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ABSTRACT

BACKGROUND AND PURPOSE: A new transtentorial venous system consisting of medial, intermediate, and lateral tentorial veins, con-
necting infra- and supratentorial compartments, was recently shown in 2 cadaver dissections and 2 patient scans. We sought to charac-
terize the venous patterns within the tentorium and their relation to measures of skull development in a cohort of healthy adults.

MATERIALS ANDMETHODS:We retrospectively reviewed tentorial venous anatomy of the head using CTA/CTV performed for routine
care or research purposes in 238 patients. Included studies had adequate contrast opacification of venous structures and a section thick-
ness of #2 mm; we excluded cases with space-occupying lesions and vascular pathologies. Tentorial angle, dural sinus configurations,
and measures of skull base development were assessed as predictors of tentorial venous anatomy variation via Cramér V association,
the binary encoded Pearson correlation, and nearest-point algorithm with the Euclidean distance metric for clustering.

RESULTS: Tentorial vein development was related to the ringed configuration of the tentorial sinuses (P, .005). There were 3 con-
figurations. Groups 1A and 1B (n ¼ 50/238) had ringed configuration, while group 2 did not (n ¼ 188/238). Group 1A (n ¼ 38/50)
had a medialized ringed configuration, and group 1B had a lateralized ringed configuration (n ¼ 12/50). Measurements of skull base
development were predictive of these groups. The ringed configuration of group 1 was related to the presence of a split confluens,
which correlated with a decreased internal auditory canal–petroclival fissure angle. Configuration 1A was related to the degree of
petrous apex pneumatization (P value ¼ .010).

CONCLUSIONS: Variations in the transtentorial venous system directly correlate with cranial development.

ABBREVIATIONS: CC-JB ¼ carotid canal–jugular bulb; IAC-PCF ¼ internal auditory canal–petroclival fissure; ITV ¼ intermediate tentorial vein; LTS ¼ lateral
tentorial sinus; LTV ¼ lateral tentorial vein; MTS ¼ medial tentorial sinus; MTV ¼ medial tentorial vein; RC ¼ ringed configuration

Neuroradiologists are critical in presurgical planning, particu-
larly for complex surgical approaches to the skull base such

as anterior petrosectomy, combined presigmoid/retrosigmoid
approaches, and supracerebellar-transtentorial approach to the
mesial temporal lobe.1-5 The safety of these surgical approaches has
been framed around incising avascular regions of the tentorium.
However, tentorial sectioning may still produce unexplained
adverse consequences.6,7 Several cadaveric and radiographic studies

previously demonstrated the anatomic patterns of bridging veins to
the tentorium and medial and lateral venous sinuses within the ten-
torium.8-11 A recent study found a relationship between the anat-
omy of the tentorial sinuses at the transverse-sigmoid junction and
cranial morphometrics.12 However, several studies of veins within
the tentorium have demonstrated a wide variation inconsistent
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with direct drainage of the bridging veins into the tentorial
sinuses.13-16 Intimate knowledge of the normal variations of the
tentorial venous anatomy is of critical importance for neuroradiol-
ogists guiding neurosurgeons in presurgical planning and under-
standing postoperative complications.

Recently, a transtentorial venous system comprising the tento-
rial sinuses and veins connecting the anterior, middle, and poste-
rior fossae was identified in 2 cadavers without intracranial
pathology and 2 patients with disparate outcomes: 1) remote cer-
ebellar infarct and hemorrhagic conversion due to compromise
of the transtentorial venous system, and 2) tolerance of bilateral
transverse sinus thrombosis because of collateral drainage
through the tentorial veins.17 Thus, the tentorial veins, remnants
of the embryologic venous drainage system,18-20 appeared to
retain pathologic and physiologic relevance.17

The transtentorial network comprises 3 main veins and 2 main
tentorial sinuses. The medial and lateral tentorial sinuses (MTS
and LTS) may be distinct or connected, described previously as the
ringed configuration (RC).14,15 The medial tentorial vein (MTV)
courses within the free edge of the tentorium, originating from the
straight sinus and draining to the cavernous sinus. The intermedi-
ate tentorial vein (ITV) courses within the tentorium from the
straight sinus to the superior petrosal sinus. The lateral tentorial
vein (LTV) originates from the MTS or the RC of the tentorial
sinuses and drains to the superior petrosal sinus. Plexiform anasto-
moses connect the tentorial veins and sinuses at various points.17

Herein, we aimed to define normal variations in the tentorial
venous anatomy within the general population. Further, we
hypothesized that the variations in tentorial sinus and vein anat-
omy were related to and could be predicted by the extent of skull
base development, as measured by cranial morphometrics.

