosal sinus, SS straight sinus, STP confluence of sigmoid sinus, transverse sinus and superior petrosal sinus, 
T tentorium cerebelli, TS transverse sinus
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Computed tomographic venography

CTV images of 25 cases (50 sides) with no cerebral venous diseases were observed. There 
were 14 male patients and 11 female. The age range was 45 ± 17 years old (14–74 years). 
The indications for examination were aneurysm (5 patients), lacunar cerebral infarction 
(12 patients), and only suspicion of an intracranial lesion (4 patients).

Spiral CT scanning was performed with 64-slice GE-light speed CTV. The scanning 
parameters were as follows: screw pitch was 0.531, layer thickness was 2.5  mm, tube 
voltage was 120 kv, tube current was 335 mA, intravenously injected Omnipaque was 
100 ml (350 mg I/ml), flow velocity was 4 ml/s, and the delay time was 50 s. The scanning 
range was from the inferior border of the mandible to the calvarium. After the scanning 
was completed and the images were reconstructed into 0.625 mm, the data were trans-
ferred to an AW 4.2 workstation, and 3D images of the cerebral veins were reconstructed 
with volume rendering.

Statistical treatments

The statistical analysis was performed with SPSS 19.0 statistical software. The numerical 
values of both the left and right sides were obtained with a t test. The observed micro-
anatomy and the results of DSA and CTV were analyzed with a one-way analysis of vari-
ance or Chi square test. The statistical results were shown in x̄±s(min−max).

Results
The groupings, numbers, and diameters of the veins of Labbé

The patients were divided into four subgroups based on the pattern and the location of 
the entrance of a vein into dura mater (Fig. 2). The direct entry group comprised patients 
for whom the veins of Labbé directly entered transverse sinus (transverse sinus group, 
Fig. 3) or superior petrosal sinus (petrosal group, Fig. 4). The entrance was located in the 

Fig. 2 Scatter plots of the distribution of veins of Labbé. The part behind the transverse sinus shows the dura 
mater above the transverse sinus. Filled circle Cadaver, filled square DSA, filled triangle CTV, CS confluence of 
sinuses, SPS superior petrosal sinus, SS straight sinus, STP confluence of sigmoid sinus, transverse sinus and 
superior petrosal sinus, T tentorium cerebelli, TS transverse sinus
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dura mater where the transverse sinus or superior petrosal sinus formed. For the indi-
rect entry group, the veins of Labbé indirectly entered transverse sinus or superior pet-
rosal sinus. The entrance was located in the tentorium cerebelli (tentorial group, Fig. 5) 
or the dura mater above the transverse sinus (upper-transverse sinus group, Fig. 6).

In DSA and CTV images, the superficial middle cerebral veins intersected with 
the transverse sinus through the veins of Labbé (Figs. 3, 4, 5, 6), except for no vein of 
Labbé was present in one case. In this patient, the left inferior cerebral vein entering 

Fig. 3 Vein of Labbé in transverse sinus group. The vein of Labbé (arrow) directly entered transverse sinus 
in Cadaver (A), DSA (B), and CTV (C). SS sigmoid sinus, SSS superior sagittal sinus, T tentorium cerebelli, TS 
transverse sinus

Fig. 4 Vein of Labbé in petrosal group. The veins of Labbé (arrow) directly entered the superior petrosal sinus 
in Cadaver (A), DSA (B), and CTV (C). SPS superior petrosal sinus, STP confluence of sigmoid sinus, transverse 
sinus and superior petrosal sinus, SS sigmoid sinus, SSS superior sagittal sinus, T tentorium cerebelli, TS trans-
verse sinus

Fig. 5 Vein of Labbé in tentorial group. The veins of Labbé (arrow) indirectly entered transverse sinus through 
the meningeal veins on the tentorium cerebelli in Cadaver (A), DSA (B), and CTV (C). MV meningeal vein, SS 
sigmoid sinus, SSS superior sagittal sinus, T tentorium cerebelli, TS transverse sinus
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transverse  sinus was very small and there was no anastomotic branch between trans-
verse sinus and superficial middle cerebral veins. There was no significant difference in 
the number and diameter of the veins of Labbé as measured by CTV and DSA (Fig. 2; 
Table 1), when compared with that of the cadavers.

