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Abstract

Aim: We aimed to investigate the origin and branching variations of the ophthalmic artery (OA) by digital subtraction angiography (DSA) and flat-panel detector
computed tomography angiography (FDCTA).

Methods: 150 patients with FDCTA images were selected for retrospective analysis of the following OA features: the angle between OA and ICA at origin, the
distance of the OA origin to the tuberculum sella, the distance of the central retinal artery origin to the orbital apex, distance between OA origin and entry
point to the optic channel, the diameters of the OA at its origin and the osseous optic channel entry and exit.

Results: There was a significant but weak correlation between the distance from the tuberculum sella and the mean thickness of the OA’s origin on axial and
sagittal planes (p<0.05). A significant but weak positive correlation between the optical channel entry distance after the OA origin and OA thickness at origin on
axial and sagittal planes and optical channel insertion and exit, and the width of the osseous optic canal exit and entry (r=0.204, 0.225, 0.215, 0.315, 0.257 and
p<0.05, respectively) were found. A strong correlation between the width of the osseous optic canal at the exit and entry sites was found (r=0.655, p<0.001).
Conclusion: FDCTA can provide details about the anatomy of the OA. We gained data about the variety due to age and gender. We mentioned the advantages
and disadvantages that may arise in clinical practice related to OA's variant anatomy.
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Introduction

The anatomy of the orbital vascular territory has a complex
structure and may show a wide range of variations. Ophthalmic
artery (OA), a branch of the internal carotid artery (ICA), is the
main source of orbital blood supply.'? The ophthalmic segment
of the ICA (C6) includes the section between the distal dural
ring and the origin of the posterior communicating artery.®
Two major arteries originate from the ophthalmic segment:
OA and the superior hypophyseal artery.* OA usually arises
from the anteromedial aspect of the ICA and courses through
the optic canal along with the optic nerve (in an inferolateral
position to the optic nerve) towards the orbit.>® The C-arm flat-
panel detector computed tomography angiography (FDCTA) is
an advanced imaging modality that is used as an adjunct to
digital subtraction angiography (DSA) and provides computed
tomography-like images with a high spatial resolution.’"
The anatomy can be delineated with a higher resolution
with this imaging method.”? OA is an important route in the
management of a variety of orbital pathologies (especially of
neoplastic and vascular origin). Although surgical methods have
been frequently used in the treatment of such pathologies,
endovascular methods have gained wider use in recent years.
For proper access during endovascular treatment and to avoid
possible complications, a thorough understanding of OA’s origin,
branching variations, course, and anastomotic connections
is essential. The purpose of this study was to investigate the
origin and branching variations of OA by DSA and FDCTA.

Materials and Methods

Individuals

Our institutional review board approved the study protocol.
Informed consent was obtained from each patient. We
included a total of 160 patients who had undergone FDCTA
and/or DSA examinations between 2010-2016 for diagnostic
purposes or endovascular treatment for ICA aneurysms,
retinoblastoma, pituitary adenoma, meningioma, chordoma,
vasculitis, cavernoma, arteriovenous malformation, capillary
telangiectasis-developmental venous anomaly, stenosis, and
carotid-cavernous fistula. 150 patients with FDCTA images
were retrospectively analyzed.

Data Acquisition

The FDCTA images were obtained with a flat-panel biplane
angiography system (Allura Xper 20/20; Philips Healthcare)
subsequent to a DSA study. High-resolution FDCTA images
were obtained from the fluoroscopic 2D images. An automatic
power injector (Angiomat, Liebel Flarsheim) was used for
contrast injections. Raw data was transferred to the XtraVision
workstation, where reconstructions were performed.

Imaging Analysis

A neuroradiologist and a radiologist reviewed reconstructed
FDCTA images retrospectively and independently. 150 patients
with FDCTA images were selected for retrospective analysis of
the following OA features: the angle between OA and ICA at
origin, the distance of the OA origin to the tuberculum sella,
the distance of the central retinal artery origin to the orbital
apex, distance between OA origin and entry point to the

optic channel, the diameters of the OA at its origin (axial and
longitudinal) and at the osseous optic channel entry and exit.
While evaluating these 6 parameters with FDCTA; the distance
of the OA origin to the tuberculum sella was measured in the
sagittal reconstruction plan, the distance of the central retinal
artery origin to the orbital apex, and distance between OA
origin and entry point to the optic channel were measured in
the axial reconstruction plan, and the diameters of the OA at its
origin (axial and longitudinal) were measured in the axial and
sagittal reconstruction plan. The age and gender of all patients
were recorded. The diameters of the OA at its origin were
measured as two values in the axial and longitudinal planes,
and in statistical analysis, the mean value of these diameters
was taken. 150 patients with FDCTA images were evaluated
as a group, and descriptive statistical analysis was performed.

