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Abstract
Background Diploic veins may act as collateral venous pathways in cases of meningioma with venous sinus invasion. Dip-
loic vein blood flow should be preoperatively evaluated to consider preserving the veins. In this study, we evaluated the use 
of time-resolved whole-head computed tomography angiography (4D-CTA)—which is less patient-intensive than digital 
subtraction angiography (DSA)—for assessing diploic vein blood flow and the positional relationship between typical cra-
niotomy approaches and diploic veins.
Methods We retrospectively examined 231 patients who underwent surgery for intracranial meningioma. We performed 
contrast-enhanced magnetic resonance imaging (MRI) to evaluate diploic vein pathways and compared the visualization 
rates of diploic vein blood flow assessed using 4D-CTA and DSA. Subsequently, we evaluated the rates of the diploic veins 
transected during craniotomy by comparing the pre- and postoperative contrast-enhanced MRI.
Results The diagnostic performance of 4D-CTA was assessed in 45 patients. Of the 320 diploic veins identified in these 
patients, blood flow in 70 (21.9%) diploic veins was identified by 4D-CTA and DSA, and both results were consistent. To 
assess the transection rates of the diploic veins, 150 patients were included. A trend towards a high transection rate of the 
diploic vein in the basal interhemispheric, frontotemporal, orbitozygomatic, combined transpetrosal, and convexity crani-
otomy approaches was observed.
Conclusions In patients with meningiomas, both 4D-CTA and DSA are useful in evaluating diploic vein blood flow. In 
meningiomas with venous sinus invasion, determining the extent of craniotomy after understanding the pathways and blood 
flow of diploic veins is recommended.

Keywords Digital subtraction angiography · Diploic vein blood flow · Meningioma · Time-resolved Whole-head computed 
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Abbreviations
4D-CTA   Time-resolved whole-head computed tomogra-

phy angiography
DSA  Digital subtraction angiography
MRI  Magnetic resonance imaging
SSS  Superior sagittal sinus
PFO  Pterional part of the frontoorbital diploic vein 

pathway
OFO  Orbital part of the frontoorbital diploic vein 

pathway
PFP  Pteriorfrontoparietal
OP  Pteriorfrontoparietal
OC  Occipitocervical
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ICA  Internal carotid artery
ICAG   Internal carotid artery angiography
ECAG   External carotid artery angiography
BIA  Basal interhemispheric approach
FTA  Frontotemporal approach
OZA  Orbitozygomatic approach
ATPA  Anterior transpetrosal approach
CTPA  Combined transpetrosal approach
LSOA  Lateral suboccipital approach

Introduction

The diploic veins are frequently connected to the venous 
sinuses, particularly with the superior sagittal sinus (SSS) 
[30, 34]. In healthy people, the diploic veins act as venous 
channels between the extra- and intra-cranial venous sys-
tems. It has been suggested that the diploic veins may be 
involved in the drainage of cerebrospinal fluid [2, 31]. They 
function as collateral pathways of intracranial venous perfu-
sion in cases of venous sinus occlusion [5, 8, 11, 14, 15, 17, 
23, 24, 28, 30, 34, 35], particularly in meningiomas with 
SSS invasion [34]. Moreover, it has been reported that sac-
rificing these diploic veins can cause intracranial venous 
infarction in patients with meningiomas [16, 23, 24, 34]. 
In cases of meningiomas with SSS invasion, preoperative 
assessment of diploic vein blood flow via digital subtraction 
angiography (DSA) is recommended [34].

While the utility of imaging techniques, such as magnetic 
resonance imaging (MRI), computed tomography (CT), and 
radiography in evaluating the pathways of the diploic vein, is 
widely known [1, 4, 7, 9, 19, 21, 23, 24, 27, 30, 32, 34], an 
optimal clinical examination technique to evaluate diploic 
vein blood flow is yet to be established. To date, only one 
study has evaluated diploic vein blood flow in detail using 
DSA [34]. However, compared to other imaging techniques, 
DSA burdens the patient, is time-consuming, and poses the 
risk of developing severe complications, including cerebral 
infarction. Hence, this necessitates a patient-friendly clinical 
examination technique.

