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Abstract

Background Blindness or visual loss is the most serious

complication resulting from facial hyaluronic acid (HA)

injection. In this study, three recent clinical cases were

analyzed, and the relevant anatomy of cadavers was eval-

uated to investigate the mechanism behind visual impair-

ment due to HA injection.

Methods Three patients with different extents of visual

loss after HA injection were studied. Ophthalmic testing

and corresponding treatments were performed, and the

clinical progress was observed. In addition, thirty-six fresh

Asian cadaver hemifaces were anatomized to investigate

the morphology of the ophthalmic artery and its branches.

The minimum dose of HA for central retinal artery

embolism was calculated based on the ophthalmic arterial

volumes of cadavers.

Results Visual impairment was more severe in central

retinal artery occlusion and combined intraocular branch

occlusion than in posterior ciliary artery occlusion. During

follow-up, no improvement was observed in terms of visual

impairment. Cadaver study reconfirmed that the oph-

thalmic artery included facial and intraocular branches.

The ophthalmic arterial volumes running from the

supraorbital artery and supratrochlear artery to the central

retinal artery were 0.083 cm3 and 0.089 cm3, respectively.

Conclusions The severity of blindness caused by HA

injection may be associated with the occlusion site. Our

clinical observations indicate that conventional treatments,

such as retrobulbar hyaluronidase injection, are insufficient

to relieve visual impairment. Injecting as little as 0.08 ml

of HA into the facial branch is enough to cause central

retinal artery embolism. Limiting the volume per injection

could represent a simple prophylactic strategy.

Level of Evidence V This journal requires that authors

assign a level of evidence to each article. For a full

description of these Evidence-Based Medicine ratings,

please refer to the Table of Contents or the online

Instructions to Authors www.springer.com/00266.
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Introduction

Hyaluronic acid (HA) is widely used as a facial filler

because of it has long-lasting and less immunogenic

properties than those observed for other temporary fillers

and in addition, can be removed by dissolution with hya-

luronidase [1]. All injectable facial fillers can cause com-

plications, such as asymmetry, redness and even skin

necrosis, and late complications can include granuloma and

dyspigmentation [2, 3]. Blindness is the most serious

complication resulting from injection of facial fillers [4–6].

Retinal photoreceptor cells, including cone cells and rod

cells, have very short ischemic tolerance times, and irre-

versible ischemic necrosis is thought to occur within

90 min if the embolic occlusion is not removed [7, 8].

Treatment of embolic occlusion should be considered an
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emergency due to the limited ischemic tolerance of the

retina [6].

Previous anatomical studies have shown that embolism

of injectable material into branches of the ophthalmic

artery, particularly the supratrochlear and supraorbital

arteries, may lead to ophthalmic artery embolism and

subsequent visual loss [9–11]. Relevant anatomical studies

on the ophthalmic artery and its branches have already

been reported [12–14]. Nevertheless, the minimum dose of

HA that will produce central retinal artery embolism needs

to be further studied [15, 16].

The extent of blindness or vision loss due to HA

injection can differ among patients. Most cosmetic physi-

cians are not familiar with the anatomy of the periorbital

vasculature and that significant communications may exist

between the facial artery and its branches (external carotid

artery system) with the ophthalmic artery (internal carotid

artery system) via the supraorbital, supratrochlear, anterior

ethmoidal and superficial temporal arteries. To date, there

is no widely recognized effective treatment to relieve this

complication. Retrobulbar injection of hyaluronidase has

been suggested as the first-line method to treat this catas-

trophic situation [17]. Retrobulbar injection has been pro-

posed based on the phenomenon that extravascular

injection of hyaluronidase can relieve cutaneous necrosis

caused by intravascular HA embolism, and this may sug-

gest this approach is potentially effective for visual

impairment [18]. There is still a lack of consensus

regarding the effectiveness of this treatment [19–22].

In this study, the authors reviewed three cases with

different types of visual impairment caused by facial HA

injection in which two patients were treated with emer-

gency retrobulbar injection of hyaluronidase. The relevant

anatomy was also investigated to calculate the minimum

dose of HA that can cause central retinal artery embolism

from facial branch injection.

