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ethmoidal foramen, and anterior ethmoidal artery are valua-
ble landmarks to identify the SOV during transcranial orbital 
surgery. Combination of high-resolution MR imaging and 
3D PC MR angiography is useful for delineating the SOV.
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Introduction

The superior ophthalmic vein (SOV) is the largest venous 
structure in the orbit and commonly originates from the 
junction of two major cutaneous veins, the supraorbital and 
angular veins. The junction site is situated approximately 
4−5  mm behind the tendon of the superior oblique mus-
cle (SObM). The SOV then runs posteriorly and laterally to 
the SObM, crossing the anterior portion of the optic nerve 
(ON). More distally, the SOV is joined by the inferior oph-
thalmic vein and passes through the narrow lateral part of 
the superior orbital fissure (SOF) together with the troch-
lear, frontal, and lacrimal nerves. Finally, the SOV drains 
into the cavernous sinus (Fig. 1) [5, 10, 13]. The SOV has 
been divided from proximal to distal into the first (SI), sec-
ond (SII), and third (SIII) segments. The SI is extraconal, 
whereas the SII and SIII are intraconal [5].

Neuroimaging of the SOV has been mainly described 
in association with the treatment of various pathological 
conditions such as carotid-cavernous sinus fistula [7, 8, 13, 
17, 22], dural arteriovenous fistula [3], intracranial hyper-
tension [9, 14] and hypotension [4], parasellar tumor [16], 
and Tolosa−Hunt syndrome [21]. The SOV in the absence 
of abnormal pathology has been infrequently investigated 
by computed tomography (CT) [1], three-dimensional (3D) 
phase-contrast (PC) magnetic resonance (MR) venography 
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[6], carotid angiography [15], and orbital phlebography [2], 
whereas other neuroimaging evaluations of the orbital vas-
culature did not highlight the SOV [18, 19]. The anatomy 
of the SOV has not been extensively investigated using 
high-resolution MR imaging and PC MR angiography.

The present study attempted to delineate the SOV with 
a combination of high-resolution MR imaging and 3D PC 
MR angiography.

Materials and methods

This retrospective study included 302 outpatients who 
underwent MR imaging during February 2009 and Sep-
tember 2013 for headache, vertigo, double vision, syncope, 
seizure, tinnitus, transient ischemic attack, lacunar infarcts, 
surveillance study for totally resected brain tumors, and 

brain check-up. Patients with orbital and cavernous sinus 
lesions, dural sinus thrombosis, and dural arteriovenous 
fistula diagnosed by the MR imaging examination, and 
patients with symptoms of increased intracranial pressure or 
intracranial hypotension were excluded. The present study 
was approved by the Medical Satellite Yaesu Clinic Eth-
ics Committee, and written informed consent was obtained 
from all patients for imaging study, not for the present 
investigation, according to the Declaration of Helsinki.

All neuroimaging examinations were performed with 
a 3.0  T MR scanner (Achieva R2.6; Philips Medical Sys-
tems, Best, The Netherlands). Coronal T2-weighted imaging 
was performed in 101 patients using a 32-channel head coil 
(Achieva R2.6) that involved the whole course of SOV. The 
parameters were as follows: repetition time (TR) 4,038.35 ms, 
echo time (TE) 90.00 ms, slice thickness 2.00 mm, interslice 
gap 0.2 mm, matrix 300 × 189, field of view 150 mm, flip 

Fig. 1   Cadaveric specimens of the left orbit (a−c) and dried skull 
(d) demonstrating the intraconal portion of the superior ophthalmic 
vein (SOV) coursing below the superior rectus muscle on the medial 
to lateral aspect and crossing over the optic sheath (a, b, arrows), 
the extraconal segment at the orbital apex coursing between the 
superior rectus muscle and lateral rectus muscle toward the superior 
orbital fissure (SOF) (c, arrow), and the intracranial extraorbital por-
tion emerging from the superolateral part of the SOF connecting to 
the superolateral portion of the cavernous sinus (d). Dissections were 
performed by the corresponding author at the Department of Neu-

rological Surgery, University of Florida, USA, in 2006. a, d Poste-
rolateral and superior views. b Anterolateral and superior view. c 
Coronal view. ACP Anterior clinoid process, AEA Anterior ethmoidal 
artery, ES Ethmoid sinus, FN Frontal nerve, FR Foramen rotundum, 
IOF Inferior orbital fissure, IRM Inferior rectus muscle, LG Lacrimal 
gland, LM Levator palpebral muscle, LRM Lateral rectus muscle, LV 
Lacrimal vein, MF Middle fossa, MRM Medial rectus muscle, NCN 
Nasociliary nerve, OA Ophthalmic artery, OS Optic sheath, SObM 
Superior oblique muscle, SRM Superior rectus muscle