Time-resolved whole-head CT angiography (4D-CTA) 
does not require hospitalization and is less time-consuming 
and minimally invasive than DSA [3, 6, 10, 18, 33]. Arte-
riovenous perfusion images of the head can be obtained 
by continuously capturing contrast-enhanced images from 
the arterial to the venous phase by 4D-CTA [3, 6, 10, 18, 
33]. This modality has been reported to be useful in the 
evaluation of venous sinus occlusion and collateral venous 
pathways [18] and diploic vein blood flow [34]; however, 
there are no detailed studies to date. Furthermore, pre-
serving high-flow diploic veins that function as collateral 
venous pathways should be considered in patients whose 
venous sinuses are obstructed by meningiomas [23, 24, 

34]. Nevertheless, the positional relationship between a 
typical craniotomy and the diploic veins being transected 
and the optimal method for identifying and preserving dip-
loic veins during craniotomy are yet to be clarified.

Herein, we investigated whether 4D-CTA could evalu-
ate diploic vein blood flow in patients with meningioma 
and compared the diagnostic performance of DSA with 
that of 4D-CTA. Moreover, we retrospectively investigated 
the rates of the diploic veins being transected during typi-
cal craniotomy approaches, typically used in meningioma 
surgery, and discussed techniques for identifying and pre-
serving diploic veins that function as collateral venous 
pathways during craniotomies.

Methods and materials

Study design and ethical considerations

The ethical review board of Fujita Health University 
approved this retrospective study (protocol number: 
HM19-472). Formal consent for study participation was 
not required considering the retrospective design of the 
present study; hence, we adopted an opt-out method. 
Informed written consent was obtained from the patients 
for all treatment procedures.

Study population

We identified patients who underwent craniotomies for 
intracranial meningioma at Fujita Health University from 
January 2015 to February 2020 using medical records.

To evaluate the diagnostic performance of 4D-CTA for 
diploic vein flow, we excluded patients without preopera-
tive contrast-enhanced MRI and/or DSA and/or 4D-CTA 
(Fig. 1). Additionally, to accurately evaluate the transec-
tion rates of diploic veins during the typical craniotomy 
approaches, we excluded patients without pre- and/or post-
operative contrast-enhanced MRI and those with recurrent 
meningioma or a history of craniotomy (Fig. 1).

Imaging modalities

We reviewed the patients’ imaging studies to detect the 
pathways and blood flow of the diploic vein. All pre- and 
postoperative imaging studies were performed within 
6 months prior to and after the craniotomy, respectively.

We performed contrast-enhanced MRI and DSA using 
the method employed in a previous study [34].
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4D‑CTA 

We acquired contrast-enhanced volume data for 4D-CTA 
using a 320-row area detector CT scanner (Aquilion ONE; 
Canon Medical Systems Corporation, Otawara, Japan) by 
volumetric dynamic scanning. These examinations were 
performed for the whole brain within a 16-cm area, without 
helical imaging with the following parameters: 320 × 0.5-
mm collimation, 80 kVp, 70 mA in arterial phase, 30 mA in 
venous phase, a 1-s gantry rotation time, 512 × 512 matrix, 
and 240-mm field of view. We initially acquired dynamic 
4D-CTA data in the arterial and venous phases every 1 s 
and 4 s, respectively. The contrast medium volume was cal-
culated based on the patient’s body weight. We injected 250 
mgI/kg of iopamidol (Iopamiron 370; Bayer, Osaka, Japan) 
intravenously as a bolus at a fixed 10 s, followed by an intra-
venous bolus injection of 30 mL physiological saline solu-
tion at a rate similar to that of the contrast medium.

Evaluating imaging studies

Two board-certified neurosurgeons independently analyzed 
all the MRI and DSA results, while the second set of two 
board-certified neurosurgeons analyzed the 4D-CTA results.