Morphology of meningeal veins

In microscopic anatomy, 20% of the veins of Labbé indirectly entered transverse veins 
through the meningeal veins. The dural veins went between the dural layers, with a flat 
shape, and their diameter was larger than that of the veins of Labbé. The average length 
was 10.0 ± 7.2 mm, with a range up to 23.6 mm (Table 2). This was called the tento-
rial sinus when it was located in the tentorium, while it was called the upper-transverse 
sinus when it was located in the dura mater above the transverse sinus.

In the DSA and CTV images, there was a flat part with a large diameter before the 
entrance where the veins of Labbé entered the transverse sinus in 17 and 16% of patients, 
respectively. The tentorium sinus was located in front of the transverse sinus, and 
entered the transverse sinus backward (Fig. 5). The upper-transverse sinus was located 
above the transverse sinus, and entered transverse sinus downward (Fig. 6). There was 
no statistical difference when comparing the length of meningeal veins obtained by DSA 
and CTV with observations from cadavers (Table 2).

Fig. 6 Vein of Labbé in upper-transverse sinus group. The veins of Labbé (arrow) indirectly entered transverse 
sinus through the meningeal veins on the dural mater above transverse sinus in Cadaver (A), DSA (B), and 
CTV (C). MV meningeal vein, SS sigmoid sinus, SSS superior sagittal sinus, T tentorium cerebelli, TS transverse 
sinus

Table 1 Number and diameter of the veins of Labbé

In the bracket was the number of veins of Labbé in each group. No difference in comparison with the number of cadavers, 
DSA and CTV (Chi square test, p > 0.05). No difference in comparison with the diameter of cadavers, DSA and CTV of 
(ANOVA, p > 0.05); No difference was found between two sides (t test, p > 0.05)

TSG transverse sinus group, PRG petrosal group, TNG tentorial group, UTG upper-transverse sinus group

Groups Cadavers (n = 60) DSA (n = 60) CTV (n = 50)

Direct 2.7 ± 0.7 (1.5–4.4) [48] 2.9 ± 0.5 (1.7–4.2) [50] 2.8 ± 0.4 (1.9–4.2) [41]

TSG 2.7 ± 0.7 (1.5–4.4) [46] 2.9 ± 0.5 (1.7–4.2) [45] 2.8 ± 0.5 (1.9–4.4) [39]

PRG 2.7 ± 0.4 (2.5–3.0) [2] 2.8 ± 0.5 (2.4–3.7) [5] 3.1 ± 0.0 (3.1–3.1) [2]

Indirect 3.3 ± 0.8 (2.2–4.6) [12] 2.7 ± 0.5 (2.0–3.5) [10] 2.6 ± 0.4 (2.0–3.1) [8]

TNG 3.0 ± 0.8 (2.2–3.8) [3] 2.7 ± 0.3 (2.3–3.1) [6] 2.4 ± 0.6 (2.0–2.8) [2]

UTG 3.4 ± 0.8 (2.4–4.6) [9] 2.6 ± 0.8 (2.0–3.5) [4] 2.7 ± 0.3 (2.2–3.1) [6]

Total 2.8 ± 0.7 (1.5–4.6) [60] 2.8 ± 0.5 (1.7–4.2) [60] 2.8 ± 0.4 (1.9–4.4) [49]
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Distance between the veins of Labbé and the STP junction

The dural entrance of veins of Labbé were distributed near the STP junction, and there 
were no entrance around the confluence of sinuses (Fig. 2). The average distance between 
the veins of Labbé and the STP junction was 16.8 mm, and the distance exceeded 35 mm 
in 6% of cases. There was no statistical difference when comparing the combined results 
obtained by DSA and CTV with measurements from cadavers (Table 3).

However, in some special groups, there was a significant difference between the dis-
tance obtained by DSA and that of cadavers. When the veins of Labbé indirectly entered, 
the average distance observed in cadavers was 9.4 mm, and the DSA result was 22.8 mm. 
In the veins of Labbé of the petrosal group, the average distance in cadavers was 2.0 mm, 
and the DSA result was 12.5 mm. In the veins of Labbé in the upper-transverse sinus 
group, the average distance in cadavers was 9.2 mm, and the DSA result was 36.0 mm. 
Both of these difference were statistically significant (Table 3).