77Surg Radiol Anat (2015) 37:75–80	

1 3

angle 90º, and scan duration 6 min 40 s. 3D PC MR angiog-
raphy was performed in the other 201 patients to delineate the 
SOV using the following parameters: TR 8.91 ms, TE 4.52 ms, 
slice thickness 0.3  mm, 100 frames, slab thickness 30  mm, 
matrix 256 × 256, field of view 100 mm, flip angle 10º, and 
scan duration 6 min 50 s. Velocity of blood flow encoding 10 
or 20 cm/s was chosen for better visualization in all patients. 
MR imaging with intravenous gadolinium infusion (0.1 mmol/
kg) was performed for 25 patients (12.4 %) who had tumorous 
lesions in the brain and skull. The basal image parallel to the 
anteroposterior dimension of the SOV was extracted from the 
individual imaging data as the representative image for analy-
sis. All imaging data were transferred to a workstation (Virtu-
alPlace Lexus64; AZE, Tokyo, Japan) and analyzed indepen-
dently by two neurosurgeons (ST and YY).

Results

Coronal T2‑weighted imaging

The 51 male and 50 female subjects who underwent coro-
nal T2-weighted imaging were aged 12−81  years (mean 
53 years). The intraorbital course of the SOV was clearly 
delineated on serial images in all patients. The SOV was 
topographically divided based on the relationship with 

the superior rectus muscle (SRM) into the supramuscular, 
inframuscular, and SOF segments (Fig. 2). The supramus-
cular segment of the SOV coursed extraconally in the pos-
terolateral direction from the origin behind the tendon of 
the SObM to the medial edge of the SRM. The inframuscu-
lar segment corresponded to the part of the SOV coursing 
in the posterolateral direction along the lower surface of the 
SRM, above the optic nerve, as far as the lateral margin of 
the SRM. More distally, the SOF segment again coursed 
extraconally toward to the lateral part of the SOF. The SOV 
crossed over the ON at the level of the anterior ethmoidal 
foramina (AEF) in 87  % of right orbits and 71  % of left 
orbits (Fig. 3). The mean outer diameter of the SOV at the 
crossing point was 1.7 mm (range 0.4−4.6 mm) in the right 
orbit and 1.7 mm (range 0.4−4.1 mm) in the left orbit. The 
outer diameter showed a difference of more than 0.2 mm 
between sides in 76 subjects (75  %), larger in the right 
orbit in 40 (40 %) and larger in the left orbit in 36 (36 %). 
The maximum difference was 3.4 mm (right 4.6 mm, left 
1.2 mm) found in a 36-year-old male.

3D PC MR angiography

The 99 male and 102 female subjects who underwent 
3D PC MR angiography were aged 10−80  years (mean 

Fig. 2   Serial coronal 
T2-weighted magnetic reso-
nance (MR) images of the same 
subject showing the supra-
muscular (a, b), inframuscular 
(c−e), and SOF segments (f, 
g) of the SOV. AEF Anterior 
ethmoidal foramen
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48  years). Delineation of the SOV showed considerable 
diversity (Fig. 4). The SOV was delineated in 96 patients 
(48 %), symmetrical in 32 (16 %), larger in the right orbit 
in 37 (18 %), and larger in the left orbit in 27 (13 %), and 
were unidentified in 105 (52  %) (Fig.  5). The SOV con-
sistently coursed laterally to the ophthalmic artery (OA) 
in all patients. The entire course of the intraorbital SOV 
was identifiable in 47 % of subjects even without contrast 
agent, and was confirmed in 49 % on postcontrast images. 
Overall, administration of contrast agent did not signifi-
cantly improve the delineation of the SOV, although resolu-
tion of the SOV tended to be better on postcontrast images 
(Fig. 4).

