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A case series: 3-dimensional computed
tomographic study of the superior
orbital vessels: Superior orbital arcades
and their relationships with the
supratrochlear artery and
supraorbital artery
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Background: Vascular complications from periorbital intravascular filler injection are major safety
concerns.

Objective: To thoroughly describe the superior orbital vessels near the orbital rim and propose
considerations for upper eyelid and forehead injections.

Methods: Fifty-one cadaver heads were infused with lead oxide contrast media through the external
carotid artery, internal carotid artery, and facial and superficial temporal arteries. Computed tomography
(CT) images were obtained after contrast agent injection, and 3-dimensional CT scans were reconstructed
by using a validated algorithm.

Results: Eighty-six qualified hemifaces clearly showed the origin, depth, and anastomoses of the superior
orbital vessels, which consistently deployed 2 distinctive layers: deep and superficial. Of all hemifaces,
59.3% had deep superior orbital vessels near the orbital rim, including 44.2% with deep superior orbital
arcades and 15.1% with deep superior orbital arteries, which originated from the ophthalmic artery.
Additionally, 97.7% of the hemifaces had superficial superior orbital arcades, for which 4 origins were
identified: ophthalmic artery, superior medial palpebral artery, angular artery, and anastomosis between
the angular and ophthalmic arteries.

Limitations: The arterial depth estimated from 3-dimensional CT needs to be confirmed by standard
cadaver dissection.

Conclusion: This study elucidated novel arterial systems and proposed considerations for upper eyelid
and forehead injections. (J Am Acad Dermatol 2021;84:1364-70.)

Key words: 3-dimensional computed tomography; filler injection; sunken upper eyelid injection; superior
orbital arcade; superior orbital vessel; supraorbital artery; supratrochlear artery.
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The eyelid is one of the most exquisite structures,
and it plays an important role in facial esthetics and
function." The upper eyelids, with adequate fullness
and sharp, clear eyelid folds, are important features
of a beautiful and young face.”” A sunken, hollow
upper eyelid makes a person look older, tired, and
gaunt.’ Eyelid aging is affected by many factors,
including gravity, loss of fatty
tissue, and ultraviolet radia-
tion. Fat atrophy can also
lead to a sunken deformity
of the upper eyelid.”® In
addition, excess fat removal
during blepharoplasty can
also lead to eyelid hollow-
ness.”® The treatment of
sunken upper eyelids re-
quires a sufficient amount
of soft tissue in the upper
eyelids. Common methods
for correcting this deformity
include autologous fat graft,
dermofat  graft, fascia-fat
graft, local tissue transfer, and dermal filler injec-
tion.”'* Currently, soft tissue filler injection is a
popular treatment for upper eyelid depression.
Although the outcomes are immediate and effective,
the complications can range in severity from hema-
toma and ptosis to blindness and even cerebral
infarction.'”"” Therefore, a comprehensive under-
standing of the arterial variations in the upper eyelids
is of great importance for injections to correct sunken
upper eyelids.

Traditional cadaver dissection can provide a pre-
liminary understanding of the blood vessels, but the
location of the vessels may be disrupted during
dissection. Three-dimensional (3D) computed to-
mography (CT) is an efficient and reliable imaging
technique that has been widely used to visualize
complex human vascular anatomy.'**' Although
some researchers have described preliminary 3D
CT mapping of individual arteries in the face,
including the periorbital region, the superior orbital
vessels have not been systematically screened. Thus,
by using high-throughput postmortem 3D CT of 86
cadaver hemifaces, this study shows the location,
course, and anastomosis of the superior orbital
vessels near the orbital rim. The results provide
guidance for correcting sunken upper eyelids,
thereby reducing the adverse events associated
with injections.

clinical practice.

METHODS
Fifty-one fresh cadaver heads of Chinese Han
individuals were voluntarily donated from the

CAPSULE SUMMARY lead oxide

« Three-dimensional computed
tomography is an efficient and reliable
technique to validate complex facial
vascular anatomy.

Clinicians may predict the vascular
patterns near the orbital rim and help
propose considerations for upper eyelid
and forehead injections. Further research
is required to apply these findings to
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Guangdong Second Provincial General Hospital of
Guangdong Province (Guangzhou City, China),
including 20 men and 31 women. The mean age of
the cadavers was 37 = 6 years (range, 28-62 years).
This anatomic study conforms to the Cadaver
Dissection Regulations of the China Ministry of
Health. The CT contrast process was modified
slightly from a reported

method.”” Forty grams of

(Shantou
Guanghua Chemical Co,
Ltd, Shantou City, People’s
Republic of China) was
stirred  continuously and
mixed with 5 mL red dye
and 100 mL latex. The sus-
pension was then filtered to
remove lead oxide particles.