Diploic vein pathways

We adopted the diploic vein pathways defined in previous 
studies [30, 34] and assessed them using preoperative con-
trast-enhanced MRI and classified them into five variations, 

including the pterional (PFO) and orbital (OFO) parts of the 
frontoorbital, pteriorfrontoparietal (PFP), occipitoparietal 
(OP), and occipitocervical (OC) pathways (Fig. 2).

While the OC diploic veins principally course in the mid-
line, the PFO, OFO, PFP, and OP veins can course bilater-
ally [30, 34]. We evaluated all the diploic vein pathways 
bilaterally, except for the OC veins, which were evaluated 
without considering laterality. Only veins running in the dip-
loic space were assessed as diploic veins and distinguished 
from the meningeal veins [1].

Diploic vein blood flow

Using preoperative DSA and 4D-CTA, we evaluated diploic 
vein blood flow and classified it into the following three 
types (as previously reported): early, late, and non-visual-
ized [34]. Early type included the diploic veins where blood 
flow was concurrently visualized with venous sinuses on 
the internal carotid artery (ICA) angiography (ICAG) or 
4D-CTA. The late type included the diploic veins where 
blood flow was visualized after the venous sinuses began 
to disappear on ICAG or 4D-CTA. The non-visualized type 
included the diploic veins where blood flow was not visual-
ized on ICAG and 4D-CTA, while its presence was con-
firmed on contrast-enhanced MRI.

Transection rates of diploic veins

We investigated the transection rates of diploic veins for 
the basal interhemispheric (BIA), frontotemporal (FTA), 

Fig. 1  Tree-diagram of the study population. MRI magnetic resonance imaging, 4D-CTA time-resolved whole-head computed tomography angi-
ography, DSA digital subtraction angiography
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orbitozygomatic (OZA), anterior transpetrosal (ATPA), 
combined transpetrosal (CTPA), and lateral suboccipital 
(LSOA) approaches and frontal, parietal, and occipital cra-
niotomies; these are the typical craniotomy approaches for 
meningioma surgery (Fig. 2). In all cases, we determined 
the extent of the craniotomy based on the goal of total tumor 
removal. Among all the convexity craniotomies performed 
in patients with supratentorial meningioma, craniotomies 
centered on the frontal, parietal, and occipital lobe regions 
were defined as frontal, parietal, and occipital craniotomies, 
respectively. We excluded convexity craniotomy in the tem-
poral lobe region because of inadequate cases to evaluate the 
transection rate (only two cases). Additionally, we excluded 
large, multi-regional convexity craniotomies, such as decom-
pressive craniotomy, to clarify the positional relationship 
between the craniotomy region and the sacrificed diploic 
veins.

We evaluated the transection rates of the diploic veins 
by comparing the pre- and postoperative contrast-enhanced 

MRI findings. Considering the bilateral presentation of PFO, 
OFO, PFP, and OP diploic veins, we determined the transec-
tion rates of these diploic vein pathways using the number 
of diploic veins on the surgical side as the denominator for 
unilateral craniotomy and that on both sides as the denomi-
nator for bilateral craniotomy.

Results

Diploic vein blood flow visualized by 4D‑CTA 

During the study period, 231 patients with meningioma 
underwent craniotomy; 45 were included for the evalua-
tion of the diagnostic performance of 4D-CTA for diploic 
vein blood flow (Fig. 1), while the remaining were excluded 
because preoperative contrast-enhanced MRI and/or DSA 
and/or 4D-CTA had not been performed.

