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ABSTRACT 
Background: Retinitis pigmentosa (RP) is an inherited retinal dystrophy characterized by progressive vision loss due to 
photoreceptor degeneration. Complicated cataract formation, particularly posterior subcapsular cataract (PSC), frequently occurs 
in RP and exacerbates the visual impairment. Cataract surgery may improve vision; however, the distinctive challenges of RP 
require specific considerations. This mini-review aims to provide a comprehensive overview of the RP-related cataract. 
Methods: A comprehensive literature review was conducted via PubMed/MEDLINE, spanning the period from January 1976 to 
June 2024, using the keywords “cataract,” “cataract surgery,” “cystoid macular edema,” “hereditary retinal dystrophy,” “retinitis 
pigmentosa,” “posterior subcapsular cataract,” “posterior capsular opacification,” “zonular weakness,” and “artificial 
intelligence.” We aimed to evaluate cataract surgery in patients with RP, focusing on cataract formation, its surgical management, 
postoperative complications, patient follow-up, and visual outcomes. Relevant review articles, clinical trials, and case reports with 
related reference lists of these articles were included. 
Results: A total of 53 articles were examined in detail, including those identified through focused keyword searches and the 
reference lists of these articles. Cataract surgery in patients with RP generally results in substantial visual improvement. 
However, surgery can be complicated, particularly by zonular weakness and subluxation of the crystalline lens. These risks 
can be reduced by using capsular tension rings and employing meticulous surgical technique. Furthermore, postoperative 
complications, such as cystoid macular edema and posterior capsular opacification, are common. Despite these challenges, 
regular postoperative follow-up and appropriate management can help mitigate complications. Integrity of the ellipsoid zone 
and external limiting membrane on preoperative optical coherence tomographic examination are the main predictors of visual 
outcomes following cataract surgery; however, outcomes can vary. Though many patients experience significant visual 
improvement, some may experience limited benefits due to pre-existing advanced retinal degeneration. 
Conclusions: Cataract surgery may offer meaningful visual benefits in patients with RP; however, careful preoperative evaluation 
and meticulous surgical technique are required to address the possible challenges. Attentive postoperative care and follow-up are 
essential to optimize visual outcomes. Early surgical intervention can significantly improve the quality of life in selected candidates, 
and tailored approaches are necessary in patients with RP requiring cataract surgery. Further studies on the potential application 
of artificial intelligence to monitor postoperative recovery and detect complications may improve surgical outcomes and enhance 
patient care. 
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INTRODUCTION 
 

Retinitis pigmentosa (RP) is the most common form of inherited retinal dystrophy. It is an umbrella term for a diverse group of 
inherited retinal diseases that initially cause degeneration of rod photoreceptors, followed by the cone photoreceptors [1, 2]. This 
progressive degeneration is a leading cause of visual impairment and blindness in people younger than 60 years, affecting 
approximately 1 in 4000 people worldwide [1-3]. 

The genetic mutations that cause RP result in specific biochemical dysfunctions that affect the rod photoreceptors in the retina. RP 
is genetically heterogeneous, implying that the disease is associated with numerous genetic mutations [4, 5]. These mutations impact 
genes that are critical for retinal functions, including phototransduction, visual cycle, and photoreceptor structural integrity. More than 
80 identified genes contribute to the diverse patterns of inheritance and manifestations observed in RP [4, 6, 7].  

The diagnosis of RP is primarily based on clinical findings, such as night blindness, peripheral vision loss, and prominent retinal 
changes confirmed by abnormal electroretinogram results. Typical fundus changes include bone spicule hyperpigmentation and 
hypopigmentation, waxy disc pallor, and arteriolar narrowing [8]. Other fundus features include optic disc drusen, vitreous cells, 
epiretinal membranes, cystoid macular edema (CME), and exudative vasculopathy resembling Coats' disease [4, 8]. Findings of a 
typical patient with RP and CME are shown in Figure 1.  

Along with these fundus changes, cataract is the most common complication in patients with RP, often contributing to vision 
impairment [9]. Posterior subcapsular cataract (PSC) is the most common type of cataract in patients with RP, followed by nuclear 
cataract (NC) [10]. The prevalence of cataract varies among studies conducted in different populations. Pruett [11] reported that 
cataracts were observed in 46.4% of eyes with RP, of which 93.6% were PSC. Similarly, the frequency of PSC was found to be 41% by 
Merin et al. [12] and 44.4% by Fujiwara et al. [9]. Fishman et al. [13] identified PSC in 180 (53%) of 338 patients with RP. Central PSC 
with a clear nucleus typically occurs in the middle stages of disease progression, and the severity of lens opacity may increase with 
age or disease duration [10, 14].  

In patients with RP, cataract surgery is usually required between the ages of 47 to 58 years, whereas in the general population with 
age-related cataracts, it is usually required between the ages of 72 to 74 years [15]. Approximately 2% of individuals aged between 52 
and 85 years have PSC. In contrast, 50% of individuals with RP develop PSC earlier than those with age-related cataracts [13, 15]. NC 
is less common than PSC and occurs at an average of 20 years later than PSC in patients with RP [16]. Lens opacities typically appear 
in the middle stages of the disease and are associated with noticeable clinical symptoms and signs. Because of the pre-existing 
constriction of visual field in patients with RP, even small lens opacities can lead to a disproportionate reduction in visual acuity (VA). 
Thus, patients often require cataract surgery earlier than those with age-related cataracts [10].  

This mini-review aims to provide a comprehensive overview of RP-related cataract, focusing on cataract surgery, associated 
complications, patient follow-up, and visual outcomes. 

 

 
Figure 1. Color fundus images of the right (A) and left (D) eyes, displaying the attenuated blood vessels and slightly pallid left optic nerve. 
Fundus autofluorescent images of the right (B) and left (E) eyes, exhibiting multiple patchy hyperautofluorescent and hypoautofluorescent 
areas corresponding to the pigment deposits and areas of retinal pigment epithelial atrophy. In addition, there is a bilateral petaloid 
hyperautofluorescence pattern (white arrows) compatible with cystoid macular edema. Optical coherence tomographic images of the right 
(C) and left (F) eyes depict the presence of cystoid changes with disrupted external limiting membrane and ellipsoid zone. 
 