Discussion
Design of supratentorial surgical approaches

With the rapid development of medical imaging, clinicians have gradually directed their 
attention to the cerebral veins. In previous surgeries, methods that sacrificed the cer-
ebral veins were used to gain ideal surgical fields. This caused venous infarction, brain 
edema, cerebral hemorrhage, and other complications. Recovery after surgery was seri-
ously affected, and death even resulted due to these complications [6, 13, 14]. There-
fore, neurosurgeons have begun to protect the cerebral veins during operations. The 
commonly used methods are as follows [20]. Free bridging veins: during the operation, 
the veins bridging the arachnoid mater and the dura mater are dissociated in order to 
increase the activity degree and enlarge the surgical field to a certain extent, in the case 
of no damage to the bridging veins. Avoid large bridging veins: the larger-diameter veins 

Table 2 Length of the meningeal veins

No difference in comparison with the cadavers, DSA and CTV (ANOVA, p > 0.05); No difference was found between two sides 
(t test, p > 0.05)

Meningeal veins Cadavers (n = 60) DSA (n = 60) CTV (n = 50)

Tentorium sinus 7.5 ± 3.2 (5.2–11.1) 6.1 ± 2.4 (3.8–10.2) 5.6 ± 2.0 (4.2–7.0)

Upper-transverse sinus 10.9 ± 8.1 (1.7–23.6) 10.3 ± 6.1 (5.4–19.3) 10.4 ± 6.5 (4.4–21.8)

Total 10.0 ± 7.2 (1.7–23.6) 7.8 ± 4.5 (3.8–19.3) 9.2 ± 5.9 (4.2–21.8)

Table 3 Distance between the veins of Labbé and STP junction

* Compared with cadavers, p < 0.05; No difference was found between two sides (t test, p > 0.05)
a Two veins drained into the STP junction (confluence of sigmoid sinus, transverse sinus and superior petrosal sinus)

Groups Cadavers (n = 60) DSA (n = 60) CTV (n = 50)

Direct 18.7 ± 10.0 (0–40.1) 19.2 ± 11.0 (1.4–42.6) 15.4 ± 8.4 (0–3.4)

TSG 19.4 ± 9.6 (1.8–40.1) 19.9 ± 11.3 (1.4–42.6) 16.2 ± 7.8 (3.6–34.0)

PRG 2.0 ± 2.8 (0–4.0) 12.5 ± 5.6 (6.4–18.8)* 0a

Indirect 9.4 ± 7.6 (0.7–25.5) 22.8 ± 13.8 (1.4–46.9)* 18.7 ± 11.2 (1.4–33.1)

TNG 9.9 ± 0.6 (9.2–10.4) 14.0 ± 8.1 (1.4–26.3) 23.9 ± 6.1 (19.6–28.2)

UTG 9.2 ± 8.9 (0.7–25.5) 36.0 ± 9.0 (26.7–46.9)* 17.0 ± 12.4 (1.4–33.1)

Total 16.8 ± 10.2 (0–40.1) 19.7 ± 11.4 (1.4–46.9) 16.0 ± 8.8 (0–34.0)
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have a wider drainage area, leading to serious complications after injury, so the larger-
diameter veins are avoided in the surgical approach.

The vein of Labbé is the main drainage vein of the temporal lobe, and the diameter is 
relatively large. Complications such as aphasia, agraphia, and brain edema appear after 
an injury to this vein [13, 14]. Most neurosurgeons believe that to avoid complications 
and promote postoperative recovery, the vein of Labbé should be protected as much as 
possible [21]. Drainage of the vein of Labbé varies, and it is difficult to predict whether 
the operation is likely to damage the vein. Preoperative imaging can evaluate the num-
ber, diameter, distribution, and drainage of the cerebral veins [22]. These are the key fac-
tors that affect the design of operative approaches. This paper found that most of the 
veins were distributed near the STP junction, and the average distance from the vein to 
STP junction was less than 20 mm. There was no vein of Labbé around the confluence 
of sinuses. Therefore, in an operation on the cerebellum, the median approach has the 
lowest chance of injuring the vein of Labbé. During the operation, after cutting the dura 
mater covering the occipital lobe, the vein of Labbé is dissociated, to raise the occipital 
lobe to a certain extent. This also permits the operative field to be expanded without 
injuring the vein.

