
indeterminable measurement of EZ were identified. Nine cases of them 
were in the "Ozucat" group and 9 in the “cataract alone” group. A sta
tistically significant difference was observed between the two groups of 
patients with quantifiable EZ at both 6 and 12 months follow up 
(p<0.0001), as shown in Fig. 8.

In the "Ozucat" group, mean BCVA was 38.12± 34.36 ETDRS letters 
at baseline, 50.31± 29.85 ETDRS letters at 6 months after surgery and 
50.88± 29.45 at 12-month follow up.

In the "cataract alone" group, mean BCVA at baseline was 50.31±
30.39 ETDRS letters, at 6-month and 12-month follow up it was 51.84±
31.36 and 53.02± 31.17 ETDRS letters, respectively.

The increase in BCVA was statistically significant for both the 
"Ozucat" group and "cataract alone" group at 6 and 12 months after 
surgery (p=0.003).

However, there is no statistical difference between the two groups in 
terms of ETDRS at either 6 month and 12 months, with p-values of 
0.7464 and 0.5351, respectively, as shown in Fig. 9.

No patients experienced any adverse events during and after the 
surgical procedures, such as rupture of the posterior capsule, post- 
surgical intraocular hypertension, endophthalmitis and IOL 
opacification.

4. Discussion

Our findings demonstrated that typical RP patients who received 
combined cataract surgery and intravitreal dexamethasone implant 
exhibited superior maintenance of the EZ integrity compared to the 
cataract-alone group. Retinitis pigmentosa (RP) is characterized by the 

Fig. 7. (a). Representation of a healthy retina, detailing the outer retinal layers (ORL) and the retinal pigmented epithelium (RPE). (b) is representative of a retinitis 
pigmentosa (RP) patient, in which the ellipsoid zone (EZ) before surgery is missing. No changes are recorded after surgery (b’). (c-c’) are representative of a RP 
patient, included in the cataract group, before and after surgery respectively. No changes in the EZ length can be appreciated. (d-d’) are representative of a RP 
patient, included in the Ozucat group, before and after surgery respectively. In (d), the granularity of the EZ corresponds to photoreceptors maintenance, which 
results into an increase in the EZ length after combined surgery (d’).
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degeneration of rod photoreceptors, resulting in a loss of survival fac
tors, which subsequently leads to metabolic failure and morphological 
alterations in cone photoreceptors. Furthermore, the inflammation ex
acerbates oxidative stress, modifies the pentose phosphate pathway, and 
results in cone cell death.

Colombo et al. reported that in RP patients, the EZ width reduced at 
an annual average rate of 76.4 μm (4.16% per year).13 The European 
Medicines Agency (EMA) recommends the intravitreal dexamethasone 
implant for adult ocular posterior segment inflammatory disorders.

While both groups had an enhancement in BCVA, only the group 
receiving the simultaneous Ozurdex implant displayed a statistically 
significant preservation of the EZ at the 6 and 12-month follow-up. The 

potential rationale for the enhanced preservation of EZ in this cohort 
may stem from the beneficial impact of dexamethasone in mitigating the 
remodeling and degranulation of impaired cones subsequent to exten
sive adjacent rod cell death. Nonetheless, the study’s retrospective 
design and limited sample size necessitate additional research to vali
date our core findings. The absence of post-surgical alterations in eyes 
with completely compromised ellipsoid zones (EZ length = 0) at base
line indicated the ineffectiveness of intravitreal dexamethasone im
plants when cone cells had already degenerated or their regressive 
remodeling was excessively advanced, specifically with damaged inner 
segments. Furthermore, a recent research by He et al. indicated that 
there was no enhancement in visual acuity among RP patients post- 

Fig. 8. Box plots of the range of difference for ellipsoid zone (EZ) observed at 6 (blue) and 12 (red) months for both groups. The p values referred to the results of the 
Wilcoxon test, comparing the changes between the two groups. The horizontal line represented the median, the border the interquartile range (between 25 and 75). 
The dots were the outliers, beyond the adjacent lines (1.5 IQR).

