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This study aimed to analyze Optical Coherence Tomography (OCT) parameters and Macular Pigment 
Optical Density (MPOD) changes in patients affected by Retinitis pigmentosa (RP). Eighteen eyes of 18 
patients suffering from early-stage RP were enrolled in our observational study. 18 eyes of 18 patients 
age and gender matched were enrolled as controls. Patients were analyzed at baseline by undergoing 
complete baseline ophthalmologic examination, Spectral-domain Optical Coherence Tomography 
(OCT), Electroretinogram (ERG) and Heterochromatic Flicker Photometry (HFP). Main outcome 
measures were Macular Pigment Optical Density (MPOD), Central macular thickness (CMT), Central 
Choroidal Thickness (CCT) and Choroidal Vascularity Index (CVI). Lower CCT (p = 0.006), CVI (p < 0.001) 
and MPOD levels (p = 0.038) were found in affected patients, whereas higher CMT was detected 
in cases compared to healthy controls. Correlation analysis revealed the presence of a negative 
correlation between BCVA and Age and CMT and BCVA and a positive correlation between CCT and 
MPOD and CVI and CCT. Retinal and choroidal variations occur in patients affected by early-stage RP 
regarding functional and anatomical changes.   
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Abbreviations
RP	� Retinitis pigmentosa
OCT	� Optical coherence tomography
ERG	� Electroretinogram
HFP	� Heterocromatic flicker photometry
MPOD	� Macular pigment optical density
CMT	� Central macular thickness
CCT	� Central choroidal thickness
CVI	� Choroidal vascularity index
BCVA	� Best corrected visual acuity
IRD	� Inherited retinal diseases
RPE	� Retinal pigment epithelium
ME	� Macular edema
ERM	� Epiretinal membrane
MP	� Macular pigment
LogMAR	� logarithm of the minimum angle of resolution
CME	� Central macular edema
FAF	� fundus autofluorescence
SD-OCT	� Spectral domain OCT
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ETDRS	� Early treatment diabetic retinopathy study
ffERG	� Full field electroretinogram
mfERG	� Multifocal ERG
ROI	� Region of Interest
TCA	� Total choroidal area
LCA	� Luminal choroidal area
SCA	� Stromal choroidal area
GCC	� Ganglion cell complex
RGC	� Retinal ganglion cells
Gfap	� Glial fibrillary acidic protein
MMC	� Muller cell cone

Retinitis Pigmentosa (RP) is a relatively rare disease with a worldwide reported prevalence ranging from 
1:1878 to 1:7000 characterized by photoreceptor loss and visual impairment1. The condition can be diagnosed 
basing on the presence of a familiar story of RP, photophobia, night blindness, central visual field constriction 
and the evidence of mid-peripheral bone spicule pigmentation, waxy optic disc pallor, attenuation of retinal 
arteries at the fundus oculi examination. Moreover, RP typically presents with reduced standard full-field 
electroretinogram, photoreceptors and retinal pigment epithelium cell loss at the Optical coherence tomography 
(OCT)2–4. resulting in significant impact in terms of patient quality of life. RP is one of the conditions most 
present in inherited retinal diseases (IRD), mostly related to rod-specific gene mutations, which subsequently 
cause alteration in Retinal Pigment Epithelium (RPE), ganglion cells and cone degeneration5. It can have an 
X-linked, recessive, dominant or rarely digenic or mitochondrial transmission and can be presented as isolated 
or syndromic. Up to 40–50% have been reported to be sporadic6. Supportive therapies such as Vitamin A and 
vitamin E supplementation have been demonstrated to be cover a role in RP course of disease, despite yet being 
highly controversial depending on the patient genotype7. However, Voretigene neparvovec (Luxturna) gene 
therapy is the only approved treatment for RP patients affected by RPE65 deficiency, a factor required for 11-cis-
vitamin A production during the retinal visual cycle8. To date, no routine therapies are directed at treating the 
onset of disease, despite the possibility of managing RP-associated conditions as the presence of macular edema 
(ME), epiretinal membrane (ERM) and cataract; thus, an early and careful diagnosis is critical for offering the 
patient effective medical care5. It must be considered RP heterogeneity in the disease presentation, which makes 
identifying typical disease traits a fundamental point for diagnosis and patient care. Lutein and meso-zeaxanthin, 
forming the Macular pigment (MP), are substances located in the fovea which have been reported to cover a 
protective role in reducing oxidative stress by partially absorbing the high-energy blue light9,10. Consequently, 
it has been speculated about MP role in protecting against degenerative eye diseases, and its assessment study 
is necessary for investigating the role of carotenoids and their function11,12. Sandberg et al. investigated the 
relationship between macular pigment optical density (MPOD) and serum lutein and zeaxanthin by finding 
them to be independently related to serum total cholesterol, serum lutein, iris color, and central foveal retinal 
thickness in patients affected by RP13. Besides, Bayat et al. recently improved OCT knowledge on RP by 
analyzing choroidal structure in patients with IRD. They found significantly lower CVI in patients with IRD 
compared to age-matched controls14. A comprehensive study of patients affected by RP is fundamental in better 
describing and knowing the disease and improving patients care. Thus, our study aimed to analyze structural 
OCT parameters and MPOD in patients affected by RP.

