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Retinitis pigmentosa (RP) is a hereditary disease that causes the degeneration of photoreceptor cells in the retina, starting

with the rods, leading to a gradual loss of vision over time. RP is the most common type of inherited retinal dystrophy and

affects over 1.5 million people worldwide, leading to a high burden on patients and society. Common symptoms of RP

include nyctalopia and gradual loss of peripheral vision, which can ultimately lead to blindness. RP is one of the primary

causes of visual disability and blindness in individuals under 60 years old.
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1. Overview of Retinitis Pigmentosa

1.1. Classification

1.1.1. Retinitis pigmentosa (RP) can be classified into two categories: syndromic and non-syndromic.

Non-syndromic retinitis pigmentosa (RP) affects only the retina, with a prevalence of 1:5000 and can be caused by

sporadic mutations or genetic predisposition . The mode of inheritance is classified as autosomal dominant, autosomal

recessive, or X-linked . Genetic testing and family history are essential tools in determining the inheritance pattern and

risk for RP.

Syndromic RP refers to a group of retinitis pigmentosa conditions, including Leber Congenital Amaurosis (LCA), Usher

syndrome, and Bardet-Biedl syndrome. LCA is mainly inherited in an autosomal recessive pattern and is caused by

mutations in the RPE65 gene. It is characterized by early vision loss, abnormal pupillary response, and nystagmus,

typically appearing in infancy. Usher syndrome is the most common syndromic form of RP, affecting about 3 in every

100,000 people. It presents with typical RP symptoms, accompanied by varying levels of hearing and vestibular

dysfunction depending on the subtype . Bardet-Biedl syndrome is the second most frequent syndromic form of RP, with

a prevalence of 1 in every 160,000 Northern Europeans . It is caused by mutations in the BBS1-BBS21 genes, with

BBS1 being the most common. This autosomal recessive disease is characterized by multisystemic symptoms, including

polydactyly, genital abnormality, cognitive impairment, and classic RP symptoms that usually appear in the first decade of

life.

Only two types of syndromic RP have clinically significant treatments to preserve vision, despite several rare forms being

present . Bassen-Kornzweig syndrome is an autosomal recessive disorder characterized by retinal and neurological

degeneration due to deficiencies of vitamins A and E . Vitamin A (300 IU/kg/day) and vitamin E (100 IU/kg/day)

supplementation has been shown to slow retinal degeneration if started early . Refsum disease, on the other hand, can

be managed through weight control and restriction of phytanic acid-containing foods, as the accumulation of this acid is

the primary cause of retinal and neurological degeneration due to a defective enzyme .

1.2. Signs and symptoms

The diagnostic of Retinitis Pigmentosa (RP) is based on clinical manifestations such as nyctalopia, peripheral visual field

loss, and characteristic fundus changes. The diagnosis of RP is confirmed through abnormal electroretinogram (ERG)

results. The typical fundus changes in RP include bone spicules hyperpigmentation and hypopigmentation, waxy disc

pallor, and arteriolar narrowing. Additionally, there are two atypical fundus phenotypes, which are retinitis punctata

albescens and choroideremia .
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1.3. Management and Prognosis

RP's prognosis is challenging to establish due to the heterogeneity of gene mutations, leading to varied disease

progression. Symptoms may onset in childhood or adulthood, and visual field loss progresses annually by 4-12% .

Autosomal dominant RP typically results in the least severe vision loss, whereas X-linked RP has the most severe

manifestations and the worst prognosis . The progression of visual field loss in RP generally begins with sectorial

scotoma in the mid-peripheral areas, advancing to partial ring scotoma, complete ring scotoma, and ultimately culminating

in total blindness. Standard medical follow-up for RP patients includes annual ophthalmic examination, which measures

visual acuity and Goldmann visual field, dilated fundoscopy, optical coherence tomography (OCT), and occasionally

fluorescein angiography (FA). Although ERG's a and b wave amplitude decline is a sensitive tool for assessing RP

progression, it is not always necessary for annual follow-up .

Most RP patients will not become completely blind, as they retain some macular function even in their fourth decade of life

. In the panretinal dystrophy stage, RP patients commonly exhibit optic nerve head drusen, cystoid macular edema,

vitreous cells, epiretinal membranes, and posterior subcapsular cataracts. Diminished visual acuity is often caused by the

complications of cystoid macular edema and posterior capsular opacification.

Most patients with RP have no curative treatment available. Only patients with RPE65 gene mutation are eligible to

receive target gene therapy. Conventional treatment options, such as vitamin A supplements, protection from sunlight,

visual aids, and medical and surgical interventions, aim to manage symptoms, prevent ophthalmic complications, and

slow the progression of the disease. However, these interventions do not provide a cure for the disease.

