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Injectable cosmetic fillers have dramatically risen in popularity in recent years. However, as the use of such fillers has become more common, there have been many reports of vision loss secondary to misplaced filler embolizing to the ophthalmic artery resulting in ocular ischemia. Currently, there are no randomized control trials or widely validated clinical guidelines that dictate how injectors should manage ischemic complications of filler embolism. This review aims to explain the possible mechanisms by which a cosmetic filler embolus can occlude the ophthalmic artery, describe the types of treatments that have been attempted thus far, and delineate possible a stroke-like protocol that can be implemented in order to restore perfusion and recover vision after such ischemic complications have occurred.
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Introduction

The use of injectable cosmetic fillers has rapidly become increasingly popular in recent years—dermal fillers now represent the second most common nonsurgical aesthetic procedure (1). In 2021 alone, consumer spending on injectable cosmetic fillers in the United States amounted to over $1 billion (2). With this increase in injections comes an increase in retrograde embolism of cosmetic fillers and ophthalmic ischemia (3, 4).

Filler emboli have been shown to induce ophthalmic artery occlusion (OAO), central retinal artery occlusion (CRAO), branch retinal artery occlusion (BRAO), and other orbital vascular occlusions (5–7). Previous studies have established that permanent retinal damage resulting in infarction and vision loss occurs with as little as 12-15 minutes of non-perfusion, suggesting that timely intervention is key when vascular occlusion occurs. Additionally, studies show that many CRAO’s are incomplete and may still benefit from therapy after longer intervals (6, 7). Presently, there is no first-line protocol for rapid reperfusion in ischemic filler complications to reverse the vision changes associated with ocular ischemia. This article will review current proposed reperfusion techniques and discuss possible stroke-like protocols for addressing the ischemic complications of dermal filler injection.





Mechanism of ophthalmic complications of filler injection

The main proposed pathophysiology of ophthalmic injury following injection of cosmetic filler is retrograde embolism through an artery adjacent to the injection site, most commonly the supratrochlear, supraorbital, or dorsal nasal arteries, which are derived from the internal carotid artery (Figure 1). These arteries also anastomose with the external carotid artery via the ophthalmic artery. The supratrochlear and supraorbital arteries can inadvertently be infiltrated when injecting filler into the glabellar region, while the dorsal nasal artery is more likely to be accessed over the bridge of the nose (8). When the filler material is injected into one of these distal arteries, the relative higher pressure of the injection compared to arterial pressure causes the filler to travel proximally towards the internal carotid, where it can embolize to the ophthalmic artery (9, 10). Ischemia occurs due to primary obstruction of blood flow by the embolus itself and secondary triggering of local inflammation, platelet aggregation, and activation of the coagulation cascade. Lastly, larger emboli and clots can break into smaller micro-emboli and lodge in distal branches of the ophthalmic artery, causing multifocal vessel occlusion.




Figure 1 | Diagram depicting retrograde embolism of cosmetic filler to ophthalmic artery.



The ischemic consequences of filler-induced embolism can differ depending on the anatomic location affected. If the filler embolus lodges in the central retinal and posterior ciliary arteries, occlusion causes non-perfusion of the retina manifesting as vision loss that can become permanent once irreversible retinal cell death occurs (10).Occlusion of the posterior ciliary arteries and anterior ciliary arteries can limit blood flow to the iris and ciliary body, causing anterior segment ischemia, as well (11).

The type of cosmetic filler that is administered can also affect the extent of embolism and the ischemic sequelae that occur. Previously, fillers implicated in reports of visual complications have included hyaluronic acid, platelet-rich plasma (PRP), autologous fat, calcium hydroxyapatite, and periorbital aesthetic poly-(L)-lactic acid (PLLA) (12, 13). Autologous fat has been demonstrated to be more likely to induce a proximal arterial obstruction given its relatively larger particle size. Hyaluronic acid has been thought to occlude more distal branches of the ophthalmic artery due to its smaller particle size and can possibly also block perfusion by drawing water into adjacent soft tissues and thereby reducing the pressure gradient between the ophthalmic artery and its smaller branches. Platelet-rich plasma (PRP) can cause more severe ischemia since it is more pro-thrombotic than other fillers due to its composition—a highly concentrated amalgamation of a patient’s own platelets and associated growth factors, 2.5-8 times higher than normal serum concentration (14, 15).