However, the median approach should not be used in two specific situations. First, the 
median approach should be avoided if the dural entrance of the vein of Labbé is far from 
the STP junction and close to the confluence of sinuses. This situation can be identified 
when the distance between the vein of Labbé and the STP junction is more than 35 mm. 
This case is relatively rare, and it accounts for only 6% of cases. Nevertheless, the vein of 
Labbé will be easily injured in these cases, because it is too close to the median opera-
tive approach. Secondly, the median approach is contraindicated if the vein of Labbé 
indirectly entered the transverse sinus through the meningeal veins and has a greater 
length. The dural veins go between the dural layers, so it is difficult to separate these 
from the dura mater. The average length of the dural veins is 10 mm, while the longest is 
23.6 mm. The appearance of meningeal veins reduces the length of the free segments of 
the vein of Labbé, and limits the raise of occipital lobe, then the operative field is greatly 
reduced. When either of these two issues is observed in radiographic images, a change in 
approach is recommended, such as by relying on the inferior cerebellar approach or the 
posterior approach through the corpus callosum.

Clinical significance of DSA and CTV for the veins of Labbé

Reports differ on the sensitivity of imaging for the varying positions of cerebral veins in 
imaging observation. Using the microsurgical anatomy as a standard, the sensitivity of 
the DSA for observation of the Galen venous system is only about 40% [22]. However, 
the sensitivity of DSA for the bridging veins draining into the superior sagittal sinuses 
reaches 80% [23], which may be related to the diameters or the different positions of 
cerebral veins. In this study, the superficial middle cerebral veins intersecting with the 
transverse sinus through the veins of Labbé were observed in DSA and CTV images, 
except in one case where the left inferior cerebral vein entering transverse sinus was very 
small and there was no vein of Labbé present. The sensitivity observed in this study was 
nearly 100%. DSA could distinguish those blood vessels with diameters of more than 
0.2 mm. The 64-slice spiral CT could distinguish blood vessels with diameters between 
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0.3 and 0.5  mm [24]. The average diameter of the veins of Labbé was 2.8  mm, which 
is greater than the spatial resolution of DSA and CTV. As a result, these veins can be 
clearly observed in DSA and CTV images. There was no significant difference in the 
diameter of the veins of Labbé as measured by CTV and DSA, when compared to direct 
observation in cadavers. This further demonstrates that the most important factor that 
affects the observation of vascular images is the diameter [25].

This study found that it is difficult to distinguish the four groups in the DSA and CTV 
images. In these images, there was a flat part with a large diameter before entering trans-
verse sinus, called the meningeal veins. As the dura mater cannot be displayed in these 
forms of imaging, the tentorium sinus and the upper-transverse sinus are distinguished 
through the location of meningeal veins and the entry direction to the transverse sinus. 
In CTV, the location of the meningeal veins is identified accurately through rotation of 
3D images, and the tentorium sinus and upper-transverse sinus are next distinguished. 
However, when the diameter of the meningeal veins is small, it is difficult to distinguish 
the meningeal veins due to the interference of high-density bone.

The spatial resolution of DSA is higher than that of CTV, and there is no interference 
of bone. The sensitivity for meningeal veins is higher, but there are two problems. First, 
the tentorium is high in some cases, and the dural veins in the images travel downward. 
It is easy to mistake the tentorium sinus for the dural sinus. Secondly, when the upper-
transverse sinus is short, it is difficult to accurately identify whether it travels downward 
or backward in radiographic images. It is easy to mistake the upper-transverse sinus for 
the tentorium sinus. Based on the pattern that a vein enters dural sinus, the veins of 
Labbé were divided into two groups: the direct entry group and the indirect entry group. 
There was no significant difference in the number of the veins of Labbé and the length 
of the meningeal veins as measured by CTV and DSA in comparison with results from 
cadavers. Therefore, this study suggests that in the preoperative imaging examinations 
before supratentorial surgical approaches, there is no need to divide the patients into 
four groups. It is only necessary to classify them into two groups according to the way in 
which the vein of Labbé enters the dura mater, identify the meningeal veins and measure 
the length of them.