Fig. 9. Box plots of the range of difference for ETDRS observed at 6 (blue)r and 12 (red) months for both groups. The p values referred to the results of the Wilcoxon 
test, comparing the changes between the two groups. The horizontal line represented the median, the border the interquartile range (between 25 and 75). The dots 
were the outliers, beyond the adjacent lines (1.5 IQR).
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cataract surgery when the EZ was not visible in the pre-operative OCT 
assessment. Based on these data, the authors advised against undergoing 
surgery when the EZ was undetectable at baseline.14

Our findings were in line with the concept of bystander degeneration 
of cones in RP and with the long-time sparing of the most central part of 
the retina, where cones are relatively isolated from rods. As observed by 
Guadagni et al., a link existed between retinal inflammation and 
bystander cone degeneration, reinforcing the notion that cone survival 
in RP can be pursued using long-lasting anti-inflammatory implants.8

Dexamethasone indeed is known to inhibit microglial production and 
the release of inflammatory molecular species, reducing their toxic ef
fect on cones’ survival.

Recently, it has been reported that the first cones’ response to an 
oxidative environment was represented by loss of function, thus fol
lowed by death, if the trigger agent was not removed.15,16 Chrysostomou 
et al., demonstrated a decrease in cone b-wave amplitude in the P23H 
rat, a model of RP, when exposed to a photopic environment, without 
changes in cone density, but with evidence of a shortening of cone outer 
segments.15 On the other hand, exposure for 5 weeks to scotopic con
ditions elicited a recovery in both cone b-wave amplitude and cone outer 
segments length.15 Sahel et al. clearly demonstrated an opposite trend in 
cone loss and in retinal morphology after the subretinal injection of 
RdCVF (Rod-derived Cone Viability Factor) protein compared to un
treated controls.17 These results suggested that a step-by-step process 
leads to cone loss in RP, which begins with outer segment shortening, as 
reported in various models of this disease.17

On the other hand, dexamethasone could act directly on cone 
physiology by modulating their metabolism. Although the regulation of 
metabolism by corticosteroids at organismal level has already been well 
characterized, studies at cellular levels are recently emerging. As li
gands, these molecules explicit their function by binding to mineralo
corticoids (MR) and glucocorticoids receptors (GR) which can control 
the expression of different immune and metabolic genes.18,19 In partic
ular, activated GRs can regulate the gene expression not only of nuclear 
but also of mitochondrial DNA, although the consequences of this ac
tivity are yet not clarified.20 Low doses of corticosterone, the natural 
corticosteroid, have positive effects on mitochondrial function in 
cultured neurons by increasing the rate of energy production and cal
cium holding capability.21 Thus, a potentiated mitochondrial activity 
could optimize the compromised energy yield of cones due to the scarce 
availability of glucose in RP eyes.

Besides a metabolic amelioration, an additional explanation of the 
beneficial effects of dexamethasone implant could be from a structural 
point of view. Recently, it has been demonstrated that the precise or
ganization of cones’ mitochondria in the ellipsoid had relevant optical 
properties to concentrate the light to the outer segments, achieving an 
effect similar to the Stiles-Crawford one. Hence, active and spatially 
well-organized mitochondria may improve the visual resolution trough 
a better focusing of light to the outer segments.22

Remarkably, all included patients in the "Ozucat" group did not 
report any adverse event related to the combined surgical procedures, 
such as ocular hypertension and cystoid macular edema.

The primary limitations of our study were the relatively small sample 
size, the relatively short follow-up interval, the retrospective analysis of 
images, which did not allow for a test-re-test measurement, and the 
potential impact of cataract per se on OCT image quality. However, only 
patients whose exams had a quality index greater than 7/10 were 
enrolled in order to ensure a sufficient resolution and the possibility of 
an adequate comparison. Moreover, the variability in EZ measurements 
could be a result of test-re-test reliability and manual measurement as 
well as potential anomalies from previous image acquisitions (e.g., 
photobleaching) that may have contributed to EZ disruption. Yet, our 
data solicited further longitudinal studies in eyes with RP to confirm the 
efficacy of intravitreal dexamethasone implant and its applicability on a 
large scale, considering the total absence of pharmacological tools to 
constrain the disease.