Methods
Eighteen eyes of 18 patients affected by early-stage RP were enrolled in our observational study. Patients were 
enrolled at the Ophthalmology Clinic of University “G. d’Annunzio”, Chieti-Pescara, Italy, from January 2023 to 
January 2024. Inclusion criteria were: eyes with confirmed diagnosis of RP, patients aged over 18 years and Best 
Corrected Visual Acuity (BCVA) > 0.5 logarithm of the minimum angle of resolution (LogMAR) to ensure the 
correct execution of examinations. Early stage retinitis pigmentosa was defined as definite diagnosis of retinitis 
pigmentosa with preserved BCVA > 0.5 LogMAR, conserved foveal structure evident at OCT examination in the 
central ring of the ETDRS mapping on Spectralis HRA + OCT (Heidelberg Engineering; Heidelberg, Germany) 
and less than 2 years from clinical diagnosis to study enrollment. Exclusion criteria included: Previous intraocular 
surgery; Evidence of advanced RP (either extended macular atrophy or undetectable ERG)15; Ocular media 
opacities according to Lens Opacities Classification System III; Presence of systemic or local diseases other 
than RP, presence of central macular edema (CME). 18 eyes of 18 healthy patients, age and gender-matched, 
were enrolled as controls. The study adhered to the tenets of the Declaration of Helsinki and was approved 
by an Institutional Review Board of the University “G.d’Annunzio” of Chieti- Pescara, Italy. Specific informed 
consent was obtained from all participants. All patients underwent complete baseline ophthalmological 
examination, including BCVA evaluation, Goldmann applanation tonometry, slit lamp biomicroscopy, indirect 
fundus ophthalmoscopy, fundus autofluorescence (FAF) using Spectralis HRA + OCT (Heidelberg Engineering; 
Heidelberg, Germany) and Optos California device ( California Optomap, Optos plc, Dunfermline, Scotland, 
UK), Spectral Domain OCT (SD-OCT) using Spectralis HRA + OCT (Heidelberg Engineering; Heidelberg, 
Germany), Electroretinogram (ERG) (Retimax CSO, Florence, Italy) and macular pigment optical density 
(MPOD) quantification with heterochromatic flicker photometry (HFP) using the MP Screener II (Elektron 
Technology, Cambridge, United Kingdom). The main outcome measures were MPOD assessment, Central 
Macular Thickness (CMT), Central Choroidal Thickness (CCT) and Choroidal Vascularity Index (CVI).
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BCVA evaluation
BCVA was assessed by testing patients with the Early Treatment Diabetic Retinopathy Study (ETDRS) Chart 
using the LogMAR system.

Electroretinogram
According to the International Society for Clinical Electrophysiology of Vision (ISCEV) protocols, full-field 
(ffERG) and multifocal (mfERG) ERG was recorded for each patients using Retimax CSO, Florence, Italy16,17.

OCT analysis
SD-OCT was performed using the Spectralis HRA + OCT (Heidelberg Engineering, Heidelberg, Germany). The 
acquisition protocol included a 49 horizontal rasters dense linear B-B-scans centered on the fovea and horizontal 
and vertical B-scans centered on the fovea acquired with enhanced depth imaging (EDI) mode for all patients. 
All images were acquired by a single trained ophthalmologist (AQ). Images with poor signal strength (< 25) 
were excluded and thus repeated. CMT was measured using the central 1 mm diameter circle of the ETDRS 
thickness map. CCT was measured vertically from the outer border of the RPE to the inner border of the sclera 
using the inbuilt manual caliper on EDI OCT scans18. CVI was calculated using a validated ImageJ application 
algorithm. EDI-OCT horizontal and vertical single-line scans centered on the fovea were exported, and then, 
once identified manually the choroid, which was defined as the area between the outer border of the RPE to 
the inner border of the sclera, the limits of the Region of Interest (ROI) were obtained. The total choroidal 
area (TCA) was calculated as the total area of the ROI. The images were binarized using Niblack’s auto-local 
threshold, and dark pixels were defined as the luminal choroidal area (LCA). In contrast, white pixels were 
defined as the stromal choroidal area (SCA). CVI was obtained as the ratio between LCA and TCA19. Two 
graders’ experts in the retinal field (AQ and MLR) analyzed images independently. In disagreement, a third 
retinal specialist was consulted (LT). (Fig. 1)

