® [STANBUL

UNIVERSITESI
YAYINEVI

RESEARCH / ARASTIRMA
DOI: 10.26650/IUITFD.2021.920797
ist Tip Fak Derg 2021 / J Ist Faculty Med 2021

FIRST BRANCH OF OPHTHALMIC ARTERY AND ITS CLINICAL

IMPORTANCE

ARTERIA OPHTHALMICA'NIN ILK DALI VE KLINIK ONEMI

Ozcan GAYRETLI! , Aysin KALE" @, Osman COSKUN'

, Adnan OZTURK'

, Bilent BAYRAKTAR?

"Istanbul University, Istanbul Faculty of Medicine, Department of Anatomy, Istanbul, Turkey

Zstanbul University, Istanbul Faculty of Medicine, Department of Sports Medicine, Istanbul, Turkey

ORCID IDs of the authors: O.G. 0000-0001-7958-3170; A.K. 0000-0002-2305-420X; O.C. 0000-0002-0337-4927;

A.O. 0000-0002-5819-0543; B.B. 0000-0001-8102-4896

Cite this article as: Gayretli O, Kale A, Coskun O, Ozturk A, Bayraktar B. First branch of ophthalmic artery and its clinical importance.
J Ist Faculty Med 2021,84(4):495-501. doi: 10.26650/IUITFD.2021.920797

ABSTRACT

Objective: The ophthalmic artery and its branches have one
of the most complex anatomy and embryology of all arteries.
Although many studies have been done on its branches,
different references have given different conclusions about the
first branch of it. Therefore, it was aimed to investigate the first
branch of the ophthalmic artery in this study.

Materials and Method: Forty-one orbits of the cadavers, which
belonged to the Department of Anatomy of Istanbul Faculty of
Medicine, were examined.

Results: It was observed that the first branch was the central
retinal artery in 23 orbits (56%), the posterior ciliary arteries in
14 orbits (34%), the lacrimal artery in three orbits (7%) and the
supraorbital artery in one orbit (3%).

Conclusion: It was observed that the first branch of the ophthalmic
artery was the central retinal artery or posterior ciliary arteries
substantially. Both arteries are essential for vision and are very
important to be protected in surgeries involving this area.

Keywords: Ophthalmic artery, central retinal artery, posterior
ciliary arteries, lacrimal artery

OZET

Amag: Arteria ophthalmica ve dallar en karmagsik anatomiye ve
embriyolojiye sahip arterlerden biridir. Bu arterin dallanyla ilgili
bircok ¢alisma yapilmis olsa da, ilk dali hakkinda farkli kaynaklar-
da farkl sonuglar bulunmaktadir. Bu nedenle bu calismada arte-
ria ophthalmica’nin ilk dalinin arastirilmasi amaglandi.

Gerec ve Yéntem: istanbul Tip Fakiiltesi Anatomi Anabilim Da-
lI'nda bulunan kadavralara ait olan 41 orbita incelendi.

Bulgular: Yirmi U¢ orbitada (%56) a. centralis retinae’nin, 14 or-
bitada (%34) aa. ciliares posteriores'in, U¢ orbitada (%7) a. lac-
rimalis’in ve bir orbitada (%3) a. supraorbitalis’in ilk dal oldugu
gozlendi.

Sonug: Arteria ophthalmica’nin ilk dalinin yiksek oranda a. cent-
ralis retinae ya da aa. ciliares posteriores oldugu goérilda. Her iki
arter de gérme icin temeldir ve bu bolgeyi ilgilendiren cerrahi-
lerde bu arterlerin korunmasi oldukga énemlidir.

Anahtar Kelimeler: Arteria ophthalmica, arteria centralis reti-
nae, arteriae ciliares posteriores, arteria lacrimalis

INTRODUCTION

The ophthalmic artery (OA) is the first intracranial branch
of the internal carotid artery (ICA) (1). After originating
from the ICA, it takes a short course in the cranium and
then passes through the optic canal and enters the or-
bit. Here it gives branches that supply the eyeball, optic
nerve (ON) and periophthalmic tissues such as eyelids,
lacrimal gland and extraocular muscles.