Ethical Approval

The study protocol was approved by the Clinical Research Ethics
Committee of Cerrahpasa University, School of Medicine (Date:
2016-09-07, No: 326832).

Statistical Analysis

Statistical analysis of the data was performed using IBM
SPSS version 20 (SPSS Inc.). The Shapiro-Wilk test was used
to determine the normal distribution of the data. The data
with normal distribution was presented as mean and standard
deviation, and non-parametric data as median, minimum, and
maximum values. Independent Student-t test for parametric
data and Mann-Whitney U test for non-parametric data.
Pearson’s correlation analysis was used for parametric data,
and Spearman’s correlation analysis for non-parametric data.
The statistical significance threshold (p-value) was set at 0.05.

Reporting Guidelines
This retrospective observational study was
accordance with the STROBE guidelines.

reported in

Results

A total of 150 patients (99 women, 51 men) were evaluated by
FDCTA, with a mean age of 48 years. Of the 150 ophthalmic
arteries, 76 of the ophthalmic arteries were on the right side
and 74 were on the left. 80 ophthalmic arteries originated from
a superomedial aspect, while 55 anteromedially, 13 anteriorly,
and 2 inferomedially. The distance of the OA origin to the
tuberculum sella, the distance of the central retinal artery
origin to the orbital apex, distance between the OA origin and
entry point to the optic channel had a normal distribution, other
parameters were not normally distributed. Demographic data
and morphological features of the ophthalmic artery are shown
in [Table 1](https://acamedicine.org/article/10-4328-acam-
22723/#table-1).

There was no significant difference between the distance to
the tuberculum sella, the distance of the central retinal artery
origin to the orbital apex, and the osseous optical channel
diameter at its entry and exit based on gender. However, the
size of the OA on axial and sagittal planes was significantly
higher in men than in women (p<0.05) ([Table 2](https://
acamedicine.org/article/10-4328-acam-22723/#table-2)).
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Table 1. Demographic characteristics and morphological

features of the ophthalmic artery

Mean (xStandard Median
Deviation) (MIN-MAX)
Age 48 (6-74)
The distance of the OA
origin to the tuberculum 4.43+0.961
sella
The distance of the central
retinal artery origin to the 13.77+8.21
orbital apex
After what distance does the
OA enter the optic channel 5.79+1.587

after its origin

The axial diameter of the OA

at its origin Sl
The longitudinal diameter of
the OA at its origin 141 (1-2)
The mean diameter of the 143 (1-2)
OA
The osseous optic channel
diameter at its entry >4(3-10
The osseous optic channel 4.47 (3-8)

diameter at its exit

Table 2. Mean-median values of the morphological features of
the OA based on gender

Male Mean-
Median

44,00

Female Mean-
Median

Age 49,00 0.112
The distance of the
OA origin to the

tuberculum sella

4,30 4,59 0.124

The distance of
the central retinal
artery origin to the
orbital apex

13,48 14,03 0.309

After what distance
the OA enter the
optic channel after
its origin

5,69 6,30 0.086

The axial diameter
of the OA at its
origin

1,38 1,54 0.001

The longitudinal
diameter of the OA
at its origin

1,36 1,50 0.001

The mean diameter
of the OA

The osseous optic
channel diameter at
its entry

1,37 1,54 <0.001

5,31 5,50 0.806

The osseous optic
channel diameter at
its exit

4,50 4,43 0.639

There was no significant correlation between age and distance
to the tuberculum sella, distance from the central retinal artery
to the orbital apex, optical channel insertion distance between
OA origin and entry point to the optic channel, size of the OA