METHODS 
 
A comprehensive literature search was conducted using PubMed/MEDLINE, spanning the period from January 1976 to June 2024, 
using the keywords “cataract,” “cataract surgery,” “cystoid macular edema,” “hereditary retinal dystrophy,” “retinitis pigmentosa,” 
“posterior subcapsular cataract,” “posterior capsular opacification,” “zonular weakness,” and “artificial intelligence.” This search 
aimed to identify studies evaluating cataract development, management, and the outcomes of cataract surgery in patients with RP. 
Additionally, the reference lists of included studies were reviewed. 

 



 
 

  Retinitis pigmentosa and cataract surgery 

 

Med Hypothesis Discov Innov Ophthalmol. 2024; 13(2)  98                                                                                                                             

RESULTS 
 
A total of 53 articles were examined in detail, including those identified through focused keyword searches and the reference lists of 
these articles. Included papers were comprehensively reviewed by two senior ophthalmologists with retina subspecialty to explore 
the pathogenesis of complicated cataract in patients with RP, the various dimensions of cataract surgery in patients with RP, cataract 
surgery-related postoperative complications, postoperative follow-up, and visual outcomes. 

 
Table 1. Key findings from major studies on outcomes of cataract surgery in patients with RP 

Abbreviations: RP, retinitis pigmentosa; PSC, posterior subcapsular cataract; NC, nuclear cataract; VA, visual acuity; SD, standard deviation; 
PCO, posterior capsular opacity; CME, cystoid macular edema; BCVA, best corrected visual acuity; EZ, ellipsoid zone; ELM, external limiting 
membrane; CMT, central macular thickness; IOL, intraocular lens; MD, mean deviation; HFA, humphrey field analyzer; logMAR, logarithm 
of the minimum angle of resolution; OCT, optical coherence tomography. 

 

Author (Year) Study design 
and sample 
size  

Key findings  

Jackson et al. 
(2001) [42] 

Retrospective 
 
89 patients 
(142 eyes) 
 

Mean age at surgery → 47.5 years (range, 24–81 years). 
Cataract type → PSC alone (100 eyes), PSC and NC (37 eyes), and NC (5 eyes). 
Mean ± SD VA (logMAR) improved from 1.05 ± 0.38 to 0.63 ± 0.49 after surgery.  
Changes in VA → Improved in 109 eyes (77%), unchanged in 29 eyes (20.5%), and worsened in 4 eyes (2.5%).  
The rate of PCO → 63% (88/139 eyes), and 45.1% required Nd:YAG laser capsulotomy.  
The rate of postoperative CME → 14% (20 eyes). 

Dikopf et al. 
(2013) [26] 

Retrospective 
observational  
 
47 patients 
(80 eyes) 
 

Mean follow-up time → 23.3 months (range, 1 day–95 months).  
The rate of PSC → 97.5%. 
The mean BCVA (logMAR) significantly improved post-cataract surgery → from 20/340 to 20/129 within 3 
months of surgery (P < 0.0001). 
The rate of PCO → 82.5% (66 eyes), and 52.5% (42 eyes) required Nd:YAG laser capsulotomy at an average of 
10.8 months after surgery.  
The signs of phacodonesis → 15 eyes (18.8%) of 10 patients (21.3%) (preoperatively → 3 eyes, intraoperatively 
→ 8 eyes, and postoperatively → 4 eyes).  
One patient experienced bilateral dislocation of in-the-bag intraocular lenses at 5.5 years and 6 years post-
surgery. 

Yoshida et al. 
(2015) [47] 

Retrospective 
observational  
 
40 patients 
(56 eyes) 

The mean BCVA (logMAR) significantly improved post-cataract surgery, from 0.76 to 0.45 (P < 0.005).  
BCVA did not improve in 30 eyes (53.6%).  
The final BCVA was notably beĴer in patients with a normal EZ on preoperative OCT compared to those with 
an abnormal or invisible EZ. 
The preoperative MD value on the HFA 10-2 program and the presence of a normal inner/outer segment on 
OCT significantly influenced the final BCVA. 
The rate of PCO → 83.9% (47 eyes), and 41.1% (23 eyes) required Nd:YAG laser capsulotomy over a follow-up 
period of 3 years. 

Nakamura et 
al. (2015) [46] 

Retrospective 
observational  
 
64 patients 
(96 eyes) 

The mean ± SD follow-up period → 5.8 ± 2.4 years.  
The mean ± SD BCVA (logMAR) → Preoperative → 0.64 ± 0.52, and final postoperative → 0.61 ± 0.67 (P = 0.57).  
A significant improvement in postoperative BCVA was observed only in eyes with intact foveal EZ (P < 0.01). 
Significantly lower MD, macular sensitivity, and foveal sensitivity at the final visit in 62 eyes of 45 patients 
when compared to preoperative measurements (P < 0.01). 

Mao et al. 
(2018) [30] 

Retrospective 
observational 
 
70 patients 
(109 eyes) 
 

A significant improvement in mean BCVA (logMAR) after cataract surgery, from 0.80 to 0.45 (P < 0.001).  
Final BCVA did not improve in 57 eyes (52.3%).  
Postoperative BCVA was significantly beĴer in eyes with an intact ELM compared to those without, in eyes 
with an intact EZ compared to those without, and in eyes with relatively normal CMT (≥ 200 µm) compared to 
those with reduced CMT (< 200 µm).  
Three variables were significantly associated with postoperative BCVA → Preoperative logMAR VA (P < 0.001), 
ELM integrity (P < 0.001), and CMT (P = 0.017). 

Nguyen et al. 
(2023) [41] 

Retrospective  
 
226 patients 
(295 eyes) 

The mean ± SD age of patients undergoing surgery → 56.1 ± 17.9 years.  
Significant BCVA improvements in most patients after surgery.  
Greater odds for marked visual improvements in patients with moderate or worse visual impairment. 
The most frequently encountered complications → PCO (n = 111, 38%), zonular dialysis (n = 15, 5%), and CME 
(n = 14, 5%). 

Sakai et al. 
(2023) [48] 

Retrospective  
 
38 patients 
(38 eyes) 

The median BCVA (logMAR) significantly improved after cataract surgery. Median BCVA (logMAR) improved 
from 0.52 to 0.07.  
Postoperative BCVA showed a significant correlation with the horizontal (r = - 0.784; P < 0.001), vertical (r = - 
0.777; P < 0.001), and average (r = - 0.777; P < 0.001) EZ widths. 