MPOD analysis
MPOD was measured using an MP Screener II macular densitometer (MPSII® Elektron Technology, Cambridge, 
United Kingdom). The device exploits the HFP method to assess the blue light wavelength absorption 
(465  nm) by MP (which is greatest in the foveal region) compared to the green wavelength light (530  nm). 
All measurements were performed by a single trained ophthalmologist (AQ) before pupil dilatation, and every 
test was repeated twice by a second ophthalmologist (MP) (with a 30-minute interval between measurements) 
to verify the instrument’s repeatability20. Rejected values were interpreted as poor-quality registrations, and 
patients were thus re-tested. If rejected values were found again, the result was interpreted and recorded as non-
measurable (Fig. 1).

Statistical analysis
Descriptive statistics included frequencies and percentages for categorical variables and median [first; 
third] quartile for quantitative ones. Nonparametric methods were preferred according to the Wilk test. The 
differences between cases and controls were evaluated using a non-parametric unpaired t-test (Mann–Whitney 
test). Spearman rank correlation coefficient (rho) was used in cases to investigate the relationships between 
investigated parameters. All p-values were two-tailed, and a p-value ≤ 0.05 was considered statistically significant. 
All statistical analyses were performed using the R environment (version 4.1; http://www.r-project.org/).

Fig. 1.  Multimodal Imaging and functional examinations in both cases and controls. Autofluorescence in 
healthy (A) and affected (E) patient; Structural OCT in healthy (B) and affected patient (F), CVI (C, healthy, G 
diseased eye) and MPOD estimation (D control, H case).
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Results
In our observational study, 18 eyes of 18 patients affected by RP were enrolled as cases (G1). Ten eyes over 18 
were from male patients (56%), whereas eight eyes over 18 were from male patients (44%). 18 eyes of 18 patients 
age and gender-matched were enrolled as controls (G2). Mean time from diagnosis to study enrollment was 1.55 
years. The descriptive analysis is summarized in Table 1. The median age was 46 [20.0; 52.0] in G1 and 36.0 [32.0; 
41.5] in G2. SD-OCT scans were acceptable for all eyes for qualitative and quantitative parameters. MPOD was 
evaluated in all cases. All evaluations were performed at baseline. BCVA was statistically significantly higher 
(p < 0.001) in controls (0.00 [0.00;0 .00)] when compared to cases 0.05 [0.00; 0.18] in the absence of confounding 
parameters (cataract, vitreoretinal interface diseases, glaucoma) other than RP due to inclusion criteria. CCT 
was significantly lower in cases (234.00 [196.00; 286.00]) when compared to controls (316 [270.00; 393.00], 
p = 0.006). Conversely, CMT was found to be higher in cases (205.00 [187.00; 248.00]) compared to controls 
(180.00 [163.000; 216.000], p = 0.058), although not significantly. CVI appeared significantly lower in cases 
than controls (0.66 [0.65; 0.68] in G1, 0.70 [0.69; 0.73] in G2 p < 0.001). MPOD was found to be significantly 
lower (p = 0.038) in cases (0.42 [0.30; 0.55]) compared to controls (0.55 [0.41; 0.65]).(Fig. 2) In cases, correlation 
analysis revealed the presence of a negative correlation between BCVA and Age and CMT and BCVA. Moreover, 
a positive correlation was found between CCT, MPOD, and CVI and CCT (Fig. 3).