at its origin on axial and sagittal planes and the osseous optic
channel diameter at its entry and exit. There was a significant
but weak correlation between the distance from the tuberculum
sella and the mean thickness of the OA’s origin on axial and
sagittal planes (r=0.337, 0.343, 0.344 and p<0.05, respectively).
There was a significant but weak negative correlation between
the distance of the central retinal artery to orbital apex and
the width of the osseous optic canal exit (r=-0.205, p=0.012).
A significant but weak positive correlation between the optical
channel entry distance after the OA origin and OA thickness
at origin on axial and sagittal planes and optical channel
insertion and exit, and the width of the osseous optic canal
exit and entry (r=0.204, 0.225, 0.215, 0.315, 0.257 and p<0.05,
respectively) were found. A strong correlation between the
width of the osseous optic canal at the exit and entry sites
was found (r=0.655, p<0.001). The values for correlations are
shown in [Table 3](https://acamedicine.org/article/10-4328-
acam-22723/#table-3). Of the 10 patients whose DSA images
were evaluated only, 2 had PDOA variation ([Figure 1](https://
acamedicine.org/article/10-4328-acam-22723/#figure-1)), 1
had both PDOA and PVOA variation, 2 had meningo-ophthalmic
collaterals ([Figure 2](https://acamedicine.org/article/10-4328-
acam-22723/#figure-2)), 2 had meningo- lacrimal variant,
1 had lacrimal variant ([Figure 3](https://acamedicine.org/
article/10-4328-acam-22723/#figure-3)), and 2 had OA-
meningeal branch anastomosis.

Discussion

Ophthalmic artery branches do not form a fixed pattern but
show significant individual differences. The OA may arise
from the anteromedial (53,6%) or superomedial part (31,5%)
of the ICA; rare cases of superolateral origin have been
reported.” ' According to Hayreh and Dass,'® in 83.6% of
the cases the OA arises from subdural space and follows an
intradural course, according to Hokama et al,’” in 95% of the
cases it follows an intradural course, and in 5% of the cases
it follows a totally or partially extradural course. Most of the
variations of the OA are based on theories like migration,
partial and complete regression during embryogenesis, and
persistence of primitive vascular structures or persistence of
anastomotic connections.'® Knowledge of the detailed anatomy
of the OA is essential to understand the pathophysiology of
diseases, to determine the diagnostic approach, and treatment
modalities. In the treatment of aneurysms of the intracranial
or intracanalicular segment of OA, the course of OA should be
known.'*2° Endovascular embolization or surgical treatment
may be preferred in treating OA aneurysms in the intracranial
segment. The surgical approach to these aneurysms at this
level can have some difficulties due to its proximity to the
optic nerve, the optic channel, and the anterior clinoid process.
Knowing the anatomy of OA minimizes these difficulties. The
treatment of retinoblastoma is another example highlighting
the importance of the OA anatomy. In the treatment of
retinoblastoma, super selective intra- arterial chemotherapy
with selective embolization of the OA is gaining wider use.
Compared to the side effects of systemic chemotherapy, the
side effects of endovascular treatment, such as inflammation,
hematoma, avascular retinopathy, and cataracts, are relatively
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Table 3. The values of correlation

Central OA 0A Osseous Osseous
OA origin to retinal . . . . OA origin Mean OA optic optic
origin origin .o . .
tuberculum artery . 5 longitudinal origin channel channel
. . to optic axial A . .
sella origin to . diameter  diameter entry exit
. channel diameter . .
orbital apex diameter diameter
Age 0,023 -0,085 0,078 0,002" -0,025° -0,011° 0,077 0,082
OA origin to tuberculum sella 1 0,069 0,028 0,337 0,343 0,344 0,135 0,037
Central retinal artery origin to 0,069 1 0029 0055 0076 0066  -0,114 -0,205
orbital apex
OA origin to optic channel 0,028 -0,029° 1 0,204 0,225 0,215 0,315 0,257
OA origin axial diameter 0,337 0,055 0,204 1 0,959 0,990 0,110 0,099
OA origin longitudinal diameter 0,343 0,076 0,225 0,959 1 0,989 0,113 0,106
Mean OA origin diameter 0,344 0,066 0,215 0,990 0,989 1 0,112 0,103
Osseous optic channel entry 0,135 0,114 0,315 0,110 0,113 0,112 1 0,655
diameter
Osseous optic channel exit 0037 -0,205 0257 0,099 0,106 0,103 0,655" 1

diameter

Figure 1. An example of PDOA. In the left globe, a hypervascular

mass is observed and the mass is fed by (A) the left ophthalmic
artery and (B) the left dorsal ophthalmic artery. (C) After
embolization of OA, feeding from the dorsal ophthalmic artery
is continued, and (D) retinal crescent staining is preserved

safe.?’?? Knowing the origin of the OA for the catheterization
of OA or central retinal artery origin pattern from the OA in
the super selective catheterization of central retinal artery for
retinoblastoma chemoembolization decreases the complication
rate.?®* The clinical significance of the anastomotic connections
between the ophthalmic artery and the external carotid artery
branches lies in the possible risk of blindness that may develop
during endovascular embolization of a hypervascular tumor
or arteriovenous malformation fed by external carotid artery
branches. If these connections are not recognized, the embolic
agent injected through the external carotid system can diffuse
into the ophthalmic artery and central retinal artery. From a
different perspective, the administration of the embolic agent
from the external carotid arterial system for the endovascular
treatment of epistaxis may cause retrograde occlusion