DSA is the gold standard for cerebral vascular imaging, but it is an invasive test. In 
order to obtain the ideal cerebral venous images, it usually necessary to increase the dos-
age of the contrast agent and the X-ray irradiation time, which limits the application of 
DSA in the observation of cerebral veins [25, 26]. By contrast, CTV scanning is very fast, 
and the price is relatively low. The advent of a new type of 64-slice spiral CT has greatly 
improved the spatial resolution of the images, and it can display smaller vessels. Mag-
netic resonance imaging has no radiation effect, and images of blood vessels are devel-
oped without a contrast agent. This study shows that the observation effect of CTV on 
the vein of Labbé is the same as with DSA, and CTV is even better than DSA in measur-
ing the distance between the vein of Labbé and the STP junction. Overall, the distance 
between the vein of Labbé and the STP junction as measured by DSA and CTV has no 
significant difference when compared with cadavers. By contrast, the distances of the 
veins of Labbé measured by DSA in the petrosal group and the upper-transverse sinus 
group have significant differences when compared with cadavers. However, the veins 
in the petrosal group are located in the STP junction or superior petrosal sinus. Thus, 
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this difference will not affect supratentorial median surgical approaches. In the veins of 
Labbé in the upper-transverse sinus group, the length of the meningeal veins is usually 
greater. The average length is more than 10 mm, indicating that the median approach 
should not be used whenever possible. Therefore, this difference also didn’t influence the 
design of supratentorial surgical approaches.

Conclusions
This study provides an important basis for the design of operative approaches that will 
ensure the protection of the vein of Labbé, through observation via DSA and CTV of 
the microanatomy of the vein of Labbé. The results suggest that DSA or CTV examina-
tion before the operation is helpful to design the operative approach. For example, in 
an operation on the cerebellum, the lowest chance of injury to the vein of Labbé is with 
the median approach. However, when the imaging examination reveals that the vein of 
Labbé is too close to the confluence of sinuses or the dural veins are too long, the opera-
tive approach should be redesigned.

Abbreviations
DSA: digital subtraction angiography; CTV: computed tomographic venography; STP: confluence of sigmoid sinus, 
transverse sinus, and superior petrosal sinus.

Authors’ contributions
WT contributed to the experimental design, analysis and interpretation of data. AHJ participated in acquisition of the 
DSA and CTV data. QF, LX and WT carried out the experiments and the statistical analysis. WT provided final approval of 
the version of submitted manuscript. All authors read and approved the final manuscript.

Author details
1 Department of Anatomy, Anhui Medical College, Hefei 230601, Anhui, China. 2 Department of Radiology, The Second 
Affiliated Hospital of Anhui Medical University, Hefei 230601, China. 3 Department of Anatomy, School of Medicine, Anhui 
University of Science & Technology, 25 Dongshan Road, Huainan 232001, China. 4 Department of Cardiology, Guangzhou 
General Hospital of Guangzhou Military Region, PLA, Guangzhou 510010, China. 

Acknowledgements
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
The data supporting the conclusions of this article are included within the article. Any queries regarding these data may 
be directed to the corresponding author.

Ethics approval and consent to participate
The study was approved by the Ethics Committee of Anhui Medical College. All the participants provided their written 
informed consent to participate in this study.

Funding
The project was funded by the Natural Science Research Project of Anhui Colleges and Universities (Reference No: 
KJ2016A373), the Science and Technology Planning Project of Guangdong Province (Reference Nos: 2013A022100036 
and 2014A020212257), and Science and Technology Program of Guangzhou City (Reference No: 201704020079).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Received: 7 February 2017   Accepted: 20 June 2017

References
 1. Mortazavi MM, Denning M, Yalcin B, Shoja MM, Loukas M, Tubbs RS. The intracranial bridging veins: a compre-

hensive review of their history, anatomy, histology, pathology, and neurosurgical implications. Childs Nerv Syst. 
2013;29(7):1073–8. doi:10.1007/s00381-013-2054-3.

http://dx.doi.org/10.1007/s00381-013-2054-3


Page 11 of 11Fang et al. BioMed Eng OnLine  (2017) 16:84 

 2. Agrawal D, Naik V. Postoperative cerebral venous infarction. J Pediatr Neurosci. 2015;10(1):5–8. 
doi:10.4103/1817-1745.154314.