Embryologically, the OA develops from three different
arterial sources. Situations such as non-fusion of these
arteries or persistence of the arteries that need to be re-
gressed cause variations in the origin or branching of the
OA, and these have been widely stated in the literature.
These variations have been reported to pose a poten-
tial risk in craniotomy or endovascular treatment, such as
obliteration of the middle meningeal artery, dural arte-
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riovenous shunt, tumor or epistaxis (2, 3). Therefore, the
importance of OA anatomy has increased during the last
decades for ophthalmologists, neurosurgeons and inter-
ventional neuroradiologists (4).

Branches of the OA are the central retinal artery (CRA),
posterior ciliary arteries (PCA), lacrimal artery (LA), mus-
cular branches, anterior and posterior ethmoidal arteries,
palpebral arteries, supraorbital artery (SA) and its termi-
nal branches, the dorsal nasal artery and frontal artery.
It has been stated that CRA is the first branch of the OA
with a frequency varying from 67% to 77.5% (1, 5). In cases
where the CRA is the second or third branch, the prob-
able first branch has been reported as the PCA (5). The
CRA and PCA supply the retina and choroid respectively
and therefore have been noted as critical in vision (1). For
these reasons, it was aimed to investigate the morpholo-
gy and morphometry of the OA and its first branch.

MATERIALS AND METHOD

The first branch of the OA was evaluated on 41 cadavers.
All specimens were obtained from the Department of
Anatomy of Istanbul Faculty of Medicine. All dissections
were performed on cadavers used in undergraduate and
post-graduate medical training. All cadavers were pre-
served with a formalin-ethanol-glycerin-phenol solution
and kept in cold storage (5-8°C) after embalming.

The dissection process was carried out by preserving the
integrity of the orbit and its internal structures, starting
from the intracranial opening of the optic canal. When
silicone injection was completed, the orbital roof and
the bony structure of the optic canal were removed with
precision and the orbit was reached (Figure 1). The OA

# N
Figure 1: Exposition of orbita after removal of orbital wall
L: left, R: right

Figure 2: The dissection procedure of branches of oph-
thalmic artery

1: internal carotid artery, 2: ophthalmic artery, 3: optic nerve,
L: left, R: right

and its branches and the ON were separated from other
intraorbital structures by making delicate dissections, and
were followed and recorded for each orbit until the OA
gave its end branches (Figure 2). A total of 41 ophthal-
mic arteries were included in the present study of which
19 were bilateral and three were one-sided. The reason
why those three arteries were studied unilaterally was that
those three cadavers could not be evaluated bilaterally
during dissection. The branches of the OA were evalu-
ated after the colored latex silicone injection was made.

Ethical committee approval (Date: 16.04.2021, No: 172684)
was obtained for our study.

RESULTS

In this study, the first branch was observed to be originat-
ing from the OA during its course in the orbital cavity. It
was determined that the most frequent first branch of the
OA was the CRA with a rate of 56% (n=23) (Figure 3). In
total, 12 of the 23 CRA's were in the left orbit and 11 were
in the right orbit. The CRA emerged as the first branch
bilaterally in nine cadavers (totally 18), consequently the
remaining five CRA were determined unilaterally in five
cadavers. The second most frequent first branch was the
PCA, observed in 14 orbits (34%) (Figure 4). Of these 14
arteries, eight were bilaterally (in four cadavers) and six
were unilaterally traced as the first branch in dissected
specimens. In those six cadavers, which had the PCA as
the first branch of the OA unilaterally, on the contralater-
al side, the SA was the first branch in one case, the first
branch could not be evaluated in one case and the CRA
was the first branch in the remaining orbit (n=3). The third
most common first branch was the LA with a rate of 7%
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Figure 3: Exposition of central retinal artery as the first
branch of ophthalmic artery

