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ABSTRACT

BACKGROUND AND PURPOSE: Detailed arterial anatomy of the sphenoid ridge and olfactory groove meningiomas is complicated
due to the fine angioarchitecture and anastomoses between each feeder. Herein, we present details of the arterial anatomy and
the relationships of feeders in these lesions.

MATERIALS AND METHODS: This study included 20 patients admitted to our department between April 2015 and March 2020.
Conditions of subjects consisted of 16 sphenoid ridge meningiomas and 4 olfactory groove meningiomas. We mainly analyzed arterial
anatomy using 3D rotational angiography and slab MIP images of these lesions. We also analyzed the anastomoses of each feeder.

RESULTS:We found that 19 (95%), 15 (75%), and 15 (75%) lesions had feeders from the ophthalmic, internal carotid, and external ca-
rotid arteries, respectively. As feeders from the ophthalmic artery, recurrent meningeal arteries were involved in 18 lesions (90%).
Fifteen lesions (75%) had anastomoses between each feeder.

CONCLUSIONS:Most of the meningiomas in the sphenoid ridge and olfactory groove had feeders from the ophthalmic and inter-
nal carotid arteries. There were various anastomoses between each feeder. This is the first report to demonstrate the detailed ar-
terial anatomy and frequency of recurrent branches from the ophthalmic artery and their anastomoses using detailed imaging
techniques.

ABBREVIATIONS: ECA ¼ external carotid artery; EtA ¼ ethmoidal artery; ILT ¼ inferolateral trunk; LSOF ¼ lateral part of the superior orbital fissure;
MHT ¼ meningohypophyseal trunk; MMA ¼ middle meningeal artery; MSOF ¼ medial part of the superior orbital fissure; OC ¼ optic canal; OphA ¼ ophthal-
mic artery; RMA ¼ recurrent meningeal artery; SOF ¼ superior orbital fissure; TOB ¼ transosseous branch; WHO ¼ World Health Organization

The dural arterial anatomy of the sphenoid ridge and anterior
skull base is very complicated because there are many fine

arteries from not only the external carotid artery (ECA) but also the
ICA and ophthalmic artery (OphA).1 Moreover, there are various
anastomoses between each artery.2-5 In the setting of hypervascular
diseases related to the dura, such as meningioma or dural arteriove-
nous fistula in these regions, the angioarchitecture can be visualized

more clearly. In the present study, we investigated the details of the
arterial anatomy of sphenoid ridge and olfactory groove meningio-
mas with special reference to the recurrent branches of the OphA
and anastomoses between each feeder.

MATERIALS AND METHODS
All procedures performed in studies involving human partici-
pants were carried out in accordance with the ethical standards
of Okayama University Graduate School of Medicine, Dentistry
and Pharmaceutical Sciences’s institutional research committee
(1911–023). Written informed consent was obtained from all
patients before DSA and treatment, but written informed con-
sent for this study was not required because of the retrospective
and noninvasive study design. Conditions of subjects consisted
of 16 sphenoid ridge meningiomas and 4 olfactory groove me-
ningiomas between April 2015 and March 2020. In this study
period, we treated 29 patients with meningiomas in these
regions, and we excluded 9 cases without 3D rotational DSA
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data because we could not analyze the details of the angioarchi-
tecture in these cases.

We examined the meningioma location, tumor invasion, tu-
mor size, histopathologic diagnosis according to World Health
Organization (WHO) grade, and arterial anatomy of the feeders.
Feeders were divided into branches of the OphA, ICA, and ECA
(Fig 1). Branches of the OphA are the recurrent meningeal arteries
(RMAs) described below, the ethmoidal artery (EtA), and the trans-
osseous branch (TOB). Branches of the ICA are the inferolateral
trunk (ILT) and the meningohypophyseal trunk (MHT). Branches
of the ECA are the middle meningeal artery (MMA), accessory me-
ningeal artery, deep temporal artery, artery of the foramen rotun-
dum, artery of the superior orbital fissure(SOF), and sphenopalatine
artery. We also analyzed the anastomoses of each feeder.