Fig. 2  Schematic representation 
of the diploic vein pathways 
and craniotomy range. OFO 
orbital part of the frontoorbital 
pathway; PFO pterional part of 
the frontoorbital pathway; PFP 
pteriorfrontoparietal pathway; 
OP occipitoparietal pathway; 
OC occipitocervical pathway; 
MMV middle meningeal vein; 
BIA basal interhemispheric 
approach; FTA frontotemporal 
approach; OZA orbitozygomatic 
approach; ATPA anterior trans-
petrosal approach; CTPA com-
bined transpetrosal approach; 
frontal: frontal craniotomy; 
parietal: parietal craniotomy; 
occipital: occipital craniotomy; 
LSOA lateral suboccipital 
approach
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The tumor attachment sites included the petroclival (11 
cases), sphenoid ridge (eight cases), convexity (seven cases), 
cerebellopontine angle (four cases), parasagittal (three 
cases), tentorial (three cases), tuberculum sellae (two cases), 
olfactory groove (two cases), anterior clinoid process (one 
case), cavernous sinus (one case), falcotentorial (one case), 
falx (one case), and foramen magnum (one case).

Complications by 4D‑CTA and DSA

Complications related to 4D-CTA did not occur in any of 
the 45 patients. However, DSA-related symptomatic cerebral 
infarction occurred in one patient (2.2%).

Characteristics of the diploic vein pathways 
and blood flow

We identified 320 diploic veins with the following pathways 
by contrast-enhanced MRI in the 45 patients: 71 PFO, 61 
OFO, 81 PFP, 65 OP, and 42 OC.

We did not identify blood flow in 250 of the 320 dip-
loic veins (78.1%) by ICAG and 4D-CTA and classified 
them as non-visualized type (Fig. 3a). In the remaining 70 
diploic veins (21.9%), blood flow was identified in all on 
4D-CTA. However, ICAG identified blood flow in only 65 
diploic veins (20.3%) (Fig. 3a). Detailed data are presented 
in Table 1.

Of these 70 diploic veins, we classified 27 and 43 as 
early and late types, respectively, based on the ICAG and 
4D-CTA findings (Fig. 3b). In the early type, we identified 
blood flow by both ICAG and 4D-CTA in 26 diploic veins 
(96.3%), while one diploic vein was not identified by ICAG 
(Fig. 3b). In the late type, we identified blood flow by both 
ICAG and 4D-CTA in 39 diploic veins (90.7%), while 4 
diploic veins were not identified by ICAG (Fig. 3b). In the 
diploic veins visualized on both 4D-CTA and ICAG, the 
diagnosis of early and late types by 4D-CTA was concord-
ant with that via ICAG. Diploic veins where blood flow 
was confirmed only by ICAG were not observed.

Fig. 3  The number of diploic 
veins identified by digital sub-
traction angiography and time-
resolved whole-head computed 
tomography angiography (a), 
and the number of early-type 
and late-type diploic veins 
identified via these imaging 
techniques (b). 4D-CTA time-
resolved whole-head computed 
tomography angiography, DSA 
digital subtraction angiography, 
ICAG internal carotid artery 
angiography, ECAG external 
carotid artery angiography
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Characteristics of the five diploic veins in which 
blood flow was not identified by ICAG 

Five diploic veins, all of which were PFP, were only visual-
ized on 4D-CTA (Table 1). These veins, all of which were 
connected to the tumor attachment site, were observed in 
four out of eight and one of seven cases with sphenoid ridge 
and convexity meningiomas, respectively.

We could not identify the five diploic veins by ICAG. 
However, we identified them by external carotid artery 
angiography (ECAG) (Fig. 3; Table 1). Unlike the diploic 
veins found in ICAG, these veins were not involved in cer-
ebral venous perfusion; however, they functioned as tumor 
drainers. Although these diploic veins were transected dur-
ing craniotomy in all cases, no postoperative complications 
occurred.

Representative cases

Case 1: This case involved left-sided tentorial meningi-
oma with sigmoid sinus invasion (Fig. 4a). We identified 
the late-type PFP diploic vein on preoperative ICAG. We 
did not identify the PFP diploic vein in the early venous 
phase. It was only visualized after the venous sinuses 
began to disappear in the late venous phase (Fig. 4b and 
c). This finding, confirmed by ICAG, was consistent with 
the 4D-CTA finding (Fig. 4d and e).
Case 2: This case involved left petroclival meningioma 
(Fig. 5a). We identified the early-type PFO and PFP dip-
loic veins on preoperative ICAG. The PFO and PFP dip-
loic veins were visualized concurrently with the venous 
sinuses in the early venous phase, consistent with the 
4D-CTA findings (Fig. 5b–e).