MATERIALS AND METHODS
Study Criteria
Tentorial venous anatomy of the head was evaluated on CTA and
CTV performed for routine care or for research during 1 year at a
single institution (The Johns Hopkins Hospital). Patients under-
went vascular imaging either for research protocol, stroke evalua-
tion, or follow-up of known lesions.

Studies were reviewed by expert neuroradiologists and the
study team. Patients with known space-occupying lesions or vas-
cular pathologies including acute dural venous sinus stenosis or
thrombosis, AVM/AVF, new aneurysms or those enlarging on
follow-up, cavernous malformations, developmental venous
anomalies, intracranial hemorrhage, or infarction were excluded.
Patients with stable aneurysms (n¼ 9; 3. 4 mm) with a long du-
ration of follow-up were included; no change in intracranial vas-
cular anatomy was seen longitudinally in these patients. We
included studies with adequate contrast opacification of the ve-
nous structures and section thicknesses of#2 mm.

The study protocol for retrospective chart review was
approved by the institutional review board.

Radiologic Measures
Measurements of the Skull Base. Scans were performed on 64-sec-
tion multidetector CT (Definition 64 AS Section; Siemens) with
120kV, 175mA, 64 � 0.6 mm collimation, after IV nonionic

contrast (Omnipaque 350 [iohexol]or Visipaque 320 [iodixanol];
GE Healthcare). Axial 0.75-mm slices at increments of 0.5mm were
reconstructed using a 512� 512 matrix, with a standard kernel.

Bony measurements were performed on CT to assess skull base
development, as follows. The petrosagittal angle was measured at
the intersection of a midsagittal line from the nasal septum to the in-
ternal occipital protuberance and a line on each side from the
spheno-occipital synchondrosis to the stylomastoid foramen.21 The
angle between the internal auditory canal and the petroclival fissure
(IAC-PCF angle) was also measured.22 The distance between the ca-
rotid canal and jugular bulb (CC-JB distance) was measured 1 sec-
tion before the turn of the petrous segment of the internal carotid
artery.22 Development of the petrous apex was assessed as petrous
apex pneumatization.22 The tentorial angle was measured between a
line extending from the nasion through the tuberculum sella and a
second line through the straight sinus in the midsagittal plane.23

Sample measurements are shown in On-line Fig 1. Measurements
were performed by the study team on OsiriX DICOM Viewer
(https://www.osirix-viewer.com/).

Definition of Dural Sinuses, Tentorial Sinus, and Tentorial Vein
Anatomy. The transverse sinuses were assessed for patency and con-
genital stenosis. The cavernous sinuses were also assessed for patency
or developmental anomalies. Congenital anomaly was distinguished
from new stenosis by reviewing longitudinal imaging when available
or by correlating with clinical findings—such as papilledema or ele-
vated intracranial pressure; these cases were excluded. The presence
of a split confluens sinuumwas also noted. The tentorial sinuses were
defined medial or lateral along the tentorium and by their presence
and respective origins.8 The MTS either originates from the straight
sinus or the medial portion of the transverse sinus.8 The LTS, when
present, originates from either the lateral portion of the transverse
sinus or the transverse–sigmoid sinus junction.8,11 The RC of the ten-
torial sinuses was defined as a continuity of the MTS and LTS.13,15