Anatomic Terminology of the Branches of the
Ophthalmic Artery
We defined the RMAs as the posteriorly recurrent branches from
the OphA or lacrimal artery passing through the SOF or optic
canal (OC). We found 2 other types of feeders from the OphA.
One of them was the TOB, which originates at the second or third
portion of the OphA and courses superiorly, passing through the
upper wall of the orbit to reach the dura of the anterior cranial
base. Another one was the anterior or posterior EtA, which courses
medially, passing through the ethmoidal foramina.

On the basis of the course, we divided feeders from the OphA
into 5 types as follows: RMA passing through the OC (RMA-
OC), RMA passing through the lateral part of the SOF (RMA-

LSOF), RMA passing through the
medial part of the SOF (RMA-MSOF),
TOB, and EtA. We distinguished the
RMA-LSOF and RMA-MSOF using
the coronal section of slab MIP images
from rotational angiography data. We
present representative cases of the
RMA-LSOF (Fig 2), RMA-OC (Figs 3
and 4), TOB (Fig 4), and EtA (Fig 4).

Preoperative Examination
Preoperative DSA was performed with
the patient under local anesthesia. After
obtaining 2D-DSA of the ECA and
ICA, which are ipsilateral to the tumor,
3D-DSA with a 5-second protocol was
performed on the branching feeders of
the vessels. For 3D-DSA, a 4F diagnos-
tic catheter was inserted into an ICA,
and a 100% iodine contrast medium
with a 300-mg/mL concentration was
infused using an injector (2.5mL/s flow
rate, 1.5- to 2.0-second delay, total 16–
18 mL). After obtaining volume-ren-
dered images of 3D-DSA, slab MIP
images were derived from rotational
angiography data using a workstation
to analyze details of the feeder anat-
omy. An Artis zee biplane (Siemens

Healthcare) was used as a flat panel detector, and the syngo X
Workplace (Siemens Healthcare) was used as a workstation.

RESULTS
The lesion characteristics and arterial anatomy of meningiomas
are summarized in the Table, and details of each case are shown
in On-line Table 1. In terms of lesion location, there were 4 sphe-
noid ridge lateral types, 9 sphenoid ridge medial types, 3 sphe-
noid ridge diffuse types spreading to the middle and anterior
cranial base, and 4 olfactory groove lesions. There were 3 lesions
with intraorbital invasion and 1 lesion with invasion to the tem-
poral bone and muscle. The mean maximum diameter was
56mm. In terms of histopathologic diagnosis, there were 19
WHO grade I meningiomas and 1 WHO grade II meningioma.
The 2 most frequent diagnoses were meningothelial (n=8) and
transitional (n=8) meningiomas.

We found that 19 (95%), 15 (75%), and 15 (75%) lesions had
feeders from the OphA, ICA, and ECA, respectively. As the
feeders from the OphA, there were 7 RMA-OCs in 7 lesions, 14
RMA-LSOFs in 13 lesions, 2 RMA-MSOFs in 2 lesions, 4 TOBs
in 4 lesions, and 6 EtAs in 6 lesions. Six of 7 RMA-OCs (86%)
originated from the first segment of the OphA. Eleven of 14
RMA-LSOFs (79%) originated from the lacrimal artery. Two
RMA-MSOFs originated from the lacrimal artery and the sec-
ond portion of the OphA. All (4/4) TOBs originated from the sec-
ond or third segment of the OphA. Four of 6 EtAs (67%) origi-
nated from the third segment of the OphA. RMAs from the
OphA were involved in 18 lesions (90%). All (7/7) RMA-OCs

FIG 1. Schematic illustration of dural arterial anatomy and anastomoses among the ophthalmic,
internal carotid, and external carotid arteries: 1 indicates the ICA; 2, OphA; 3, lacrimal artery; 4,
RMA-OC; 5, RMA-MSOF; 6, RMA-LSOF; 7, ILT; 8, MHT; 9, MMA; 10, sphenoid branch of MMA; 11,
cavernous branch of MMA; 12, accessory meningeal artery; 13, artery of the foramen rotundum;
14, artery of the SOF; 15, marginal tentorial artery.
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appeared in medial-type sphenoid
ridge meningiomas or olfactory groove
meningiomas. RMA-LSOFs appeared
in all types of sphenoid ridge meningi-
omas. All sphenoid ridge meningiomas
with invasion to other locations (cases
1, 2, 8, 15 in the On-line Table) had
multiple feeders from the OphA. One
lesion (case 9 in the On-line Table) that
had no feeder from the OphA was a
psammomatous meningioma (WHO
grade I). There were no other relation-
ships between the arterial anatomy and
invasion or histopathologic diagnosis.