1: internal carotid artery, 2: ophthalmic artery, 3: optic nerve, 4:
central retinal artery, L: left, R: right

of ophthalmic artery
1: internal carotid artery, 2: ophthalmic artery, 3: lacrimal artery,

4: central retinal artery, 5: optic nerve, L: left, R: right
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Figure 4: Exposition of posterior ciliary arteries as the
first branch of ophthalmic artery

1: optic nerve, 2: internal carotid artery, 3: ophthalmic artery,
4: posterior ciliary arteries, 5: lacrimal artery, L: left, R: right

(n=3) (Figure 5). Two of these three arteries were bilateral
(in one cadaver) and the remaining artery was seen on
the left side of one specimen. Finally, the least common
(3%) first branch of the OA was the SA (n=1). Unfortu-
nately we could not take a photograph of the cadaver
which had the SA as a first branch unilaterally because
when we passed on to the photograph taking stage of
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Figure 6: Numbers of different first branches of ophthal-
mic artery

CRA: central retinal artery, PCA: posterior ciliary arteries, LA: lac-
rimal artery, SA: supraorbital artery
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Table 1: Numbers of each first branches originating
from the ophthalmic artery, according to sides

The first branch of ophthalmic artery

No

Left Right
1 CRA CRA
2 CRA CRA
3 LA PCA
4 PCA PCA
5 CRA CRA
6 CRA CRA
7 PCA PCA
8 CRA CRA
9 PCA PCA
10 PCA PCA
11 SA PCA
12 LA LA
13 PCA CRA
14 CRA CRA
15 CRA PCA
16 PCA CRA
17 CRA CRA
18 CRA CRA
19 CRA CRA
20 Couldn't be PCA

evaluated
21 CRA Couldn't be
evaluated
22 CRA Couldn't be
evaluated

CRA: Central retinal artery, LA: Lacrimal artery, PCA: Posterior
ciliary arteries, SA: Supraorbital artery

the study, we were faced with the fact that it had been
harmed during routine practices. The numbers of each
first branch originating from the OA, according to sides,
are given in Figure 6. Additionally, our results concerning
the first branch of the OA of each cadaver are given in
Table 1.

DISCUSSION

Orbital dissection was first described by the German anat-
omist Meyer in 1887 (6). Meyer revealed the anatomical
branching pattern and variations of the OA in a series of
over 20 cases. Then, in a 3-series study conducted in 1962
by the ophthalmologist Sohan Sing Hayreh, the origin,
course and branches of the OA were investigated (7-9).

Around the same time period, Kuru, Moret, Vignaud, and
Lasjaunias were also initiators in this field with their angio-
graphic studies (10-13).

Knowledge of the embryological development of the OA
is essential to understand its origin variations. It is stated
that the OA is the craniofacial artery which has the most
complex embryological development (4). The primitive
OA is mainly formed by the primitive ventral ophthal-
mic artery (PVOA), the primitive dorsal ophthalmic artery
(PDOA) and stapedial artery. In the 4-6 mm (crown-rump
length) embryo, PDOA formation is observed from the
bifurcation point of the primitive carotid artery in its cau-
dal and cranial division (origin of the future PCA). The
PDOA enters the orbit from the superior orbital fissure.
At the 7-12 mm stage, the PVOA artery emerges from
the cranial division of the primitive carotid artery and en-
ters the orbit through the optic canal. At the 16-18 mm
stage, the PVOA and PDOA combine to form the perma-
nent stem of the primitive OA. In the 18-40 mm embryo,
the stapedial artery is divided into maxillomandibular
and supraorbital divisions. The maxillomandibular artery
anastomoses with the pharyngeal arteries by extending
beyond the head from the spinous foramen. The SA en-
ters the orbit and divides into two branches called the
ethmoidonasal and lacrimal arteries. The ethmoidonasal
artery joins with the primitive OA at the level of the arteri-
al ring around the ON. Thus, at the 40 mm stage, the OA
reaches its adult configuration (1, 3, 4, 13).

