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Facial Injections and Blindness
A Review on Anatomy

Dan Li, MD, and Hengshu Zhang, MD

Abstract: With the sudden emergence of new medical aesthetic fillers, the num-
ber of fillers injected worldwide has exploded, but there are also worrying risks in
the pursuit of beauty. At present, many cases of blindness caused by injection of
aesthetic fillers have been reported. Most of the cases are caused by irreversible
vascular embolism. This is a rare yet greatly feared complication of using facial
cosmetic fillers. This article reviewed and analyzed the literature and summarized
the changes in the anatomical structure of facial blood vessels related to blindness
during facial injection.

Key Words: facial injection, blindness, facial blood vessels, anatomy

(Ann Plast Surg 2022;88: 233-236)

he 21st century has gradually entered the era of minimally invasive

treatment and minimally invasive plastic surgery, facial injection is
one of the most important techniques of minimally invasive plastic sur-
gery.! With the development of technology and the pursuit of beauty,
people's acceptance of facial injections is also increasing. By injecting
the filling material directly into the local or specific part, the effect of
improving the physical and mental state is finally achieved. The number
of facial soft tissue injections is increasing every year, but the subse-
quent complications are also gradually increasing. Povolotskiy et al® in-
dicates that about 10% of facial injections have corresponding vascular
complications. Skin ischemia, blindness, and cerebral embolism are un-
common but extremely devastating.>* Goodman et al® conducted a sur-
vey of 52 plastic surgeons from 16 countries and found that 71% had
injection experience 11 years and longer, and 62% reported 1 or more
intravascular injections. This is enough to cause every plastic surgeon
to attach great importance.

The causes of eye blinding complications during facial injection
are as follows: (1) the filler accidentally enters the blood vessel; (2) ex-
cessive dosage of filler causes local tissue edema to compress blood
vessels; (3) the syringe needle pierces the blood vessel wall and initiates
the endogenous blood coagulation pathway; (4) local hemorrhage, he-
matoma, and adjacent tissues compress blood vessels.® The injured ves-
sels are mainly the ophthalmic artery and its branches. The central
retinal artery is the terminal branch of the ophthalmic artery and lacks
collateral vascular anastomosis. Once embolization occurs, it will cause
severe retina ischemia, and hypoxia will eventually lead to irreversible
visual damage.” The factors that cause ophthalmic artery embolism: ret-
rograde blood flow caused by high injection pressure and delivery of
sufficient injection into the blood vessel.® With the widespread use of
autologous fat, autologous fat has surpassed hyaluronic acid as the most
dangerous facial soft tissue filler that causes blindness.” This is closely
related to the volume of autologous fat, the greater the volume of
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autologous fat easier ophthalmic artery proximal occlusion, ischemia
greater range, resulting in more severe visual impairment.'®

For the injection site that is most likely to cause blindness during
facial injection, the conclusions drawn by different studies are slightly
inconsistent. Sito et al'' have shown that the risk is from high to low, the
areas most likely to cause blindness are the nose, glabella, nasolabial, but
glabella, nose, nasolabial indicated by Alam et al.” No matter who ranks
first, the nose, glabella, and nasolabial are high-risk areas for blindness
caused by facial injections. Scheuer et al'> summarized the 6 major risks
of facial injection based on the occurrence of facial injection complications:
brow and glabella, temporal, nose, nasolabial fold, lips/commissure, and
infraorbital. In the process of facial injection, it is very important to accu-
rately grasp the anatomical position of each area, the distribution and shape
of the corresponding blood vessels. Based on this foundation, this article
mainly focuses on the arteries related to blindness and summarizes
the anatomical characteristics and variations of facial blood vessels re-
ported in the past 10 years.

GLABELLA/FOREHEAD

With aging, to solve “Bunny lines” and forehead wrinkles, injec-
tion of HA between the glabella and forehead has become the important
solution to eliminate these 2 wrinkles. Glabella and forehead high
injection rate and anatomical characteristics led to a high incidence
of complications in the region.'* The facial artery and superficial
temporal artery from the external carotid artery, the ophthalmic ar-
tery, infraorbital artery, and zygomatic facial artery from the internal
carotid artery are the main supply arteries of the face. The supraor-
bital artery, supratrochlear artery, dorsal nasal artery, medial canthal
artery, and superior palpebral artery are the extraorbital branches of
the ophthalmic artery. The supraorbital artery and the supratrochlear
artery have abundant vascular branches and anastomosis between the
brow and forehead.'> During the puncture process, if the syringe acci-
dentally punctures the supraorbital artery and the supratrochlear artery,
plus enough bolus pressure will cause the drug embolus to flow back
into the ophthalmic artery, and once the injection pressure disappears,
the drug embolus will enter and embolize the ophthalmic artery and
its branches.'® Very few drug emboli can cause embolism of the oph-
thalmic artery. Coleman'” measured the threshold volume of emboli re-
quired to fill the ophthalmic artery as 0.1 mL. Khan et al'® measured
the volume of the supratrochoidal artery as only 0.085 mL.