TheMTV, ITV, and LTVwere defined as previously described.17

Volumetric Reconstruction of CT Venography
Volume-rendered 3D images were generated using SkyScan
CT-Vox software. DICOM study files were imported into CTVox
in DICOM 8-bit format (https://www.bruker.com/products/
microtomography/micro-ct-software/3dsuite.html). The preview
function in CTVox was used to select an appropriate section
with the contrast-enhanced structures of interest, eg, tentorial
veins. For the patient shown in Figure 1, this was coronal section
IM-021–074; DICOM files are available in the Supplementary
DICOM Data (https://gin.g-node.org/JaredRosenblum/
Rosenblum_AJNR_2020_Supplemental_DICOM_Data_and_
Transfer_Function). The initial suggested dynamic range
for this study in the 8-bit data converter was 1034–1134
HU with a minimum of 0 and a maximum of 65,535 HU.
The highest intensity pixel value of the chosen section for
this scan was 2580 HU.

The import histogram was restricted to exclude parenchyma,
saturate contrast within the tentorial veins, and to lessen saturation
of bone. The lower bound was set to 1075 HU to exclude paren-
chyma, which was approximately 40 HU. The upper bound was
set to 3580 HU, which was 1000 HU above the maximum value
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of bone. The opacity was adjusted to show a limited view of the
surrounding soft tissues and highlight vessels with contrast. This
was saved as a preset transfer function that can be loaded into
CTVox (Supplementary Transfer Function). Lighting was
adjusted to optimize visualization of the render; 18% shadows,
0% specular, and 100% diffuse settings were applied.

Statistical Analysis
Determining Variable Relationships. Categories of dural sinuses
and tentorial veins were defined on the basis of the definitions of
the anatomy above. Cramér V association estimator (https://github.
com/shakedzy/dython/blob/master/dython/nominal.py), which
depends on x 2 comparisons, was used to measure the association
strength among categoric variables based on the above definitions,
holding values between 0 and 1.24 This determines whether there is
a significant difference between expected and observed frequencies
in the categories. The equation for strength of association is

V ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

x2=n
minðc� 1; r � 1Þ

s
;

where n ¼ sum total of observations, c ¼ number of columns,
and r¼ number of rows.

Preliminary categories were made on the basis of observations
in the patient population. To incorporate all variables into the
Cramér V estimation and validate categories, we binned numeric
variables into ranges. These included all bony angular and dis-
tance measurements and the tentorial angle.

Related variables (categories) were clustered and then linked
using the nearest-point algorithm,25,26 which computes the mini-
mum (min), two elements, one in each cluster, that are closest to
each other, distances (dist) using the following equation:

dðu; vÞ ¼ min½dist u i½ �; v j½ �
� ��;

for all points i in cluster u and j in cluster v. The distance metric
used was the Euclidean distance,27,28 which arranges all points as
m n-dimensional vectors. Agglomerated variables were high-
lighted through a dendrogram heat map, which represents both
the strength of relationships and variable relationship clusters. To
validate relationship clusters, we performed uncertainty coeffi-
cient analysis (Thiel’s U association measure), which is derived
from the conditional entropy between 2 variables.29

To perform correlation analysis and determine the directional-
ity of relationships across all variables, we binarily encoded catego-
ric variables into dummy variables. Each categoric value was
assigned a new column, assigning a 1 or 0 to each sample, depend-
ing on the presence or absence of that specific value.

Tomeasure the direction of linear relationship between numeric
variables, we used the Pearson correlation.28 The equation is

r ¼ covðX;YÞ
sxsy

;

and is calculated in a sample population as

r ¼
Pn

i¼ 1ðxi � xÞðyi � yÞffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPn
i¼ 1ðxi � xÞ2ðyi � yÞ2

q :

The Pearson correlation coefficient holds values between
�1 and 1. Negative values imply an inverse linear relation-
ship; positive values imply a positive linear correlation.
Variables were clustered and linked using the nearest-point
algorithm, with Euclidean distance as the distance metric.
Correlated and clustered variable outcomes were high-
lighted through a dendrogram heat map. Observation dis-
tributions were plotted for all variables. The kernel density
estimate and histograms were used to visualize probability
distributions.

