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Abstract: Ophthalmic diseases evidently affect people’s daily lives. Nonarteritic anterior ischemic optic
neuropathy (NAION) is an acute optic neuropathy and has a complex etiology and pathogenesis.
NAION causes acute ischemia and structural and functional disorders of the optic nerve resulting from
insufficient perfusion of the short posterior ciliary artery. NAION may cause irreversible vision loss,
visual field defects, and even blindness if it is not treated early. There is no definite and standard
treatment plan for NAION. To treat NAION more effectively, herein, we reviewed the clinical treatment
of NAION in recent years and the latest treatment research progress, which will provide a systematic
guidance for the treatment of NAION.
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1. Introduction

Optic nerve disease is a relatively common and difficult emergency in the ophthalmology field that
leads to impaired vision. The optic nerve is mainly formed by the axonal fibers of the retinal ganglion
cells (RGCs) that extend from the retina to the optic papilla in all directions. The RGCs of the optic
nerve transmit visual signals to the visual center; therefore, apoptosis of the RGCs can result in a lesion
of the optic nerve conduction pathway and thus cause a failure in neural excitation transmission to the
brain to produce vision. Ischemic optic neuropathy (ION) is a common optic nerve disease that
seriously endangers visual function. ION has many types, and nonarteritic anterior ischemic optic
neuropathy (NAION) is the most common type, mostly with a monocular onset. Systemic factors, such
as hypertension, nocturnal hypotension, diabetes mellitus, hyperlipidemia, atherosclerosis, and
obstructive sleep apnea, and local factors, such as anisometropia, microphthalmia, abnormal relative
position of the posterior short ciliary artery watershed and optic papilla, and extrusion of the optic disc,
are important risk factors for the development of NAION[1-4]; however, its exact pathogenesis is not
completely understood. NAION is mainly caused by insufficient blood supply to the posterior ciliary
artery. It is common in middle-aged and older adults, with an incidence of 2.3—-10.2/100,000 in the
United States and 1/16,000 in China[5, 6]. Furthermore, Caucasians account for 95% of patients with
NAION in the United States, implying that there are racial differences in the incidence of NAION[7].
This review provides a systematic guidance for the treatment of NAION through an analysis of the pros
and cons of various treatment modalities in the past and latest advances to achieve early prevention and
standardized treatment for controlling disease progression.

2. Treatment modality

At present, due to insufficient understanding of the pathogenesis of NAION, the overall treatment
effect of NAION is still unsatisfactory, and there is no clinically definite, standard, and effective
treatment method. The treatment is mainly causative, pharmacological, surgical, exocrine, combined
medication, and Chinese medicine, whose main objectives are to protect RGCs, rapidly eliminate optic
nerve edema, and effectively improve the visual function of patients.
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2.1 Etiological treatment

2.1.1 Systemic diseases

In recent years, certain risk factors associated with the development of NAION have been identified;
furthermore, systemic underlying diseases, such as hypertension, hyperlipidemia, and hyperglycemia,
which can cause atherosclerosis, are closely related to NAION and can increase the risk of its
development. Therefore, early detection, diagnosis, and active treatment of the primary disease play a
vital role in preventing the development of NAION.

2.1.2 Hyperbaric oxygen therapy and phosphodiesterase-5 inhibitor (PDESI ) drugs

Hypoxia causes abnormalities in the metabolism, morphological structure, and function of the
ocular tissues; hyperbaric oxygen therapy can improve the hypoxic state of the ocular tissues by
increasing the oxygen content in the blood, reducing the local inflammatory reaction of the eye, and
protecting the optic nerve. Weimin Zhou et al. conducted a study on 110 patients with NAION and
found that the total effective treatment rate was higher in patients treated with hyperbaric oxygen
therapy (83.63%) than in the controls not treated with hyperbaric oxygen therapy (74.55%); thus, the
comprehensive treatment of hyperbaric oxygen therapy could significantly improve the visual acuity
and field, and reduce the inflammatory response in patients with NAION, which is beneficial for
improving the clinical efficacy[8]. Appropriate supplementation with hyperbaric oxygen therapy is
helpful in improving ocular ischemia in and visual quality of patients with NAION. At the same time,
ingestion of PDESI drugs, such as sildenafil, can cause relaxation and vasodilation of the vascular
smooth muscle, reduce blood flow to the optic nerve head through systemic hypotension, and also
increase the risk of NAION[9]. Therefore, rational use of PDESI drugs is important to reduce the risk
of development of NAION.

