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Abstract
Purpose The present study aimed to explore the glymphatic pathway in the intraorbital optic nerve (ON) using magnetic 
resonance imaging (MRI).
Methods Following conventional MRI examination, a total of 89 outpatients underwent T2-weighted imaging in thin-sliced 
coronal and sagittal sections. Moreover, three injected cadaver heads were dissected.
Results In the cadaver specimens, differences in appearance between the central and peripheral parts of the ON were not 
observed. On the axial T2-weighted MRI performed in the initial examination, the central part of the intraorbital ONs was 
delineated as a well-demarcated, linear hyperintense area in 19% of patients. On the thin-sliced serial coronal images, the 
hyperintense areas were identified on both sides in 91% of patients. They were delineated as continuous hyperintense areas 
in the ONs with an inconsistent appearance even in the same nerve. In 12.4% of patients, the areas were divided into the 
upper and lower parts by a horizontal septum, while others showed variable morphologies, lacking a septum. On thin-sliced 
sagittal images, hyperintense areas were identified in 46% of patients.
Conclusion Hyperintense areas in the intraorbital ON detected on T2-weighted sequences may involve a glymphatic pathway 
with perivascular spaces of the ON and central retinal artery. These may be collapsed and difficult to identify on surgical 
and cadaver specimens.
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Introduction

The glymphatic system is known to be a network of perivas-
cular spaces that promotes movement of the cerebrospinal 
fluid (CSF) into the brain and clearance of metabolic waste 
[12]. It was initially reported by Iliff et al. [7]. The fluid 
transport system is supported by the water channel aqua-
porin-4 under circadian control [5]. The intracranial and 
intraorbital parts of the optic nerve (ON) are surrounded by 
subarachnoid spaces that contain a complex system of arach-
noid trabeculae and septa. Moreover, the ON is exposed to 
both CSF and intraocular pressures, which converge at the 

lamina cribrosa [9, 13]. Recent studies have suggested that 
a glymphatic system exists in the ON, optic chiasm, optic 
tract, and primary visual cortex, as well as perivascular 
spaces of the central retinal artery (CRA) coursing in the 
central part of the ON [8, 10, 14, 22, 25]. The presence 
of a glymphatic pathway in the ON was first proposed by 
Wostyn et al. [19–21, 23] followed by histological verifica-
tion of an ON perivascular pathway. Furthermore, variable 
pathological conditions disturbing the glymphatic pathways 
in the ONs have been shown to lead to ON dysfunction with 
decreased ON diameter, height of the optic chiasm, and vol-
ume of the lateral geniculate nucleus [1, 3, 4, 6, 11, 17, 18, 
21, 23, 27]. The glymphatic hypothesis of glaucoma was 
initially documented by Mathieu et al. based on the theory 
proposed by Wostyn et al. [11, 19]. However, to the best 
of our knowledge, there has been no study visualizing the 
glymphatic pathway in the optic pathway with neuroimag-
ing [4, 17, 18, 26, 27]. On the other hand, Jacobsen et al. [8] 
supposed the presence of a glymphatic system in the human 
visual pathway, including the ON, optic chiasm, optic tract, 
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and primary visual cortex based on the examination using 
intrathecally infused gadolinium-enhanced magnetic reso-
nance imaging (MRI).

The present study aimed to explore the glymphatic path-
way in intraorbital ONs by cadaver dissection and MRI.

Materials and methods

This retrospective study included a total of 89 outpatients 
who presented to our hospital between August 2011 and 
September 2013 with headache, dizziness, vertigo, tinni-
tus, hemisensory disturbance, scintillating scotoma, and 
focal seizures. The patient population comprised 45 men 
and 44 women with age ranging from 12 to 81 years (mean, 
53.6 ± 15.8 years). No patients had a history of glaucoma, 
inflammatory orbital diseases, autoimmune diseases of 
the central nervous system, orbital or brain tumor, trau-
matic orbital or brain injury, hydrocephalus, or meningi-
tis. These pathologies were excluded by detailed interview 
and initial, conventional MRI examination using axial 
T1-weighted, T2-weighted, T2-gradient echo, fluid-attenu-
ated inversion recovery, and diffusion-weighted sequences. 
The following parameters were used for axial T2-weighted 
imaging: repetition time, 3500.0 ms; echo time, 90.0 ms; 
slice thickness, 4.0 mm; interslice gap, 2.0 mm; matrix, 
300 × 189; field of view, 200 mm × 200 mm; flip angle, 
90°; and scan duration, 2 min 20 s. Thereafter, the patients 
underwent thin-sliced coronal and sagittal T2-weighted 
imaging covering the whole course of the ON in the cra-
nial and orbital cavities. The following parameters were 
used for each sequence: repetition time, 3500.0 ms; echo 