RESULTS
Of the available radiologic imaging of the head at our institu-
tion, 238 CTA/CTV studies were included in the investiga-
tion based on the criteria defined in the study criteria section
of the Materials and Methods. Patient data are available in
the On-line Supplementary Data. Patients ranged in age from
19 to 100 years, with a mean age of 58 6 18 years; this is sum-
marized in the On-line Summary Statistics file. Delayed-
phase CTA or CTV was optimal for evaluating the tentorial
veins and was also used for 3D reconstruction and visualiza-
tion (Fig 1). The tentorial sinuses were observed in their
known variations, including the RC. We confirmed the com-
mon presence of the MTV, ITV, and LTV and found varia-
tions (Fig 2). The MTV was always present in the expected
location along the tentorial free edge. The ITV and LTV had
variable configurations.

Preliminary categories of these variations were defined (On-
line Table 1) for statistical analysis. Detailed patient characteris-
tics and category distribution are provided in On-line Fig 2. The
ITV and LTV were categorized according to their interruption
and drainage patterns. The baseline category (variation 0) was a
continuous and uninterrupted LTV, as previously described.17

The ITV was further categorized into 4 variations. Variation 1
was interrupted by the MTS, draining from the straight sinus to
the superior petrosal sinus. Variation 2 was interrupted by the
LTS, draining from the straight sinus to the superior petrosal
sinus. Variation 3 was interrupted by a plexiform anastomosis,
draining from the straight sinus to the MTV. Variation 4 was in-
terrupted by the RC, draining to the superior petrosal sinus.
The LTV was similarly categorized as follows. In variation 1, the
LTV was interrupted by the LTS, draining from the transverse
sinus to the superior petrosal sinus. In variation 2, the LTV was
interrupted by a lateralized RC, draining from the transverse
sinus to the RC. In variation 3, the LTV was interrupted by a
medialized RC, draining from the RC to the superior petrosal
sinus.

The Cramér V association clustered heat map showed 2 inter-
correlated variable groupings (Fig 3). The first group consisted of
the following variables: the origin of the MTS, the presence or ab-
sence of the RC of the tentorial sinuses, and the configurations of
the ITV and LTV. The second group consisted of the cavernous
sinus patency or congenital anomaly, transverse sinus patency or
congenital stenosis, origin of the LTS, and the presence of the
MTV. The uncertainty coefficient (Thiel’s U) confirmed the clus-
tering groups and provided directionality to the associations
(On-line Fig 3).
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FIG 1. Transtentorial veins. A–C, 3D volumetric reconstruction of delayed-phase CTA of the head and neck; parenchyma (0–40 HU) has been
segmented out, leaving the intracranial vessels filled with contrast. A, Reconstructed volume of the head is shown from the anteroposterior
view with a 30° downward rotation to show the plane of the tentorium. B, The same reconstruction as in A is rotated to show the left side. C,
The same reconstruction rotated to show the right side, which is symmetric. D–F, Source axial images for the volumetric reconstruction of this
scan are shown; MTV, ITV, and LTV are labeled. ICV indicates the internal cerebral vein; SS, straight sinus; SPS, superior petrosal sinus; VGC, vein
of Galen confluens; TS, transverse sinus; MTV, medial tentorial sinus.