Case 3: This case involved left-sided sphenoid ridge men-
ingioma (Fig. 6a). The left PFP diploic vein was directly 
connected to the tumor attachment site (Fig. 6b). The 
early-type PFP diploic vein was identified on ECAG and 
not ICAG (Fig. 6c–e). This vein was not involved in nor-
mal cerebral perfusion and functioned as a tumor drainer. 
These findings identified on DSA were consistent with the 
4D-CTA findings. However, it was difficult to distinguish 
if the PFP diploic vein functioned as a tumor drainer or 
was involved in cerebral venous perfusion, based on the 
4D-CTA findings alone (Fig. 6f).

Transection rates of the diploic veins 
during the typical craniotomy approaches

We included 150 out of 231 patients in the analysis of tran-
section rates of diploic veins during typical craniotomies 
(Fig. 1). The number of cases for each craniotomy approach 
was as follows: BIA, 10; ATPA, 15; CTPA, 5; OZA, 17; 
FTA, 20; LSOA, 18; and frontal, 29; parietal, 17; and occipi-
tal, 19 craniotomies.

In each typical craniotomy approach for meningioma 
surgery, 14/14 PFO (100%) and 16/16 OFO (100%) veins 
were occluded by the BIA; 17/17 PFO (100%), 3/9 OFO 
(33.3%), 20/20 PFP (100%), and 1/18 OP (5.6%) veins 
were occluded by the FTA; 11/11 PFO (100%), 11/13 OFO 
(84.6%), and 16/16 PFP (100%) veins were occluded by the 
OZA; 1/14 PFO (7.1%) and 2/11 PFP (18.2%) veins were 
occluded by the ATPA; 3/5 PFP (60%) and 4/4 OP (100%) 
veins were occluded by the CTPA; 1/16 OP (6.3%) and 3/18 
OC (16.7%) veins were occluded by the LSOA; 25/35 PFO 
(71.4%), 21/28 OFO (75.0%), 17/41 PFP (41.5%), and 6/35 
OP (17.1%) veins were occluded by frontal craniotomy; 
13/17 PFP (76.5%), 7/17 OP (41.1%), and 4/17 OC (23.5%) 
veins were occluded by parietal craniotomy; and 2/20 PFP 
(10.0%), 6/20 OP (30.0%), and 13/19 OC (68.4%) veins were 
occluded by occipital craniotomy (Fig. 7).

Discussion

To the best of our knowledge, this is the first study to use 
4D-CTA for identifying and evaluating diploic vein blood 
flow; this was consistent with DSA findings. However, 
unlike DSA, 4D-CTA did not cause complications and was 
safely performed. Thus, 4D-CTA is useful in evaluating dip-
loic vein blood flow.

Although meningiomas may be vascularized by the pial 
blood supply, it is reasonable to assume that the diploic 
veins identified by ICAG and ECAG are involved in cerebral 
venous perfusion and in extracranial venous and tumor per-
fusion, respectively. In the present study, most of the diploic 
veins were identified by ICAG, indicating the involvement 

Table 1  Diploic vein routes identified by MRI, 4D-CTA, ICAG, and 
ECAG 

MRI magnetic resonance imaging, 4D-CTA  time-resolved whole-head 
computed tomography angiography, ICAG  internal carotid artery 
angiography, ECAG  external carotid artery angiography, PFO pteri-
onal part of the frontoorbital diploic vein pathway, OFO orbital part 
of the frontoorbital diploic vein pathway, PFP pteriorfrontoparietal, 
OP pteriorfrontoparietal, OC occipitocervical

