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Annotation: Retinitis pigmentosa (RP) is
a group of genetic eye disorders characterized by
the progressive degeneration of photoreceptor
cells in the retina, leading to vision loss. It
typically begins with night blindness and
gradually narrows the visual field, often resulting
in tunnel vision. Mutations cause RP in various
genes responsible for maintaining the health of
photoreceptor cells, affecting their ability to
respond to light. As RP advances, individuals
may experience difficulty with tasks requiring
peripheral vision, such as navigating in dimly lit
environments or recognizing faces from a
distance. Color vision can also be affected in
some cases. While there is currently no cure for
RP, ongoing research is exploring potential
treatments and therapies to slow its progression
or restore vision in patients with RP.
Management often involves low-vision aids,
orientation, and mobility training to help
individuals adapt to their changing vision. This
activity covers the underlying pathophysiology
that produces dysfunction in the retina and the
diagnostic measures, including an adequate
physical exam and appropriate referral for expert
evaluation.
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interprofessional care.

Introduction: The name retinitis pigmentosa (RP), described initially as a clinical entity in
1853, was not attached to the disease until 1857.[1] Considered by most to be a misnomer, the
term retinitis persists today, even though inflammation plays only a small role in the natural
progression of the disease. RP is not a single entity but rather a group of disorders that produce a
gradual loss of vision. Also known as hereditary retinal dystrophy, it affects 1 in every 4000
people in the United States and approximately one in 5000 worldwide, making RP the most
common inherited disease of the retina.[2] RP is usually bilateral; however, there have been
reports of unilateral eye involvement with this condition.[3] While it may present and progress
with a variety of clinical manifestations, the first symptom of RP is generally nyctalopia, or loss
of night vision, followed by a gradual narrowing of the visual fields. Over time, depending on
the severity and rate of progression of the disease, tunnel vision or complete vision loss can
result. As the disease progresses, other features may also develop, including loss of accurate
color discrimination and eventual loss of visual acuity. Most patients will maintain some light
perception even with late-stage RP as the macula continues functioning. Perhaps the most
unsettling late effect of RP is the development of photopsia (perceived flashes of light), likely
due to sensory deprivation [4] that can progress to the point of visual hallucinations.[5]

Aim of study is to provide an in-depth analysis of the pathological mechanisms underlying
Retinitis Pigmentosa (RP), focusing on its genetic basis, cellular degeneration processes, and
characteristic clinical manifestations. This paper seeks to summarize the molecular pathways
involved in photoreceptor loss, the role of oxidative stress and apoptosis in retinal degeneration,
and the current understanding of diagnostic and therapeutic approaches. By integrating genetic,
molecular, and clinical perspectives, this study aims to enhance comprehension of RP
pathogenesis and support future research efforts aimed at developing targeted treatments.

Pathophysiology of RP: RP is mostly a monogenic disease, in which most disease-associated
genetic variants are expressed in photoreceptor or retinal pigment epithelium (RPE) cells,
although digenic inheritance has also been described [1,6]. As each gene has its own function,
genetic variants lead to different biochemical changes within the retina. Eventually, these
changes result in the degeneration of photoreceptors and RPE cells. To date, more than 90 genes
have been linked to RP, and it is likely that this number will increase over the years due to
ongoing improvements in diagnostic testing techniques (RetNet, https://sph.uth.edu/RetNet/;
accessed on 1 November 2022) [1,7,8]. RP is a highly heterogeneous disease, both clinically and
genetically, and shows considerable overlap with other IRDs. Identical disease-associated
genetic variants may manifest in different clinical entities, whereas different variants in different
genes may also result in similar phenotypes [8]. An overview of the different causative genes in
RP and their overlap with other IRDs is shown in Figure 1.

Fig. 1. Venn diagram of currently identified genes associated with retinitis pigmentosa (RP)
and their genetic overlap with other inherited retinal dystrophies.
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For example, variants in the RHO gene can manifest in either RP or congenital stationary night-
blindness phenotypes. All genes included are registered in the Online Mendelian Inheritance in
Man (OMIM) database and follow the up-to-date symbols of the HUGO Gene Nomenclature
Committee (HGNC). Genes that are associated with syndromic forms of RP are marked with an
asterisk (*). ACHM = achromatopsia; CO(R)D = cone(-rod) dystrophy; CSNB = congenital
stationary night blindness; LCA = Leber Congenital Amaurosis; MD = macular dystrophy.

