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Purpose

To assess the choroidal structure using the Choroidal Vascularity Index (CVI) and analyse choroidal changes in choroideremia (CHM) carriers.



Material and Methods

Female CHM carriers, genetically characterized, and a control group were recruited at the Eye Clinic of Careggi Teaching Hospital, Florence. The patients underwent a complete ophthalmic evaluation and retinal imaging. In particular, the Stromal Area (SA), Luminal Area (LA), Total Choroidal Area (TCA), CVI, and Subfoveal Choroidal Thickness (SFCT) were calculated for each eye using Optical Coherence Tomography (OCT) examinations.



Results

Twelve eyes of 6 CHM carriers and 14 eyes of 7 age-matched controls were analysed. The mean SFCT was 270.9 ± 54.3μm in carriers and 281.4 ± 36.8μm in controls (p = 0.564); LA was 0.99 ± 0.25mm2 and 1.01 ± 0.13mm2 (p = 0.172); SA was 0.53 ± 0.09mm2 and 0.59 ± 0.07mm2 (p = 0.075), and TCA was 1.53 ± 0.34mm2 and 1.69 ± 0.19mm2 respectively (p = 0.146). Mean CVI measured 64.03 ± 3.98% in the CHM carriers and 65.25 ± 2.55% in the controls (p = 0.360).



Conclusions

The CVI and CVI-related parameters (SA, LA, and TCA) do not differ between CHM female carriers and controls. These findings reveal a preserved choroidal vasculature in eyes with RPE impairment and support the primary role of RPE in the pathogenesis of CHM disease.
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Introduction

Choroideremia (CHM) is an X-linked dystrophy characterized by a progressive and widespread degeneration of the Retinal Pigment Epithelium (RPE), Photoreceptors (PHR), and Choriocapillaris (CC). Its prevalence is estimated 1 in 50000–100000 (1). The disease is caused by a variety of mutations involving the CHM gene, located on chromosome Xq21.2 (1). The CHM gene encodes for Rab escort protein-1 (REP-1), involved in intracellular vescicular trafficking (2). Men are predominantly affected, while women are mainly asymptomatic carriers (1). The first symptom of choroideremia is development of nyctalopia during childhood, while peripheral vision loss frequently develops in the second decade of life (2). Good visual acuity is normally maintained until the fifth to seventh decade, when a rapid deterioration in central vision occurs, preceded by color vision deterioration (2). In CHM carriers, visual impairment is rarely present and it is typically associated with skewed X-inactivation (3). In fact, carriers usually have no symptoms or only mild to moderate night blindness. The earliest appearance of CHM on fundus examination is RPE pigment clumping (3). Successively, peripheral areas of atrophy develop. Although the atrophy progresses centripetally, an island of foveal tissue frequently persists. However, in advanced disease stages, it can reach the fovea. Differently from retinitis pigmentosa, in CHM larger choroidal blood vessels, retinal vessels, and optic disc normal configuration are preserved. Female carriers of CHM can express different degrees of chorioretinopathy, like areas of chorioretinal degeneration, yellowish drusen-like deposits, and peripheral pigmentary granularities (3). The diagnosis of CHM is based on typical fundus appearance and family history and confirmed by genetic testing. CHM has raised new interest since it is a promising candidate for successful gene therapy. Recently, the study of the choroid has been improved thanks to the Choroidal Vascularity Index (CVI), which has already been used for various retinal diseases (4–6). The CVI is defined as the proportion of the Luminal Area (LA) to the Total Choroidal Area (TCA), and therefore it studies quantitatively choroidal vascularity (4). In this study, we firstly have assessed the choroidal structure using the CVI and analysed choroidal changes in CHM carriers.