2.1.3 Vascular regulation function

Obstructive sleep apnea syndrome is a long-term chronic intermittent hypoxia and carbon dioxide
retention in the body’s internal environment caused by impaired central respiratory regulation and
upper airway obstruction, resulting in a series of pathophysiological changes, including oxidative stress,
associated inflammation, vascular damage, and metabolic disorders[10-14]. It has important
implications for further understanding the pathogenesis of NAION and further research on the
treatment of NAION in terms of vascular regulatory function.

2.2 Medication treatment

The latest research reports that the use of steroid hormones can improve the visual function of
patients but also further aggravate the disease[15]; it may also induce the development of NAION in
the contralateral eye[16]. Therefore, the advantages and disadvantages of steroid hormone treatment for
NAION, including the timing, control, dosage of steroids, and specific treatment methods, should be
further discussed and studied. At present, the efficacy and safety of drugs for protecting the optic nerve
cells are uncertain, such as vinblastine and its derivatives, estrogen analogs, and puerarin, which have
protective effects on RGCs [17, 18] but also have corresponding side effects. The research prospect of
such drugs is promising. Compound anisodine and other autonomic nerve modifiers can improve
edema and ischemia in the optic nerve, promote recovery of the optic nerve, and thus improve visual
function[19]; they have been widely used in the clinical treatment of AION. Mecobalamin is a form of
vitamin B12 used for the treatment of optic nerve injury. The study on the treatment of AION with
mecobalamin combined with various drugs showed that the overall recovery of visual function of
patients in the combined drug group was better than that of those in the single drug group [20],
indicating that mecobalamin tablets, as an auxiliary drug for the treatment of AION, can effectively
improve the visual function of patients, which is worthy of clinical importance and application. At
present, anticoagulants are also used for the treatment of NAION [21]; however, considering the risk of
systemic and local bleeding, they are rarely used. Moreover, many experts recommend using aspirin
after the initial bout of NAION [5]. Foroozan et al. conducted a retrospective cohort study on 431
patients with unilateral NAION and concluded that aspirin may have short-term benefits but it cannot
provide long-term protection[22]. Therefore, the use of aspirin in the treatment of NAION needs
further validation and research.
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2.3 Surgical treatment

2.3.1 Optic nerve decompression

Optic nerve decompression surgery (ONDS) focuses on creating two or more windows in the tissue
surrounding the optic nerve to allow the cerebrospinal fluid to flow out. Theoretically, the use of ONDS
can reduce nerve and vascular compression due to edema; however, related trials have demonstrated
that the visual acuity improvement and prognosis of patients after ONDS is not satisfactory[23].

2.3.2 Transvitreous optic neurotomy

The purpose of transversal optic neurotomy is to open the scleral canal and relieve the pressure on
the edematous optic papilla. Soheilian et al. have reported the outcomes of seven cases of acute
NAION and severe visual loss with optic neurotomy and preoperative onset from 15 to 90 days. They
observed improvement in the visual acuity of six patients. However, this study was limited by the small
number of patients, delay in treatment initiation, sample bias, and lack of clinical guidance
importance[24]. Thus, large clinical trials are needed to assess the efficacy of transversal optic
neurotomy for NAION.

2.3.3 Intravitreal drug injection

(1) Anti-vascular endothelial growth factor (VEGF) drugs. Anti-VEGF drugs reduce inflammatory
response, decrease vascular permeability, and promote the regression of optic disc edema. Furthermore,
an intravitreal injection of bevacizumab for NAION reduces optic disc edema and improves visual
acuity in patients[25, 26]. However, the results of the study by Rootman et al. did not reveal any
improvement in visual acuity or retinal peripheral nerve fiber layer thickness[27]. Therefore, the
efficacy of vitreous cavity injections of anti-VEGF drugs for the treatment of patients with NAION is
not conclusive, and further studies are needed to assess it.