Georgiou et al. 
(2024) [45] 
 

Retrospective 
comparative  
 
52 patients 
(72 eyes) in 
RP group 
 
83 468 
patients (113 
317 eyes) in 
control group 

Worse preoperative VA (mean logMAR = 1.03 versus 0.59, P < 0.001) and postoperative VA (0.71 versus 0.14, P < 
0.001) in RP group compared to control group. 
The mean ± SD VA gain → 0.25 ± 0.60 logMAR in RP versus 0.43 ± 0.48 logMAR in control group (P < 0.001).  
No significant differences in the rate of intraoperative pupil expansion use, posterior capsular tears, dropped 
nucleus, or zonular dialysis between the groups. 
Postoperative CME was significantly more common in eyes with RP (6.9%) compared to the control group (1%) 
(P < 0.001).  
No significant difference between the two groups regarding the need for IOL repositioning or exchange. 
The rate of Nd:YAG capsulotomy → 13.9% in RP and 3% in control group. 
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DISCUSSION 
 
Pathogenesis of complicated cataract in RP  
The exact mechanism underlying cataract formation in patients with RP remains incompletely understood. The inflammatory 
response is a substantial aspect of RP [16] and is characterized by activation of the innate immune system, including breakdown of the 
immune barrier, activation and infiltration of immune cells, and increased expression of both local and systemic inflammatory factors. 
In addition, breakdown of the blood–retinal barrier often results in the presence of inflammatory cells in the vitreous [17, 18]. Microglia, 
a critical feature of the retinal innate immune system, play a key role in retinal inflammatory processes [19]. Several studies have 
reported increased levels of inflammatory factors (e. g., interleukin [IL]-1, IL-2, IL-4, IL-6, monocyte chemoattractant protein-1, tumor 
necrosis factor-alpha [TNF-α], and placental growth factor) in the serum, vitreous, and aqueous humor, implying an active 
inflammatory response in patients with RP [17, 20, 21]. The intraocular microenvironment is altered by the inflammatory response 
associated with RP [10], with changes similar to those observed in cataracts associated with uveitis [22]. The inflammation-induced 
alteration of the microenvironment is critical in the development of cataracts in patients with RP [10]. 

The ultrastructural formation of PSCs in the Royal College of Surgeons rat, an animal model of human autosomal recessive RP, 
has been demonstrated using scanning electron microscopy (SEM), transmission electron microscopy (TEM), and light microscopy 
(LM) [23]. In these rats, retinal degeneration occurred from 2 to 6 weeks after birth, leading to development of PSCs [23]. The 
researchers proposed that this was likely due to toxic lipid peroxides produced by degenerating rod outer segments. They also 
demonstrated that these PSCs were morphologically characterized by the proliferation of dysplastic bladder-like fibers, or Wedl cells, 
in the meridional region of the lens. These cells eventually migrate and accumulate at the posterior pole of the lens to form the PSC 
[23]. In another study of patients with RP, Andjelic et al. [15] examined the anterior capsule obtained during cataract surgery using 
SEM and TEM. They identified several abnormal features in the anterior lens epithelium, including holes, thinning, epithelial 
degradation, and cracks between the adjacent lens epithelial cells. The authors proposed that these structural irregularities could 
facilitate water influx into the lens, potentially leading to opacification along the water clefts extending toward the posterior pole. They 
believed that the lens epithelium played an important role in the development of cataracts in patients with RP [15]. 
 
Management of cataract surgery in RP  
In addition to the progressive degeneration of photoreceptors and retinal pigment epithelium, cataract formation can further 
compromise the remaining useful vision [24]. Even if the cataract is not severe, its central location can still cause blurriness in the 
remaining central visual field. In patients with RP, even mild lens opacity can result in significant functional impairment. Therefore, 
cataract surgery with intraocular lens (IOL) implantation may become a requisite [14]. However, the necessity of cataract surgery in 
patients with RP is controversial, as some believe that the procedure may accelerate photoreceptor degeneration by light exposure, 
potentially worsening the VA and leading to postoperative complications such as posterior capsule opacification (PCO) [24, 25]. Thus, 
the decision for surgery and its timing involves tailored management strategies in patients with RP. The following key issues should 
always be considered: 

Preoperative assessment: Comprehensive evaluation of the patient's ocular health is mandatory in the preoperative assessment, 
including best-corrected visual acuity (BCVA) and stability of the crystalline lens [10]. Phacodonesis with zonular insufficiency is 
substantially more common in patients with RP [10, 26-28]. Dikopf et al. [26] reported a phacodonesis rate of 18.8% (15 of 80 eyes) in 
patients with RP. However, preoperative detection of phacodonesis was possible in only about 20% of these cases. Zonular weakness 
and dehiscence in patients with RP have been attributed to early vitreous liquefaction, irregular vitreous scaffolds, and toxic substances 
associated with long-term inflammation. Identifying zonular insufficiency is crucial for surgical planning, technique selection, and 
preventing potential intraoperative and postoperative complications [10, 26-28]. 

In addition to anterior segment evaluation, retinal evaluation using optical coherence tomography (OCT) is crucial prior to 
cataract surgery in patients with RP. Preoperative central macular thickness (CMT) and integrity of the external limiting membrane 
(ELM) and ellipsoid zone (EZ) are significant predictors of postoperative visual outcome. Assessing these retinal layers can help 
clinicians predict the improvement in VA and guide the surgical approach [24, 29, 30]. CME is a potential complication in RP [31], 
affecting 10% to 50% of patients. Degeneration of the retina and retinal pigment epithelium is believed to release "toxic products" that 
lead to RP-related CME by disrupting the blood–retinal barrier [32]. Similar to CME in other diseases, RP-related CME has been 
associated with the release of several factors, including vascular endothelial growth factor (VEGF), TNF-α, IL-1α, IL-1β, adenosine, 
prostaglandins, histamine, and insulin-like growth factor [32]. Interestingly, RP-related CME may not always correlate with a 
reduction in VA [32, 33]. Oishi et al. [34] found no correlation between total macular thickness and VA. However, the integrity of the 
EZ has been shown to correlate well with VA and may provide information about the visual prognosis. De Rojas et al. [29] reported 
that none of the patients with RP and preoperative CME experienced a postoperative decrease in VA [29]. However, recognizing CME 
prior to surgery is crucial for setting realistic postoperative visual expectations for both the patient and the surgeon [35]. 