Discussion
The study of retinitis pigmentosa has always been affected by the wide heterogeneity of disease presentation and 
course. The possibility of identifying factors that could define the disease despite the wide range of possible 
symptoms has made the study of RP a topic to focus on due to the recent advancements in RP treatment and the 
upcoming knowledge in subretinal delivery therapies. Retinal and choroidal changes occurring in eyes with RP 
have been a matter of study for years. Toto et al. in their cross-sectional study found RP patients to have Ganglion 
Cell Complex (GCC) alterations, choroidal vessel, and retinal changes related to macular function. The authors 
speculate that the thinner GCC found in their RP patients could have been responsible for the reduced macular 
function measured by mfERG21. The importance of retinal ganglion cells (RGCs) has been demonstrated by 
different authors, who found decreased number of RGCs in RP patients, presenting reduced retinal function22. 
Different hypotheses have been proposed to explain this effect, including a lower blood flow to the inner retinal 
layers and reduced transsynaptic signal caused by photoreceptor cell degeneration23–25. Besides, Tong Tao et al. 
have underlined the possibility of studying the Muller cells as a biomarker of retinal degeneration progression. 
In fact, in their study, they found the increased GFAP and ERK expression to be related to retinal degeneration 
progression in RCS rat retinal cells, reinforcing the role of Muller cells activation in a multiplicity of 
physiopathological conditions and hypothesizing Muller cells activation to be secondary to retinal degeneration26. 
Different authors have thus proposed the potential therapeutic role of Muller glial cells in regenerating the 
retina27. Sanges et al., by transplanting in retinitis pigmentosa mice models treated cells to preactivate WNT 
signaling, demonstrated them to be able to hybridize into Muller glial cells and re-enter in the cell cycle, finally 
differentiating into photoreceptors, reducing the ongoing retinal degeneration28. Furthermore, Roesch et al. 
reported Muller glial cells to have a key role in retinal degeneration by undergoing gliosis, with glial fibrillary 
acidic protein (Gfap) upregulation29. Muller cells are glial cells that maintain the entire retinal structure (30). The 
location of Muller cells in the fovea is characterized by being the only type of glial cells present in that area31. 
Moreover, it has been demonstrated that the “Muller cell cone” (MMC), a tissue deriving from the vertically 
oriented muller cells over the foveal area, is the area of Macular pigment location with a centrifugally increased 
gradient decreasing from the center of the foveola up to the periphery as demonstrated by the distribution of 
macular autofluorescence in healthy eyes20,31–34. Macular pigment is believed to be protective against ultraviolet 
radiation damage by absorbing short-wavelength visible light and having an antioxidant effect due to its 
composition in xanthophylls35. Considering the overall ultrastructural alterations found in eyes affected by 
retinitis pigmentosa, we were interested in analyzing whether changes in MPOD could be found between 
affected and healthy eyes. Interestingly, changes in MPOD were found between the two groups with lower 
MPOD in eyes affected by retinitis pigmentosa when compared to healthy eyes. This finding can be explained by 
a different foveal cell distribution in RP eyes, which can be responsible for a different MPOD distribution over 
the foveal area. To our knowledge, only a few authors have previously analyzed occurring changes in MPOD in 
patients affected by RP. Sandberg et al., in their study, have analyzed the relationship of MPOD and serum lutein 