Materials and Methods


Study Population

Six female CHM carriers were recruited at the Regional Reference Center for Hereditary Retinal Degenerations at Careggi Teaching Hospital, Florence, Italy. Seven healthy female subjects of matching age and ethnicity were enrolled as a control group. The genetic examination was carried out at the Department of Genetic Diagnosis at Careggi Teaching Hospital. Accurate pharmacological and family histories were collected for each patient. All the patients underwent a complete ophthalmic examination, including Best Corrected Visual Acuity (BCVA), measurement of intraocular pressure, biomicroscopy of the anterior segment, and funduscopic examination. Moreover, all the patients underwent Fundus Autofluorescence (FAF) and color fundus photographs (ultra-wide-field digital scanning laser technology, Daytona, Optos), Swept Source Optical Coherence Tomography (SS-OCT), and OCT Angiography (Triton, Topcon Medical Systems Inc, Oakland, NJ, USA), Full-Field standard ERG according to ISCEV protocols (RETIMAX, Roland Consult, Brandenburg, Germany), Goldmann Visual Field. According to a classification used in previous studies (3, 7), four different patterns (A, B, C, D) describe the different appearances of the posterior pole in terms of RPE abnormalities for CHM carriers.



Choroidal Thickness Assessment and CVI Calculation

High-resolution choroidal imaging was obtained acquiring a 12x9 mm-line OCT scan centered at the fovea for each eye (Triton, Topcon Medical Systems Inc, Oakland, NJ, USA) (Figures 1, 2). Using the caliper tool present in the OCT software, the Subfoveal Choroidal Thickness (SFCT) was measured, at the level of the fovea, from Bruch’s Membrane to the sclero-choroidal interface. The subfoveal choroidal area with a width of 9 mm from the optic disc was considered the area of interest for measurement acquisitions (using line tool of software “Image J”). The binarization was performed using public domain software “Image J” (https://imagej.net/Welcome), as described by Agrawal et al. (8). Once the OCT scan was uploaded on “Image J” for each eye, the Total Choroidal Area (TCA) was measured across the entire length of the scan, using the RPE as anterior boundary and the scleral-choroidal interface as the posterior boundary. Successively, the image was converted into an 8-bit pixel resolution, and the mean pixel value was obtained for each point using Niblack auto local thresholding. Finally, the TCA was analysed with a Color Threshold Tool. The summary of the dark pixels constituted the Luminal Area (LA), while the summary of the light pixels represented the stromal area (SA); the ratio LA/TCA then revealed the CVI (Figures 1–3). Furthermore, the subfoveal choroidal area within a 3 mm diameter centered over the fovea (1.5 mm on either side of the fovea) was also selected and analysed according to the same method in CHM carriers to compare the choroidal OCT parameters between CHM carriers with and without central RPE abnormalities.




Figure 1 | (A) Long horizontal OCT B-scan at the fovea of a control. (B) 9 mm Horizontal OCT B-scan at the fovea. The orange line indicates the SFCT. (C) The image was binarized using Niblack’s auto-local threshold to calculate the CVI; the binarization was performed using public domain software “Image J” through an automated function. The dark pixels represent the luminal area and the white pixels the stromal area. (D) After uploading the images on Image J, a polygon tool was used to select the total choroid area (TCA-area between the yellow lines), with the RPE representing the anterior boundary of the TCA and the scleral-choroidal interface as the posterior boundary of the TCA, across the entire length of the scan.






Figure 2 | (A) Ultra-Widefield (UWF) color fundus imaging and (B) Fundus Autofluorescence (FAF) of the right eye of a 42-year-old CHM female carrier. UWF imaging shows large and irregular hypo-pigmented areas with yellowish deposits at the macula. (C) Long horizontal OCT B-scan at the fovea showing a preserved External Limiting Membrane (ELM) and slight irregularities of the Ellipsoid Zone (EZ) and RPE-Bruch’s membrane complex. (D) 9 mm horizontal OCT scan. The orange line indicates the SFCT. (E) The image was binarized using Niblack’s auto-local threshold to calculate the CVI; the binarization was performed using public domain software “Image J” trough an automated function. The dark pixels represent the luminal area and the white pixels the stromal area. (F) The CVI was calculated as the ratio between the Luminal Area (LA) and the total choroidal area (TCA). After uploading the images on Image J, a polygon tool was used to select the total choroid area (TCA-area between the yellow lines), with the RPE representing the anterior boundary of the TCA and the scleral-choroidal interface as the posterior boundary of the TCA, across the entire length of the scan.