Diploic 
vein 
route

The number 
of diploic 
veins identi-
fied by MRI

The number 
of dip-
loic veins 
identified by 
4D-CTA 

The number 
of dip-
loic veins 
identified by 
ICAG 

The number 
of diploic 
veins identi-
fied by ECAG 

PFO 71 12 12 0
OFO 61 2 2 0
PFP 81 39 34 5
OP 65 10 10 0
OC 42 7 7 0
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of diploic veins in cerebral venous perfusion. Conversely, 
there were a few cases wherein the diploic vein was involved 
in tumor perfusion. This study revealed that the diagnostic 
performance of 4D-CTA to evaluate diploic vein blood flow 
was similar to that of DSA. However, the external carotid 
artery was enhanced simultaneously, since 4D-CTA does not 
allow selective imaging of the ICA (Fig. 6f). Hence, in men-
ingiomas with a direct connection between the diploic vein 
and tumor attachment site, distinguishing whether the dip-
loic vein was functioning as a tumor drainer or involved in 
intracranial venous perfusion was not possible on 4D-CTA. 
Therefore, DSA might be more appropriate if the diploic 
vein courses just above the tumor.

All the diploic vein pathways that functioned as tumor 
drainers were PFP, and many were associated with sphe-
noid ridge meningioma. Anatomically, the PFP diploic veins 
are located above the tumor attachment site of the sphenoid 
ridge meningioma [30, 34]. These veins functioned as tumor 
drainers in 50% of the cases of sphenoid ridge meningiomas. 

Although the number of cases is limited, all five diploic 
veins functioning as tumor drainers in this study were safely 
transected. Conversely, it has been reported that the diploic 
vein functions as a collateral pathway of the superficial mid-
dle cerebral vein in sphenoid ridge meningioma and that 
complications occurred after the veins were sacrificed [16]. 
This indicates that similar to cases of meningioma with SSS 
invasion [34], the diploic venous blood flow in sphenoid 
ridge meningiomas needs to be carefully observed. Based on 
the results of this study, DSA would be more suitable than 
4D-CTA for evaluating diploic vein blood flow in sphenoid 
ridge meningiomas.

Although the pathways of the diploic veins and the extent 
of craniotomy varied in each case, the transection rates of 
the diploic veins in each craniotomy were not unusual. In 
other words, the PFO and OFO veins, which usually course 
around the orbital rim [30, 34], were frequently cut in the 
BIA and OZA; the PFO and PFP veins, which typically join 
the sphenoparietal sinus or middle meningeal vein [30, 34], 

Fig. 4  Representative case of the late type diploic vein. Contrast-
enhanced magnetic resonance imaging displays left-sided tentorial 
meningioma with sigmoid sinus invasion (a). On the preoperative 
internal carotid artery angiography, the late-type diploic vein is not 
visualized in the early venous phase (b); however, it is visualized 
after venous sinuses begin to disappear (c). These findings are con-

sistent with those of time-resolved whole-head computed tomography 
angiography (d, e). To facilitate visualizing the venous pathway, the 
vein on the right side has been deleted (image editing) (d, e). White 
arrowhead (a): meningioma; black arrow (c): the late-type PFP dip-
loic vein; white arrow (e): the late-type PFP diploic vein. PFP pteri-
orfrontoparietal
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were frequently cut in the OZA and FTA; and the OP veins 
that generally join the transverse-sigmoid junction [30, 34] 
were frequently cut in the CTPA (Fig. 7a and b). In addition, 
there was no contradiction between the extent of the con-
vexity craniotomy and the transected diploic vein’s pathway 
(Fig. 7c and d). In contrast, the ATPA and LSOA, which 
rarely include the diploic vein in the craniotomy range, dis-
played a low rate of diploic vein interruption (Fig. 7b and 
d). These findings were consistent with those of a previous 
cadaveric study that investigated the relationship between 
craniotomy around the pterion and obstructed diploic veins 
[5].