Methods and Materials

Clinical Observation

From 2016 to 2018, three patients suffered from visual

impairment after facial HA injection at private clinics and

were transferred to the authors’ hospital for emergency

treatment. All of the patients were women with ages

ranging from 23 to 37 years old. Patient No. 1 suffered

from complete visual field loss of the left eye and oph-

thalmodynia after HA injection in the nasal region. Patient

No. 2 suffered from a visual defect on the upper side of the

right eye, diplopia (right eye, oblique, 15 degrees) and

limitation of medial motion after HA injection in the

glabellar region. Patient No. 3 suffered from complete

visual field loss and ptosis of the right eye after HA

injection in the frontal and glabellar region.

All three patients suffered from visual impairment

immediately after HA injection, and all three patients

received initial hyaluronidase injection in the sites of the

filler injections by their cosmetic physicians in their private

offices (Table 1). Patient No. 1 was transferred to the

hospital after 2 h and did not receive retrobulbar hyalur-

onidase injection. Patients No. 2 and No. 3 were transferred

to the hospital after 4 h and 1 h, respectively, and received

retrobulbar injections consisting of a total of 1500 IU of

hyaluronidase to each affected eye by an ophthalmologist.

The other treatments administered in these three patients

are also described (Table 1).

Fundus examination and ocular angiography were per-

formed on these patients. A fluorescein angiography (FFA)

examination was performed to evaluate central retinal

artery occlusion, and the fluorescein filled the central

retinal artery and its branches in the normal eye. Indo-

cyanine green angiography (ICGA) examination was per-

formed to evaluate posterior ciliary artery occlusion, and

the choroid was full of fluorescence in the normal eye

(Fig. 1).

Despite these emergency remedial injections of hyalur-

onidase, there was no improvement in the visual acuity of

these patients and all three remained blind in the affected

eye.

Cadaver Study of the Ophthalmic Artery

Eighteen fresh Asian cadaver head specimens with red

latex-filled arteries were anatomized. The subcutaneous

vessels were observed after the skin was dissected and

lifted. After the forehead skin and frontalis muscle were

dissected, the supratrochlear artery, supraorbital artery and

dorsal nasal artery were exposed. The points at which these

arteries passed through the orbital margin were marked by

ligatures with nylon sutures. The eyeball connected to the

ophthalmic artery system and the optic nerve was excised

from the orbital socket. All connective tissues were care-

fully dissected to keep the arteries, optic nerve and eyeball

intact.

The lengths and external diameters of the supratrochlear

and supraorbital arteries (from the orbital margin to their

points of origin at the ophthalmic artery) and the central

retinal artery (from the insertion point at the optic nerve to

the eyeball) were measured to calculate the minimum

volume of HA that would cause central retinal artery

embolism and consequent visual impairment. The optic

nerve was dissected to observe the central retinal artery,

and a histological examination was also performed.
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Results

Clinical Observation

Patient No. 1: Fundus examination: Left eye: pale retina,

retinal edema, optic disk edema, central retinal artery

occlusion, varicose veins, macular cherry red spot, no light

perception. Right eye: no abnormalities. Ocular angiogra-

phy after retrobulbar injection of hyaluronidase: Left eye:

FFA: no fluorescence in the central retinal artery. ICGA:

background fluorescence partially absent in the choroid,

macular edema. Right eye: no abnormalities. Diagnosis:

central retinal artery occlusion of the left eye, partial pos-

terior ciliary artery occlusion of the left eye (Fig. 1).

Patient No. 2: Fundus examination: Left eye: no

abnormalities. Right eye: optic disk hyperemia/edema, flat

retina, light macular color, diffuse reflection. Visual field

examination: defect of the upper right eye. Ocular

angiography after retrobulbar injection of hyaluronidase.

Left eye: no abnormalities. Right eye: FFA: fluorescein

filling of the central retinal artery. ICGA: background

fluorescence partially absent in the choroid, late fluorescein

leakage. Diagnosis: partial posterior ciliary artery occlu-

sion of the right eye, ischemic neuropathy of the right eye

(Fig. 1).

Patient No. 3: Fundus examination: Left eye: no

abnormalities. Right eye: pale retina, retinal edema with

involvement of the macular area, retinal artery stenosis,

whitening, pale optic disk, optic disk edema, no light

perception. Ocular angiography after retrobulbar injection

of hyaluronidase: Left eye: no abnormalities. Right eye:

FFA: fluorescein filling of the superior temporal retinal

artery delayed and reversed fluorescein leakage. ICGA:

background fluorescence partially absent on the nasal side

of the choroid; not improved in the middle and late stage.