Figure 3 | (A) Ultra-Widefield (UWF) color fundus imaging and (B) Fundus Autofluorescence (FAF) of the right eye of a 51-year-old female CHM carrier. FAF shows a normal appearance of the macula with multiple hypo-autofluorescent areas at the posterior pole and at the mid-periphery. (C) Long horizontal B-scan OCT passing through the fovea showing atrophy of the outer retinal layers (interdigitation zone, ellipsoid zone, outer nuclear layer) and RPE layer at the peripapillary area. (D) 9 mm horizontal B-scan OCT. The orange line indicates the SFCT. (E) The image was binarized using Niblack’s auto-local threshold in order to calculate the CVI. The binarization was performed using public domain software “Image J” through an automated function. The dark pixels represent the luminal area and the white pixels the stromal area. (F) The CVI was calculated as the ratio between the luminal area (LA) and the total choroidal area (TCA). After uploading the images on Image J, a polygon tool was used to select the total choroid area (TCA-area between the yellow lines), with the RPE as the anterior boundary of the TCA and the scleral-choroidal interface as the posterior boundary of the TCA, across the entire length of the scan.



The results of the study are expressed as mean ± standard deviation (SD) in the case of quantitative variables. A linear mixed model was used for the statistical analysis and to compute p-values. Mixed models account for correlated data between eyes of the same individual, thus making more conservative assumptions than standard t-test ignoring correlation. Moreover, no normality assumption of the dependent variable is required, but only that the variances of the residuals don’t differ across covariate levels. This assumption, i.e. homoscedasticity of residuals, was assessed with graphical inspection, and finding residuals were similar for CHM and controls.

Ethical approval was waived by the local Ethics Committee of the University of Florence. The study adhered to the principles of the Helsinki Declaration and all the participants signed a written informed consent.




Results


Study Population

The study evaluates 12 eyes of 6 CHM carriers and 14 eyes of 7 age-matched controls. The mean age was 45.5 ± 16.3 years (range, 15–61 years) for CHM carriers and 45.6 ± 12.8 years (range, 18–54 years) for controls. All CHM carriers were genetically characterized (Table 1). The BCVA was 20/20 for all the eyes included in the study. All the patients were asymptomatic. The mean spherical equivalent was 0.08 ± 0.34 D (range 0.75; -0.25) for the CHM female carrier group and −0.71 ± 1.39 D (range 1, −2.75) for controls. The Goldmann visual field was normal in all patients of both groups. The anterior segment was unremarkable in the 2 groups (in the CHM carrier group 5 patients were phakic, with a transparent lens, while only 1 patient was pseudophakic). Fundoscopic examination did not reveal alterations in the controls. On the contrary, all the CHM carriers showed variable pigmentary alterations at the mid and far peripheral retina. In particular, funduscopic examination revealed macular yellowish well-defined dots in 6 eyes of 3 patients and macular RPE dystrophy, with well-defined hypo-pigmented RPE areas, in both eyes of 1 patient. Two CHM carriers belonged to pattern A (Figure 3), 1 patient to pattern B, 2 patients to pattern C, and 1 patient to pattern D; therefore 4 patients (4/6) were characterized by RPE abnormalities both at the periphery and posterior pole (Figure 2).


Table 1 | Clinical and genetic findings.





Choroidal Thickness Assessment and CVI Calculation

The mean SFCT was 270.9± 54.3 μm in CHM carriers and 281.4 ± 36.8 μm in controls (p = 0.660). The LA resulted 0.99 ± 0.25 mm2 in the CHM carrier group and 1.01 ± 0.13 mm2 in the controls (p = 0.272). The SA was 0.53 ± 0.09 mm2 for CHM carriers and 0.59 ± 0.07 mm2 for controls (p = 0.250) and TCA 1.53 ± 0.34 mm2 and 1.69 ± 0.19 mm2 respectively (p = 0.245). The mean CVI measured 64.03 ± 3.98% for the CHM carriers and 65.25 ± 2.55% for the controls (p = 0.400) (Table 1). Furthermore, we studied the subfoveal choroidal area in CHM carriers with (4/6) and without RPE impairment (2/6) within a 3 mm diameter centered over the fovea; the LA was 0.504 ± 0.10 mm2 and 0.587 ± 0.06 mm2, the SA was 0.264 ± 0.07 mm2 and 0.225 ± 0.05 mm2, the TCA was 0.742 ± 0.14 mm2 and 0.812± 0.10 mm2, and the CVI was 66.39 ± 4.27 and 72.44 ± 4.64 for CHM carriers with and without central RPE impairment, respectively. There were no significant differences (p > 0.05).