FIG 2. Schematic representation of 3 transtentorial vein configurations. The 2 groups of tentorial sinus configurations are shown; group 1, which is
subdivided, has an RC, while group 2 does not. Regions of variation are shaded in purple, cross-hatching denotes sinuses, and veins are blue. The split
confluens is shown for groups 1A and 1B. The degree of petrous apex pneumatization for each group is also shown. A, Configuration 1A has a medial-
ized RC, and the ITV is interrupted by plexiform anastomosis to the RC or LTS. B, Configuration 1B has a lateralized RC, and the ITV is uninterrupted. C,
In configuration 2, the RC is absent; the LTV connects the MTS to the LTS and the LTS to the superior petrosal sinus. Relevant draining sinuses are also
shown. CS indicates cavernous sinus; ATV, apical tentorial vein; CBV, cerebellar bridging vein; ICS, intercavernous sinus; ISS, inferior sagittal sinus; MBV,
mesencephalic bridging vein; PA, plexiform anastomosis; SpPS, sphenoparietal sinus; SS, straight sinus; SSS, superior sagittal sinus; VGC, vein of Galen
confluens; VG, vein of Galen; TS, transverse sinus; SPS, superior petrosal sinus; C, confluens; TBV, tentorial bridging vein; ICV, internal cerebral vein.
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The Pearson correlation clustered heat map for all variables
(Fig 3) performed to further assess the directionality of relationship
between the correlated variables showed 2 primary groups based
on the presence or absence of the RC of the tentorial sinuses (P val-
ues shown in On-line Tables 2 and 3). The first group was further
divided into subgroups based on the location of the RC. Groups
1A and 1B (n ¼ 50/238) had RC, while group 2 was defined by its
absence (n ¼ 188/238). Configuration 1A (n ¼ 38/50) had a
medialized RC tentorial sinus, while it was lateralized in configura-
tion 1B (n ¼ 12/50). Further, measures of skull base development
were predictive of these configurations (Fig 4). The RC of group 1
was related to the presence of a split confluens, which was pre-
dicted by a decreased IAC-PCF angle (Fig 5). Configuration 1A
was related to the degree of petrous apex pneumatization.

DISCUSSION
This study evaluated the anatomy of the tentorial sinuses and
veins in a large healthy population using CTA/CTV (n ¼ 238)
and thus identified patterns of variation of the tentorial veins.
Further, we evaluated the relationships among cranial morpho-
metrics, dural and tentorial sinuses anatomy, and tentorial ve-
nous anatomy. Using statistical analyses, we identified bony
measurements that can predict the configurations of tentorial
veins, including the IAC-PCF angle and the degree of petrous

apex pneumatization that can be made on CT/CTA/CTV. In
addition, we developed a semiautomated process of volumetric
reconstruction of dural and tentorial venous anatomy used in
this study. Together, our study provides information for radio-
graphic evaluation of intracranial venous anatomy critical for sur-
gical planning and avoidance of complications that may arise as a
consequence of sacrifice of tentorial veins.6,17 Further, our study
may aid in determining which patients with postoperative venous
sinus thrombosis remain asymptomatic or resolve spontaneously
versus which require intervention.7 Knowledge of the transtento-
rial venous system is critical to neuroradiologists guiding neuro-
surgeons in surgical planning of skull base approaches. Further,
this anatomy will enable prompt neuroradiologic recognition of
surgical complications.

Although we did not perform a head-to-head comparison, the
MR imaging, MRA, and MRV studies available at our institution
were excluded from analysis because of poor visualization of the
structures of interest. This was either due to larger section thick-
ness, lack of contrast opacification of small-caliber vessels, or
noncontrast (time-of-flight) measurement, which did not
adequately demonstrate tentorial veins. Thus, this study included
only CTA/CTV with a section thickness of 0.75mm. From these
studies, we identified 2 primary groups of tentorial venous anat-
omy in this population. These groups were correlated to the RC of
the tentorial sinuses. Group 1A, which was characterized by a

FIG 3. Association and correlation with clustering highlights common tentorial vein configurations. Left, Cramér V association heat map, a sym-
metric measure of associations among categoric variables, presents 2 intercorrelated variable groupings. The first shows a high-to-perfect asso-
ciation among the MTS origin, RC, ITV, and LTV. The second shows a moderate-to-high association among the cavernous sinus, LTS origin,
transverse sinus, and MTV. Right, The Pearson correlation heat map reveals 2 primary configurations, one of which also has an alternate configu-
ration based on the presence or absence of the ring connection of the MTS and LTS. In the first configuration, the RC is medialized. Due to the
presence of the medialized RC originating from the MTS at the straight sinus, the tentorial veins have the following connections: The ITV is inter-
rupted by the RC, and the LTV is lateralized, draining to the superior petrosal sinus. An alternate and slightly less common configuration comprises
a lateralized RC and resultant medialized LTV. The second primary configuration has no RC, the ITV is interrupted by the LTS, and the LTV is also in-
terrupted by the LTS. In this configuration, the MTS may be present or absent. IAC-PCF (left) and (right) (degrees); petrosagittal angle (left) and (right)
(degrees); CC-JB distance (left) and (right) (millimeters); remaining variables are categoric. The ITV was categorized as 0 through 4 as per the result of
preliminary categorization. LTV was categorized as 1 through 3 per results of preliminary categorization. female¼ 0; M1, male¼ 1.
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medialized RC, and group 1B, which was characterized by a lateral-
ized RC, were correlated to the presence of a split confluens, a pro-
posed sign of incomplete late development of the dural sinuses.30