Discussion

The present study found common asymmetrical outer 
diameters in the bilateral SOVs, whereas the morphology 
entirely coursing lateral to the OA was highly consistent. 

Our series did not include infrequent anatomical variants of 
the OA [11, 12], which may attribute to the constant result. 
In more than 70  %, the SOV crossed over the ON at the 
level of the AEF on the coronal view, where the SRM, SOV, 
and ON were arranged in line vertically. We adopted the 
T2-weighted sequence because of its advantages, compared 
to the T1-weighted, fluid-attenuated inversion recovery, and 
fat-suppression sequences, for discriminating the SOV from 
other neurovascular structures lying in the orbital fat. As 
most of the orbital neurovascular and muscular structures 
are buried in the fat tissue, the AEF and anterior ethmoi-
dal artery (AEA) passing through the AEF, which com-
monly identifiable from the superior direction, can be useful 
extraorbital landmarks during transcranial orbital surgery. 
The AEA, after arising from the intraorbital OA, passes 
through the AEF at the lamina papyracea of the medial 
orbital wall into the ethmoid air cells and cribriform plate, 
then turns superiorly to become the anterior falx artery [20].

Previously, the detection rate of the SOV was reported as 
28 % by CT [1], 28.6−37.5 % by PC MR venography [6], 
and 26 % by carotid angiography [15]. The present study 
detected the SOV at 100  % by coronal T2-weighted MR 
imaging and 48  % by PC MR angiography, which were 
much higher rates. Therefore, we recommend these meth-
ods as useful, even without contrast agent, for visualizing 
the 3D architecture of the SOV in relation to the orbital 
neuromuscular structures.

In the present study, the mean outer diameter of the SOV 
at the crossing point over the ON showed prominent inter-
individual diversity and intraindividual asymmetry. The 
SOV also displayed common bilateral asymmetry on 3D 
PC angiography. Such findings may imply that apparently 
ectatic SOV found on neuroimaging does not necessarily 
suggest pathological conditions in the absence of clinical 

Fig. 3   Coronal T2-weighted MR image at the level of the AEF dem-
onstrating the SOV located between the SRM and the ON

Fig. 4   Phase-contrast MR angiograms with (a) and without contrast 
agent (b, c) showing variable delineation of the SOVs (a−c, arrows) 
as symmetrical (a), larger in the right orbit (b), and larger in the left 

orbit (c). AV Angular vein, IC Internal carotid artery, LEL Lower eye-
lid, SUOV Supraorbital vein, UEL Upper eyelid
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symptoms. A recent investigation suggested that the SOV, 
angular vein, and supraorbital vein may possess anatomi-
cally evident valves [23]. SOV diameter showed significant 
increase in the setting of increased intracranial pressure 
[9] and collapse in spontaneous intracranial hypotension 
[4]. A large bias of the size of SOV is probably induced 
by diverse factors that can influence the diameter of it. Fur-
ther investigation is needed to discover whether such valves 
in the SOV and its tributaries function under physiological 
and pathological conditions and affect the luminal blood 
pressure and vessel diameter.

The present study has several limitations and defaults. 
Initially, our investigation was intended to delineate the 
SOV under physiological conditions, but some of our 
patients had clinical symptoms such as headache, dizzi-
ness, vertigo, seizure, and tinnitus. Therefore, unrecognized 
or underestimated pathological conditions might have 
influenced the outcome. Second, the present study was a 
retrospective trial, so selection bias may have affected the 
outcome. Third, velocity of blood flow encoding of 10 
or 20 cm/s was chosen for each patient in the 3D PC MR 
angiography. We adopted these values for better delinea-
tion, compared to others, for both the SOV and OA, which 
was advantageous for understanding the spatial relation-
ship between these vessels. Optimized values for individual 
SOVs might have improved the detection rate of the SOV.

Conclusions

The SOV consistently courses lateral to the OA but 
shows common bilateral asymmetry in outer diameter. 
The intraorbital course of the SOV can be divided into 

supramuscular, inframuscular, and SOV segments on the 
basis of topographical differences and the relationship with 
the SRM. The SRM, AEF, and AEA coursing in the AEF 
are valuable landmarks to identify the SOV lying in the 
orbital fat during transcranial orbital surgery. Combination 
of high-resolution MR imaging and 3D PC MR angiogra-
phy is useful for delineating the SOV.
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