Discussion

This study analyses the choroidal changes in CHM carriers using a biomarker recently introduced: the Choroidal Vascularity Index (CVI) (6, 8, 9). To our knowledge this is the first study to examine parameters such as the SA, LA, TCA, and CVI in CHM carriers and to compare the parameters with age- and sex-matched controls.

More specifically, we know that CHM carriers present fundus abnormalities early in the course of the disease (7, 10, 11), however we studied novel choroidal OCT parameters in order to quantify the choroidal abnormalities associated with retinal alterations; furthermore, these data could be helpful to better understand the pathogenic mechanism of choroideremia, which is still not clear. Different hypotheses have been suggested in literature with controversial theories: certain studies have proposed that the RPE degenerates first, followed by alteration of the choroid and photoreceptor (PHR) layer (12, 13); others that the photoreceptors are involved earlier while the RPE and choriocapillaris later (14, 15) or that independent damage of the RPE and PHRs occurs and is followed by deterioration of the choroid (16, 17); moreover, the histopathologic detection of gliosis led to the assumption that inflammation may play a role in the disease process (18).

Histological analyses have detected depigmentation and irregular thickness of the RPE, a thickened Bruch’s membrane, and a thinner hypocellular choroid in CHM carriers (12, 19). The results of our study do not show differences between carriers and controls regarding the SFCT. This finding is in accordance with previous studies that measured the SFCT using OCT (3, 7, 20), although it is known that this value tends to decrease with age (21, 22).

More recently, many authors did not observe retinal or choroidal vascular abnormalities in CHM female carriers using OCT-A (7, 23); more specifically, in a previous study, our group did not find any OCT-A differences between CHM carriers and controls when studying CHM female carriers who presented peripheral but also RPE alterations in the macular area (7). On the contrary, in young CHM patients, OCT-A revealed a significant impairment of vessel density in the retinal and choriocapillaris layers (7). These results supported a primary role of the RPE in CHM pathogenesis, followed by alteration in the choriocapillaris and, finally, in the retinal vasculature (7, 24).

Regarding the CVI in CHM, our group studied choroidal features in young and affected male patients (25). While a reduced CVI has been reported for other inherited retinal diseases, such as Stargardt disease, cone-rod dystrophy, retinitis pigmentosa, Best disease, and Bietti crystalline dystrophy (4–6), in young CHM male patients an unaltered CVI ratio was detected although the TCA, LA, and SA were reduced (25); the findings suggested a simultaneous impairment of the stromal and vascular components, which started from the peripheral areas (25). The reduced TCA and LA (caused by impairment of large and medium calibre choroidal vessels) were hypothesized to be secondary to choriocapillaris alterations (25).

In this study we did not observe differences in the CVI between CHM female carriers and controls; more specifically we did not detect differences in the LA, SA, and TCA either; these results are extremely important if we consider that in the majority of patients (4/6), we detected central RPE abnormalities. These results are in agreement with previous studies which did not find any choroidal abnormalities in CHM carriers compared to controls using both structural OCT and OCT-A (7, 23). Furthermore, Suzuki et al. (26) observed a normal SFCT and cone photoreceptor densities in CHM female carriers despite the presence of distinctive depigmentation of the RPE. We know that there is no general consensus regarding the correlation between CC impairment and CVI: although a reciprocal influence between CVI parameters and CC alteration is theoretically possible, a strong correlation has not been demonstrated since the CVI parameters may not be sensitive to small alterations of the CC layer (24, 25, 27,) for this reason, and according to the results of this study, we did not detect any impairment of the medium and large choroidal vessels in CHM carriers despite the presence of fundus abnormalities.

