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Abstract
Purpose Few studies have explored the central retinal artery (CRA) using neuroimaging. Our study aimed to explore this 
using magnetic resonance imaging (MRI).
Methods A total of 81 patients with intact orbital structures and visual function underwent thin-slice contrast MRI.
Results The identified CRAs showed highly variable morphologies on both axial and sagittal images. On the axial images, 
the CRAs were detected in the right orbit in 11.1% and in the left orbit in 19.8%. The distance between the site of CRA 
branching from the ophthalmic artery to the posterior limit of the bulb was 18.8 ± 3.9 mm (12.8–24.6 mm) on the right and 
18.9 ± 3.3 mm (14.6–26.7 mm) on the left. On the sagittal images, CRAs were detected on the right in 76.5% and on the left 
in 85.2%. The distance between the CRA branching site and the posterior limit of the bulb was 20.4 ± 3.8 mm (14.2–28.2 mm) 
on the right and 19.2 ± 3.7 mm (11.3–27.1 mm) on the left.
Conclusions Thin-sliced, contrast sagittal MRI can be used to explore the proximal part of the CRA. In particular, serial 
sagittal imaging may be useful for detecting the CRAs and their relationship with relevant structures.
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Introduction

The central retinal artery (CRA) is commonly the first and 
one of the smallest branches of the ophthalmic artery. Its 
outer diameter is estimated to be 0.6 mm. The CRA is a 
terminal branch without anastomotic connections, and its 
loss results in blindness [5, 14]. The CRA commonly arises 
from the ophthalmic artery at the orbital apex, coursing on 
the inferior or inferomedial surface of the optic sheath for a 
distance, then penetrating the optic sheath, underlying suba-
rachnoid space, and optic nerve. It then courses anteriorly 
in the central part of the nerve, and finally reaches the retina 
(Fig. 1).

The CRAs, which are relevant to visual function and have 
received much attention from clinicians, have been explored 
mainly in postmortem specimens [1, 6–9, 11, 12, 15, 16]. 

However, to the best of our knowledge, few studies have 
explored the CRAs with neuroimaging modalities [3, 13]. 
Due to its very fine blood flow compared to the ophthal-
mic artery from which it arises, it is difficult to delineate 
the CRAs even with catheter angiography, especially under 
physiological conditions [2, 10]. The present study aimed to 
explore CRAs using thin-slice contrast-enhanced magnetic 
resonance imaging (MRI).

Materials and methods

This retrospective study included 81 outpatients who under-
went non-contrast and post-contrast MRI at the Medical 
Satellite Yaesu Clinic between April 2010 and May 2015. 
The patients presented with headaches, dizziness, tinni-
tus, hearing loss, sensory disturbances, or focal seizures. 
The population consisted of 38 men and 43 women, aged 
50.4 ± 15.8 years (mean ± standard deviation; 18–76 years). 
Patients with visual impairment were excluded from the 
study. Initial examinations using axial T1- and T2-weighted 
imaging, T2 gradient echo, fluid-attenuated inversion 
recovery, diffusion-weighted sequences, and MR angiog-
raphy confirmed that none of the patients had any signs 
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of pathological conditions in their orbits, optic pathways, 
cerebral hemispheres and ventricles, cerebral vessels, oph-
thalmic arteries, cavernous sinuses, and cranial dura mat-
ers. The patients then underwent volumetric imaging with 
intravenous gadolinium infusion (0.1 m mol/kg) in the axial, 
coronal, and sagittal planes, involving the entire orbits and 
cavernous sinuses. The following parameters were adopted: 
repetition time 4.1 ms; echo time 1.92 ms; slice thickness 
1 mm; interslice gap 0 mm; matrix 320 × 320; field of view 
250 mm; flip angle 13°; and scan duration 7 min 25 s. All 
imaging sequences were performed using a 3.0-T MRI 
scanner (Achieva R2.6; Philips Medical Systems, Best, The 
Netherlands). Imaging data were transferred to a workstation 
(Virtual Place Lexus 64, 64th edition; AZE, Tokyo, Japan) 
and independently analyzed by two of the authors (S.T. and 

H.I.). The CRAs and relevant neurovascular and muscular 
structures were assessed on serial axial and sagittal images. 
A linear, small vessel arising from the ophthalmic artery at 
the orbital apex and coursing forward along the lower optic 
sheath was considered the CRA. In addition, the distance 
between the CRA branching site from the ophthalmic artery 
and the posterior limit of the bulb was measured on these 
images (Figs. 2 and 3). Due to their low performance in 
depicting the CRA, as confirmed in preliminary observa-
tions, coronal images were not used in this study.