Diagnosis: superior temporal retinal artery occlusion of the

right eye, partial posterior ciliary artery occlusion, macular

ischemia/edema, ischemic neuropathy of the right eye

(Fig. 1).

Table 1 Disease profiles and treatment courses for patients

Patient 1 Patient 2 Patient 3

Gender Female Female Female

Age (years) 23 37 35

Filler injection region Nasal region Glabellar region Frontal and glabellar region

HA injected volume 2.0 ml 1.5 ml 1.2 ml

Diseased eyes Left eye Right eye Right eye

Extent of vision loss Complete visual field loss Partial visual field loss Complete visual field loss

Time to vision loss Immediately Immediately Immediately

Blepharoptosis Severe Mild Severe

Retinal pale edema (?) (-) (?)

Optic disk edema (?) (?) (?)

Macular cherry red (?) (-) (?)

Light perception existed (-) (?) (-)

FFA No fluorescence filling Fluorescence hyperplasia Fluorescence leakage

ICGA Partial absent Partial absent Partial absent

Diagnose CRAO, PCAO PCAO RRAO, PCAO

Time to hyaluronidase (Skin injection) Immediately Immediately Immediately

Time to hyaluronidase (Retrobulbar injection) 2 h(-) 4 h 1 h

Retrobulbar injection (-) (?)

(300 U/ml, total 1500 U)

(?)

(300 U/ml, total 1500 U)

Glucocorticoid (?) (?) (?)

Anticoagulant (?) (?) (?)

Hyperbaric oxygen (?) (?) (?)

Vision loss No improved No improved No improved

Follow-up (months) 6 6 12

Ocular angiography FFA is to evaluate the central retina artery occlusion and ocular angiography ICGA is to evaluate the posterior ciliary artery

occlusion

CRAO central retina artery occlusion; PCAO posterior ciliary artery occlusion; BRAO branch retinal artery occlusion
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Patients No. 2 and No. 3 had received retrobulbar and

glabellar region injections of hyaluronidase after the acci-

dent, whereas patient No. 1 did not receive retrobulbar

injection but received nasal region injection of hyalur-

onidase. All three patients were treatedwith glucocorticoids,

anticoagulants, vasodilators and hyperbaric oxygen in our

hospital. The cutaneous ischemic necrosis improved in these

patients, but none of the patients showed any improvement

in vision after 6–12 months of follow-up (Table 1).

Cadaver Study of the Ophthalmic Artery

In the forehead, the supraorbital, supratrochlear and dorsal

nasal arteries arising from the orbital margin are located

beneath the frontalis muscle and followed as they gradually

inserted into themuscle; these represent the facial branches of

the ophthalmic artery. In addition, several small branches

arose from the orbital margin and extended up to the perios-

teum. The external diameters of the supratrochlear artery and

supraorbital arterywere approximately 1 mmeach, and that of

the ophthalmic artery was approximately 2 mm (Fig. 2).

The lengths of the supraorbital artery and supratrochlear

artery from the orbital margin to the trunk of the oph-

thalmic artery were 4.2 ± 1.66 cm (Fig. 2a) and

4.6 ± 1.57 cm (Fig. 2b), respectively. The distance of the

ophthalmic artery from the origin point of the facial

branches to the origin point of the central retinal artery was

1.9 ± 0.47 cm (Fig. 2c). Based on these data, the arterial

volumes from the orbital margin of the supraorbital artery

and the supratrochlear artery to the branch point of the

central retinal artery were calculated as 0.083 ± 0.027 cm3

and 0.089 ± 0.034 cm3, respectively (a/b 9 3.14 9

0.05 9 0.05 ? c 9 3.14 9 0.1 9 0.1).

The ophthalmic artery system was isolated completely

through the dissection of connective tissues and was shown to

be specifically suited to nourish the eyeball. The central retinal

arterywas the only artery that inserted vertically into the optic

nerve at a distance of 0.9 ± 0.22 cm from the eyeball, and the

posterior ciliary arteries had several collateral circulations

(Fig. 2). The central retinal artery twines around the inferior

aspect of the optic nerve, and its diameter was approximately

250 lm in one cadaver specimen (Fig. 3).