Surgical management: Considering the unique challenges of RP, phacoemulsification with IOL implantation is the preferred 
surgical method. Pre-existing zonular weakness in some patients renders the intraoperative maintenance of zonular integrity crucial 
to prevent zonular insufficiency-related problems [10, 24]. In patients with zonular weakness, capsular tension rings (CTRs) should be 
inserted intraoperatively to support the zonules and stabilize the IOL postoperatively [10]. Moreover, in some cases, surgeons might 
prefer three-piece IOL designs, as they provide more possibilities for suture fixation if the IOL–bag complex becomes dislocated in the 
future [36]. In a retrospective study, Bayyoud et al. [37] evaluated the long-term postoperative outcomes with a mean follow-up of 26 
months after cataract surgery in patients with RP. They compared the results between those who received CTR implantation and those 
who did not. The utilization of CTRs during cataract surgery was associated with a lower incidence of long-term complications, 
including PCO formation and capsular contraction syndrome (CCS) [37]. Similarly, Chen et al. [38] reported that none of the patients 
with RP who underwent CTR implantation developed postoperative CCS. Therefore, the authors emphasized that the use of CTRs 
reduced complications due to capsular contraction [38].  
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Another critical consideration in RP surgery is the choice of IOL biomaterial. In a retrospective study by Bruno et al. [39], three 
types of IOL biomaterials—polymethyl methacrylate (PMMA), silicone, and acrylic—were compared in patients with RP to evaluate 
the incidence of postoperative PCO. The study found that 89.9% of patients with PMMA IOLs and 90.9% of patients with silicone IOLs 
required Nd:YAG capsulotomy at 12 months, compared to only 52.8% of patients with acrylic IOLs. Additionally, when comparing 
acrylic materials, the authors found that 41.3% of patients with hydrophobic acrylic IOLs developed PCO, whereas 60.0% of patients 
with hydrophilic acrylic IOLs experienced this complication. Therefore, the authors suggested that the smooth surface of hydrophobic 
acrylic lenses helps prevent obscuration of the central visual axis by epithelial cell growth and fibrosis [39]. In contrast, there have been 
no publications in the literature regarding the use of extended depth of focus (EDOF) IOLs and multifocal IOLs in RP. Currently, 
multifocal IOLs should be strictly avoided in patients with RP, as they may reduce contrast sensitivity [40]. 

Postoperative care, complications, and management: Although cataract surgery can be visually beneficial in patients with RP, 
it may also be fraught with complications, such as intraoperative phototoxic retinal damage and postoperative pseudophakic CME, 
PCO, CCS, and IOL subluxation or dislocation [10, 24, 26, 37-39, 41]. 

Pseudophakic CME is a common complication after cataract surgery in patients with RP. Studies have shown that the risk of 
developing CME related to cataract surgery is more than four times higher in patients with RP compared to those without RP. The 
incidence of macular edema or pseudophakic CME in patients with RP ranges from 13.3% to 32%, whereas in the general population, 
this complication occurs in approximately 1.1% to 4.2% of cases following cataract surgery [10, 24, 26, 35, 41-44]. The increased incidence 
of CME in patients with RP underscores the need for thorough preoperative and postoperative evaluation to minimize risk. The use 
of OCT to detect pre-existing CME before surgery can help inform patients of the potential for worsening CME and allow treatment 
to be initiated before the procedure [45]. The use of topical nonsteroidal anti-inflammatory drugs (NSAIDs), either in conjunction with 
or as an alternative to topical corticosteroids, can markedly reduce the risk of developing CME after cataract surgery. In high-risk 
patients, prophylactic treatment should ideally begin a few days prior to surgery and continue for at least three months postoperatively 
[43]. Although acute CME often resolves spontaneously, prompt diagnosis and appropriate treatment are crucial to prevent retinal 
damage and permanent visual impairment [43]. Topical NSAIDs, carbonic anhydrase inhibitors (CAIs), and corticosteroids are 
effective treatments for acute pseudophakic CME, whereas oral CAIs, periocular and intravitreal steroids, and intravitreal anti-VEGF 
agents can be used for refractory cases [43, 45]. 

PCO is the most common sight-threatening complication after cataract surgery and is more aggressive in eyes with RP compared 
to healthy eyes. PCO results from capsular fibrosis driven by lens epithelial cell migration, proliferation, and epithelial–mesenchymal 
transition, which may be exacerbated by elevated cytokine levels in eyes with RP [10, 35]. The rate of PCO formation ranges from 63% 
to 83.9%, whereas the rate of performing Nd:YAG capsulotomy ranges from 41.1% to 52.5% [26, 35, 42, 46]. The incidence of PCO is 
higher in younger patients, likely due to differences in wound healing responses. Because most cataract surgery in patients with RP 
occurs at a younger age, this may partially explain the increased risk of PCO in this population [10]. Patients with RP who develop 
PCO can be effectively treated using a Nd:YAG laser [10]. 

RP is widely recognized as a risk factor for in-the-bag dislocation of IOLs. Several mechanisms can contribute to this condition, 
including surgical trauma, Nd:YAG laser capsulotomy, capsular phimosis, vitreous degeneration, and zonular insufficiency. To reduce 
the risk of capsular contracture and subsequent dislocation, the creation of a larger capsulorhexis and the use of CTRs have been 
recommended [35]. Surgery is the primary treatment for these patients, and several techniques have been developed to reposition the 
subluxated or dislocated IOL with suture or sutureless techniques [36]. 

Follow-up and visual outcome: In many patients with RP, cataract surgery can significantly improve VA and overall quality of 
life. However, progressive photoreceptor degeneration, postoperative complications, postoperative inflammatory responses, and 
retinal damage from light exposure—in which photopigments, retinoids, and bisretinoids contribute to photochemical damage—have 
led to mixed conclusions regarding the long-term effects of cataract surgery in patients with RP [24]. In addition, not all patients with 
RP are ideal candidates for cataract surgery, owing to poor preoperative retinal conditions, which may limit the improvement in VA 
[24]. The main studies reporting outcomes of cataract surgery in patients with RP are discussed below and summarized in Table 1 [26, 
30, 41, 42, 45-48]. 

Yoshida et al. [47] reported that approximately half of the eyes with RP experienced improved final BCVA after cataract surgery. 
Similarly, Nguyen et al. [41] reported that significant visual improvements were observed in 87 of 226 patients with RP (39%) following 
cataract surgery. They found that patients with moderate to severe visual impairment were more likely to achieve significant visual 
improvement and suggested that baseline BCVA was a good predictor of the visual outcome [41]. In a recent comparative study by 
Georgiou et al. [45], the authors evaluated the visual outcomes of isolated cataract surgery in eyes with RP compared to non-RP eyes. 
While VA improved postoperatively in patients with RP, both preoperative and postoperative VA were worse in the RP group, and 
the mean VA gain was significantly lower in these patients. The authors concluded that cataract surgery could improve vision in eyes 
with both RP and cataract [45]. 

