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Abstract

:

Background: The aim of this study was to describe the value of the Odysight® application in addition to a classical follow-up regimen in the detection of exudative recurrences in patients with macular edema. Methods: We conducted an observational, multicenter, retrospective study. The Odysight® application includes a visual acuity (VA) test that can lead to alerts in case of a drop of >5 VA letters on two successive tests. The efficacy of the alerts in detecting exudative recurrence was studied. Results: A total of 149 eyes of 123 patients were included. The sensitivity of alerts for the detection of recurrence was 30.8% (95% CI [17.6; 44.0]) and its specificity was 83.7% (95% CI [73.2; 94.3]. A better baseline VA was found to be significantly associated with a better retention of the application (OR = 0.05, 95% CI [0.002; 0.62]; p = 0.045). Of the 12/39 alerts that detected a recurrence, eight (20.5% of all alerts) resulted in the scheduling or advancement of an intravitreal injection. Conclusions: In the present study, the sensitivity and positive predictive value of the Odysight® application seems low but its use in addition to the usual follow-up of the patient can detect, in certain cases, an early recurrence and thus allow an anticipated readjustment of the treatment.
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1. Introduction


The prognosis of macular edema from chronic retinal diseases has considerably changed since intravitreal injections have become available [1]. Nevertheless, these diseases are treated with repeated injections to avoid recurrences that lead to a short-term visual loss which can be definitive if not treated soon enough [2,3]. Recurrence can be confirmed by visual acuity (VA) measurements, but more importantly, by optical coherence tomography (OCT), a highly specialized examination that reveals edema in the retina in a quasi-histological manner. The first follow-up regimens were based on monthly injections, and these have been replaced more recently by regimens developed to limit the therapeutic burden, such as the reactive and the proactive regimens [4]. However, recurrence can occur between two consultations for both regimens and lead to visual loss if not treated in time [5]. Tools to detect recurrence at home have been developed; the Amsler grid is the most well-known but its sensitivity to detect recurrence is quite variable and rather low for a screening test [6]. Moreover, there may be limited value in its use alone for the detection of new disease activity [7], or recurrence [8], in neovascular age-related macular degeneration (AMD). More recently, several remote tools have been developed to detect early-stage disease or recurrence. The ForeseeHome® is a home device that use preferential hyperacuity perimetry, providing rather good performance to detect early presence of neovascular AMD [9]. However, it requires specific equipment that is not commercialized in Europe. Since the advance of smartphone technology, specific applications for eye monitoring have been developed. Two mobile applications using hyperacuity measure using a dot alignment test (Alleye®; Oculocare medical Inc., Zürich, Switzerland) or shape discrimination (myVisionTrack®; Vital Art and Science, Inc., Dallas, TX, USA) have been developed [10,11] but were not available in France at the beginning of the study. Odysight® is another mobile application (Tilak Healthcare, Paris, France) that was first released in 2018 and which allows the measurement of VA at home on a smartphone, sending the prescriber and the patient an alert when it is found to be reduced with respect to baseline on two successive tests [12]. This could be indicative of potential recurrence and therefore bring forward the following appointment and thus allow more rapid treatment in case of confirmed recurrence. Although this tool has been evaluated for its effectiveness in detecting a drop in VA [13], no study has been conducted under real-life conditions for detecting recurrence. Moreover, it is also reported that the use of the application decreases over time (51% of users at 3 months) [13], and it is therefore of interest to identify the factors associated with retention in order to better target this application.



The aim of the present observational study was to describe the value of the Odysight® application in addition to a classical follow-up regimen for the detection of exudative recurrences in patients with macular edema treated by intravitreal injection. The secondary objectives were to describe the conversion and retention rates of this screening tool in a real-life setting.