We have earlier reported on the risk of venous congestion 
due to sacrificing the diploic veins in the same patients as in 
the present study [34]. Diploic veins act as collateral venous 
pathways, especially in meningiomas with an SSS invasion 
(Fig. 8) [34]. Moreover, in these cases, postoperative venous 
complications occurred in two out of five cases (40%) in 
which the early-type diploic vein was sacrificed [34]. Con-
vexity craniotomy is frequently used to resect meningiomas 

with SSS invasion (falx, parasagittal, and convexity); how-
ever, based on the results of the present study, an ante-
rior–posterior long bilateral convexity craniotomy across 
the SSS sacrifices multiple diploic veins and may lead to 
the risk of postoperative venous congestion. Thus, a 2-stage 
strategy with limited craniotomy could be considered. First, 
the tumor is resected via a limited craniotomy only from 
anatomical areas corresponding to neurological findings, 
thereby preserving the diploic veins. Subsequently, clini-
cians monitor changes in diploic vein blood flow patterns 
elicited by tumor growth and/or development of collateral 
venous pathways, resecting the rest of the tumor at a later 
second stage when necessary. This strategy was adopted in 
one patient in the present study in whom no postoperative 
venous congestion was observed (Fig. 8). However, there are 
no studies on postoperative blood flow changes in the diploic 
veins to date; this indicates the need for future research. The 
recently reported minimally invasive keyhole or contralateral 
interhemispheric surgical approaches may be useful [22]. 
Furthermore, depending on the development of the venous 

Fig. 5  Representative case of the early type diploic vein. Contrast-
enhanced magnetic resonance imaging displaying left side petroclival 
meningioma (a). On the preoperative internal carotid artery angiog-
raphy, the early-type diploic veins are concurrently visualized with 
venous sinuses (b) and simultaneously disappear with the venous 
sinuses (c). These findings are consistent with those of time-resolved 

whole-head computed tomography angiography (d, e). To facili-
tate visualizing the venous route, the vein on the right side has been 
deleted (image editing) (d, e). White arrowhead (a): meningioma; 
black arrow (b): the early-type PFO and PFP diploic vein; and white 
arrow (d): the early-type PFO and PFP diploic vein PFO pterional 
part of the frontoorbital, PFP pteriorfrontoparietal
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Fig. 6  Representative case of the diploic vein functioning as the 
tumor drainer. Contrast-enhanced magnetic resonance imaging dis-
playing left-sided sphenoid ridge meningioma (a) and a direct con-
nection between the diploic vein and tumor attachment (b). The 
diploic vein is not visualized on preoperative internal carotid artery 
angiography (c). In contrast, external carotid artery angiography dis-
plays a tumor stain (d) and early-type diploic vein functions as the 
tumor drainer (e). These findings are confirmed on the time-resolved 

whole-head computed tomography angiography (f). To facilitate visu-
alizing the venous route, the vein on the right side has been deleted 
(image editing) (f). White arrowhead (a): meningioma; asterisk (b): 
direct connection between the diploic vein and tumor attachment; 
black arrowhead (d): tumor stain; black arrow (e): the PFP diploic 
vein functioning as the tumor drainer; and white arrow (f): the early 
type PFP diploic vein PFP: pteriorfrontoparietal

Fig. 7  Transection rates of the diploic vein pathway in each crani-
otomy approach. OFO orbital part of the frontoorbital pathway; PFO 
pterional part of the frontoorbital pathway; PFP pteriorfrontoparietal 
pathway; OP occipitoparietal pathway; OC occipitocervical pathway; 
MMV middle meningeal vein; BIA basal interhemispheric approach; 

FTA frontotemporal approach; OZA orbitozygomatic approach; 
ATPA anterior transpetrosal approach; CTPA combined transpetrosal 
approach; frontal: frontal craniotomy; parietal: parietal craniotomy; 
occipital: occipital craniotomy; LSOA lateral suboccipital approach
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sinus, venous congestion may occur in meningiomas with 
venous sinus invasion other than SSS, and in such cases, the 
diploic veins may function as collateral venous pathways [2, 
12, 29]. No clear protocols are available to predict venous 
congestion after transecting the diploic vein; therefore, 
unnecessary transection of the diploic veins during crani-
otomy in these cases should preferably be avoided.