As the feeders from the ICA, the
ILT and MHT were involved in 13 and
9 lesions, respectively. As feeders from
the ECA, the sphenoidal branch of the
MMA, accessory meningeal artery, ar-
tery of the foramen rotundum, and ar-
tery of the SOF were involved in 12, 7,
6, and 3 lesions, respectively. Other
feeders from the ECA were the petrosal
branch of the MMA, deep temporal ar-
tery, and sphenopalatine artery. There
were 4 lesions with olfactory groove
meningiomas. Most of the feeders of

FIG 2. A, Axial view of the gadolinium-enhanced T1-weighted image shows a medial-type sphenoid ridge meningioma. The lateral view of the
3D-DSA (B) and axial views of slab MIP images (C and D) of the right internal carotid angiogram show the feeder of the RMA passing through lat-
eral part of the SOF (arrow) from the lacrimal artery and ILT (arrowhead). There is an anastomosis between the RMA-LSOF and the ILT. E,
Oblique view of the internal carotid angiogram before embolization shows both feeders. Internal carotid angiogram after coil embolization of
the ILT (F) and RMA-LSOF (G and H). The tumor stain is markedly diminished.

FIG 3. A, The axial view of the gadolinium-enhanced T1-weighted image shows a medial-type
sphenoid ridge meningioma. B, Anterior-posterior view of the left external carotid angiogram
shows the feeder from the accessory meningeal artery (large gray arrow) and sphenoid branch
(large black arrow) of the MMA. The lateral views of the 2D-DSA (C) and 3D-DSA (D) and sagittal
views of slab MIP images (E and F) of the left internal carotid angiogram show the feeder of the
RMA passing through the OC (arrow) and MHT (arrowhead). The slab MIP images clearly show
that the RMA-OC and OphA (dotted arrow) pass through the OC (E and F).
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the olfactory groove meningioma were from the OphA, and there
was no involvement of the ICA branches andMMA. As the feeders
from the OphA, the EtAs, RMA-OCs, and TOBs were involved in
4, 3, and 1 lesion, respectively.

We found that 15 lesions (75%) had anastomoses between
each feeder. The most frequent anastomosis was between the
OphA and the ICA (eg, RMA-LSOF and ILT). We also found
anastomoses between feeders from the ipsilateral OphA (eg,
RMA-OC and EtA). Five cases had anastomoses between the
OphA or ICA and ECA. Four cases had multiple anastomoses,
such as the RMA-ILT-MMA-artery of the SOF. In 3 cases
of olfactory groove meningiomas, we found anastomosis
between the RMA-OC and the EtA. The mean maximum di-
ameter of the meningiomas that had anastomosis of feeders
was 456 13 mm and that of meningiomas without anastomo-
sis was 396 16 mm.

DISCUSSION
Detailed arterial anatomy of the sphenoid ridge and the olfactory
groove meningiomas is little understood due to the fine and com-
plicated nature of arterial anatomy in the skull base. It is difficult to
differentiate these subtle vessels using conventional 2D-DSA, 3D-
CTA, or MR imaging. We demonstrated that the latest imaging
technique and slab MIP image of 3D rotational angiography can
visualize this fine angioarchitecture. In the present study, we found
that 95%, 75%, and 75% of lesions have feeders from the OphA,
ICA, and ECA, respectively. Moreover, we demonstrated that 75%
of lesions have anastomoses between each feeder. Notably, this is
the first report to demonstrate the detailed anatomy and frequency

of recurrent branches from the OphA
and their anastomoses using slab MIP
images.