Discussion

The arrangement of arterial vessels supplying the eyeball is

unusual as anastomotic communications are present between

the external carotid artery system (the facial artery and its

branches) and the internal carotid artery system (supraorbital,

supratrochlear and dorsal nasal arteries). This opens up pos-

sibilities that filler injections anywhere in the territory of the

facial artery could retrogradely be injected into the ophthalmic

artery to occlude it. The ophthalmic artery, which arises from

the internal carotid artery and gives off intraocular branches

and facial branches, is the primary blood vessel for the retina

and adnexa oculi. Ophthalmic artery embolism occurs when

fillers are inadvertently injected into facial branches, includ-

ing the supraorbital artery, supratrochlear artery and dorsal

nasal artery, with backflow of the filler material into the trunk

Fig. 1 Ocular angiography of the patients. Patient No. 1: FFA: no

fluorescein filling in the central retinal artery. ICGA: background

fluorescence partially absent in the choroid. Patient No. 2: FFA:

fluorescein filling of the central retinal artery. ICGA: background

fluorescence partially absent in the choroid. Patient No. 3: FFA:

fluorescein filling of the superior temporal retinal artery delayed and

reversed. ICGA: fluorescein leakage; choroid filling partially absent

on the nasal side
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of the ophthalmic artery against its natural direction of flow

[9, 17].With strong arterial perfusion, anHAembolus causing

contraflow can move forward and occlude the intraocular

branches of the ophthalmic artery, including the central retinal

artery and posterior ciliary arteries, eventually causing ocular

symptoms such as ptosis, strabismus and even blindness

(Fig. 4). The further the backflow of this column of filler

material along the ophthalmic artery to its origin is, the more

severe the degree of blindness or visual impairment will be.

The extent of visual impairment from partial to complete

visual field loss depends therefore on the location of the HA

embolism. The central retinal artery runs into the optic disk

and has four branches, including the superior temporal retinal

artery, the superior nasal retinal artery, the inferior temporal

retinal artery and the inferior nasal retinal artery. The central

retinal artery is the only blood vessel that nourishes the

entoretina, while the short posterior ciliary artery and long

posterior ciliary artery insert into the sclera to nourish the

ectoretina (Fig. 4). A type I embolism of the central retinal

artery usually causes complete visual field loss, such as that

observed in Patient No. 1. A type II embolism of the posterior

ciliary artery usually causes partial visual field impairment

due to collateral circulation, as observed in Patient No. 2. A

type III embolism involving double embolism of the central

retinal artery and posterior ciliary artery is themost severe and

usually causes complete visual field loss, such as that observed

in Patient No. 3. The macula is nourished by the superior

macular arteriole and the inferior macular arteriole, the

embolismofwhichmay also cause serious visual impairment.

Therefore, the severity of visual impairment caused by HA

injection might be associated with the occlusion site, and

visual impairment is more severe in central retinal artery

occlusion and combined intraocular branch occlusion than in

posterior ciliary artery occlusion.

Fig. 2 Branches of the ophthalmic artery in the forehead. The galea

aponeurotica was elevated to expose the arteries. The supraorbital

artery (1), supratrochlear artery (2) and periosteal branches ascend

from the orbital margin, and the supraorbital artery has an anasto-

mosis with the superficial temporal artery. The ophthalmic artery and

its branches were carefully dissected and removed with the eyeball

from the orbital cavity. The supraorbital artery (1) and the

supratrochlear artery (2) are terminal branches of the ophthalmic

artery (3). The lengths of the supraorbital artery (a) and the

supratrochlear artery (b) and the distance from the origin point of

the two branches to the origin point of the central retinal artery

(c) were measured. The posterior ciliary arteries (4) reach the sclera

of the eyeball. The central retinal artery (5) inserts perpendicularly

into the optic nerve (red arrow) at a specific distance from the eyeball

(d) and the posterior ciliary arteries have several collateral circula-

tions (blue arrow)

Fig. 3 Cadaver anatomy of the central retinal artery. The central

retinal artery is the only artery that inserts into the optic nerve (black

arrow) and is surrounded by the optic nerve. Histological examination

of the optic nerve revealed that the central retinal artery (CRA) is

located in the center of the optic nerve and accompanied by the

central retinal vein (CRV) and that the vessels are surrounded by

nerve fibers. The diameter of the central retinal artery is 250 lm.