The external carotid ar-
teries (ECAs) of 25 cadaver
heads were injected with suf-
ficient lead oxide media.
Sufficient contrast media
was injected through the ECAs and internal carotid
arteries (ICAs) in 16 cadaver heads, and the facial and
superficial temporal arteries were injected sequen-
tially in the other 10 cadaver heads.

After each arteriography injection, the same 64-
row spiral CT scanner (Philips Brilliance 64 scanner;
Philips Healthcare, Cleveland, OH) was used under
the same conditions: 120-kV tube voltage, 250-mA
effective tube current, data acquisition trigger of 140
Hounsfield units, 500 X 600—mm field of view, and
1024 X 1024—pixel slice size above the baseline. The
thickness of the section is 0.8 mm, and the increment
is 0.4 mm.

In the subsequent data analysis, 86 qualified
hemifaces from 51 fresh cadaver heads were
collected, and 16 hemifaces (from 16 heads) with
incomplete CT images were excluded. Clear images
of the superior orbital vessels were collected from all
86 samples, and each sample provided a 3D CT data
set acquired from the injection of contrast dye
into different arteries. The location, course, and
anastomoses of the superior orbital vessels and
their relationship with the forehead arteries were
recorded.

RESULTS
Overview of the superior orbital arcades

In the current study, the superior orbital vessels
consistently deployed 2 distinctive layers: the deep
layer and the superficial layer. The former is close to
the periosteum, and the latter lies beneath the dermis
of the skin in the adipose tissue. The superior orbital
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Abbreviations used:

3D:  3-dimensional

CT:  computed tomography
ECA: external carotid artery
ICA: internal carotid artery

arcades emerged from the superior part of the medial
orbital rim and were divided into the superficial
superior orbital arcade and deep superior orbital
arcade. The study found that 44.2% (38/86) of the
hemifaces had deep superior orbital arcades and
that 97.7% (84/86) of the hemifaces had superficial
superior orbital arcades, both running laterally along
the superior orbital rim to the temporal region and
anastomosing with the temporal arteries. In addition,
15.1% (13/86) of the hemifaces had deep superior
orbital arteries that branched off the deep branch of
the supraorbital artery near the supraorbital foramen
(notch) without anastomosing with the temporal
arteries (Fig 1). Of the deep superior orbital arcades
and deep superior orbital arteries, all were derived
from the ophthalmic artery. For the superficial supe-
rior orbital arcades, there are 4 different origins: 7.1%
(6/84) originated from the superior medial palpebral
artery (Fig 1), 3.6% (3/84) originated from the
angular artery (Fig 2), 85.7% (72/84) directly origi-
nated from the ophthalmic artery (Fig 3), and 3.6%
(3/84) originated from the anastomosis between the
angular artery and ophthalmic artery (Fig 4). The
superficial and deep superior orbital arcades directly
anastomosed with the zygomatico-orbital artery (Fig
2), transverse facial artery perforators (Fig 1), and
frontal branch of the superficial temporal artery or
formed the lateral orbit and malar plexus in conjunc-
tion with the temporal arteries.

Relationship between the superior orbital
arcades and forehead arteries

The periorbital arteries deployed 2 distinctive
layers of the branch arteries to the forehead. The
deep branch of the supratrochlear artery and deep
branch of the supraorbital artery appeared to run
fairly close to the frontal bone, and the superficial
branch of the supratrochlear artery and superficial
branch of the supraorbital artery lay in a relatively
superficial plane. Of the deep layers of the forehead
arteries, all deep branches of the supratrochlear
artery and deep branches of the supraorbital artery
originated from ophthalmic angiosomes. The deep
branch of the supratrochlear artery was absent in
46.5% of the hemifaces, but the deep branch of the
supraorbital artery was present in 100% of the
hemifaces. Deep superior orbital arcades branching
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off the deep branch of the supratrochlear artery and
deep branch of the supraorbital artery were found in
44.2% (38/86) of the hemifaces (Fig 2). Deep supe-
rior orbital arteries branching off the deep branch of
the supraorbital artery near the supraorbital foramen
(or notch) were found in 15.1% (13/86) of the
hemifaces. The superficial branch of the supratro-
chlear artery and superficial branch of the supraor-
bital artery were present in all cadaver heads. The
study found that the superficial superior orbital
arcades of 47 hemifaces branched off the superficial
branch of the supratrochlear artery and superficial
branch of the supraorbital artery (Fig 2); additionally,
only the superficial branch of the supraorbital artery
originated from the superficial superior orbital ar-
cades in 34 hemifaces, among which the superficial
branch of the supratrochlear artery of 12 hemifaces
originated from the angular artery, and the superfi-
cial branch of the supratrochlear artery of 22 hemi-
faces directly originated from the ophthalmic artery.
For 3 hemifaces, only the superficial branch of the
supratrochlear artery originated from the superficial
superior orbital arcades, and the superficial branch
of the supraorbital artery directly originated from the
ophthalmic artery.