In this article, pictures of cadaveric CRAs and the rel-
evant neurovascular structures are presented. Dissections 
were performed by one of the authors (S.T.) at the Depart-
ment of Neurological Surgery, University of Florida, Gaines-
ville, FL, USA.

Fig. 1  Three dissected speci-
mens of the right orbit, viewed 
from the anterolateral (a, c) 
and inferolateral (b) aspects, 
showing the course of the 
central retinal artery (arrows). 
It branches from the ophthalmic 
artery, coursing on the lower 
optic sheath as a tortuous ves-
sel, then penetrating the optic 
sheath, underlying subarach-
noid space, and optic nerve, 
and coursing anteriorly in the 
central part of the nerve to reach 
the retina. CilA ciliary artery, 
IObM inferior oblique muscle, 
IObN inferior oblique nerve, 
IRM inferior rectus muscle, 
LRM lateral rectus muscle, 
NCilN nasociliary nerve, ON 
optic nerve, OphA ophthalmic 
artery, OS optic sheath
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The study was conducted in accordance with the guide-
lines of our institution and those of the Medical Satellite 
Yaesu Clinic for human research. Written informed consent 

was obtained from all the patients prior to their participation 
in the study.

Results

Most of the CRAs were detected as enhancing linear, cur-
vilinear, or tortuous structures coursing through the lower 
optic sheath as a single channel. These CRA segments, the 
proximal part of the CRAs defined in this study, had highly 
variable morphologies on both axial (Fig. 4) and sagittal 
(Fig. 5) images. In 2 of 162 orbits (1.2%), the CRA was 
found to branch into 2 channels (Fig. 5). On axial imaging, 
the CRAs were detected in 9 of 81 patients (11.1%) in the 
right orbit and 16 of 81 (19.8%) patients in the left orbit 
(Table 1). The distance between the site of CRA branching 
from the ophthalmic artery and the posterior limit of the 
bulb was 18.8 ± 3.9 mm (12.8–24.6 mm) on the right and 
18.9 ± 3.3 mm (14.6–26.7 mm) on the left (Table 2). On 
sagittal imaging, the CRAs were detected on the right in 
62 patients (76.5%) and on the left in 69 (85.2%) patients 
(Table 1). The distance between the CRA branching site 
and the posterior limit of the bulb was 20.4 ± 3.8  mm 
(14.2–28.2  mm) on the right and 19.2 ± 3.7  mm 
(11.3–27.1 mm) on the left (Table 2). All the identified 
CRA branching sites were located at the intraorbital part 
of the ophthalmic artery. The site of CRA penetration into 
the optic sheath and nerve, as well as the more distal CRA 
segment’s course in the central part of the optic nerve, was 
not identified in any of the 81 patients on both the axial and 
sagittal images. In one patient, the right ophthalmic artery 
was supplied by an anastomotic channel with the middle 
meningeal artery (Fig. 6).

Fig. 2  Serial post-contrast axial T1-weighted magnetic resonance 
images (a-c) showing the central retinal artery (arrow) branching 
from the ophthalmic artery (dashed arrow) and the measurement of 
the distance between the branching site of the central retinal artery 

and posterior limit of the bulb (a, á). LRM lateral rectus muscle, 
MRM medial rectus muscle, OS optic sheath, TL temporal lobe. a 
(inferior) → c (superior)

Fig. 3  Post-contrast sagittal T1-weighted magnetic resonance images 
showing the central retinal artery branching from the ophthalmic 
artery (a) and the measurement of the distance between the branching 
site of the central retinal artery and posterior limit of the bulb (b). ON 
optic nerve, IRM inferior rectus muscle, SRM superior rectus muscle, 
arrow central retinal artery, dashed arrow ophthalmic artery
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Discussion

The CRAs are very small vessels with their outer diameter 

estimated to be 0.6 mm [5]. In this study, more than 75% 
of the CRAs were detected in the sagittal images, whereas 
they were identified in less than 20% of the axial images. 
In addition, the morphological variability of the CRAs was 