(2) Rho kinase inhibitor. Intravitreal injection of fasudil (IVF), a Rho kinase inhibitor and
vasodilator, inhibits the release of inflammatory factors or blocks inflammatory factor action pathways
[28] and also regulates the differentiation of nerve repair[29]. Sanjari et al. administered IVF in 13
patients with recent NAION episodes and saw that the patients showed significant improvement in
visual acuity and significant changes in the peripapillary retinal nerve fiber layer[30]. IVF may be an
effective treatment for NAION; however, the sample size of such studies is currently small, and further
extensive studies on its efficacy are required.

(3) Erythropoietin (EPO). EPO and its receptors are expressed in the central nervous system and
involved in neuroprotection and regeneration[31]. Modarres et al. administered a vitreous cavity
injection of EPO in 31 patients with NAION and observed that 27 (87%) eyes had improved visual
acuity 6 months after treatment[32]. However, there is a lack of sufficient evidence from clinical
studies on the therapeutic effects of NAION.

(4) Prostaglandin J2 (PGJ2). PGJ2 is a prostaglandin derivative with anti-inflammatory and
neuroprotective properties[33]. Miller et al. evaluated the effects of vitreous cavity injection of PGJ2 in
an animal model of NAION and found that PGJ2 promoted the regression of optic disc and
peripapillary edema, reduced nerve fiber layer thickness, and protected surviving nerve axons; no
systemic or ocular toxicity or other adverse effects were found, providing a theoretical basis for future
clinical research applications[34].

(5) Granulocyte colony-stimulating factor. Study Shows Neuroprotective Effects of Subcutaneous
Granulocyte Colony Stimulating Factor (G-CSF) Injection in a Rat Model of NAION[35]. Abri et al.
administered an intravitreal injection of G-CSF to 14 (14 eyes) patients with NAION. The best
corrected visual acuity significantly improved in the first month after treatment, then decreased, and
finally, (12 months later) did not improve significantly. A significant reduction in the retinal nerve fiber
layer thickness was observed in all quadrants compared with the baseline measurements. At the same
time, no improvement in visual field parameters was observed, and no significant changes in toxicity
were recorded[36]. It is presumed that a vitreous cavity injection of G-CSF is safe; however, the exact
dose of injection and duration of treatment are unclear and need to be further evaluated in numerous
clinical studies.

(6) Small interfering ribonucleic acid (siRNA). A new development has emerged in recent years at
the frontier of optic nerve protection research, where it has been shown that siRNA can prevent
apoptosis by inhibiting the Caspase-2 expression[22]; intravitreal injection of siRNA is at the forefront
of neuroprotection research[2]. RGC loss after optic nerve injury is one of the hallmarks of AION, and
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studies have demonstrated that 80% of RGCs are cleared within 14 days in an optic nerve severed rat
model, and caspase-2 is expressed and predominantly cleaved (activated) in RGCs. The inhibition of
caspase-2 expression by an intravitreal injection of chemically modified synthetic siRNA significantly
improves RGC survival for at least 30 days[37]. Optic nerve injury-induced RGC apoptosis involves
caspase-2 activation, and synthetic siRNAs designed to inhibit caspase-2 expression represent potential
neuroprotective agents for intervention in human diseases involving RGC loss. Solano et al. have
reported the toxicological and pharmacokinetic properties of the synthetic small interfering RNA
(siRNA) QPI-1007, a chemically modified siRNA designed to temporarily inhibit caspase 2 protein
expression via the RNA interference pathway and developed as a neuroprotective agent for the
treatment of NAION and other optic neuropathies, after intravitreal administration, with results
suggesting a low risk of systemic toxicity; QPI-1007 was negative in all three genotoxicity studies[38].
Overall, non-clinical studies support further development of QPI-1007. Moreover, the mechanism of
action, treatment dose, and treatment course of vitreous cavity injection of siRNA to protect the optic
nerve in NAION treatment will be a hot topic for research, which of course requires the joint efforts of
clinical and basic research to promote research progress and bring greater breakthroughs in NAION
treatment.