Figure 2. An example of meningo-ophthalmic collateral. After
the contrast medium injection of the left external carotid artery,
(A) the meningo-ophthalmic collateral (arrow sign) between
the middle meningeal artery and the ophthalmic artery is
observed. OA shows an inverse filling due to the meningo-
ophthalmic collateral. (D) After the coil embolization of the
meningo-ophthalmic collateral (arrow sign), it is seen that the
OA is normally filled anterogradely after the superselective
catheterization of the OA

Figure 3. DSA images of a 50-year-old woman who underwent
preoperative tumor embolization due to left parafalcine
meningioma. In ECA injections (A) and (B), posteroanterior
images show anastomosis between the sphenoidal branch of
the middle meningeal artery and the lacrimal artery (arrow sign)
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of the internal carotid artery through these anastomotic
connections between the branches of the external carotid
artery and the branches of OA.?#%> These anastomoses can be
used to advantage during certain endovascular interventional
procedures. For example, in cases where it is not possible to
access the ophthalmic artery by standard techniques, the
ophthalmic artery can be accessed using these anastomotic
connections via the internal maxillary artery-middle meningeal
artery.?*?> The anatomy and variations of the ophthalmic
artery can be profound. Knowing these anatomical features
and possible variations increases the probability of success
and prevents complications during endovascular treatment
involving this region and the surrounding structures, as well as
surgeries involving orbita and surrounding structures like optical
apex surgery, skull base surgery, pituitary gland surgery, and
decompression treatments. The aim of this study was to obtain
detailed information about the normal anatomy and variations
of the OA. According to this study, based on 150 ophthalmic
arteries that were evaluated by FDCTA, there was no significant
difference between the distance to the tuberculum sella, the
distance of the central retinal artery origin to the orbital apex,
and the osseous optical channel diameter at its entry and exit
based on gender. However, the size of the OA on axial and
sagittal planes was significantly higher in men than in women.
There was no significant correlation between age and distance
to the tuberculum sella, distance from the central retinal artery
to the orbital apex, optical channel insertion distance between
OA origin and entry point to the optic channel, size of the OA
at its origin on axial and sagittal planes and the osseous optic
channel diameter at its entry and exit. There was a significant
but weak correlation between the distance from the tuberculum
sella and the mean thickness of the OA's origin on axial and
sagittal planes. There was a significant but weak negative
correlation between the distance of the central retinal artery to
the orbital apex and the width of the osseous optic canal exit.
A significant but weak positive correlation between the optical
channel entry distance after the OA origin and OA thickness at
origin on axial and sagittal planes, and optical channel insertion
and exit, and the width of the osseous optic canal exit and
entry was found. A strong correlation between the width of
the osseous optic canal at the exit and entry sites was found.
Of the 10 patients whose DSA images were evaluated only, 2
had PDOA variation, 1 had both PDOA and PVOA variation, 2
had meningo-ophthalmic collaterals, 2 had meningo-lacrimal
variant, 1 had lacrimal variant, and 2 had OA-meningeal branch
anastomosis.

Limitations

The limitations of this study were the retrospective nature of
the study, the relatively low number of patients, the absence of a
control group, and the heterogeneity of the patient and disease
groups. However, it is not appropriate to establish a control
group because it is unethical to perform procedures such as
DSA and/or FDCTA on healthy people without any indications.

Conclusion
In many orbital pathologies (especially those of neoplastic and
vascular origin), the OA plays an important role in management

options. Although surgical methods are frequently used in the
treatment of such pathologies, endovascular methods have
become very popular in recent years. It is of great importance to
know the origin and branching variations of the OA, the course,
and anastomotic connections in detail in order to optimize the
success of the treatment and to avoid possible complications.
In our study, we found that FDCTA can provide details about
the anatomy of the OA. Also, we gained data about the variety
due to age and gender. Furthermore, we tried to mention
the advantages and disadvantages that may arise in clinical
practice related to OA’s variant anatomy.
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