Anatomy of the Dural Arteries
Martins et al1 reported the detailed
microsurgical anatomy of dural arteries
as follows: The supply to the middle
fossa and paracavernous dura derives
laterally from the MMA, accessory me-
ningeal artery, and ascending pharyn-
geal artery and medially from the
intracavernous branches (ILT) of the
ICA. They also described the contribu-
tions to these regions from the recur-
rent branches of the ophthalmic and
lacrimal arteries. There is confusion
about the definition of the recurrent
ophthalmic arteries. Lasjaunias et al6

reported that both the superficial and
deep recurrent ophthalmic arteries pass
backward through the lateral and
medial parts of the SOF, respectively.
Meanwhile, Martins et al1 reported that
the superficial recurrent ophthalmic ar-
tery, deep recurrent ophthalmic artery,
and RMA pass through the optic canal,

the medial part of the SOF, and the lateral part of the SOF, respec-
tively. Therefore, descriptions of both authors were competing. In
the present article, we describe the RMA as posteriorly recurrent
branches from the OphA passing through the OC or SOF, includ-
ing the superficial and deep recurrent ophthalmic arteries. Martins
et al1 and Hayreh3 described the recurrent branch passing through
the OC. However, to the best of our knowledge, no articles have
shown this recurrent artery passing through the OC in imaging or
cadaveric studies.

Yamaki et al7 reported details of feeding arteries in parasellar
meningiomas, including 9 sphenoid ridge meningiomas. In this
article, they analyzed 2 lesions (22%) in the sphenoid ridge that
were supplied from the superficial recurrent ophthalmic artery or
recurrent meningeal artery, respectively. The current imaging
technology and slab MIP images provide us with the ability to an-
alyze detailed arterial anatomy. We can demonstrate that RMAs
from the OphA were involved in most of the lesions (90%) in the
present study.

Anastomosis of Each Feeder
Numerous anastomoses between each artery have been reported.2-5

In the setting of hypervascular lesions related to the dura, such as
meningiomas or dural arteriovenous fistulas, these feeding arteries
can be enlarged and tend to connect.8 In the present study, there
were various anastomoses in 75% of cases, and 4 cases had multiple
anastomoses.

According to the embryologic concepts of the OphA, the con-
nection between the OphA and the ILT is the remnant of the dor-
sal ophthalmic artery and the connection between the RMA and
the MMA is the remnant of the supraorbital artery (branch of the

FIG 4. A, Sagittal view of the gadolinium-enhanced T1-weighted image shows an olfactory
groove meningioma. The lateral views of the 2D-DSA (B) and 3D-DSA (C) and sagittal views of slab
MIP images (D–F) of the right internal carotid angiogram show the feeder from the RMA passing
through the OC (arrow) from the third segment of the OphA, posterior EtA, (arrowhead), and
TOB (dotted arrow). The slab MIP images show the RMA-OC, and the OphA passes through the
OC (E). Feeders from the RMA-OC and EtA configure an arcade shape on the blistering of the pla-
num sphenoidale.
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stapedial artery).9-12 De La Torre and Netsky13 reported the per-
sistent primitive maxillary artery in the human fetus. They
reported that this artery arises from the cavernous portion of the
ICA and anastomoses with the lacrimal artery and the anterior
branch of the MMA. We can comprehend the complicated anas-
tomoses among the OphA, ICA, and MMA using these findings.
Therefore, it is certain that there are various anastomoses among
branches of the OphA, ICA, and ECA.

Clinical Implications
Preoperative embolization for meningioma is performed as a
standard treatment. Although its usefulness is widely accepted,
the embolization of target vessels other than the ECA has been
reported as a risk for procedural complications in a nationwide
surveillance in Japan.14 Rosen et al15 reported their treatment
results for preoperative embolization using microparticles to 167
cranial base meningiomas, and 9% of their patients experienced
permanent neurologic deficits. They also showed that emboliza-
tion of the MHT, MMA, and ascending pharyngeal artery
involves the risk of a minor or permanent neurologic injury.
Meanwhile, Waldron et al16 reported their treatment results for
preoperative embolization using microparticles and coils to 119
cranial base meningiomas, with no complications. Some authors

have reported the usefulness of embolization of the OphA
branches.17,18 In limited cases, embolization may be performed
for branches of the OphA, but it is associated with a risk of vis-
ual disturbance due to migration of the embolic material to the
central retinal artery.17 Appropriate knowledge of anatomy, dis-
tal catheterization, and the gentle injection of embolic material
without reflux are necessary for safe embolization of the
OphA.19