In a systematic meta-analysis by He et al. [24], the authors reported that cataract surgery could improve VA in patients with RP 
at different follow-up periods. They indicated that postoperative VA could be improved by 0.57 log units compared to preoperative 
values. However, the VA improvement showed a reverse trend after more than 1 year of follow-up. The authors suggested that this 
might be caused by PCO formation typically between 6 months and 1 year after surgery. They also used OCT to evaluate visual 
outcomes after cataract surgery in patients with RP and different degrees of preoperative macular EZ integrity. Their results showed 
no significant difference between preoperative and postoperative VA in the EZ-invisible group. Therefore, they recommended against 
cataract surgery in patients with EZ-invisible RP, as no visual improvement could be anticipated after surgery. The authors also 
recommended that OCT should always be performed in patients with RP prior to cataract surgery [24]. Nakamura et al. [46] reported 
similar findings, emphasizing that a normal IS/OS line on OCT examination was associated with a favorable visual recovery after 
cataract surgery in patients with RP. They also emphasized that integrity of the IS/OS line might be critical in predicting a good 
postoperative BCVA [46]. In another observational study by Mao et al. [30], the authors emphasized that preoperative BCVA, along 
with the status of the ELM and CMT, were critical predictors of postoperative VA [30]. 
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A key aspect of the cataract surgery debate is whether the procedure accelerates disease progression. To address this question, 
De Rojas et al. [29] investigated the potential impact of cataract surgery on the progression of RP. The study included 70 eyes of 40 
patients with RP, divided into two groups: those who underwent phacoemulsification with IOL implantation and those who did not 
undergo cataract surgery. OCT was used to assess the width of the EZ, a reliable indicator of RP severity, at baseline and during follow-
up (median 768 days). RP progression was determined by measuring the loss of EZ width over time for all participants. A multivariable 
analysis adjusting for factors such as age, baseline EZ width, mode of inheritance, and cataract surgery status showed no significant 
difference in disease progression between the surgery and control groups. VA improved in almost all eyes that underwent surgery (17 
of 19 [89%]), whereas it remained stable in the remaining eyes (2 of 19 [11%]). Therefore, the authors concluded that cataract surgery 
is a safe and effective method to improve VA in patients with RP, and that it does not appear to accelerate disease progression as 
assessed by OCT [29]. In light of the above information, a brief summary of RP and the management of cataract surgery is presented 
in Figure 2. 

Artificial intelligence (AI) has become a promising tool in ophthalmology, revolutionizing the diagnosis and management 
of eye diseases. AI has enabled the early diagnosis of RP and the prediction of visual function in patients with RP [49-53]. In 
future studies, AI algorithms may be employed to analyze imaging data with the objective of identifying the early formation 
of cataracts, forecasting their progression, and tailoring surgical plans to align with unique individual patient profiles. 
Furthermore, AI may have the potential to monitor the postoperative recovery and detect complications at an early stage, 
resulting in improved surgical outcomes and enhanced patient care. 

This review has both strengths and limitations. The main strength is its nearly five-decade review, which offers a profound 
insight into the evolution of surgical techniques and related outcomes. The major limitations include heterogeneity of design in the 
included studies and the predominance of retrospective studies. Further research should comprise prospective studies of the long-
term consequences and underlying genetics and molecular mechanisms involved in cataract formation in eyes with RP. Additionally, 
the development of novel surgical techniques customized to this specific patient cohort could be a fruitful avenue for investigation. 
Further comprehensive reviews using a systematic review and meta-analytic strategy with additional databases may shed more light 
on the subject. 

 
 

 
Figure 2. Triads of diagnostic findings along with pre-, intra-, and postoperative issues in eyes with retinitis pigmentosa. 

 
 

Classic clinical retinitis pigmentosa triad [2, 4, 8, 10, 35]
• Retinal arteriolar attenuation
• Retinal pigmentary changes
• Waxy disc pallor

Classic macular triad [2, 4, 8, 10, 35]
• Cystoid macular edema
• Epiretinal membrane
• Atrophic degeneration

Preoperative concerns triad [10, 24, 26, 28, 35]
• Patient selection and consultation
• Proper IOL selection
• Zonular insufficiency detection

Intraoperative concerns triad [10, 24, 35]
• Control phototoxicity
• Possibility of using capsular tension rings
• Anterior lens epithelial polishing

Postoperative complications triad [10, 24, 26, 28, 35, 37-39, 41, 42, 44, 45, 47]
• Lens capsule-related complications (capsular contraction syndrome and posterior capsule opacification)
• Insufficient zonular support (zonular insufficiency and in-the-bag IOL dislocation)
• Cystoid macular edema
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CONCLUSIONS 
 
Cataract surgery in patients with RP is a viable intervention that can significantly improve VA and quality of life. Current findings 
suggest that surgery does not affect the progression of RP. Despite the inherent complexity and higher risk of complications, such as 
CME, PCO, and zonular insufficiency, advances in surgical techniques and preoperative assessment have improved outcomes. 
Assessing the integrity of the EZ and ELM, along with careful management of intraoperative and postoperative complications, is 
critical in predicting and optimizing visual recovery. Overall, with meticulous preoperative assessment and tailored surgical 
techniques, cataract surgery is visually beneficial in patients having RP with cataracts. 

ETHICAL DECLARATIONS 
 
Ethical approval: Not required. 
Conflict of interest: None. 

FUNDING 
 

None. 

ACKNOWLEDGMENTS 
 

None. 

REFERENCES 
 

1. Kamde SP, Anjankar A. Retinitis Pigmentosa: Pathogenesis, Diagnostic Findings, and Treatment. Cureus. 2023 Oct 30;15(10):e48006. doi: 
10.7759/cureus.48006. PMID: 38034182; PMCID: PMC10686897. 

2. Nguyen XT, Moekotte L, Plomp AS, Bergen AA, van Genderen MM, Boon CJF. Retinitis Pigmentosa: Current Clinical Management and Emerging 
Therapies. Int J Mol Sci. 2023 Apr 19;24(8):7481. doi: 10.3390/ijms24087481. PMID: 37108642; PMCID: PMC10139437. 

3. Verbakel SK, van Huet RAC, Boon CJF, den Hollander AI, Collin RWJ, Klaver CCW, Hoyng CB, Roepman R, Klevering BJ. Non-syndromic retinitis 
pigmentosa. Prog Retin Eye Res. 2018 Sep;66:157-186. doi: 10.1016/j.preteyeres.2018.03.005. Epub 2018 Mar 27. PMID: 29597005. 