Hematoxylin–eosin stain, scale bars = 200 lm
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Visual impairment caused by HA injection is catas-

trophic, and there is no widely recognized effective treat-

ment for this complication [23]. Carruthers et al. [18]

proposed retrobulbar injection of hyaluronidase to reverse

visual impairment after filler injection. It remains possible

that extravascular hyaluronidase can diffuse through the

ophthalmic artery or its branches to dissolve an intravas-

cular HA embolus. Zhu et al. [20] reported that retrobulbar

injection of hyaluronidase was unable to recanalize

occluded retinal arteries or improve the visual outcome in

four patients with visual impairment caused by facial HA

injection. We reviewed the cases of three patients suffering

from visual impairment and ischemic neuropathy after HA

injection. Two of these patients had no visual improvement

after retrobulbar injection. We believe that the specific

anatomic characteristics of the ophthalmic artery and the

limited ischemic tolerance of the retina may lead to greater

difficulty in relieving visual impairment than that experi-

ence following cutaneous necrosis caused by HA injection.

To date, one successful rescue of visual impairment after

retrobulbar injection of hyaluronidase has been reported [24].

Ocular angiography and ophthalmic testing were not per-

formed in this patient, and the exact site of embolism was

therefore not clear. This patient was also injected with hya-

luronidase into the infraorbital foramen and supraorbital

notch.Another patientwith visual impairment was reported to

have recovered after the injection of hyaluronidase into the

supraorbital notches [25]. Therefore, Goodman suggested that

hyaluronidase might need to be directly injected into a vessel

through the supraorbital notch [26]. Intravascular adminis-

tration of hyaluronidase via endovascular interventionmay be

another potential approach to reversing vision loss [26, 27]. In

the published case, partial recanalization of the ophthalmic

artery and its branches was achieved, and ocular motility was

restored, but the visual outcome was not improved by this

treatment because of the limited ischemic tolerance of the

retina [27].

A thorough understanding of anatomy and injection tech-

niques is vital to prevent this complication and it is advisable

for all physicianswhoperform facial filler injections to receive

appropriate anatomical teaching [28–30]. Our previous anat-

omy study showed that deep injections in the periosteal plane

or sub-SMAS plane are not advisable in the glabellar region

and nasal dorsum [9]. In this study, the minimum dose of HA

that could cause central retinal artery embolismwas calculated

to be as little as 0.08 ml. Therefore, limiting the volume of

each droplet per injection may be an important consideration

in reducing the risk of visual impairment, especially for

injections in the glabellar region and nasal dorsum.

A limitation of this research is that it is difficult to

accurately estimate the dose of HA that can lead to oph-

thalmic artery embolism, causing visual impairment during

facial HA injection based on cadaver anatomical mea-

surements of arterial volumes. In addition, the symptoms of

these patients varied; more cases of facial filler-related

visual impairment should be studied and reported to

enhance our understanding of the optimal treatment and

prevention strategies for this catastrophic complication.

Conclusions

The extent of blindness or visual impairment due to

embolism depended on the site of the embolism in the

intraocular branches of the ophthalmic artery, and no cases

showed any improvements in vision after treatment. As

Fig. 4 Schematic diagrams of ophthalmic artery embolism. The

ophthalmic artery arising from the internal carotid artery (ICA) has

facial branches, including the supraorbital artery (SOA), supra-

trochlear artery (STA) and dorsal nasal artery (DNA), and intraocular

branches, including the central retinal artery (CRA) and the posterior

ciliary arteries (PCAs). The CRA is the only blood vessel that

nourishes the entoretina, and it has four branches, including the

superior temporal retinal artery (STRA), the superior nasal retinal

artery (SNRA), the inferior temporal retinal artery (ITRA) and the

inferior nasal retinal artery (INRA). PCAs, including the short

posterior ciliary artery (SPCA) and the long posterior ciliary artery

(LPCA), insert into the sclera to nourish the ectoretina. The macula is

nourished by the superior macular arteriole (SMA) and the inferior

macular arteriole (IMA). Embolism of these arteries (stars) caused by

a facial area injections (arrows) could lead to different visual

impairment in the corresponding areas. The arterial volumes found in

cadavers (dash line) were calculated in our study. The tip of the sharp

needle indicated the site of retrobulbar hyaluronidase injection (blue

color)
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little as 0.08 ml of HA can cause central retinal artery

embolism following facial branch injection. Limiting the

volume of each droplet per injection is a simple technique

to potentially reduce this complication.
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