2.4 Mesenchymal stem cell (MSC)-derived exosome therapy

The tissue repair and immunomodulatory effects of MSCs based on different cell sources have
emerged as the most promising strategy for the treatment of ischemic diseases of various tissue
origins[39-41]. MSC-exosomes contain cell-specific proteins and nucleic acids of MSC origin that can
partially mimic the function of MSCs and can cross the blood—cerebrospinal fluid barrier, allowing
them to replace MSCs in the recanalization therapy of ischemic diseases, thus becoming a potentially
effective treatment option for NAION. The following are the main mechanisms of action of
MSC-exosomes in the treatment of AION: 1) Intravenous MSCs rescue retinal laser damage by
inhibiting the inflammatory response and reducing apoptosis, but they are less likely to migrate to the
damaged retina. Yu et al. observed and compared their functions in a mice model of laser-induced
retinal injury by an intravitreal injection of MSCs and their exosomes from a mouse adipose tissue or
the human umbilical cord and found that both MSCs and their exosomes reduced cell damage and
apoptosis and inhibited inflammatory responses[42]. Xiao et al. showed that exosomes derived from
bone marrow mesenchymal stem cells (BMSCs) can inhibit the apoptosis of oligodendrocytes [43]. Yu
and Li et al. have also suggested that MSC-exosomes inhibit inflammatory responses and reduce
neuronal cell injury and apoptosis [44, 45]. 2) Human umbilical cord MSC-exosomes were found to
reduce the intensity of ongoing experimental autoimmune uveoretinitis by reducing infiltration of
intraocular T-cell subsets and other inflammatory cells, thereby protecting the retinal structure and
rescuing retinal function[46]. MSC-exosomes are hypoimmunogenic and also activate
immunomodulatory-related signaling pathways. 3) Mead et al. demonstrated significant
neuroprotective and anxiogenic effects (promoting neuroplasticity) and the ability to maintain retinal
function in BMSCs-derived exosomes, wherein exosomes successfully transported substances to the
inner retinal layers and RGCs and produced therapeutic effects through miRNA-dependent
mechanisms[47]. 4) Song et al. used optical coherence tomography angiography to evaluate 30 patients
with NAION and 30 normal subjects and found that both superficial peripapillary and optic disc
vascular density was significantly lower in the NAION group than in the control group, confirming that
there is inadequate blood perfusion and loss of microvessels in the retina and optic disc in NAION and
that vascular neovascularization is one of the key factors in the repair of post-ischemic damage[48].
Moisseiev et al. showed that an intravitreal injection of human MSC-exosomes from cultures cultured
under hypoxic conditions significantly reduced retinal ischemia and promoted neovascularization in a
mouse model of oxygen-induced retinopathy[49]. Weiss et al. treated 10 patients with NAION with
bone marrow stem cells and found that visual acuity improved in 73.6% of eyes after treatment,
suggesting that the possible mechanisms for visual improvement include paracrine secretion of proteins
and hormones from the bone marrow stem cells, mitochondrial transfer, the release of messenger RNA
or other compounds via exosomes or microvesicles, and neuronal transdifferentiation of stem cells[50].
Therefore, MSC-exosomes have a broad research prospect for the clinical treatment of NAION,
including injection methods (vitreous cavity injection, intravenous injection, and retrobulbar injection),
treatment dose, and treatment time, which will be a hot research topic. However, Li et al. indicated that
the use of BMSCs has certain disadvantages, such as potential tumorigenicity, the need for autologous
collection, and short survival time [45], suggesting that some of the same problems and other potential
risks not yet identified exist after the application of MSC-exosomes for clinical treatment, which needs
to be further verified and clarified.
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2.5 Combination drug therapy

Many studies have shown that the combination of multiple drugs can have a corresponding
synergistic effect and enhance drug efficacy, and a combination of drugs is often used clinically to treat
NAION. Liu Aqin observed 88 (88 eyes)patients with NAION in the early stages and found that the
total effective rate of the observation group was 84.09%, which was higher than that of the control
group; they also found that the improvement of blood rheology index level by the combination of
Gekisin injection with conventional western medicine was better than that of conventional western
medicine treatment alone [51]. G-CSF combined with meloxicam reduces the infiltration and
destruction of the optic nerve by leukocytes and macrophages, providing a synergistic effect on
neuroprotection[52]. The overall therapeutic effect of the combination of multiple drugs in the
treatment of NAION is considerable and effectively improves the visual function of patients; however,
the standard of rational compounding should be followed in the process of clinical combination of
drugs to achieve maximum efficacy in the treatment of NAION.