time, 90.0 ms; slice thickness, 2.0 mm; interslice gap, 
0 mm; matrix, 300 × 189; field of view, 200 mm × 200 mm; 
flip angle, 90°; and scan duration, 2 min 40 s. All examina-
tions were performed using a 3.0-T MRI scanner (Achieva 
R2.6; Philips Medical Systems, Best, The Netherlands). 
The obtained imaging data were transferred to a work-
station (Virtual Place Lexus64, 64 edition, AZE, Tokyo, 
Japan) and analyzed independently by two of the authors 
(S.T. and H.I.).

The present study was conducted in accordance with 
our institution’s guidelines for human research. Written 
informed consent was obtained from all participants.

Observations of the intraorbital ON and relevant struc-
tures were performed by one of the authors (S.T.) through 
three injected cadaver heads at the Department of Neurologi-
cal Surgery, University of Florida, Gainesville, FL, USA.

Results

Cadaver dissection

In the cadaver specimens, the optic sheath, intraorbital ON 
and surrounding subarachnoid spaces, and CRA coursing 
in the central part of the nerve were clearly identified in all 
sides of the three specimens, at both the level of the orbital 
apex and tip of the ON. In contrast, differences in appearance 
between the central and peripheral parts of the ON were not 
observed in any side. On coronal sections, the perivascular 
spaces of the CRA were ill-defined and not identified in any 
of the six ONs (Fig. 1).

Fig. 1  a, b Coronal sections of a dissected right optic nerve at the 
level of the orbital apex, viewed from the front (a), and tip of the 
nerve, viewed from the rear (b), showing the optic sheath, intraorbital 
optic nerve and surrounding subarachnoid spaces, and central retinal 
artery coursing in the central part of the nerve. There is no difference 

in appearance between the central and peripheral parts of the ON. 
The perivascular spaces of the central retinal artery are ill-defined. 
CilA ciliary artery, CRA  central retinal artery, EB eyeball, ON optic 
nerve, OS optic sheath, SAS subarachnoid space, arrow central retinal 
artery
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MRI

On axial T2-weighted MRI performed in the initial examina-
tion, the central part of some intraorbital ONs was delineated 
as a well-demarcated linear hyperintense area (Fig. 2). The 
finding was identified in 17 of 89 patients (19%), 9 on the 
right side and 11 on the left side. On the thin-sliced serial 
coronal images, hyperintense areas were identified on both 
sides in 81 patients (91%). They were delineated as con-
tinuous hyperintense areas in the ONs with an inconsistent 
appearance even in the same nerve, from the orbital apex to 

its tip. In 11 patients (12.4%), the areas were divided into 
upper and lower parts by a horizontal septum, 9 on the right 
and 10 on the left. Other patients had hyperintense areas 
in the ONs with variable morphologies, lacking a septum 
(Fig. 3). These areas involved the central part of the ON and 
showed highly interindividual variability (Fig. 4). Further-
more, on the thin-sliced sagittal images, hyperintense areas 
were identified in 41 patients (46%), 30 on the right and 28 
on the left, in variable parts of the intraorbital ONs (Fig. 5).

The identification rates of the hyperintense areas are sum-
marized in Table 1.