4. O'Neal TB, Luther EE. Retinitis Pigmentosa. 2024 Feb 12. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024 Jan–. PMID: 
30137803. 

5. Daiger SP, Sullivan LS, Bowne SJ. Genes and mutations causing retinitis pigmentosa. Clin Genet. 2013 Aug;84(2):132-41. doi: 10.1111/cge.12203. Epub 
2013 Jun 19. PMID: 23701314; PMCID: PMC3856531. 

6. Phelan JK, Bok D. A brief review of retinitis pigmentosa and the identified retinitis pigmentosa genes. Mol Vis. 2000 Jul 8;6:116-24. PMID: 10889272. 
7. Fahim AT, Daiger SP, Weleber RG. Nonsyndromic Retinitis Pigmentosa Overview. 2000 Aug 4 [updated 2023 Apr 6]. In: Adam MP, Feldman J, Mirzaa 

GM, Pagon RA, Wallace SE, Bean LJH, Gripp KW, Amemiya A, editors. GeneReviews® [Internet]. Seattle (WA): University of Washington, Seattle; 
1993–2024. PMID: 20301590. 

8. Wu KY, Kulbay M, Toameh D, Xu AQ, Kalevar A, Tran SD. Retinitis Pigmentosa: Novel Therapeutic Targets and Drug Development. Pharmaceutics. 
2023 Feb 17;15(2):685. doi: 10.3390/pharmaceutics15020685. PMID: 36840007; PMCID: PMC9963330. 

9. Fujiwara K, Ikeda Y, Murakami Y, Funatsu J, Nakatake S, Tachibana T, Yoshida N, Nakao S, Hisatomi T, Yoshida S, Yoshitomi T, Ishibashi T, Sonoda 
KH. Risk Factors for Posterior Subcapsular Cataract in Retinitis Pigmentosa. Invest Ophthalmol Vis Sci. 2017 May 1;58(5):2534-2537. doi: 
10.1167/iovs.17-21612. PMID: 28492871. 

10. Hong Y, Li H, Sun Y, Ji Y. A Review of Complicated Cataract in Retinitis Pigmentosa: Pathogenesis and Cataract Surgery. J Ophthalmol. 2020 Dec 
21;2020:6699103. doi: 10.1155/2020/6699103. PMID: 33489339; PMCID: PMC7803180. 

11. Pruett RC. Retinitis pigmentosa: clinical observations and correlations. Trans Am Ophthalmol Soc. 1983;81:693-735. PMID: 6676982; PMCID: 
PMC1312466. 

12. Merin S, Auerbach E. Retinitis pigmentosa. Surv Ophthalmol. 1976 Mar-Apr;20(5):303-46. doi: 10.1016/s0039-6257(96)90001-6. PMID: 817406. 
13. Fishman GA, Anderson RJ, Lourenco P. Prevalence of posterior subcapsular lens opacities in patients with retinitis pigmentosa. Br J Ophthalmol. 1985 

Apr;69(4):263-6. doi: 10.1136/bjo.69.4.263. PMID: 3994942; PMCID: PMC1040579. 
14. Hamel C. Retinitis pigmentosa. Orphanet J Rare Dis. 2006 Oct 11;1:40. doi: 10.1186/1750-1172-1-40. PMID: 17032466; PMCID: PMC1621055. 
15. Andjelic S, Drašlar K, Hvala A, Hawlina M. Anterior lens epithelium in cataract patients with retinitis pigmentosa - scanning and transmission electron 

microscopy study. Acta Ophthalmol. 2017 May;95(3):e212-e220. doi: 10.1111/aos.13250. Epub 2016 Sep 28. PMID: 27679403. 
16. Auffarth GU, Tetz MR, Krastel H, Blankenagel A, Völcker HE. Cataracta complicata bei verschiedenen Formen der Retinitis pigmentosa. Art und 

Häufigkeit [Complicated cataracts in various forms of retinitis pigmentosa. Type and incidence]. Ophthalmologe. 1997 Sep;94(9):642-6. German. doi: 
10.1007/s003470050175. PMID: 9410231. 

17. Zhao L, Hou C, Yan N. Neuroinflammation in retinitis pigmentosa: Therapies targeting the innate immune system. Front Immunol. 2022 Oct 
27;13:1059947. doi: 10.3389/fimmu.2022.1059947. PMID: 36389729; PMCID: PMC9647059. 

18. Yoshida N, Ikeda Y, Notomi S, Ishikawa K, Murakami Y, Hisatomi T, Enaida H, Ishibashi T. Clinical evidence of sustained chronic inflammatory 
reaction in retinitis pigmentosa. Ophthalmology. 2013 Jan;120(1):100-5. doi: 10.1016/j.ophtha.2012.07.006. Epub 2012 Sep 15. PMID: 22986109. 

19. Gupta N, Brown KE, Milam AH. Activated microglia in human retinitis pigmentosa, late-onset retinal degeneration, and age-related macular 
degeneration. Exp Eye Res. 2003 Apr;76(4):463-71. doi: 10.1016/s0014-4835(02)00332-9. PMID: 12634111. 

20. Ten Berge JC, Fazil Z, van den Born I, Wolfs RCW, Schreurs MWJ, Dik WA, Rothova A. Intraocular cytokine profile and autoimmune reactions in 
retinitis pigmentosa, age-related macular degeneration, glaucoma and cataract. Acta Ophthalmol. 2019 Mar;97(2):185-192. doi: 10.1111/aos.13899. 
Epub 2018 Oct 8. PMID: 30298670; PMCID: PMC6585720. 

21. Lu B, Yin H, Tang Q, Wang W, Luo C, Chen X, Zhang X, Lai K, Xu J, Chen X, Yao K. Multiple cytokine analyses of aqueous humor from the patients 
with retinitis pigmentosa. Cytokine. 2020 Mar;127:154943. doi: 10.1016/j.cyto.2019.154943. Epub 2019 Dec 3. PMID: 31810025. 

22. Minkus CL, Pistilli M, Dreger KA, Fitzgerald TD, Payal AR, Begum H, Kaçmaz RO, Jabs DA, Nussenblatt RB, Rosenbaum JT, Levy-Clarke GA, Sen 
HN, Suhler EB, Thorne JE, Bhatt NP, Foster CS, Buchanich JM, Kempen JH; Systemic Immunosuppressive Therapy for Eye Diseases (SITE) Cohort 
Study Research Group. Risk of Cataract in Intermediate Uveitis. Am J Ophthalmol. 2021 Sep;229:200-209. doi: 10.1016/j.ajo.2021.02.032. Epub 2021 Mar 
10. PMID: 33713679; PMCID: PMC8429526. 