2.6 Traditional Chinese Medicine Treatment

AION belongs to the category of “dimness of vision” and “violent blindness” in Chinese medicine,
which is most common in middle-aged and elderly people. It has been found that Chinese medicine
treatment (Chinese medicine preparation and acupuncture treatment) has specific efficacy in improving
blood rheology and microcirculation [53-55], and has shown significant clinical effects. Yufang Su
conducted a study on 50 patients with NAION; 25 patients in the treatment groups were provided TCM
acupuncture therapy and 25 patients in the control group were administered compound camptothecin
injection. It was found that acupuncture therapy was superior to superficial temporal artery injection of
compound camptothecin, which effectively promoted visual repair and improved the visual field in
NAION [56]. In a study, Zhao Di collected 82 (96 eyes) patients with AION; 41 (48 eyes) patients in
the control group were treated with Ginkgo biloba extract injection, and 41 (48 eyes) patients in the
observation group were treated with Blood Activating and Tongluo Formula plus and minus. It was
found that the treatment efficacy rate of the observation group was 70.08%. The results showed that the
efficacy of the treatment of AION with the addition and subtraction of the blood circulation formula
was significant[57]. Traditional Chinese medicine has effectively improved visual function. Although
acupuncture treatment has a significant effect, the location of acupoints and the methods of acupuncture
need to be further studied.

3. Conclusion

In this review, we have provided an important summary on the treatment of NAION, including the
advantages and disadvantages of previous conventional treatments and the latest research advances in
treatment, thus further improving the understanding of NAION and providing new ideas for further
clinical treatment and basic research of NAION.

Etiological treatment can prevent NAION to some extent. Although early steroid hormone treatment
has certain efficacy, it has more side effects and even aggravates disease progression. Although
conventional Western medicine treatments have some effects on NAION, significant effective
treatment has not been seen. The effect is more obvious with the combination of multidrug treatment.
Surgical treatment is currently less used in clinical practice, and a vitreous cavity injection of relevant
drugs is the main treatment modality for NAION. The vitreous cavity injection of siRNA is a new
development in optic nerve protection research, but it is currently limited to the animal research stage.
Moreover, clinical trials are still at the stage of recruiting patients; however, its low toxicity risk and
significant efficacy from animal trials also provide a new direction for the treatment of NAION.
MSC-exosomes have the advantages of targeting small molecules, and significant efficacy but may
have the disadvantages of potential tumorigenicity and short survival time. There is still a lack of
comprehensive understanding of MSC-exosomes, whether in clinical applications or basic research,
and they will remain an important topic for research in the future. From the current clinical treatments,
TCM is more effective (no adverse effects have been reported) and has great clinical value. The current
treatment protocol for NAION has shifted from monotherapy to a combination of multiple therapies,
achieving better results.

NAION has a complex etiology; thus, its exact pathogenesis has not been confirmed, indicating that
there is no uniform and clear treatment plan for NAION. Therefore, the treatment effect on NAION is
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still unsatisfactory. The pathogenesis of NAION needs to be studied in more depth to provide further
guidance for the treatment of NAION. Moreover, for the existing treatment modalities, some
disadvantages should be further improved, such as the complications involved in ONDS surgery and
the non-ideal postoperative and long-term prognosis. For steroid hormone treatment, it should be
further clarified whether it aggravates the disease or induces the development of NAION in the
contralateral eye and whether discontinuation of steroid hormones should be considered in future
treatment. We believe that more effective treatment options will emerge by further exploration of
NAION.
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