Conversely, group 2 (characterized by the absence of the RC) was
correlated with complete development of the confluens. Further,
these groups were predicted by bony measures of skull base devel-
opment, such as the degree of petrous apex pneumatization or the
IAC-PCF angle. Thus, the cranial morphometrics performed pre-
dicted specific intracranial venous configurations.

These findings are consistent with previous investigations of ve-
nous development. First, tentorial drainage of the midbrain veins
is critical during development.17,30 Second, at this time, when the
jugular foramen is narrowed by the developing petrous pyramid,
retrograde venous flow dilates the transverse sinuses.30 The dila-
tion of the transverse and sigmoid sinuses results in the their
pouching into the tentorium and subsequent development of the
medial and lateral tentorial sinuses and cortical veins, including
the vein of Labbé, which may drain into these.30 Extracranial
drainage of these sinuses, including the mastoid, anterior condylar,
and posterior condylar emissary veins, also develops during the

dilation phase and most often originates from the sigmoid sinus.30

Third, joining of the 2 transverse sinuses into the confluens is the
last part of development of the dural sinuses.18,30 The transverse
sinuses, petrosal sinuses, and cavernous sinuses develop from the
lateral head vein on each side.31 We hypothesized on the basis of
this information that the tentorial venous drainage pattern would
depend on the extent of development of the skull base.

Grouping our observations in this patient population by cate-
gories such as bony measures, dural sinuses, and tentorial veins
generated preliminary categoric relationships via the Cramér V
association measure. For example, without tentorial sinuses in the
RC, both the ITV and LTV can originate from the straight sinus.
However, in the presence of a medialized RC, such as in group 1A,
the LTV, and less often the ITV, may originate from the RC. These
relationships were grouped into putative anatomic configurations
of venous drainage via an agglomerative clustering algorithm and
dendrogram heat maps. These intercorrelated variable groupings
were confirmed by the Thiel’s U association. Because the uncer-
tainty coefficient is not a symmetric analysis, it allows understand-
ing of the conditionality behind relationships. For example,

FIG 4. Tentorial vein and skull base measurement subset correlation with clustering and distribution plots. Left, The Pearson correlation heat
map further characterizes the medialized RC with the ITV and LTV. This characterization confirms that when the RC of the MTS and LTS is pres-
ent and medialized, the ITV and LTV originate from this connection and are lateralized (group 1A). The strongest associated configuration com-
prises this; the lateralized RC is confirmed (group 1B). The configuration with the absent RC between the tentorial sinuses is also again confirmed
(group 2). This configuration appears related to the CC-JB distance and the tentorial angle in the heat map. Right, Y-axes in all charts are patient
numbers. Probability density functions and kernel density estimates for skull base measurements, grouped by tentorial vein categories, reveal
additional relationships. The distribution plots are shown for the right side of the tentorium only because symmetry is upheld as shown in the
heat map. The probability density functions for LTV 3 and ITV 4 (configuration 1A) are nearly identical; this is inversely related to male sex, CC-JB
distance, and petrous apex pneumatization 0 (less complete). This group is positively correlated to petrous apex pneumatization 1 (more com-
plete). Group 1B has no correlation with petrous apex pneumatization; however, it is distinguished from group 2 by oppositional correlation to
the IAC-PCF. The probability density functions and kernel density estimates of ITV 2 and LTV 1 (group 2) are very similar. IAC-PCF (left) and (right)
(degrees); petrosagittal angle (left) and (right) (degrees); CC-JB distance (left) and (right) (millimeters); the remaining variables are categoric. ITV
was categorized as 0 through 4 per the results of preliminary categorization. LTV was categorized as 1 through 3 per the results of preliminary
categorization. F0 indicates female¼ 0; M1, male¼ 1; R, right; L, left.
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knowing the RC status allows strong prediction of the ITV and
LTV configurations; however, conversely, knowing the ITV cate-
gory is a weaker predictor of RC status.