DISCUSSION

Previous studies have shown that the upper eyelid
vascular system originates from the medial and lateral
palpebral arteries. However, some studies have
shown that this system is much richer and far more
complex than originally believed. The arteries of the
upper eyelids anastomose with the ICA system via
the ophthalmic artery and with the ECA system via
the facial artery and superficial temporal artery.””°
Most studies have shown that the upper eyelid
contains the marginal arcade and peripheral ar-
cade,”****% but the origins of the arcades near
the orbital rim have not been clearly defined and
remain controversial.

Injections to sunken eyelids require an experi-
enced physician with comprehensive knowledge of
the vascular system because injections in this area are
highly likely to lead to ocular complications. The
textbook by Cormack and Lamberty” notes the
presence of branching from the supraorbital artery,
which runs horizontally and laterally deep to the
eyebrow and anastomoses with the zygomatico-
orbital artery to form the periorbital arterial ring.
Kawai et al*" identified superficial and deep orbital
arcades by using cadaver dissection and traditional
angiography. These arcades were formed by anas-
tomoses of the branches of the zygomatico-orbital
artery, transverse facial artery, or frontal branch
of the superficial temporal artery laterally and the
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Fig 1. A 3-dimensional computed tomography scan acquired with a Philips device (Philips
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Healthcare, Cleveland, OH) clearly shows the deep (black arrowheads) and superficial
superior orbital arcade (red arrowheads) in the right hemiface and the deep superior orbital
artery (black arrows) in the left hemiface. The asterisk indicates the superior medial palpebral
artery, and red arrows indicate the transverse facial artery perforators.

branches of the supratrochlear artery, ophthalmic
artery, or medial palpebral artery medially. The
supratrochlear artery contributed significantly to
both the superficial and deep orbital arcades.
Lopez et al”’ dissected 5 fresh cadavers and identi-
fied an arcade that runs along the orbital septum
similar to the preseptal arcade, possibly correspond-
ing to the deep orbital arcade described by Kawai
et al,”* which seems to resemble an anastomosis
between the supraorbital and supratrochlear arteries
more than the supratrochlear artery itself. In this
study, we found that the ophthalmic artery, rather
than the supratrochlear artery, contributed signifi-
cantly to the origins of both the superficial and deep
orbital arcades, which means that injections near the
orbital rim are highly susceptible to ocular compli-
cations. Zhu et al'” and Zhao et al*' defined the
artery that runs laterally along the superior orbital
rim as the superior palpebral artery. Tansatit et al’’
found that the ophthalmic artery divided the superior
orbitoglabellar artery running along the orbital rim.
In contrast to traditional anatomic studies, this study
used high-throughput postmortem 3D CT to visu-
alize arterial arcades near the orbital margin in 86
contrast-infused hemifaces from 51 cadaver heads.
We clearly identified the deep and superficial supe-
rior orbital arcades running laterally along the
superior orbital rim by using high-throughput post-
mortem 3D CT, which enabled us to separately

identify the origins of the deep and superficial orbital
superior arcades.

A cannula can be used to correct a sunken upper
eyelid by injecting both the preperiosteal plane
and the subcutaneous plane. We found that the
probability of encountering a patient with superficial
superior orbital arcades (84/86) is higher than that of
encountering a patient with deep superior orbital
arcades (38/86). These findings suggest that the
preperiosteal plane may be safer for injections than
the subcutaneous plane. Additionally, 13 hemifaces
had deep orbital superior arteries that ran laterally
along the superior orbital rim and terminated near
the supraorbital foramen (notch), indicating that
the superior part of the medial orbital rim is more
dangerous than the superior part of the lateral orbital
rim during filler injections. When the upper eyelids
are augmented, fillers should not be injected hori-
zontally into the orbital rim. In contrast, to avoid
intravascular injections, fillers should be injected into
the orbital rim at an angle, and a slow retrograde
injection technique is advised. In 3 hemifaces, the
superficial superior orbital arcades originated from
the angular artery, which shows that these superficial
superior orbital arcades originate from the ECA
system and are the anastomosis between the facial
angiosomes and superficial temporal angiosomes. In
another 3 hemifaces, the superficial superior orbital
arcades originated from the anastomosis between
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Fig 2. A 3-dimensional computed tomography scan
showing that the deep branch of the supratrochlear artery
(red arrows) and deep branch of the supraorbital artery
(black arrows) jointly originate from the deep superior
orbital arcades and that the superficial branch of the
supratrochlear artery (red arrowheads) and superficial
branch of the supraorbital artery (black arrowheads)
jointly originate from the superficial superior orbital
arcade. The asterisks indicate the zygomatico-orbital
artery.

the angular artery and ophthalmic artery, which
shows that these superficial superior orbital arcades
originated from the ECA and ICA systems.