In our opinion, the RMA-OC is inappropriate as the target
vessel of preoperative embolization due to the difficulty in cathe-
terization because of its small caliber and short distance from the
origin of the OphA with an acute angle. The RMA-LSOF may
have a lower risk because of its origins and anastomoses. The
RMA-LSOF usually originates from a lacrimal artery and is anas-
tomosed with the sphenoid branch of the MMA. However, if the
RMA-LSOF has an anastomosis with the ILT, it involves a risk of
the migration of particulate or liquid materials to the ICA. Thus,
we recommend embolization of both of the RMA and the ILT
using detachable coils in such a case.

Another precaution related to embolization is residual feeding
from anastomotic vessels. If there is an anastomosis between each
feeder, proximal occlusion of the feeder, which can be easily cathe-
terized, can result in increased blood flow to the tumor from the
residual feeder. One should embolize the common trunk of both
feeders or the proximal parts of both feeders (Fig 2).

A detailed understanding of arterial microanatomy is also use-
ful in direct surgery. A large sphenoid ridge meningioma requires
skull base techniques, such as the transzygomatic approach.20,21

Using a skull base technique and extradural drilling of the sphe-
noid wing to the SOF, we can devascularize the feeder from the
ECA and RMA-LSOF/MSOF.21 After these procedures, we open
the dura mater, and we can debulk the intradural tumor, most of
which is already devascularized, whereas, we may not be able to
find the feeder from the RMA-OC until identification of the optic
nerve. Moreover, coagulation to the RMA-OC involves the risk
of optic nerve injury. If we identify all of the feeders using preop-
erative angiography, we can search for feeders on the basis of the
anatomic landmarks of the bone and devascularize them in a safe
and efficient manner.

Limitations
The current study has some limitations. First, the number of
patients was small. Second, we did not confirm the presented feed-
ing arteries with operative findings. In future studies, we should
examine the accuracy of the presented results using operative find-
ings or cadaveric research.

CONCLUSIONS
Sphenoid ridge and olfactory groove meningiomas have feeders
from the OphA, ICA, and ECA in 95%, 75%, and 75% of lesions,
respectively. Furthermore, 75% of lesions have anastomoses
between each feeder.
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Lesion characteristics and arterial anatomy of meningiomas
Characteristics/Anatomy

Total n¼ 20
Mean age (yr) 56 6 14
Male sex (%) 9 (45%)
Location (%)
Sphenoid ridge (lateral type) 4 (20%)
Sphenoid ridge (medial type) 9 (45%)
Sphenoid ridge (diffuse type) 3 (15%)
Olfactory groove 4 (20%)

Mean maximum diameter (mm) 43 6 13
Histopathologic diagnosis (%)
Meningothelial meningioma 8 (40%)
Transitional meningioma 8 (40%)
Other WHO grade I meningioma 3 (15%)
WHO grade II meningioma 1 (5%)

Feeders from OphA (%) 19 (95%)
RMA-OC 7 (35%)
RMA-LSOF 13 (65%)
RMA-MSOF 2 (10%)
EtA 6 (30%)
TOB 4 (20%)

Feeders from ICA (%) 15 (75%)
ILT 13 (65%)
MHT 9 (45%)

Feeders from ECA (%) 15 (75%)
MMA 12 (60%)
Accessory meningeal artery 7 (35%)
Artery of the foramen rotundum 6 (30%)
Artery of the SOF 3 (15%)

Anastomosis of each feeder (%) 15 (75%)
OphA-OphA 4 (20%)
OphA-ICA 5 (25%)
OphA-ECA 2 (10%)
OphA-ICA-ECA 2 (10%)
ICA-ICA 1 (5%)
ICA-ECA 1 (5%)
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