Fig. 4  Post-contrast axial 
T1-weighted magnetic 
resonance images of differ-
ent patients showing variable 
anatomies of the central retinal 
artery (arrow) branching from 
the ophthalmic artery (dashed 
arrow). LRM lateral rectus mus-
cle, MRM medial rectus muscle, 
ON optic nerve, TL temporal 
lobe. a, b left orbits, c–f right 
orbits

Fig. 5  Post-contrast sagit-
tal T1-weighted magnetic 
resonance images of different 
patients showing variable anato-
mies of the central retinal artery 
branching from the ophthalmic 
artery and coursing anteriorly 
along the optic nerve. Note that 
in b, the central retinal artery 
branches into two channels. 
IRM inferior rectus muscle, 
ON optic nerve, SRM superior 
rectus muscle, arrow central 
retinal artery, dashed arrow 
ophthalmic artery, a right orbit, 
b–d left orbits
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well demonstrated in previous investigations using cadaver 
specimens [1, 11, 16]. The difference in the detection rate in 
the two sectional planes may mainly derive from the typical 
CRA anatomy with its tortuous or curvilinear segment in 
the lower optic sheath, which can provide a greater chance 
of it being identified in the sagittal compared to the axial 

sections. In addition, in this study, the distance between the 
site of CRA branching from the ophthalmic artery and the 
posterior limit of the bulb was measured, adding novel ana-
tomical data for avoiding interruption of the CRA. Previous 
studies measured the distance from the posterior limit of the 
bulb to the site of CRA penetration into the optic sheath, not 
to the CRA branching site [5, 8, 9, 11, 16].

A fraction of ophthalmic arteries is supplied by the exter-
nal carotid system. In such cases, the CRA can be at risk 
of interruption during craniotomy; this also provides an 
alternative pathway during endovascular treatment of CRA 
occlusion [4, 17]. In the present study, only one patient had 
an ophthalmic artery supplied by the external carotid sys-
tem. A previous study using phase-contrast MR angiography 
documented the ophthalmic arteries supplied by the external 
carotid system or in combination with the internal carotid 
artery were found in 9.2% of examined patients. In contrast, 
in the study, there were no patients detected the CRA aris-
ing from the ophthalmic artery [17]. Compared with MR 
angiography, contrast MRI may be more advantageous in 
detecting the CRAs.

This study has several limitations. The study population 
consisted of patients with an inhomogeneous age distribu-
tion and an uneven sex ratio. The patients were retrospec-
tively evaluated and not randomly assigned. The CRAs 
assessments were based only on observations of contrast 
sagittal MRIs, and their flow patterns were not assessed. 
Low depiction rates of the CRAs that were confirmed, in the 
preliminary observations, on the contrast axial and sagittal 
images may mainly from the peculiar course along the optic 
sheath and small diameter of the arteries. Furthermore, the 
CRAs were only detected in the segment coursing along the 
lower surface of the optic sheath. Despite these limitations, 
we believe that our study with its simple methodology may 
show for the first time that MRI may be a worthwhile modal-
ity for exploring the CRAs. Evaluation in the setting of acute 
CRA occlusion may be the next step for investigation using 
contrast-enhanced MRI.

Conclusions

Thin-sliced, contrast sagittal MRI can be used to explore 
the proximal part of the CRAs. In particular, serial sagittal 
imaging may be useful for detecting the CRAs and their 
relationship with relevant neurovascular and muscular 
structures.
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Table 1  Identification ratios of the central retinal artery

Right Left

Axial 11.1% (9/81) 19.8% (16/81)
Sagittal 76.5% (62/81) 85.2% (69/81)

Table 2  Measured distances between the CRA branching site and the 
posterior limit of the bulb

Right (mm) Left (mm)

Axial 18.8 ± 3.9 (12.8–24.6) 18.9 ± 3.3 (14.6–26.7)
Sagittal 20.4 ± 3.8 (14.2–28.2) 19.2 ± 3.7 (11.3–27.1)

Fig. 6  Post-contrast axial magnetic resonance image showing the 
right ophthalmic artery (dashed arrow) supplied by an anastomotic 
channel with the middle meningeal artery (arrows). D dura mater, 
LRM lateral rectus muscle, SObM superior oblique muscle, TL tem-
poral lobe
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