 3. McComb JG. What is the risk of venous infarction to intra-operative sacrifice of either the superficial or deep cer-
ebral bridging veins? Childs Nerv Syst. 2014;30(5):811–3. doi:10.1007/s00381-014-2405-8.

 4. McNatt SA, Sosa IJ, Krieger MD, McComb JG. Incidence of venous infarction after sacrificing middle-third 
superior sagittal sinus cortical bridging veins in a pediatric population. J Neurosurg Pediatr. 2011;7(3):224–8. 
doi:10.3171/2010.11.peds09261.

 5. Morishita T, Okun MS, Burdick A, Jacobson CE, Foote KD. Cerebral venous infarction: a potentially avoidable compli-
cation of deep brain stimulation surgery. Neuromodulation. 2013;16(5):407–13. doi:10.1111/ner.12052 (discussion 
13).

 6. Nakase H, Shin Y, Nakagawa I, Kimura R, Sakaki T. Clinical features of postoperative cerebral venous infarction. Acta 
Neurochir. 2005;147(6):621–6. doi:10.1007/s00701-005-0501-y (discussion 6).

 7. Sughrue ME, Rutkowski MJ, Shangari G, Fang S, Parsa AT, Berger MS, et al. Incidence, risk factors, and outcome 
of venous infarction after meningioma surgery in 705 patients. J Clin Neurosci. 2011;18(5):628–32. doi:10.1016/j.
jocn.2010.10.001.

 8. Suzuki Y, Endo T, Ikeda H, Ikeda Y, Matsumoto K. Venous infarction resulting from sacrifice of a bridging vein during 
clipping of a cerebral aneurysm: preoperative evaluation using three-dimensional computed tomography angiog-
raphy–case report. Neurol Med Chir. 2003;43(11):550–4.

 9. Miyake H, Nakagawa I, Takeshima Y, Nishimura F, Park YS, Nakamura M, et al. Post-ischemic administration of vascular 
endothelial growth factor inhibitor in a rat model of cerebral venous infarction. Neurol Med Chir. 2013;53(3):135–40.

 10. Schaller B, Graf R, Sanada Y, Tolnay M, Rosner G, Wienhard K, et al. Hemodynamic changes after occlusion of the 
posterior superior sagittal sinus: an experimental PET study in cats. AJNR Am J Neuroradiol. 2003;24(9):1876–80.

 11. Sakaki T, Kakizaki T, Takeshima T, Miyamoto K, Tsujimoto S. Importance of prevention of intravenous thrombosis 
and preservation of the venous collateral flow in bridging vein injury during surgery: an experimental study. Surg 
Neurol. 1995;44(2):158–62.

 12. Fang Q, Chen F, Jiang A, Huang Y, Deng X. Computed tomographic angiography of the superficial cerebral venous 
anastomosis based on volume rendering, multi-planar reconstruction, and integral imaging display. Australas Phys 
Eng Sci Med. 2015;38(4):777–83. doi:10.1007/s13246-015-0403-0.

 13. Sekhar LN, Chanda A, Morita A. The preservation and reconstruction of cerebral veins and sinuses. J Clin Neurosci. 
2002;9(4):391–9.

 14. Sakata K, Al-Mefty O, Yamamoto I. Venous consideration in petrosal approach: microsurgical anatomy of the tempo-
ral bridging vein. Neurosurgery. 2000;47(1):153–60 (discussion 60–1).

 15. Avci E, Dagtekin A, Akture E, Uluc K, Baskaya MK. Microsurgical anatomy of the vein of Labbe. Surg Radiol Anat. 
2011;33(7):569–73. doi:10.1007/s00276-011-0782-1.

 16. Silva PS, Vilarinho A, Carvalho B, Vaz R. Anatomical variations of the vein of Labbe: an angiographic study. Surg 
Radiol Anat. 2014;36(8):769–73. doi:10.1007/s00276-014-1264-z.

 17. Tubbs RS, Louis RG Jr, Song YB, Mortazavi M, Loukas M, Shoja MM, et al. External landmarks for identifying the drain-
age site of the vein of Labbe: application to neurosurgical procedures. Br J Neurosurg. 2012;26(3):383–5. doi:10.3109
/02688697.2011.631620.