2. Materials and Methods


Selection: We conducted an observational, retrospective, multicenter study. The Odysight® application was proposed to patients with macular edema treated by intravitreal injection between 1 May 2019 and 30 June 2021 in three ophthalmological centers in Lyon, France (Croix-Rousse and Edouard Herriot University Hospitals, and the Desgenettes Military Hospital). Inclusion criteria were patients 18 years of age or older with macular edema of known etiology and needing recurrent intravitreal injection (exudative AMD, diabetic macular edema [DME], cystoid macular edema with retinal vein occlusion [RVO], myopic choroidal neovascularization [CNV], pachychoroid neovasculopathy, CNV due angioid streaks, or inflammatory CNV). Exclusion criteria were no smartphone or tablet, and patient refusal to use the application; patients unable to read or understand French were excluded, as were those with a binocular VA < 20/63 or a monocular VA < 20/200, for whom the application is not recommended by the editor (Tilak Healthcare). Informed consent was obtained from all the participants. Research was conducted in accordance with the Declaration of Helsinki. An international review board approved the study (Ethics Committee of the French Society of Ophthalmology, IRB 00008855 Société Française d’Ophtalmologie IRB#1). Odysight® application: This application can be downloaded and used on a smartphone or tablet and requires an internet connection to be used. It is available in France and the USA on the Apple store® and Google Play store®. A medical prescription is required to link the patient to his/her referring ophthalmologist. The application includes a VA test using the “tumbling E” and is based on the Early Treatment Diabetic Retinopathy Study (ETDRS) scale, which is the screening test and can lead to alerts. It also includes a puzzle game to reinforce adherence to the tests and an Amsler grid (not part of the alert system; Figure 1).



The first step in the application is a calibration test for each eye that defines baseline VA. For each VA test, the distance between the patient and the device is automatically measured by the camera of the smartphone or the tablet, as is the brightness. The tests are carried out in monocular fashion. Data are then sent to a digital platform to which only the prescriber has access. An alert can be triggered when a patient registers a drop of >5 VA letters on two consecutive tests compared to the threshold value, which is calculated according to the mean of previous tests (mean of a maximum of 15 previous tests). In the case of a drop of >5 VA letters compared to this threshold value, a pre-alert is triggered. The patient is then invited to redo a test to confirm this decrease of VA. If the decrease of >5 VA letters is confirmed, then the alert is triggered. The patient is then notified directly of this alert on the application but also by email and text message. It is explained to the patient to contact his/her ophthalmologist. The prescriber is also informed of the alerts during his/her connection to the secure platform and by an email. In addition, all patients were followed as usual, regardless of whether or not they used the application. Data collection: Patient characteristics collected were sex, age, disease, eye affected, best-corrected visual acuity (BCVA), intravitreal molecule (ranibizumab, aflibercept, dexamethasone implant), treatment regimen (reactive or proactive), and date of diagnosis. The VA was measured on the Snellen or ETDRS scales according to availability. All VA scores were converted to LogMAR for standardization and comparison. Data from OCT examinations were also collected. Recurrence of macular edema was defined as the presence of fluid on the OCT. A patient could have both eyes included in the study if both were treated with intravitreal injection. Outcome measures: The primary endpoint was the Sensitivity (Se) of alerts generated by the application; Se was the probability of an alert when the patient had macular edema recurrence. Specificity (Sp), positive predictive value (PPV) and negative predictive value (NPV) were also calculated: Sp was the probability of the absence of an alert when the patient did not have a recurrence, PPV was the probability of having a recurrence of macular edema if the test was positive and the NPV was the probability of not having a recurrence if the test was negative. These were calculated retrospectively by comparing the data from the application with that in the medical record completed during consultation including OCT. All patients who used the application (irrespective of the frequency) were considered, and a subgroup analysis was made where only patients who used the application on a regular basis (at least once a week) were analyzed. As an alert can only be triggered after a minimum of two tests on the same eye, only the patients that performed at least two tests on the studied eye were analyzed, and only the last test performed at home before the consultation was considered for comparison with the data collected during the consultation. If a recurrence was documented during the consultation, a treatment decision was indicated if the patient followed a reactive regimen, or the interval between two consultations/injections was reduced if the patient followed a proactive regimen. One patient could have several alerts. The secondary endpoints were the conversion rate (i.e., installation of the application and completion of at least one test in addition to the first calibration test), as well as the retention rate (i.e., use of the application more than 3 months after the first use) and the factors associated with this. The interval between the home test considered and the consultation was also calculated overall, and according to the agreement between the home test and the consultation. Statistics: Quantitative variables were described by the mean and a 95% confidence interval [95% CI] or by the median and interquartile range [IQR]; qualitative variables were described by frequency and percentage. Patient characteristics were compared between groups using a Chi-squared test or the Student’s t-test for qualitative parameters and the Wilcoxon test for quantitative parameters. A univariate analysis followed by multivariate logistic regression was conducted to look for predictive factors of retention. If both eyes were included in the study, the eye with the worst VA was taken into account for the multivariate analysis. The estimated duration of use was estimated using the Kaplan–Meier method. For the statistical analysis, three groups were composed according to the pathology and the expected number of patients: exudative AMD, DME or RVO, and other diseases. All analyses were performed using R-3.5.3 software (R Foundation for Statistical Computing, Vienna, Austria).