Cases Controls

p-valuen = 18 n = 18

Age, 
years 46.00 [20.00; 52.00] 36.00 [32.00; 41.50] 0.410

BCVA,
LogMAR 0.05 [0.00; 0.18] 0.00 [0.00; 0.00] 0.001

MPOD 0.42 [0.30; 0.55] 0.55 [0.41; 0.65] 0.038

CMT, µm 205.00 [187.00; 248.00] 180.00 [163.00; 216.00] 0.058

CCT, µm 234.00 [196.00; 286.00] 316.00 [270.00; 393.00] 0.006

CVI 0.66 [0.65; 0.68] 0.70 [0.69; 0.73] < 0.001

Table 1.  Summary descriptive statistics for cases and controls expressed as median [first; third] quartile. 
P-value derived from Mann–Whitney U test.
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in retinitis pigmentosa by finding it to be independently related to serous lutein, serum total cholesterol, iris 
color and central foveal retinal thickness in affected eyes13. Consistent with our results, the authors found 
reduced MPOD in their cohort of retinitis pigmentosa patients without evidence of CME. Moreover, the authors 
speculated the increase in MPOD to be possible following lutein supplementation, which resulted in reduced 
oxidative damage over the long term and thus reduced photoreceptor degeneration. However, they acknowledged 
the necessity of future longitudinal studies. Nevertheless, it must be considered that due to the wide spectrum of 
clinical presentation related to different phenotype-genotype correlations in patients with retinitis pigmentosa, 
the studied parameter may present differences basing on the patients genotype. Future studies should be aimed 
at analyzing this parameter basing on different genotypes. Indeed, vascular changes are typically occurring in 
patients with RP. Vessel sclerosis, narrowing with subsequent lumen occlusion due to thickening of blood vessel 
wall are typical traits of RP23,36. Moreover, it has been demonstrated by Koniexzka et al. that RP patients may 
suffer from primary vascular dysregulation syndrome, with vessel predisposition to react to different stimuli37. 
Different studies have previously investigated the role of choroid and choriocapillaris in retinitis pigmentosa 
patients. Mastropasqua et al. found a reduced radial peripapillary network in RP patients38. Toto et al. showed 
alterations in both choroid and retina vessels in RP patients when compared to healthy subjects, with particular 
attention to the Superficial Capillary Plexus and Deep Capillary Plexus, which were found to be related to 
macular function21. Indeed, choroidal circulation was found to be altered in RP patients in several studies, 
associated with the presence of a reduced CCT39,40. Therefore, our interest in the present study was to investigate 
choroids by analyzing CCT and CVI. According to the existing literature, CCT was significantly reduced in eyes 
with RP. In their retrospective analysis, Sodi et al. found the choroid significantly reduced in the RP group 
compared to controls41. Similarly, Akai et al. found a reduction in CCT in patients with early RP41. A similar 
result was obtained by Aknin et al., who found reduced CCT in patients with RP and observed a relation with 
BCVA by interpreting the BCVA worsening as a sign of disease progression and the occurring reduced CCT as 
an index of worsening disease43. Our study observed reduced BCVA in patients with RP compared to healthy 
patients. However, the lack of a significant correlation between BCVA and CCT is probably due to the enrollment 
criteria for BCVA. Conversely, Chablani et al. did not find differences in CCT in affected patients, whereas Tan 
et al. observed an increase in CT compared to the control group44,45. Therefore, the necessity of identifying a 
choroidal parameter that could better assess choroid changes in observed patients has been highlighted. CVI is 
a well-established parameter which can evaluate choroidal vasculature without the influence of systemic or local 
factors. Different studies have made CVI a well-known and well-accepted parameter useful in the study of retinal 

Fig. 2.  MPOD distribution in both cases and controls.
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and choroidal disease19,46. Our study found reduced CVI in affected patients, thus reflecting the vascular changes 
occurring in patients with RP. Similarly, Bayat et al., by investigating choroidal structure in patients with 
Inherited retinal disease, found CVI to be significantly lower in patients with IRD, assuming it to be related to 
changes in choroidal vessel lumen rather than stromal changes. In their study, patients with a diagnosis of RP, 
Leber congenital amaurosis and cone-rod dystrophy displayed the lowest CVI values when compared to healthy 
patients14. Accordingly, Shen et al. found changes in CVI by analyzing choroidal al choriocapillaris structure in 
patients with RP47. Besides, Iovino et al. reported lower CVI and higher CT in RP patients with CME, confirming 
the role of the choroid in CME genesis and suggesting CVI as a possible future damage biomarker48. In this light, 
our finding of higher CME in patients with RP compared to controls despite the absence of macular edema 
should be further elucidated. Although previous reports have highlighted the occurrence of structural layers 
alterations in patients with RP compared to controls which was evident at the OCT exam49, a higher CME may 
be attributable to incipient macular edema not resulting in visual impairment. In fact, our patients presented 
higher CT and lower CVI, which has previously been related to the presence of macular edema48. The perfect 
assessment of ultrastructural and functional modifications occurring in RP patients covers a key role of study 
due to the upcoming novelty in therapeutic tools that could change the course of genetic diseases. Choroidal and 
retinal biomarkers have demonstrated in different conditions to be useful in disease monitoring and 
characterization to identify the most effective and suitable treatment.

Fig. 3.  Correlation analysis between parameters in cases using Spearman correlation coefficient (rho). Indeed, 
the p-value is recorded under the correlation coefficient. Accordingly to the study methodology, LogMAR 
BCVA has been used to record BCVA values. In cases, the correlation between BCVA and Age is rho = 0.47 
(p = 0.050), indicating a moderate positive correlation. This suggests that BCVA values also tend to increase as 
age increases, meaning that older individuals tend to have worse visual acuity. The correlation between BCVA 
and CMT is rho = 0.62 (p = 0.006), which shows a strong positive correlation. This indicates that as central 
macular thickness (CMT) increases, BCVA values also increase, corresponding to a deterioration in visual 
acuity.
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Conclusions
This is the first study analyzing structural and functional parameters in RP patients by focusing on occurring 
MPOD alterations. Although we acknowledge the necessity of multiple studies to confirm and enhance the 
role of this parameter as a possible tool to monitor the disease course and progression and focus on its possible 
implication in genotypic-phenotypic correlations, it is important to underline the necessity of characterizing 
genetic diseases to move forward with tailored treatment. Our study shows that choroidal and retinal changes 
occur in patients with early RP in terms of lower CCT, CVI and MPOD.

Data availability
All data generated or analyzed during this study are included in this article. Further enquiries can be directed to 
the corresponding author.
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