2. Conventional Treatments and Limitations

2.1. Dietary Supplements (Vitamin A, DHA, Lutein)

Vitamin A is a fat-soluble vitamin that plays an important role in visual cycle, retinal pigment epithelium cell metabolism,

and phototransduction . Multiple randomized clinical trials on RP patients investigated the efficacy of vitamin A, DHA,

and lutein as treatments. Vitamin A alone may slow the decline of ERG amplitude but did not significantly improve visual

field area or visual acuity  . DHA did not show significant benefits when combined with vitamin A, but a subgroup

analysis showed a slower visual field decline . Lutein combined with vitamin A only resulted in a slower rate of decline

in the total point score for the HFA 60-4 program . Despite mixed results, the combination of vitamin A, lutein, and fish

oil containing DHA is still recommended as therapy for RP patients. However, a systematic research concluded that there

is no significant evidence to support the use of vitamin A, DHA, or a combination thereof for RP patients . Regular use

of high doses of Vitamin A can cause various side effects and complications . Vitamin A treatment remains controversial

due to its potential risks, but there is evidence supporting its effectiveness for a small, genetically distinct subgroup of RP

patients with PRPH2-associated retinitis pigmentosa .

2.2. Cystoid Macular Edema (CME) Treatment

Cystoid macular edema (CME) is a common complication in RP cases, affecting up to 38% of patients and causing

decreased visual acuity . First-line treatments for CME include oral and topical carbonic anhydrase inhibitors, such

as acetazolamide, methazolamide, dorzolamide, and brinzolamide, which have demonstrated significant benefits in

multiple studies. Second-line treatments, such as intravitreal steroids injection, oral corticosteroids, anti-VEGF injection,

and topical or local non-steroidal anti-inflammatory drugs (NSAIDs), have also proven to be effective pharmaceutical

therapies for patients who do not respond to carbonic anhydrase inhibitors .

2.3. Protection from Sunlight

Due to its high metabolic rate and oxygen consumption, as well as the presence of photosensitizer molecules in the

photoreceptors that are constantly exposed to light and oxidative stress, the retina is vulnerable to oxidative stress,

leading to the accumulation of reactive oxygen species (ROS) in the retinal pigment epithelium (RPE). This can

perpetuate a cycle of neuroinflammation and degeneration in RP, as demonstrated by multiple pathways . Animal

models of RP have shown that absence of light exposure was associated with a reduction in the rate of photoreceptor

degeneration, while increased housing light intensity for rd10 mice accelerated retinal degeneration by activating cell

death, oxidative stress pathways, and inflammatory cells . Therefore, light protection may be a potential intervention to

slow down the progression of the disease in some cases of RP . However, there is a lack of convincing studies to

confirm the hypothesis on whether sunlight deprivation slows down retinal degeneration in RP, as demonstrated by one

case report of an RP patient with mono-ocular occlusion for over 40 years who had an equivalent fundus in both eyes.
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2.4. Auxiliary Support

2.4.1. External Device

Visual aids can improve the quality of life of RP patients, such as night vision pocketscopes, goggles, or light-amplifying

devices that can alleviate night blindness . In a study by Ikeda et al. (2015), a research device designed to assist

patients with RP-induced night blindness was found to be effective. The device was equipped with a camera that provided

a minimum illuminance of 0.08 lux, and the subjects using the device achieved significantly higher success rates in

completing a walking task in dimly lit rooms .

2.5. Surgicaly Implanted Device

ARGUS II prosthesis is an option for end-stage RP patients with bare light perception, but implantation of an epiretinal

device is an invasive surgery, and only limited RP patients are candidates . While participants in a phase II clinical trial

of the ARGUS II had significantly better scores in all visual function tests, more than one-third of them experienced

serious adverse events related to the device or surgery. Furthermore, the device is only beneficial for end-stage RP

patients in allowing them to restore minimal vision, and RP patients with mild visual impairment would not benefit from it to

restore normal vision . Nonetheless, a recent study found that the safety profile of the Argus II has significantly

improved compared to the pre-approval phase, with no significant issues reported up to four years post-implantation .

Overall, the conventional treatments listed above have limitations, and most of them do not target the underlying

pathogenesis of RP.

3. Recent Therapeutic Advances

Gene therapy is a promising approach for treating RP, targeting the genetic causes of the condition.

Currently, Luxturna is the only approved gene therapy for RP, authorized only for a small sub-population of RP patients

with the RPE65 gene mutation. This mutation is responsible for vitamin A metabolism and Leber congenital amaurosis

(LCA). A phase III clinical trial demonstrated significant visual function improvement and no serious adverse events after

one year with voretigene neparvovec, an adeno-associated virus (AAV2) vector containing modified human RPE65, and

durability of improvement after three to four years of follow-up . This success has led to ongoing clinical trials

targeting other gene mutations associated with RP.
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