23. Al-ghoul KJ, Novak LA, Kuszak JR. The structure of posterior subcapsular cataracts in the Royal College of Surgeons (RCS) rats. Exp Eye Res. 1998 
Aug;67(2):163-77. doi: 10.1006/exer.1998.0505. PMID: 9733583. 



 

 
 Retinitis pigmentosa and cataract surgery 

 
 
103                                                                                                                                                                     Med Hypothesis Discov Innov Ophthalmol. 2024; 13(2) 

24. He H, Song H, Meng X, Cao K, Liu YX, Wang J, Wan X, Jin ZB. Effects and Prognosis of Cataract Surgery in Patients with Retinitis Pigmentosa. 
Ophthalmol Ther. 2022 Dec;11(6):1975-1989. doi: 10.1007/s40123-022-00563-2. Epub 2022 Sep 4. PMID: 36057888; PMCID: PMC9587192. 

25. Cideciyan AV, Jacobson SG, Aleman TS, Gu D, Pearce-Kelling SE, Sumaroka A, Acland GM, Aguirre GD. In vivo dynamics of retinal injury and repair 
in the rhodopsin mutant dog model of human retinitis pigmentosa. Proc Natl Acad Sci U S A. 2005 Apr 5;102(14):5233-8. doi: 10.1073/pnas.0408892102. 
Epub 2005 Mar 22. PMID: 15784735; PMCID: PMC555975. 

26. Dikopf MS, Chow CC, Mieler WF, Tu EY. Cataract extraction outcomes and the prevalence of zonular insufficiency in retinitis pigmentosa. Am J 
Ophthalmol. 2013 Jul;156(1):82-88.e2. doi: 10.1016/j.ajo.2013.02.002. Epub 2013 Apr 28. PMID: 23628349. 

27. Sudhir RR, Rao SK. Capsulorhexis phimosis in retinitis pigmentosa despite capsular tension ring implantation. J Cataract Refract Surg. 2001 
Oct;27(10):1691-4. doi: 10.1016/s0886-3350(01)00869-0. PMID: 11687372. 

28. Lee HJ, Min SH, Kim TY. Bilateral spontaneous dislocation of intraocular lenses within the capsular bag in a retinitis pigmentosa patient. Korean J 
Ophthalmol. 2004 Jun;18(1):52-7. doi: 10.3341/kjo.2004.18.1.52. PMID: 15255238. 

29. De Rojas JO, Schuerch K, Mathews PM, Cabral T, Hazan A, Sparrow J, Tsang SH, Suh LH. Evaluating Structural Progression of Retinitis Pigmentosa 
After Cataract Surgery. Am J Ophthalmol. 2017 Aug;180:117-123. doi: 10.1016/j.ajo.2017.05.026. Epub 2017 Jun 8. PMID: 28601586. 

30. Mao J, Fang D, Chen Y, Tao J, Wu M, Wu S, Wang P, Zhang Y, Shen L. Prediction of Visual Acuity After Cataract Surgery Using Optical Coherence 
Tomography Findings in Eyes With Retinitis Pigmentosa. Ophthalmic Surg Lasers Imaging Retina. 2018 Aug 1;49(8):587-594. doi: 10.3928/23258160-
20180803-06. PMID: 30114303. 

31. Saatci AO, Selver OB, Seymenoglu G, Yaman A. Bilateral intravitreal dexamethasone implant for retinitis pigmentosa-related macular edema. Case 
Rep Ophthalmol. 2013 Mar 25;4(1):53-8. doi: 10.1159/000350544. PMID: 23616764; PMCID: PMC3634547. 

32. Strong S, Liew G, Michaelides M. Retinitis pigmentosa-associated cystoid macular oedema: pathogenesis and avenues of intervention. Br J 
Ophthalmol. 2017 Jan;101(1):31-37. doi: 10.1136/bjophthalmol-2016-309376. Epub 2016 Dec 2. PMID: 27913439; PMCID: PMC5256121. 

33. Kim YJ, Joe SG, Lee DH, Lee JY, Kim JG, Yoon YH. Correlations between spectral-domain OCT measurements and visual acuity in cystoid macular 
edema associated with retinitis pigmentosa. Invest Ophthalmol Vis Sci. 2013 Feb 1;54(2):1303-9. doi: 10.1167/iovs.12-10149. PMID: 23329664. 

34. Oishi A, Otani A, Sasahara M, Kojima H, Nakamura H, Kurimoto M, Yoshimura N. Photoreceptor integrity and visual acuity in cystoid macular 
oedema associated with retinitis pigmentosa. Eye (Lond). 2009 Jun;23(6):1411-6. doi: 10.1038/eye.2008.266. Epub 2008 Aug 22. PMID: 18724276. 

35. Khojasteh H, Riazi-Esfahani H, Mirghorbani M, Khalili Pour E, Mahmoudi A, Mahdizad Z, Akhavanrezayat A, Ghoraba H, Do DV, Nguyen QD. 
Cataract surgery in patients with retinitis pigmentosa: systematic review. J Cataract Refract Surg. 2023 Mar 1;49(3):312-320. doi: 
10.1097/j.jcrs.0000000000001101. Epub 2022 Nov 21. PMID: 36730350; PMCID: PMC9981325. 

36. Singh K. Commentary: Management of dislocated and subluxated intraocular lens. Indian J Ophthalmol. 2020 Jun;68(6):1150. doi: 
10.4103/ijo.IJO_2071_19. PMID: 32461451; PMCID: PMC7508128. 

37. Bayyoud T, Bartz-Schmidt KU, Yoeruek E. Long-term clinical results after cataract surgery with and without capsular tension ring in patients with 
retinitis pigmentosa: a retrospective study. BMJ Open. 2013 Apr 26;3(4):e002616. doi: 10.1136/bmjopen-2013-002616. PMID: 23624990; PMCID: 
PMC3641474. 

38. Chen CX, Wang JD, Zhang JS, Xiong Y, Li J, Chen SY, Sun XL, Liu ZY, Mayinuer Y, Wan XH. Effect of lens capsular tension ring on preventing capsular 
contraction syndrome in the surgery of retinitis pigmentosa combined with cataract: Retrospective case series. Int J Clin Pract. 2021 Aug;75(8):e14272. 
doi: 10.1111/ijcp.14272. Epub 2021 May 17. PMID: 33908134. 