Cong et al'? divided the distribution of the supratrochlear ar-
tery and supraorbital artery into 2 types: type I (deep branch of the
supratrochlear artery—present pattern), type la, the superficial branch
of the supratrochlear artery supplies the superficial inner side of the
forehead, and the superficial branch of the supraorbital artery supplies
the outer side, the deep branch of the supratrochlear artery, and the deep
branch of the supraorbital artery were distributed deep to the frontalis;
type Ib, the central artery, the paracentral artery, the superficial branch
of the supratrochlear artery, and the superficial branch of the supraor-
bital artery supply the superficial frontal; the deep layer is the same
as type [a. Men are mainly in 1b, whereas women are mostly in 1a. Type
II (deep branch of the supratrochlear artery-absent pattern), the supply
of the superficial frontal layer is the same as type Ia; the deep frontal
layer is only supplied by the deep branch of the supraorbital artery. At
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the same time, the measurement found that the average coordinate of the
supraorbital artery passing through the frontal muscle is the horizontal
distance from the vertical line passing the inner canthus is about
29.6 £ 4.1 mm, and the vertical distance from the supraorbital rim
is about 20.7 + 5.1 mm.

Ashton et al*° proposed that there are choke blood vessels in the
forehead, glabella, nose, and lips. The choke blood vessels are func-
tional and can temporarily or permanently control the flow between
the vascular. When the diameter of the choke vessel is small enough,
it can block the flow of drug emboli between the vascular, but when it
is transformed into a real vascular anastomosis with a larger diameter,
its function disappears. Taylor et al*! injected 20 mL of lead oxide into
the vein in the center of the forehead, applying pressure on the nose, the
lead oxide can be pushed to the 2 orbits, and finally into the cavernous
sinus and dural vein. At the same time, they found orange lead oxide
particles in the blue ophthalmic veins next to the ophthalmic artery by
injecting lead oxide into the artery. In addition, they also found more
than 1 arteriovenous shunt about 0.5 mm in diameter in the inner canthus
and nasolabial fold. This seems to provide another way for drug emboli to
enter the ophthalmic artery: intravenous injection flows to the artery
through the arteriovenous shunt. Schelke et al®* successfully injected hy-
aluronidase into the artery and not only restored normal blood flow in the
artery but also observed changes in the accompanying venous blood flow
through ultrasound. Arunakirinathan et al** reported that the injection of
sclerosing agent into the forehead vein caused the ophthalmic artery em-
bolism, which eventually caused irreversible vision loss.

NOSE

The nose is in the middle of face, so the nose shape plays a deci-
sive role in the coordination of the face. In addition to prosthesis and
cartilage, soft tissues, such as autologous fat and hyaluronic acid, are of-
ten used to improve the shape of the nose. Facial artery and ophthalmic
artery vascularize the nose. The vasculature of the dorsum of the nose is
very superficial. There are not only the vascular anastomoses between
the dorsal nasal artery, the lateral nasal artery, and the angular artery
but also the vascular anastomoses between the dorsal nasal artery and
the supratrochlear artery.®* Bae et al,>> Thanasarnaksorn et al,* Ozturk
et al?® have reported that nasal injection causes varying degrees of vi-
sion loss. Usually, the dorsal nasal artery is located on both sides of
the nose, Wu et al’ found 3 thicker branches of the dorsal nasal artery
in a few cadavers, which increased the chance of accidental puncture
of the dorsal nasal artery. For patients who have undergone rhinoplasty
in the past, they should be extra careful when performing soft tissue fill-
ing on the nose because the anatomical plane has been destroyed, and
the natural anastomosis between different layers may no longer exist.'®
Through comparison, Huang et al®” found that patients who had under-
gone surgical thinoplasty surgery showed a significantly increased chance
of adverse events due to anatomical changes. Accidental arterial puncture
in the glabella, forehead, and nose mostly damage directly on the ophthal-
mic artery and its branches. This is different from the accidental puncture
of the facial artery in that it is not controlled by the vascular anastomosis.
The drug embolus directly enters the branch of the ophthalmic artery, and
the occurrence of visual impairment is more direct and faster. Taylor et al*!
found that the venous reflux of the nose flows to the inner canthus and the
nasion, and the arteriovenous anastomosis may be formed between the
veins and arteries in the inner canthus.