The forehead is one of the most common areas for
soft tissue filler injections and is of great esthetic
significance because it is easily visible near the eyes
and often shows signs of early aging. Soft-tissue filler
injections into the superficial and periosteal posi-
tions have been used to restore frontal volume.”' The
supratrochlear artery and supraorbital artery that
branch from the ophthalmic artery provide a rich
blood supply for the forehead, making the forehead
a high-risk injection site for vascular complications.”
To minimize risks, many studies have been conduct-
ed to detail the forehead vasculature, especially the
branching and distribution patterns of the supra-
trochlear artery and the supraorbital artery, thereby
providing clinical guidelines for forehead filler in-
jections. Erdogmus and Govsa™ found that there is
an 87% chance that the supraorbital artery and
the supratrochlear artery arise from the orbit as 2
separate vessels. Tansatit et al’ believed that
the forehead arteries depended on the superior
orbitoglabellar artery, which ascends along the
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Fig 3. A 3-dimensional computed tomography scan
showing that the superficial superior orbital arcade (red
arrowheads) originates from the ophthalmic artery (black
arrowheads).

Fig 4. A 3-dimensional computed tomography scan
showing that the superficial superior orbital arcade (red
arrowheads) originates from the anastomosis between the
angular artery (red arrows) and ophthalmic artery (black
ArrOws).

supraorbital rim and branches off the supratrochlear
artery and the supraorbital artery. Cong et al’’
classified the distributions of the supratrochlear and
supraorbital arteries by their relationship to the
frontalis. By using high-throughput postmortem 3D
CT, we found that the orbital arcades have a complex
relationship with the supratrochlear artery and su-
praorbital artery. For deep forehead arteries, the
deep branch of the supratrochlear artery was absent
in 46.5% of the hemifaces, with the deep branch of
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Fig 5. A 3-dimensional computed tomography scan
showing that the superficial branch of the supratrochlear
artery (red arrows) originates from the facial artery (black
arrows) through the angular artery.

the supraorbital artery observed in 100% of the
hemifaces, which is consistent with Cong et al’s
study. Thirty-eight (44.2%) hemifaces had deep
orbital arcades, which bifurcated into the deep
branch of the supratrochlear artery and deep branch
of the supraorbital artery, possibly corresponding to
the orbitoglabellar artery branching off the supra-
trochlear artery and the supraorbital artery; this
means that the supratrochlear artery and supraorbital
artery do not directly originate from the ophthalmic
artery. The deep branch of the supratrochlear artery
and deep branch of the supraorbital artery arose
from the orbital rim as 2 separate vessels in 6
hemifaces.

When the deep branch of the supratrochlear
artery was absent, the deep branch of the supraor-
bital artery emerged from the supraorbital foramen
(or notch) at the lower margin of the orbital rim or
originated from the deep orbital arteries near the
supraorbital foramen (or notch) and ran close to the
frontal bone. The superficial arteries are more com-
plex than the deep arteries. Importantly, the super-
ficial orbital arcades contributed significantly to the
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origins of the superficial branch of the supratrochlear
artery and superficial branch of the supraorbital
artery. The angular artery has been applied in
pedicled flap designs and reconstructive surgeries
to treat skin cancer, fistulae, and facial injuries. In
addition, the angular artery is closely associated with
fatal complications, such as skin necrosis and vision
loss.”*° This study found that the angular arteries of
3 hemifaces ran vertically to the nasojugal and
medial canthal areas and bifurcated into the super-
ficial branch of the supratrochlear artery and super-
ficial branch of the supraorbital artery, which means
that injections to the nasolabial fold may cause
skin necrosis of the upper eyelid and forehead.
Additionally, in 12 hemifaces, the superficial branch
of the supratrochlear artery originated from the facial
artery through the angular artery (Fig 5), which
means that injections to the nasolabial fold may
cause skin necrosis of the central forehead.

CONCLUSION

Because of a variation of blood vessel connections
and anastomoses, it is important to be familiar with
all facial vasculature to minimizing adverse events
during filler injections. A comprehensive under-
standing of the 3-dimensional vascular anatomic
features of the eyelid is essential for injections to
correct sunken eyelids. Postmortem 3D CT provided
a thorough examination of the superior orbital
vessels and their relationship with the forehead
arteries, elucidating novel arterial systems of the
periorbital region and helping minimize the risks
associated with filler injections.
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