These findings further support the thesis already proposed regarding CHM pathogenesis (24 25): we believe that medium and large choroidal vessel abnormalities are not involved in CHM pathogenesis in carriers; the RPE is the first structure to undergo alterations in CHM carriers. Indeed, parameters such as the CVI, LA, SA, and TCA do not alter in CHM carriers who show RPE impairment at funduscopic examination, FAF and OCT (3).

The major limit of this study is the relatively low number of patients, although CHM is a rare disease. In particular, we have considered a specific population: CHM carriers, selected after an accurate study of all the family members, who were genetically characterized. We cannot exclude that some CHM carriers, characterized by a severe fundus phenotype (20) and therefore similar to CHM patients, could present an impairment of the LA, SA, and TCA.



Conclusion

In conclusion, female CHM carriers were characterized by an LA, SA, TCA, and CVI similar to the controls. The finding suggests the presence of preserved choroidal vasculature in eyes with RPE impairment and, therefore, supports the primary role of the RPE, rather than alteration of the medium and large vessels of the choroid, in the pathogenesis of CHM disease in carriers.



Data Availability Statement

The original contributions presented in the study are included in the article/supplementary files. Further inquiries can be directed to the corresponding author.



Ethics Statement

The studies involving human participants were reviewed and approved by Careggi University Hospital Ethic Committe. The patients/participants provided their written informed consent to participate in this study.



Author Contributions

All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.



References

1. Van den Hurk, JA, Schwartz, M, van Bokhoven, H, van de Pol, TJ, Bogerd, L, Pinckers, AJ, et al. Molecular Basis of Choroideremia (CHM): Mutations Involving the Rab Escort Protein-1 (REP-1) Gene. Hum Mutat (1997) 9(2):110–7. doi: 10.1002/(SICI)1098-1004(1997)9:2<110::AID-HUMU2>3.0.CO;2-D

2. Heon, E, Alabduljalil, T, McGuigan, DB III, Cideciyan, AV, Li, S, Chen, S, et al. Visual Function and Central Retinal Structure in Choroideremia. Invest Ophthalmol Vis Sci (2016) 57(9):OCT377–87. doi: 10.1167/iovs.15-18421

3. Murro, V, Mucciolo, DP, Passerini, I, Palchetti, S, Sodi, A, Virgili, G, et al. Retinal Dystrophy and Subretinal Drusenoid Deposits in Female Choroideremia Carriers. Graefes Arch Clin Exp Ophthalmol Albrecht Von Graefes Arch Klin Exp Ophthalmol (2017) 255(11):2099–111. doi: 10.1007/s00417-017-3751-5

4. Agrawal, R, Ding, J, Sen, P, Rousselot, A, Chan, A, Nivison-Smith, L, et al. Exploring Choroidal Angioarchitecture in Health and Disease Using Choroidal Vascularity Index. Prog Retin Eye Res (2020) 77:100829. doi: 10.1016/j.preteyeres.2020.100829

5. Iovino, C, Au, A, Hilely, A, Violanti, S, Peiretti, E, Gorin, MB, et al. Evaluation of the Choroid in Eyes With Retinitis Pigmentosa and Cystoid Macular Edema. Invest Ophthalmol Vis Sci (2019) 60(15):5000–6. doi: 10.1167/iovs.19-27300

6. Iovino, C, Pellegrini, M, Bernabei, F, Borrelli, E, Sacconi, R, Govetto, A, et al. Choroidal Vascularity Index: An In-Depth Analysis of This Novel Optical Coherence Tomography Parameter. J Clin Med (2020) 9(2):595. doi: 10.3390/jcm9020595

7. Murro, V, Mucciolo, DP, Giorgio, D, Sodi, A, Passerini, I, Virgili, G, et al. Optical Coherence Tomography Angiography (OCT-A) in Choroideremia (CHM) Carriers. Ophthalmic Genet (2020) 41(2):146–51. doi: 10.1080/13816810.2020.1747086

8. Agrawal, R, Salman, M, Tan, K-A, Karampelas, M, Sim, DA, Keane, PA, et al. Choroidal Vascularity Index (CVI)–A Novel Optical Coherence Tomography Parameter for Monitoring Patients With Panuveitis? PloS One (2016) 11(1):e0146344. doi: 10.1371/journal.pone.0146344