Subsequent binary encoding of variables, the Pearson correla-
tion, and clustering confirmed and further defined the putative
anatomic configurations. For example, the most common cluster
in the putative groups comprised the following variables: the
presence or absence of RC, origin of the MTS, ITV configuration,
and LTV configuration. These held true for the Pearson correla-
tion, which provided further detail and clarified the 3 groups
defined above: groups 1A, 1B, and 2.

The statistical analyses performed in this study not only
allowed the confirmation of the presence of the transtentorial
venous system but also identified the relationship between com-
pleted development of the skull base and the configurations of this
venous drainage. Knowledge of the venous anatomy of the tento-
rium is critical for surgical planning of approaches involving
manipulation or sectioning of the tentorium or veins bridging to it.
Further, this transtentorial venous system may explain certain phe-
nomena, including remote cerebellar infarction and asymptomatic
spontaneous or postoperative transverse sinus thrombosis.

While this study did not evaluate patients undergoing surgical
intervention, previous studies have described or hypothesized

venous configurations that may lead to adverse outcomes such as
remote cerebellar infarct.11,17 Our analysis supports the impor-
tance of avoiding these complications by preserving both the
MTV and LTS and their sole venous drainage of remote paren-
chyma. We hypothesize that configurations with greater anasto-
moses between tentorial veins, such as Group 1A found in this
study, would be less prone to complications of sectioning the ten-
torium. However, the tentorial venous drainage must be consid-
ered in the context of the intracranial venous drainage, such as a
narrowed transverse sinus or jugular bulb, as previously shown to
lead to complication.17 Further study of the clinical and surgical
relevance of this transtentorial venous system is needed.

CONCLUSIONS
The analysis of 238 patients identified 3 variations of the trans-
tentorial venous system in a large healthy population and identi-
fied bony measures of skull base development associated with
each variation. Knowledge of this anatomy is critical for neurora-
diologists and neurosurgeons in surgical planning, reducing the
risk of interventions, and explaining the mechanism of surgical
complications arising from compromise of the tentorial venous
system.

FIG 5. Dural sinus and skull base measurement subset correlation with clustering and distribution plots. Left, The Pearson correlation heat map
further characterizes the relationship among the dural sinuses, cavernous sinuses, and skull base measurements. This confirms that an LTS origi-
nating in the transverse sinus is linked with a patent cavernous sinus. As a corollary, an LTS originating in the transverse sinus–sigmoid sinus junc-
tion is linked with a diminutive cavernous sinus. The clustering also reiterates the relationship between the RC presence and the location of the
origin of the MTS. Right, Y-axes in all charts are patient numbers. Probability density functions and kernel density estimates for skull base meas-
urements, grouped by dural sinus categories, provide additional support for the determined anatomic configurations. The distribution plots are
shown for the right side of the RC only because symmetry was upheld as shown in the heat map. The probability density functions for LTS origi-
nating from the transverse sinus (LTS origin 0) and patent cavernous sinus (cavernous sinus 2) are similar; these show a weak positive correlation
with the absent RC (configuration 2). Conversely, the probability density functions for LTS originating at the transverse sinus–sigmoid sinus junc-
tion (LTS origin 1) and a congenitally diminutive cavernous sinus (cavernous sinus 1) are similar, showing a weak positive correlation with the RC
(configuration family 1). IAC-PCF (left) and (right) (degrees); petrosagittal angle (left) and (right) (degrees); CC-JB distance (left) and (right) (milli-
meters); the remaining variables are categoric. The ITV was categorized as 0 through 4 per the results of preliminary categorization. The LTV was
categorized as 1 through 3 per the results of preliminary categorization. F0 indicates female¼ 0; M1, male¼ 1; R, right; L, left.
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