It is often difficult to confirm the diploic vein pathways 
from the bone surface during craniotomy [8, 20]. There-
fore, researchers have established the usefulness of imaging 
techniques to evaluate the diploic vein pathway [1, 4, 7, 9, 
19, 21, 23, 24, 27, 30, 32, 34]. The Plain X-ray of the skull 
can detect intraosseous collateral venous pathways and can 
be helpful in designing appropriate craniotomy [23, 24]. 
Topograms created based on DSA or MRI have also been 
reported to be useful in designing tailor-made approaches 
to avoid venous complications [25]. Furthermore, the use of 
a three-dimensional image created from contrast-enhanced 

CT facilitates the understanding of the positional relation-
ship between the diploic vein and tumor, and in planning 
the optimal craniotomy range for early-type diploic vein 
preservation (Fig. 8). In combination with the intraopera-
tive navigation system, determination of the diploic vein 
pathways during craniotomies and preserving the diploic 
veins more reliably has been made easier. 4D-CTA can-
not entirely replace DSA and perform all functions, such as 
evaluating the feeding arteries; however, it is advantageous 
in understanding the positional relationship between tumor 
and important vessels, such as the diploic vein, venous sinus, 
and normal artery and vein. The choice between DSA and 
4D-CTA must be made considering the invasiveness and the 
information required.

The preservation of the diploic veins limits the crani-
otomy range, which may reduce the volume of the tumor 
removed (Fig. 8). Total removal of the meningioma is gener-
ally recommended depending on the pathological findings. 

Fig. 8  Representative case of parasagittal meningioma with supe-
rior sagittal sinus invasion Preoperative internal carotid artery angi-
ography displays an occluded superior sagittal sinus, and early-type 
diploic veins function as the collateral venous pathways of cerebral 
venous perfusion (a). Preoperative contrast-enhanced magnetic reso-
nance imaging reveals motor cortex compression by the meningioma 
(b), and the posterior component of the tumor is removed via a lim-
ited craniotomy (c). A three-dimensional image based on preopera-

tive computed tomography venography clearly depicts the positional 
relationship between the diploic veins and the tumor (d). Postopera-
tive computed tomography venography displays a preserved early-
type diploic vein coursing just above the tumor (e). Black arrowhead 
(a): occlusion of the superior sagittal sinus; black arrow (a): the early 
type diploic veins functioning as collateral venous pathways of cer-
ebral venous perfusion; and white arrowhead (d, e): the preserved 
diploic vein coursing just above the tumor
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However, information on the choice between preservation of 
collateral venous pathways such as diploic veins and radical 
tumor removal in meningiomas with venous sinus invasion 
is limited. It has been reported that in meningiomas with 
venous sinus invasion, tumor control can be achieved by 
tailored Simpson grade 4 surgery, with postoperative ste-
reotactic radiosurgery [13], and that postoperative venous 
infarction can be prevented by venous reconstruction [26]. 
Furthermore, even if radical tumor resection is preferred, 
preserving a part of the diploic veins may reduce postopera-
tive complications [34]. Since establishing an ideal treatment 
in these cases is challenging, a direct comparison between 
preservation of collateral venous pathways and radical tumor 
removal is necessary.

In conclusion, in this study, diploic vein blood flow 
was visualized on 4D-CTA. Moreover, 4D-CTA and DSA 
were equally useful for analyzing diploic vein blood flow 
in patients with meningioma. However, clinicians should 
consider DSA rather than 4D-CTA to distinguish whether 
the diploic veins function as tumor drainers or collateral 
venous pathways of cerebral venous perfusion, particularly if 
these veins have a direct connection to the tumor attachment 
site. Craniotomy approaches, such as the BIA, FTA, OZA, 
CTPA, and convexity craniotomy, have a high rate of dip-
loic vein obstruction. In cases where the venous sinuses are 
obstructed by the meningiomas, determining the extent of 
the craniotomy after understanding the pathways and blood 
flow of the diploic veins is recommended.
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