This model explains most cases of the variant OA origin
through migration, partial/complete regression, and per-
sistence of primitive vessels, and/or remaining anasto-
motic loops (1).

The OA originates from the intradural part of the ICA (1,
4,14, 15). In fact, there are many studies stating that they
have not observed any source of origin other than the in-
tracranial (intradural) segment of the ICA (5, 16-19). Also
in this study, all of the examined ophthalmic arteries have
originated from the intracranial segments of the ICA: dis-
tal to cavernous sinus.

For the purpose of description and clinical points of view,
the ICA has been divided into 7 parts by neurosurgeon
Bouthillerin in 1996 (20). According to this, the ICA is di-
vided into its 1t or cervical segment, 2" or petrous seg-
ment that gives origin to the caroticotympanic and vidian
artery, 3 or lacerum segment, 4" or cavernous segment
that provides the meningohypophyseal and inferolateral
trunk, 5" or clinoid segment, & or ophthalmic segment
that gives the OA and superior hypophyseal artery, and
7% or communicating segment where the ICA, before its
final division, gives origin to the anterior choroidal and
posterior communicating artery (20). According to this
classification, which is commonly used by surgeons and
radiologists, the OA is defined as the first branch orig-
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inating from the Cé segment of the ICA. Consequently
the OA is also defined as the first intracranial or intra-
dural branch of the ICA (1). Later, in 2009, Lehecka et al.
divided the C4 segment into 3 portions as ophthalmic,
communicating and choroid (21).

As the most common origin variation of the OA report-
ed in the literature, it originates from the MMA (1, 3, 15).
The MMA origin of the OA could be explained by: the
absence of anastomosis between the supraorbital branch
and the OA, or the persistence of the proximal stem of
the supraorbital branch of the stapedial artery with re-
gression of the primitive OA (4).

It has been reported that an OA originating from the cav-
ernous part of the ICA is a rare variation and its incidence
is estimated at 0.4% (22). In addition, Dilenge, Fiore, Par-
lato, Islak and Indo have also defined cases with the OA
of cavernous (4" segment) origin (23-27). Toma reported
that the OA arising from the cavernous segment of the
ICA was defined as the second most common variation
and added that this artery entered the orbit from the su-
perior orbital fissure (3). Lasjaunias explained this varia-
tion by the embryological regression in the PVOA instead
of the PDOA. In other words, this anatomical variation
is explained by the embryological persistent PDOA (13).

In addition, origin of the OA from the clinoidal (5" seg-
ment) or communicating portions (7t segment) of the
ICA has been recorded (3, 14, 28, 29).

The double origin of the OA is a very rare variant; its in-
cidence is estimated to be around 0.2%, and only a few
studies have been reported (4, 13, 22, 30, 31). Lasjaunias
explained this variation by the lack of an anastomotic ring
around the ON between the PDOA and the PVOA, or
persistence of both of these arteries (1, 4, 13).

The rare origin variation of the OA from the MCA has
been observed in the absence of the ICA (15, 32-34).

There have been reports of the ophthalmic artery orig-
inating from the ACA (27,35-37). This variation corre-
sponds to the persistence of the PVOA (7).

It has been reported that it is encountered in the pres-
ence of ICA agenesis or hypoplasia (38-40).

OA originating from the basilar artery is an extreme vari-
ation. It has been stated that current embryological the-
ories do not provide a satisfactory explanation for this
formation (41-43).

OA originating from this artery has been reported in only
1 case (44).

After its origin, the OA follows a short intracranial course
until it pierces the dura mater and reaches the optic ca-

nal. The course of the OA between its origin and optic
canal is named as the intracranial course. This distance
was calculated by Hayreh and Dass as 0.5-0.95 mm (8).
Although the intracranial course of the OA is short, the
knowledge of the anatomy of this course is of utmost
surgical importance as surgical intervention for OA aneu-
rysms takes place at that area (1).

After the intracranial course, the OA enters the optic ca-
nal together with the ON. This portion is defined as in-
tracanalicular course.