Treatment of ophthalmic filler embolism

In any case of embolic vascular occlusion, treatment requires reestablishing perfusion and oxygenation of the affected tissue. This can be achieved by adjuvant therapies that focus on clot and embolus displacement or increased oxygen tension, thrombolytic therapies that break down fibrin clot, or specific embolism lysis agents. None of the therapies described below have demonstrated efficacy from randomized data - this is expected given the current rarity of filler embolism. Even so, they warrant discussion because ischemia requires rapid reperfusion to restore function based on retinal models and any future trials will depend on rapid treatment protocols similar to those developed in the stroke and cardiovascular literature.





Local administration of reversal agents

Hyaluronic acid is the only cosmetic filler with a specific treatment, hyaluronidase, which facilitates enzymatic degradation of the filler. Previous studies have examined the efficacy of injecting hyaluronidase via subcutaneous, retrobulbar, or intra-arterial approaches in an effort to reverse ischemia (16). Subcutaneously administered hyaluronidase can pass through tissue and diffuse across the arterial wall. A systematic review of 144 cases of using hyaluronidase to manage vision loss associated with hyaluronic-acid injection revealed varying success in improving in visual acuity, even when injection occurred immediately after vision loss (17). However, multiple patients demonstrated visual recovery when hyaluronidase was injected adjacent to the supraorbital or supratrochlear arteries, which have been implicated as possible areas of retrograde embolism of filler, further supporting this theory. Intra-arterial injection of hyaluronidase also resulted in partial visual recovery in multiple patients, suggesting that future research could examine the efficacy of rapid administration either directly into or next to the likely site of retrograde embolism to prevent permanent vision damage. With retrobulbar injection of hyaluronidase, only one patient experienced improvement in visual acuity and it was questionable whether her clinical recovery could be attributed to hyaluronidase injection or resolution of the corneal edema she exhibited at initial presentation (17). Though there are limited reports of successfully using hyaluronidase to break down displaced hyaluronic acid filler, further research could examine the efficacy of administering hyaluronidase immediately after initial vision loss as well as the utility of devising reversal agents for other types of cosmetic fillers.





Potential use of thrombolytics or antiplatelet medications

Urokinase, tissue plasminogen activator (tPA), and tenecteplase (TNK) are thrombolytic agents that activate plasmin, which breaks down fibrin and fibrinogen, the final common components of the coagulation cascade. Intravenous administration of tPA or TNK is the current mainstay of endogenous stroke management and could be employed to treat iatrogenic ophthalmic artery occlusion following cosmetic filler embolism. Previous studies have revealed that filler-induced clots may induce a higher degree of vasospasm and thrombosis than those produced by endogenous emboli due to a combination of occlusion by filler embolus and platelets and fibrin that are drawn to the area of occlusion as part of the inflammatory and thrombotic response. Thus, clot dissolution should also target the endogenous embolus coupled with the filler embolus, instead of solely addressing dissolution of the embolized filler (18, 19). There are not yet any reported cases of injecting intravenous tPA after retrograde embolism of cosmetic filler, but urokinase has been used in filler embolism and there are various meta-analyses of the utility of tPA in endogenous CRAO (10, 20). In a meta-analysis of intravenous fibrinolysis for CRAO, Mac Grory et al. examined 67 patients who received tPA less than 4.5 hours after CRAO and noted visual recovery in 37.3%, which is higher than the rate of recovery of 17.7% previously noted in patients who did not undergo any therapeutic intervention (21).

Studies investigating the utility of intra-arterial thrombolysis to treat non-iatrogenic CRAO suggest variable efficacy (22) A systematic meta-analysis published by Page et al. revealed an odds ratio of 2.52 with a 95% confidence interval (1.69 – 3.77) and P < 0.0001 that intra-arterial tPA can increase visual recovery after CRAO (23). Similarly, a meta-analysis by Beatty et al. also indicated that 34.9% of patients who received intra-arterial therapy demonstrated significant improvement in visual acuity (24). Many such studies are limited in interpretation given the large variability in time to treatment and the fact that many endogenous CRAO’s can self-resolve with time. Also, most of these studies focused on visual acuity as a marker of clinical improvement though additionally assessing visual fields could provide more information about recovery of perfusion to areas of the retina beyond the fovea.

In terms of intra-arterial thrombolysis in the setting of filler-induced vision loss, a paper by Zhang et. alexamined the utility of IAT with urokinase in combination with hyaluronidase specifically in patients who experienced vision loss after hyaluronic acid filler embolism (10). In this paper, 10 out of 24 patients treated with either hyaluronidase or combined hyaluronidase and urokinase experienced improvement in visual acuity. While 36% of the patients who received intra-arterial hyaluronidase exclusively exhibited visual recovery, 46% of patients who received both hyaluronidase and urokinase experienced improvement in visual acuity. In another study, combining hyaluronidase with urokinase resulted in 100% of patients having either partial or complete reperfusion of the occluded artery with varying degrees of visual recovery (25, 26). These findings suggest that intra-arterial thrombolysis with a combination of agents, such as urokinase and hyaluronidase together, rather than one reversal agent alone could maximize the restoration of vision after filler embolism, though validation via randomized controlled trial is necessary to vet IAT as a viable treatment option.