9. Agrawal, R, Gupta, P, Tan, K-A, Cheung, CM, Wong, TY, Cheng, CY, et al. Choroidal Vascularity Index as a Measure of Vascular Status of the Choroid: Measurements in Healthy Eyes From a Population-Based Study. Sci Rep (2016) 6:21090. doi: 10.1038/srep21090

10. Renner, AB, Kellner, U, Cropp, E, Preising, MN, MacDonald, IM, van den Hurk, JA, et al. Choroideremia: Variability of Clinical and Electrophysiological Characteristics and First Report of a Negative Electroretinogram. Ophthalmology (2006) 113(11):2066.e1–10. doi: 10.1016/j.ophtha.2006.05.045

11. Preising, MN, Wegscheider, E, Friedburg, C, Poloschek, CM, Wabbels, BK, and Lorenz, B. Fundus Autofluorescence in Carriers of Choroideremia and Correlation With Electrophysiologic and Psychophysical Data. Ophthalmology (2009) 116(6):1201–9. doi: 10.1016/j.ophtha.2009.01.016

12. Flannery, JG, Bird, AC, Farber, DB, Weleber, RG, and Bok, D. A Histopathologic Study of a Choroideremia Carrier. Invest Ophthalmol Vis Sci (1990) 31(2):229–36.

13. Morgan, JIW, Han, G, Klinman, E, Maguire, WM, Chung, DC, Maguire, AM, et al. High-Resolution Adaptive Optics Retinal Imaging of Cellular Structure in Choroideremia. Invest Ophthalmol Vis Sci (2014) 55(10):6381–97. doi: 10.1167/iovs.13-13454

14. Syed, N, Smith, JE, John, SK, Seabra, MC, Aguirre, GD, and Milam, AH. Evaluation of Retinal Photoreceptors and Pigment Epithelium in a Female Carrier of Choroideremia. Ophthalmology (2001) 108(4):711–20. doi: 10.1016/s0161-6420(00)00643-6

15. Jacobson, SG, Cideciyan, AV, Sumaroka, A, Aleman, TS, Schwartz, SB, Windsor, EA, et al. Remodeling of the Human Retina in Choroideremia: Rab Escort Protein 1 (REP-1) Mutations. Invest Ophthalmol Vis Sci (2006) 47(9):4113–20. doi: 10.1167/iovs.06-0424

16. Bonilha, VL, Trzupek, KM, Li, Y, Francis, PJ, Hollyfield, JG, Rayborn, ME, et al. Choroideremia: Analysis of the Retina From a Female Symptomatic Carrier. Ophthalmic Genet (2008) 29(3):99–110. doi: 10.1080/13816810802206499

17. Syed, R, Sundquist, SM, Ratnam, K, Zayit-Soudry, S, Zhang, Y, Crawford, JB, et al. High-Resolution Images of Retinal Structure in Patients With Choroideremia. Invest Ophthalmol Vis Sci (2013) 54(2):950–61. doi: 10.1167/iovs.12-10707

18. MacDonald, IM, Russell, L, and Chan, C-C. Choroideremia: New Findings From Ocular Pathology and Review of Recent Literature. Surv Ophthalmol (2009) 54(3):401–7. doi: 10.1016/j.survophthal.2009.02.008

19. MacDonald, IM, Chen, MH, Addison, DJ, Mielke, BW, and Nesslinger, NJ. Histopathology of the Retinal Pigment Epithelium of a Female Carrier of Choroideremia. Can J Ophthalmol J Can Ophtalmol (1997) 32(5):329–33.

20. Suzuki, K, Gocho, K, Akeo, K, Kikuchi, S, Kubota, D, Katagiri, S, et al. High-Resolution Retinal Imaging Reveals Preserved Cone Photoreceptor Density and Choroidal Thickness in Female Carriers of Choroideremia. Ophthalmic Surg Lasers Imaging Retina (2019) 50(2):76–85. doi: 10.3928/23258160-20190129-03

21. Xue, K, Oldani, M, Jolly, JK, Edwards, TL, Groppe, M, Downes, SM, et al. Correlation of Optical Coherence Tomography and Autofluorescence in the Outer Retina and Choroid of Patients With Choroideremia. Invest Ophthalmol Vis Sci (2016) 57(8):3674–84. doi: 10.1167/iovs.15-18364