Multiple genetically-directed mechanisms for the progress of retinitis pigmentosa exist.
Apoptosis is physiologic programming for cell death that a genetic mutation can trigger; cell-to-
cell communication between the photoreceptors can also induce apoptosis.[9] Hence, the death
of rods can eventually spread to the cone receptors. Other mechanisms of cell death in RP
include regulated necrosis and autophagy.[10][11]

Light exposure may exacerbate phototoxic mechanisms. These include mutations in retinol
metabolism and acceleration of oxygen consumption in the environment, which can enhance the
degeneration of photoreceptors (both rod and cone).[12] Oxidative stress is an essential
mechanism for photoreceptor damage in RP as the photoreceptors have high metabolism and
oxygen consumption.[15][16] Hyperoxia may cause photoreceptor death due to generating
reactive oxygen species (ROS), including superoxide radicals.[17] Other possible mechanisms of
RP include metabolic stress and activation of microglia and monocytes.[16][17] Calcium can
induce endoplasmic reticulum stress or may even cause apoptosis and nonapoptotic cell
death.[18]

The ciliary function is vital to transport nutrients and other substances in the retina. Some genetic
mutations, including the one for Usher syndrome, can impair this function and cause cell
vulnerability.[19] Stress in the endoplasmic reticulum can release free radicals, subsequently
stimulating hypoperfusion of the retina and vascular endothelial cell damage.[20]

Three clinical findings typical of RP are the presence of bone spicule pigmentation, vascular
narrowing, and optic nerve head pallor (Figure 2).

Fig. 2: Fundus photographs from a patient with retinitis pigmentosa (RP).

The left image shows a relatively normal retina, while the right image demonstrates
characteristic RP changes, including attenuated retinal vessels, bone-spicule pigment deposits,
and optic disc pallor. These pathological features result from progressive degeneration of rod
photoreceptors and secondary retinal pigment epithelium (RPE) damage

The melanin pigment deposits (Figure 3) named for their characteristic bone spicule star shape,
are due to retinal pigment epithelial cells that detach and migrate to perivascular locations in the
retina. The exact cause of this migration is not fully understood, nor is the narrowing of retinal
vessels. One suggestion is that this condition results from a decreased metabolic demand due to
the death of many photoreceptors. Change in the appearance of the optic disc is probably due to
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the formation of glial cells (inside the optic disc and on the surface) that produce a "waxy
pallor"[1] (Figure 4).

Fig. 3: Fundus photograph of a patient with retinitis pigmentosa (RP).

The image demonstrates attenuated retinal vessels, peripheral bone-spicule pigmentation, and
optic disc pallor. These findings reflect progressive degeneration of rod photoreceptors with
secondary retinal pigment epithelium (RPE) involvement, characteristic of RP pathology.

Fig. 4: Fundus photograph showing retinal changes characteristic of diabetic retinopathy.

The image demonstrates microaneurysms, dot and blot hemorrhages, and areas of retinal
ischemia. The optic disc appears clearly defined, and the macula shows signs of mild edema.
Peripheral laser scars indicate previous panretinal photocoagulation treatment.

Conclusion: Retinitis Pigmentosa represents a complex group of inherited retinal dystrophies
with remarkable genetic and clinical heterogeneity. The disease primarily results from mutations
that disrupt photoreceptor and retinal pigment epithelium cell function, leading to progressive
vision loss. Key pathological features—including bone spicule pigmentation, wvascular
narrowing, and optic disc pallor—reflect the degenerative changes within the retina. Recent
research highlights the critical roles of oxidative stress, apoptosis, and impaired ciliary function
in disease progression. Although a definitive cure remains elusive, advances in gene therapy,
stem cell research, and retinal prosthetic technology hold significant promise for future
management. Continued multidisciplinary research is essential to translate these molecular
discoveries into clinical applications that can preserve or restore vision in patients affected by
RP.
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