Table 1 includes a compilation of all reported cases of attempted intra-arterial thrombolysis (IAT) to treat cosmetic filler-related embolism and vision loss. To date, IAT has only been attempted in patients who received fillers composed of hyaluronic acid or fat. For the most part, improvement in visual acuity was generally minimal, though time to treatment was usually several hours after initial loss of vision, which is well past the time limit for irreversible retinal ischemia and could explain the variable success in instances of IAT after filler-related embolism. One study actually showed minimal to no restoration in vision even if there was evidence of successful reperfusion for the central retinal artery (35).


Table 1 | Recent reports of intra-arterial thrombolysis in the setting of filler embolism.



One conceivable concern regarding thrombolysis with tPA is risk of inducing a hemorrhage or other possible, related systemic adverse effects. With regards to intravenous tPA use, previous research has demonstrated that the risk of inducing a hemorrhage by administering intravenous tPA to patients without a confirmed stroke is low. In a large multi-center study of 75,582 patients, the rate of symptomatic intracranial hemorrhage was 3.5% in stroke patients versus 0.4% in stroke mimics (36). These findings suggest that given minimal risk of disastrous hemorrhagic effects, clinicians should consider the potential utility of performing intravenous thrombolysis with tPA in filler embolism. Additional research could investigate the safety of intra-arterial tPA via the site of filler injection as a therapeutic option, as this would allow for localized administration of thrombolytic and the complications that have previously limited intra-arterial thrombolysis in stroke are related to intracerebral hemorrhage and vascular injury from endovascular therapy (22, 37). For example, one paper investigated treating CRAO with intra-retinal arterial cannulation using a microneedle to precisely administer tPA to the central retinal artery via vitrectomy, and outcomes were evaluated using fluorescein angiography, demonstrating complete restoration of blood flow in 10 eyes and partial restoration of blood flow in 3 eyes (38). Another paper described intra-arterial cannulation of the supratrochlear and supraorbital arteries and injection of urokinase and papaverine to manage CRAO in 26 patients via cut-down and blunt dissection with 92.3% efficacy rate (39). A case series to highlight included 17 patients who underwent intra-arterial hyaluronidase injected into the facial artery or supratrochlear arteries via a percutaneous approach with color doppler imaging, resulting in reversal of skin necrosis in all patients (40). This method is more accessible in an outpatient or office setting.

Other studies also suggest that embolism associated with PRP may be more resistant to recanalization via tPA compared to endogenous emboli because tPA targets and promotes lysis of fibrin rather than directly targeting the platelets themselves (23). While antiplatelet agents are a mainstay of endogenous stroke therapy, their benefit is largely limited to the prevention of recurrent stroke (41).





Systemic management and adjuvant therapies

Besides interventions localized to the injection site, multiple systemic and adjuvant therapies have been attempted both in the setting of endogenous and iatrogenic filler-associated central retinal artery occlusion. Many of these therapeutic methods focus on lowering intraocular pressure (IOP) to manipulate the pressure gradient within the eye and shift emboli to more distal vessels and preserve central vision. IOP-lowering treatments including anterior chamber paracentesis, topical anti-glaucoma drops (including beta-adrenergic blocker, carbonic anhydrase inhibitor, prostaglandin analogue, and alpha agonist) and intravenous acetazolamide have been proposed (42). Intravenous mannitol can also be used to create a larger gradient between ischemic tissue pressure and arterial pressure. The use of intravenous glyceryl trinitrate has similarly been thought to help alter the pressure gradient by lowering retinal venous pressure, though studies have also raised concern for potential exacerbation of ischemia secondary to reduced perfusion or side effects such as dizziness or fainting (43–45).Lastly, ocular massage has been reported to lower intraocular pressure and potentially dislodge emboli (42, 46).

To target the initial inflammatory response and edematous sequelae of retinal ischemia, high-dose systemic glucocorticoids, such as IV methylprednisolone, can be administered to help manage the consequences of CRAO induced by filler embolism (10). Finally, in some cases, hyperbaric oxygen therapy has been utilized to enhance oxygen delivery to areas of ischemia within the retina until hypoperfusion resolves (42). However, none of these methods have been validated as a first-line treatment for either endogenous or iatrogenic CRAO, so future randomized control trials could also help determine what kind of role these adjuvant therapies could play in treating cosmetic filler embolism.