22. Khan, KN, Islam, F, Moore, AT, and Michaelides, M. Clinical and Genetic Features of Choroideremia in Childhood. Ophthalmology (2016) 123(10):2158–65. doi: 10.1016/j.ophtha.2016.06.051

23. Abbouda, A, Dubis, AM, Webster, AR, and Moosajee, M. Identifying Characteristic Features of the Retinal and Choroidal Vasculature in Choroideremia Using Optical Coherence Tomography Angiography. Eye Lond Engl (2018) 32(3):563–71. doi: 10.1038/eye.2017.242

24. Murro, V, Mucciolo, DP, Giorgio, D, Sodi, A, Passerini, I, Virgili, G, et al. Optical Coherence Tomography Angiography (OCT-A) in Young Choroideremia (CHM) Patients. Ophthalmic Genet (2019) 40(3):201–6. doi: 10.1080/13816810.2019.1611880

25. Murro, V, Mucciolo, DP, Giorgio, D, Passerini, I, Cipollini, F, Virgili, G, et al. Choroidal Vascularity Index in Young Choroideremia Patients. Retina Phila Pa (2020). doi: 10.1097/IAE.0000000000002960

26. Jauregui, R, Park, KS, Tanaka, AJ, Cho, A, Paavo, M, Zernant, J, et al. Spectrum of Disease Severity and Phenotype in Choroideremia Carriers. Am J Ophthalmol (2019) 207:77–86. doi: 10.1016/j.ajo.2019.06.002

27. Shi, Y, Zhang, Q, Zhou, H, Wang, L, Chu, Z, Jiang, X, et al. Correlations Between Choriocapillaris and Choroidal Measurements and the Growth of Geographic Atrophy Using Swept Source OCT Imaging. Am J Ophthalmol (2020) 224:321–31. doi: 10.1016/j.ajo.2020.12.015




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Mucciolo, Giorgio, Lippera, Passerini, Pelo, Cipollini, Sodi, Virgili, Giansanti and Murro. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fopht.2021.755058_cover.jpg
’ frontiers
in Ophthalmology

Choroidal Vascularity Index in
CHM Carriers





OEBPS/Images/fopht-01-755058-g001.jpg
-
-
L J
L)

w 0

W,






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Choroidal Vascularity Index in CHM Carriers

      

        		

          Purpose

        



        		

          Material and Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Study Population

          



          		

            Choroidal Thickness Assessment and CVI Calculation

          



        



        



        		

          Results

        

          		

            Study Population

          



          		

            Choroidal Thickness Assessment and CVI Calculation

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fopht-01-755058-g003.jpg





OEBPS/Images/logo.jpg
’ frontiers
in Ophthalmology





OEBPS/Images/table1.jpg
Clinical and OCT data

Age, years mean (SE)
SphEq, diopters mean (SE)
SFCT, um mean (SE)
LA, mm? mean (SE)
SA, mm? mean (SE)
TCA, mm? mean (SE)
CVI mean (SE)
CHM-carrier mutations
CHM carriers

Patient P1

Patient P2

Patient P3

Patient P4

Patient PS5

Patient P6

CHM carriers (n = 6)

455 (5.92)
0.08 (0.13)
270.9 (17.53)
0.98(0.07)
054 (0.03)
1.53 (0.09)
63.9 (1.09)

controls (n=7)

45,6 (5.50)
~0.71 (051)
281.4 (16.23)
1.09 (0.06)
0.590 (0.02)
1.68 (0.09)
652 (1.01)

CHM mutations
©.666_669del (p.Glu223Alafs*8)
C.757C>T (p.Arg253*)
(c.-29-?_1962+7del)
(c.-29-?_1962+7del)
€.666_669del (p.Glu223Alafs*8)
©.1584_1587del (p. Val529Hisfs*7)

P value

0.993
0.161
0.660
0.272
0.250
0.245
0.400

SphEqg, mean spherical equivalent; LA, luminal area; SA, stromal area; TCA, total choroidal area; CVI, choroidal vascularity index; SE, standard error.
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