39. Bruno M, Nebbioso M, Rigoni E, Gagliardi A, Vingolo EM. Posterior capsule opacity in Retinitis Pigmentosa according to different biomaterials of 
intraocular lenses: Our clinical experience. Clin Ter. 2015;166(5):191-3. doi: 10.7417/CT.2015.1876. PMID: 26550807. 

40. Grzybowski A, Kanclerz P, Tuuminen R. Multifocal intraocular lenses and retinal diseases. Graefes Arch Clin Exp Ophthalmol. 2020 Apr;258(4):805-
813. doi: 10.1007/s00417-020-04603-0. Epub 2020 Jan 18. PMID: 31955239; PMCID: PMC7575463. 

41. Nguyen XT, Thiadens AAHJ, Fiocco M, Tan W, McKibbin M, Klaver CCW, Meester-Smoor MA, Van Cauwenbergh C, Strubbe I, Vergaro A, Pott JR, 
Hoyng CB, Leroy BP, Zemaitiene R, Khan KN, Boon CJF. Outcome of Cataract Surgery in Patients With Retinitis Pigmentosa. Am J Ophthalmol. 2023 
Feb;246:1-9. doi: 10.1016/j.ajo.2022.10.001. Epub 2022 Oct 15. PMID: 36252678. 

42. Jackson H, Garway-Heath D, Rosen P, Bird AC, Tuft SJ. Outcome of cataract surgery in patients with retinitis pigmentosa. Br J Ophthalmol. 2001 
Aug;85(8):936-8. doi: 10.1136/bjo.85.8.936. PMID: 11466249; PMCID: PMC1724090. 

43. Wielders LHP, Schouten JSAG, Nuijts RMMA. Prevention of macular edema after cataract surgery. Curr Opin Ophthalmol. 2018 Jan;29(1):48-53. doi: 
10.1097/ICU.0000000000000436. PMID: 28914687. 

44. Antonio-Aguirre B, Swenor B, Canner JK, Singh MS. Risk of Cystoid Macular Edema after Cataract Surgery in Retinitis Pigmentosa: An Analysis of 
United States Claims from 2010 to 2018. Ophthalmol Retina. 2022 Oct;6(10):906-913. doi: 10.1016/j.oret.2022.04.018. Epub 2022 May 2. PMID: 35513237. 

45. Georgiou M, Shakarchi AF, Elhusseiny AM, Michaelides M, Sallam AB. Cataract Surgery Outcomes in Retinitis Pigmentosa A Comparative Clinical 
Database Study. Am J Ophthalmol. 2024 Jun;262:34-39. doi: 10.1016/j.ajo.2024.01.037. Epub 2024 Feb 2. PMID: 38311153. 

46. Nakamura Y, Mitamura Y, Hagiwara A, Kumagai K, Miura G, Sugawara T, Egawa M, Yamamoto S. Relationship between retinal microstructures and 
visual acuity after cataract surgery in patients with retinitis pigmentosa. Br J Ophthalmol. 2015 Apr;99(4):508-11. doi: 10.1136/bjophthalmol-2013-
304819. Epub 2014 Oct 21. PMID: 25336579. 

47. Yoshida N, Ikeda Y, Murakami Y, Nakatake S, Fujiwara K, Notomi S, Hisatomi T, Ishibashi T. Factors affecting visual acuity after cataract surgery in 
patients with retinitis pigmentosa. Ophthalmology. 2015 May;122(5):903-8. doi: 10.1016/j.ophtha.2014.12.003. Epub 2015 Jan 17. PMID: 25601536. 

48. Sakai D, Takagi S, Hirami Y, Nakamura M, Kurimoto Y. Use of ellipsoid zone width for predicting visual prognosis after cataract surgery in patients 
with retinitis pigmentosa. Eye (Lond). 2023 Jan;37(1):42-47. doi: 10.1038/s41433-021-01878-3. Epub 2022 Jan 1. PMID: 34974539; PMCID: PMC9829659. 

49. Chen TC, Lim WS, Wang VY, Ko ML, Chiu SI, Huang YS, Lai F, Yang CM, Hu FR, Jang JR, Yang CH. Artificial Intelligence-Assisted Early Detection 
of Retinitis Pigmentosa - the Most Common Inherited Retinal Degeneration. J Digit Imaging. 2021 Aug;34(4):948-958. doi: 10.1007/s10278-021-00479-
6. Epub 2021 Jul 9. PMID: 34244880; PMCID: PMC8455770. 

50. Arsalan M, Baek NR, Owais M, Mahmood T, Park KR. Deep Learning-Based Detection of Pigment Signs for Analysis and Diagnosis of Retinitis 
Pigmentosa. Sensors (Basel). 2020 Jun 18;20(12):3454. doi: 10.3390/s20123454. PMID: 32570943; PMCID: PMC7349531. 

51. Liu TYA, Ling C, Hahn L, Jones CK, Boon CJ, Singh MS. Prediction of visual impairment in retinitis pigmentosa using deep learning and multimodal 
fundus images. Br J Ophthalmol. 2023 Oct;107(10):1484-1489. doi: 10.1136/bjo-2021-320897. Epub 2022 Jul 27. PMID: 35896367; PMCID: PMC10579177. 

52. Parmar UPS, Surico PL, Singh RB, Romano F, Salati C, Spadea L, Musa M, Gagliano C, Mori T, Zeppieri M. Artificial Intelligence (AI) for Early 
Diagnosis of Retinal Diseases. Medicina (Kaunas). 2024 Mar 23;60(4):527. doi: 10.3390/medicina60040527. PMID: 38674173; PMCID: PMC11052176. 

53. Nagasato D, Sogawa T, Tanabe M, Tabuchi H, Numa S, Oishi A, Ohashi Ikeda H, Tsujikawa A, Maeda T, Takahashi M, Ito N, Miura G, Shinohara T, 
Egawa M, Mitamura Y. Estimation of Visual Function Using Deep Learning From Ultra-Widefield Fundus Images of Eyes With Retinitis Pigmentosa. 
JAMA Ophthalmol. 2023 Apr 1;141(4):305-313. doi: 10.1001/jamaophthalmol.2022.6393. PMID: 36821134; PMCID: PMC9951103. 


	ABSTRACT
	KEYWORDS
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	ETHICAL DECLARATIONS
	Ethical approval
	Conflict of interest

	FUNDING
	ACKNOWLEDGMENTS
	REFERENCES