 18. Shoman NM, Patel B, Cornelius RS, Samy RN, Pensak ML. Contemporary angiographic assessment and clini-
cal implications of the vein of Labbe in neurotologic surgery. Otol Neurotol. 2011;32(6):1012–6. doi:10.1097/
MAO.0b013e3182255980.

 19. Rhoton AL Jr. The cerebral veins. Neurosurgery. 2002;51(4 Suppl):S159–205.
 20. Ueyama T, Al-Mefty O, Tamaki N. Bridging veins on the tentorial surface of the cerebellum: a microsurgical anatomic 

study and operative considerations. Neurosurgery. 1998;43(5):1137–45.
 21. Guppy KH, Origitano TC, Reichman OH, Segal S. Venous drainage of the inferolateral temporal lobe in relationship to 

transtemporal/transtentorial approaches to the cranial base. Neurosurgery. 1997;41(3):615–9 (discussion 9–20).
 22. Kilic T, Ozduman K, Cavdar S, Ozek MM, Pamir MN. The galenic venous system: surgical anatomy and its angio-

graphic and magnetic resonance venographic correlations. Eur J Radiol. 2005;56(2):212–9. doi:10.1016/j.
ejrad.2005.05.003.

 23. Han H, Tao W, Zhang M. The dural entrance of cerebral bridging veins into the superior sagittal sinus: an anatomi-
cal comparison between cadavers and digital subtraction angiography. Neuroradiology. 2007;49(2):169–75. 
doi:10.1007/s00234-006-0175-z.

 24. Pannu HK, Jacobs JE, Lai S, Fishman EK. Coronary CT angiography with 64-MDCT: assessment of vessel visibility. AJR 
Am J Roentgenol. 2006;187(1):119–26. doi:10.2214/ajr.05.0908.

 25. Lee JM, Jung S, Moon KS, Seo JJ, Kim IY, Jung TY, et al. Preoperative evaluation of venous systems with 3-dimen-
sional contrast-enhanced magnetic resonance venography in brain tumors: comparison with time-of-flight mag-
netic resonance venography and digital subtraction angiography. Surg Neurol. 2005;64(2):128–33. doi:10.1016/j.
surneu.2004.10.029 (discussion 33–4).

 26. Wetzel SG, Kirsch E, Stock KW, Kolbe M, Kaim A, Radue EW. Cerebral veins: comparative study of CT venography with 
intraarterial digital subtraction angiography. AJNR Am J Neuroradiol. 1999;20(2):249–55.

http://dx.doi.org/10.4103/1817-1745.154314
http://dx.doi.org/10.1007/s00381-014-2405-8
http://dx.doi.org/10.3171/2010.11.peds09261
http://dx.doi.org/10.1111/ner.12052
http://dx.doi.org/10.1007/s00701-005-0501-y
http://dx.doi.org/10.1016/j.jocn.2010.10.001
http://dx.doi.org/10.1016/j.jocn.2010.10.001
http://dx.doi.org/10.1007/s13246-015-0403-0
http://dx.doi.org/10.1007/s00276-011-0782-1
http://dx.doi.org/10.1007/s00276-014-1264-z
http://dx.doi.org/10.3109/02688697.2011.631620
http://dx.doi.org/10.3109/02688697.2011.631620
http://dx.doi.org/10.1097/MAO.0b013e3182255980
http://dx.doi.org/10.1097/MAO.0b013e3182255980
http://dx.doi.org/10.1016/j.ejrad.2005.05.003
http://dx.doi.org/10.1016/j.ejrad.2005.05.003
http://dx.doi.org/10.1007/s00234-006-0175-z
http://dx.doi.org/10.2214/ajr.05.0908
http://dx.doi.org/10.1016/j.surneu.2004.10.029
http://dx.doi.org/10.1016/j.surneu.2004.10.029

	Anatomic comparison of veins of Labbé between autopsy, digital subtraction angiography and computed tomographic venography
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Microanatomy
	Digital subtraction angiography
	Computed tomographic venography
	Statistical treatments

	Results
	The groupings, numbers, and diameters of the veins of Labbé
	Morphology of meningeal veins
	Distance between the veins of Labbé and the STP junction

	Discussion
	Design of supratentorial surgical approaches
	Clinical significance of DSA and CTV for the veins of Labbé

	Conclusions
	Authors’ contributions
	References