Fig. 2  a–d Axial T2-weighted magnetic resonance images of different patients in the initial examination, showing a well-demarcated, linear 
hyperintense area lying in the optic nerve (arrows). Dotted arrows: subarachnoid space. a, b right orbit; c, d left orbit

Fig. 3  a–h Serial coro-
nal T2-weighted magnetic 
resonance images of a patient 
showing continuous but incon-
sistent hyperintense areas in 
the intraorbital optic nerve that 
distribute from the orbital apex 
to the posterior pole of the eye-
ball. Note that, in some images, 
the areas are divided into upper 
and lower parts by a horizontal 
septum, while others show 
variable morphologies, lacking 
a septum. Arrow: optic nerve; 
dotted arrow: optic sheath
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Discussion

In the present study, hyperintense areas in the intraorbital 
ONs were detected in > 90% of patients who underwent 
thin-sliced coronal T2-weighted imaging. These areas 
involved the central part of the ON. In contrast, these 
areas and those involving the perivascular spaces of the 
CRA were ill-defined in cadaver specimens. Studies have 
suggested that the perivascular spaces of the CRA may 
be major CSF inflow routes into the ON [8, 14, 17, 26]. 
Furthermore, evidence has shown that a glymphatic sys-
tem exists in the ON [8, 10, 22]. Therefore, we assumed 
that the hyperintense areas identified in the present study 
may involve a glymphatic pathway with the perivascular 
spaces of the CRA. However, it should be noted that MRI 
does not allow direct visualization of the various glym-
phatic transport components, and that our observations 
do not prove the existence of a glymphatic system in the 
huma ON. The areas were thought to be distinct regions 
in the normal ON, not representing some pathological 
findings. Given that the appearance of the areas showed 

intraindividual variability, their function as glymphatic 
pathways may be diverse in different parts of the ON. In 
contrast, the anatomical and functional implications of the 
septum and divided hyperintense areas that were identified 
on the coronal images are elusive. As these fine internal 
structures may be difficult to identify, probably due to col-
lapse on surgical and cadaver specimens, in vivo investi-
gations seem to be advantageous. From the perspective of 
the imaging plane, the coronal sections seemed to be the 
most sensitive for detecting hyperintense areas in the ONs.

Previous studies have reported that intracranial pres-
sure (ICP) is lower in patients with glaucoma compared 
with controls [2, 15, 16]. This gave rise to the idea that 
a lower ICP could cause glaucomatous ON damage, and 
that elevated ICP could provide a protective effort for the 
ON. Recently, Wostyn [24] hypothesized that the lower 
ICP reported in normal-tension glaucoma patients could 
lead to impaired CSF entry into perivascular spaces of the 
ON, given that the pressure generated through a constant 
production of CSF by the choroid plexus, among other 

Fig. 4  a–f Coronal T2-weighted 
magnetic resonance images 
of different patients showing 
hyperintense areas variably 
distributing in the intraorbital 
optic nerves. In a–c, the optic 
nerve is variably divided into 
upper and lower parts by a 
horizontal septum, while such 
septum is not found in d–f FL 
frontal lobe, IRM inferior rectus 
muscle, LRM lateral rectus mus-
cle, MRM medial rectus muscle, 
SRM superior rectus muscle a–c 
right orbit; d–f left orbit; arrow 
optic: nerve; dotted arrow: optic 
sheath
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factors, drives glymphatic fluid transport. The idea should 
be verified in the future study.

The present study has limitations. Our study was per-
formed in a retrospective manner, with the participants 
not randomly assigned. The group of subjects was not 
age or sex matched. In addition, the hyperintense areas 
in the ONs were assessed only on T2-weighted images. 
Furthermore, the number of dissected specimens was 
small to conclude that the perivascular spaces of the CRA 
were difficult to identify on cadaver dissection. Detailed 
microscopic exploration of the perivascular spaces of the 
ON and CRA is also necessary in future investigations. 
Despite these limitations, we believe that the findings 
provided by our methodology suggest that the hyperin-
tense areas identified in the intraorbital ONs may involve 
a glymphatic pathway.

Conclusion

Hyperintense areas in the intraorbital ON detected on 
T2-weighted imaging may involve a glymphatic pathway 
with perivascular spaces of the ON and CRA. These may 
be collapsed and difficult to identify in surgical and cadaver 
specimens.
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