NASOLABIAL FOLD/LIPS

In most people, the nasolabial fold is observed lateral to the nose,
as a distinct or ambiguous crease from the ala of the nose to the cheilion
area of smiling.?® The most important vasculature in the nasolabial fold
is the facial artery. The facial artery travels to the inner canthus in the
nasolabial fold and migrates to the angular artery. The angular artery
is anastomosed with the dorsal nasal artery,'® but the angular artery in
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the nasolabial fold and lateral nasal area is highly variable in both 2 di-
mensional (D) and 3D. Kim et al*® divided the facial artery into 4 types,
of which about 22.8% lacked the angular artery, this type of lateral nasal
and nasolabial fold area is dominated by the retrograde of the ophthal-
mic artery terminal branch. Lee et al>* found that the facial artery is
about 26 mm from the commissure on the commissure-earlobe line,
and about 12 mm from ala nasi on the tragus-ala nasi line. Yang et al*'
analyzed the positions of the nasolabial fold and facial artery in 35 ca-
davers, about 42.9% of the facial arteries are located inside the nasolabial
fold, 23.2% are located outside the nasolabial fold, 19.6% cross the
nasolabial fold, and 14.3% gradually approach the nasolabial folds from
the outside to the inside.

Rayess et al*? pointed out that among the 1748 adverse events
analyzed, about 30% of the cases came from lip injection. Taylor et al*’
also found that the facial artery and the contralateral artery formed an
extensive vascular anastomosis on the upper lip and apex nasi, and
the branches of the ipsilateral ophthalmic artery and facial artery were
anastomosed at nasal dorsum and nasolabial fold. Zhao et al** used 3D
scanning of 21 fresh cadavers and found that 90% of the supratrochlear
artery came from the trochlear branch of the ophthalmic artery in 42 half
faces, 2.5% came from the supraorbital artery, and more importantly,
there were 7.5% comes from angular artery. Zhu et al** also mentioned
that the angular artery is the terminal branch of the facial artery in the
nasolabial fold or infraorbital trunk that moves directly forward to fore-
head, and then communicates with the ophthalmic artery through the
choke vessel with a smaller diameter. When the supratrochlear artery
comes from the angular artery, accidental puncture of the angular artery
at the nasolabial fold can be retrogradely entered into the ophthalmic ar-
tery through the branch of the supratrochlear artery and the supraorbital
artery. Lazzeri et al>® reported that there are several arteriovenous anas-
tomosis channels near the nasal mucosa, which may also cause drug
emboli to flow between the arteries and veins.

TEMPORAL

With aging, the connective tissue in the temporal area near the
root of the zygomatic arch decreases, resulting in a depression on the
side of the face and affecting appearance. The use of facial soft tissue
fillers can improve the local depression and improve the appearance
of aging. The most important vasculature in the temporal region is the
superficial temporal artery (STA) and its branches. The STA is a termi-
nal branch of the external carotid artery, and it ascends between the tra-
gus and the posterior root of the zygomatic arch and divides into the
anterior frontal branch and the posterior parietal branch. The average di-
ameter of the STA is about 2.73 + 0.51 mm.>® In the study of Tansatit
et al,>” in the case of blindness after accidental puncture, the branches
of the ophthalmic artery at the puncture site are connected with the
branches of the STA, maxillary artery, and facial artery. The frontal
branch of the STA forms an anastomosis with the branches of the supra-
orbital artery in the deep and superficial layers of the frontotemporal
and is the most common way for the temporal retrograde embolization
to the ophthalmic artery. Blindness caused by accidental puncture in the
temporal area is sudden and immediate, which is related to the peak ve-
locity of STA vasoconstriction reaching 42 cm/s and the emboli
reaching the ophthalmic artery circulation in a fraction of a second.*®
Tansatit et al®” injected dye into the STA of 12 cadavers and found that
the dye entered the ipsilateral eyeball in 3 cases and the contralateral
eyeball in 2 cases. Zhu et al** found that the frontal branch and the zy-
gomatic orbital branch of the STA, the superior palpebral artery, and the
facial artery formed an extensive anastomosis in the lateral orbit. Vascu-
lar anastomosis is formed between the branches of the zygomatic facial
artery, the zygomatic orbital artery, and the facial artery.*® Accidental
puncture in the temple can not only cause visual impairment but also
block the middle cerebral artery.*’
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For the branching of the STA, different scholars use different
measurement methods to obtain different results. Mwachaka et al*!
measured the distance between the STA and the zygomatic arch as
50.8 = 20.9 mm; Kim et al** measured the distance between the STA
and the zygomatic arch as 21.7 + 15.8 mm. Jean-Philippe et al** mea-
sured that on the eye-tragus-line, the distance between the tragus and
STA was 15.55 + 4.5 mm; the average length of the frontal branch of
STA was 58.11 = 16.9 mm, and the average length of the posterior pa-
rietal branch was 54.01 + 16.34 mm. About 60% to 82.6% of STA's di-
vision is located above the zygomatic arch.**** It is fairly difficult to
consider each and every branch when having STA inoculated because
of anatomical variation. The middle temporal vein is located in the deep
temporal fascia near the lateral rim of the orbit. It extends between the 2
layers of the deep temporal fascia and merges into the superficial tem-
poral fascia venous plexus about 1 cm from the tragus and 2.5 cm above
the tragus. Several reports have pointed out that accidental puncture in
the middle temporal vein leads to nonthrombotic pulmonary embolism,
and other serious complications, which deserves attention as much
as blindness.*’