Our findings suggest a potential role for intravitreal dexamethasone 
implants in typical RP eyes, as demonstrated by EZ preservation in OCT 
images; however, further research is necessary.
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Table content

A notable structural alteration in retinitis pigmentosa (RP) eyes is the 
disappearance of the circumfoveal ellipsoid zone (EZ) and the subse
quent rupture of the outer nuclear layer (ONL) in the advanced stages of 
the disease. Attenuation, interruption, and disruption of the EZ have 
been regarded as trustworthy indicators of long-term vision impairment.

To assess the potential preservation of the ellipsoid zone (EZ) with 
optical coherence tomography (OCT) in patients with retinitis pigmen
tosa (RP) who received intravitreal dexamethasone concurrently with 
cataract surgery.
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17. Sahel JA, Léveillard T, Picaud S, Dalkara D, Marazova K, Safran A, et al. Functional 
rescue of cone photoreceptors in retinitis pigmentosa. Graefes Arch Clin Exp 
Ophthalmol. 2013;251(7):1669–1677. https://doi.org/10.1007/s00417-013-2314-7.

18. Sulaiman RS, Kadmiel M, Cidlowski JA. Glucocorticoid receptor signaling in the eye. 
Steroids. 2018;133:60–66. https://doi.org/10.1016/j.steroids.2017.11.002.

19. Viegas FO, Neuhauss SCF. A Metabolic Landscape for Maintaining Retina Integrity 
and Function. Front Mol Neurosci. 2021;14, 656000. https://doi.org/10.3389/ 
fnmol.2021.656000.

20. Kokkinopoulou I, Moutsatsou P. Mitochondrial Glucocorticoid Receptors and Their 
Actions. Int J Mol Sci. 2021;22(11). https://doi.org/10.3390/ijms22116054.

21. Du J, Wang Y, Hunter R, Wei Y, Blumenthal R, Falke C, et al. Dynamic regulation of 
mitochondrial function by glucocorticoids. Proc Natl Acad Sci U S A. 2009;106(9): 
3543–3548. https://doi.org/10.1073/pnas.0812671106.

22. Ball JM, Chen S, Li W. Mitochondria in cone photoreceptors act as microlenses to 
enhance photon delivery and confer directional sensitivity to light. Sci Adv. 2022;8 
(9):eabn2070. https://doi.org/10.1126/sciadv.abn2070.

M.C. Savastano et al.                                                                                                                                                                                                                          AJO International 1 (2024) 100085 

9 

https://doi.org/10.1016/j.ajo.2007.11.018
https://doi.org/10.1016/j.ajo.2007.11.018
https://doi.org/10.1016/j.oret.2017.07.020
https://doi.org/10.1016/j.oret.2017.07.020
https://doi.org/10.1016/s0140-6736(06)69740-7
https://doi.org/10.1001/archopht.125.2.151
https://doi.org/10.1001/archopht.125.2.151
https://doi.org/10.1089/ars.2015.6327
https://doi.org/10.1089/ars.2015.6327
https://doi.org/10.15252/emmm.201505298
https://doi.org/10.1016/j.preteyeres.2017.08.004
https://doi.org/10.1016/j.preteyeres.2017.08.004
https://doi.org/10.1096/fj.201900414R
https://doi.org/10.1371/journal.pone.0050726
http://refhub.elsevier.com/S2950-2535(24)00085-6/sbref0010
http://refhub.elsevier.com/S2950-2535(24)00085-6/sbref0010
http://refhub.elsevier.com/S2950-2535(24)00085-6/sbref0010
https://doi.org/10.51329/mehdiophthal1500
https://doi.org/10.51329/mehdiophthal1500
https://doi.org/10.1186/s12886-018-0817-z
https://doi.org/10.1007/s40123-022-00563-2
https://doi.org/10.1167/iovs.07-1158
https://doi.org/10.1167/iovs.07-1158
https://doi.org/10.1038/mt.2009.28
https://doi.org/10.1007/s00417-013-2314-7
https://doi.org/10.1016/j.steroids.2017.11.002
https://doi.org/10.3389/fnmol.2021.656000
https://doi.org/10.3389/fnmol.2021.656000
https://doi.org/10.3390/ijms22116054
https://doi.org/10.1073/pnas.0812671106
https://doi.org/10.1126/sciadv.abn2070