Afterwards the OA exits the optic canal and enters the
orbit. This is the intraorbital part of the OA. The intraor-
bital course of the OA divides into three segments. In the
first segment, the OA exits the optic canal and proceeds
parallel to the ON. The second segment courses medial-
ly passing above (83%) or below (17%) the ON (1). Finally,
the third segment is separated to its branches medially to
the ON, and terminates at the superomedial angle of the
orbital opening (3, 4, 9).

Hayreh, who studied the OA branches in the orbits of 59
human cadavers, reported that localization and order of
origin of these branches are not identical on either side of
the same person (9). It is therefore stated that the branch-
ing patterns of the OA are very complex and unique.

Two different types of branching have been defined as
the OA passes above or below the ophthalmic nerve (9,
15). According to this classification, if the OA crosses over
the ON, the first branch is the medial posterior ciliary ar-
teries (MPCA) in common with the CRA:; if the OA cross-
es under the ON, the first branch is the lateral posterior
ciliary arteries (LPCA). However, when the literature was
examined, it was observed that there were branching
patterns that did not fit this classification. Each most fre-
quent first branch of the OA determined in our study is
discussed separately.

The CRA is the most frequent first branch of the OA. It
supplies blood to the retina, therefore it is critical for
vision (1). It is one of the smallest branches of the OA
and is a terminal artery. Due to its average diameter of
0.36 mm, the CRA is highly susceptible to occlusion (45).
The CRA is commonly the first location where ischemic
or embolic events make us notice the fact that there is
serious vascular disease and high risk for an upcoming
stroke. A central retinal artery embolus may produce a
transient blindness in the affected eye, called amauro-
sis fugax, which lasts for several minutes but less than
an hour (transient ischemic attack) (46). The CRA occlu-
sion causes ischemia and results in infarction of the retina
and as a result, sudden loss of vision with an incidence of
1-8/100,000 people occurs (1). Therefore, damage of the
CRA usually results in blindness (18).
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In the study by Tsutsumi et al. the CRA was found to be
the first branch of the OA in 67%, the second branch in
28% and the third branch in 5% of the orbits they exam-
ined (5). In the present study, the CRA was observed as
the first branch in 56% of cases.

The PCA are branches of the OA, ranging in number from
1 to 5, that supply the choroid and outer layer of the ret-
ina. It has been reported that in 80% of cases there are
2 or 3 PCA (1). The PCA are named as medial or later-
al according to their location. Ciliary arteries supply the
middle vascular tunic. Moreover, they take part in blood
supply of the retina; if a detached retina occurs, this com-
ponent of blood supply may be disrupted (46).

According to Hayreh, the first branch is either the CRA
in common with the MPCA or only the LPCA (9, 15). In
our study, the PCA were observed as the first branch with
a frequency of 34%, as the second most frequent first
branch of the OA.

The LA supplies the lacrimal gland, lateral rectus mus-
cle, lateral part of the eyelids and gives off meningeal
branches to dura mater (4). The LA is often referred to as
the third or fifth branch of the OA (9). When the literature
was reviewed, no case was observed in which the LA was
reported to be the first branch of the OA. Therefore, this
paper is the first one, in which the LA is reported to be
the first branch of the OA (7% cases, n=3).

One of the limitations of our study is that we could not
take a photograph of the cadaver which had the SA as a
first branch. Moreover, we could not describe the practi-
cal locations for determining the first branch of the OA of
the related region for surgeons.

In conclusion, the anatomy of the OA is quite complicat-
ed because it originates from three embryological sourc-
es, has a dual intracranial and extracranial course, and
both itself and its branches are small in size. In addition,
the location and proximity of structures such as the ON,
and the critical importance of the CRA and PCA, which
are usually the first branches of the OA, cause difficulties
in surgical operations in this area. Knowledge of the anat-
omy and possible variations of the OA and its branches is
essential for neurosurgeons and neuroradiologists while
approaching pathologies such as retinoblastoma and
CRA occlusion (5, 45).
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