INFRAORBITAL

In the past, it was generally believed that the lower eyelid area was
mainly vascularized by the infraorbital artery and facial artery. Based on
the recognition of the facial artery, it is generally believed that there is
less superficial vasculature in the infraorbital area.*® The infraorbital ar-
tery is the terminal branch of the maxillary artery that appears in the face
through the infraorbital foramen. This artery can be distributed to the
lower eyelid, the lateral nasal and the upper lip, the branches of these ar-
teries are usually anastomosed with the facial artery. When the angular
artery migrates to the inner canthus, it branches to the lateral nasal and
connects to the infraorbital artery.>* After dissecting 72 cadavers, Kim
et al*’ found that the eyelid branch of the infraorbital artery was most
commonly located at 1 o'clock in the infraorbital foramen, the nasal
branch was most located at 5 o'clock, and the lip branch was most com-
monly located at 6 o'clock. About 60% of the nasal branches are anasto-
mosed with the facial artery. Experts such as Carruthers et al*® suggest
that injections in the infraorbital area should be injected behind the mus-
cle or on the periosteum. However, Hufschmidt et al*® reported that the
branches of the infraorbital artery after exiting the infraorbital foramen
mainly walk on the surface of the periosteum, and the nasal branch is al-
ways in the periosteum and is anastomosed with the angular artery, dor-
sal nasal artery, or directly with the supratrochlear artery, the zygomatic
facial artery begins to become shallow about 17 mm inside the zygo-
matic arch. Based on the above research results, Hufschmidt further dis-
tinguished 2 dangerous subzones for infraorbital injection: the lateral
third of the zygomatic bone is vulnerable to damage to the zygomatic
facial artery, which can easily cause local skin ischemia, and the perios-
teum layer injection in the tear groove area can easily cause ophthalmic
artery embolism. Yang et al*' conducted an autopsy on 35 fresh ca-
davers and found that 18 of 70 half-faces had the circumflex branch
of the facial artery in the infraorbital area, 39.2 & 5.8 mm from the out-
side of the midsagittal line of the face, 35.2 + 8.2 mm below the line of
the lateral medial canthus, and then moved to the inner canthus to become
the angular artery. In the absence of angular artery, the inner canthus is
mainly vascularized by the nasal branches of the infraorbital artery.”'
These branches can be directly anastomosed with the ophthalmic artery
branches, providing another way for retrograde embolization.

Based on the similarity between rabbits and human facial arter-
ies, Zheng et al'® performed facial artery injections in 20 live rabbits,
and finally found that only 1 rabbit had blue dye in the ophthalmic ar-
tery system, and the remaining 19 live rabbits were all negative. How-
ever, all 20 dead rabbits showed the appearance of dye on the fundus.
Although this shows that there is a huge difference in hemodynamics
between cadavers and living bodies, the process of injecting soft tissue
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fillers into the face should not be taken lightly. Pavicic et al>? reported

that under the condition of autopsy, although the needle size and injec-
tion angle are different, the injection still cannot reach the subperiosteal.
This indicates that the injection can spread uncontrollably into more su-
perficial layers, further increasing the risk of adverse aesthetics and vas-
cular events.

CONCLUSIONS

With such a large population base for facial injections, even a
0.001% complication rate requires the attention of every plastic sur-
geon. There is no “safe area” in the process of facial soft tissue filling,
understanding the shape of the ophthalmic artery and its branches and
its relationship with other major facial arteries can effectively reduce
the possibility of ophthalmic artery embolism during facial injection.
At the same time, the choke blood vessels between the arteries and
veins should also be paid attention to. This article only summarizes part
of the local vasculature distribution that causes visual impairment dur-
ing the facial injection process, and further improvements are needed
in the later stage.
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