Stroke-like protocols

Reversal agents for specific filler materials, re-vascularization using thrombolysis, and systemic and ocular therapies to promote ocular reperfusion all require early intervention. While the efficacy of these therapies has yet to be shown in randomized trials, the need for rapid assessment, early intervention, and post-treatment monitoring suggest that visual complications of cosmetic filler injection should be approached with a stroke-like protocol.

One of the main determinants of resolution of visual impairment is timely intervention—in animal models, rectifying at least some retinal damage has been shown to be possible if blood flow was restored in less than 90 minutes, though irreversible vision loss can be seen within 12-15 minutes after embolism. After 100 minutes, there is variability in the amount of retinal recovery and once 4 hours have passed, non-perfusion of the retina results in profound, irreversible infarction (47). As soon as vision loss and any other focal neurological deficits are noted after injection of cosmetic filler, patients should be referred emergently to a stroke center capable of further neurologic and ophthalmic evaluation and possible revascularization if deemed necessary. Similar to a regular stroke work-up, patients should urgently undergo head computed tomography without contrast to rule out intracranial hemorrhage and head computed tomography with angiography to assess for specific vascular occlusions amenable to thrombectomy. If no alternative diagnoses are identified, revascularization can be attempted with systemic therapies and reversal agents specific to the type of filler used. If no contraindications to thrombolysis are identified, intravenous tPA could be administered to promote fibrinolysis.

An evidence and consensus-based protocol is being developed to help injectors manage vision-threatening complications of filler embolism and the preliminary guidelines are delineated below.

	Preparation –



	Have a direct contact to a local stroke team and any sub-specialists who can be readily available, with signs posted and staff trained.

	Share a protocol/paper for intra-arterial filler dissolution with the stroke team.32

	Keep a minimum of 1500U of hyaluronidase in the office at all times with a plan of how to urgently access more as needed.

	Obtain a baseline visual acuity and photos.

	Recognize ischemia by pain or pallor (no epinephrine in any anesthetic block if used)

	Immediately stop injecting and plan to treat with hyaluronidase as described below, repeating injections every 15 minutes.

	Have a team member immediately call emergency services (e.g. 911) to activate stroke team and sub-specialists for urgent transfer to a stroke hospital. While patient is being prepared for transfer, initiate treatment with ocular massage and hyaluronidase as below and accompany the patient during the transfer to continue the treatment en route to the stroke hospital.

	Initiate ocular massage and instruct patient to continue massage with circular, continuous pressure over closed eye cycling between massaging for 5 seconds, then resting for 5 seconds

	Flood the supraorbital/supratrochlear region with hyaluronidase with 600-1600U (attempting intra-arterial administration if possible through the supraorbital/supratrochlear foramina/notches). Percutaneous intra-arterial hyaluronidase through the facial, supraorbital, supratrochlear or angular arteries can also be attempted. Peribulbar or retrobulbar administration of hyaluronidase can be considered by an ophthalmologist as well if no additional risk; there is no clear evidence that the hyaluronidase can cross the blood-brain barrier into the central retinal artery.

	Consider adjuvant treatments including oral aspirin, intraocular pressure lowering agents or anterior chamber paracentesis, IV or oral steroids, hyperbaric oxygen, and vasodilators such phosphodiesterase inhibitors (e.g. sildenafil).



A more detailed protocol is in development to equip injectors and stroke teams to manage vision-threatening complications of fillers.





Conclusions

Over the years, the administration of cosmetic fillers with compositions including hyaluronic acid, fat, and platelet-rich plasma has risen significantly in popularity. Concurrently, there has been an increase in the number of cases of visual complications following filler administration. Protocols for assessing and treating ophthalmic filler emboli must take into account the need for emergent reperfusion in order to salvage tissue. Thrombolytic therapy has been successfully tried in some case series via endovascular approaches with the most success in those who presented early. Though there are no proven therapies for cosmetic filler emboli, we believe that treatment should include immediate injection of reversal agents (such as injection of hyaluronidase, ideally intra-arterial) and use of adjuvant therapies, immediate referral to a stroke center for possible thrombolytic therapy, neurologic and ophthalmologic assessment, non-contrasted and contrasted head imaging. Planning ahead for these potential complications, being equipped with hyaluronidase and adjuvant therapies, and being connected to local resources and collaborators to rapidly refer these patients is critical. Protocolized care will not only improve treatment times, but also support further research on the efficacy of specific therapies.
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