3. Results


3.1. Patients


A total of 149 eyes of 123 patients were included (Figure 2). The etiologies of macular edema were: exudative AMD (n = 69, 46.3%), RVO (n = 31, 20.8%), DME (n = 18, 12.1%), myopic CNV (n = 14, 9.4%), pachychoroid neovasculopathy (n = 12, 8.1%), post-operative macular edema (n = 2, 1.3%), CNV due to angioid streaks (n = 2, 1.3%), and inflammatory CNV (n = 1, 0.7%; Table 1).




3.2. Conversion and Retention Rate


A total of 64 patients (52.0%) were converted to the application (Figure 2). Among these, the median [IQR] duration of use was 96 [5–193] days. The retention rate in the total population at 3 months was 26.8% The estimated duration of use in the total population is estimated by a Kaplan–Meier curve (Figure 3). The median [IQR] number of tests among converted patients was 12 [2–31]; there were a median [IQR] 1.1 tests [0.6–2.5] performed per week per patient. Of the 46 patients (37.4%) who used the application more than 1 week, 21 (45.6%) performed at least one test per week. In addition to the tests, 54.2% of the total population played the games included in the application.




3.3. Alerts


A total of 47 patients performed at least two tests on the study eye in addition to calibration, and therefore could have an alert (index patients). Of the 206 tests (index tests) performed before a consultation and that could be used, there were 40 alerts from 18 patients, of which 39 could be interpreted. One alert could not be analyzed because the patient was lost to follow-up and did not wish to return for a consultation (Figure 2). Of the 39 alerts analyzed, 33 (84.6%) led to a consultation performed within 7 days. The mean (SD) interval between the alert and the next consultation was 8.9 (14.8) days; this was 3.3 (2.7) days for true positives and 11.4 (17.0) days for false positives, this difference was not statistically significative (p = 0.10); this was 7.9 (12.3) for true negatives and 18.9 (23.8) days for false negatives, this difference was statistically significative (p < 0.005). Of the 39 alerts there were 12 true positives and 27 false positive (Figure 2). The Se of alerts for the detection of recurrence was 30.8% (95% CI [17.6; 44.0]) and its Sp was 83.7% (95% CI [73.2; 94.3]). The PPV of alerts was 30.8% (95% CI [17.6; 44.0]) and the NPV was 83.7% (95% [73.2; 94.3]; Table 2); in those performing at least one test per week, the Se was greater (47.8%, 95% CI [28.6; 67.0]) and the Sp lower (78.0% 95% CI [69.1; 93.0]; Table 3).



Of the 12/39 alerts that detected a recurrence, eight (20.5% of all alerts) resulted in the scheduling or advancement of an intravitreal injection. In the other four eyes, the alert was triggered just before a planned consultation and management was not changed. Of the eight alerts that changed management, patients were on a reactive regimen in seven cases (87.5%) and dexamethasone implant injections were used in five eyes (62.5%).




3.4. Analysis of Patients Who Retained the Application for More Than 3 Months


Among the total population, a better baseline VA was found to be significantly associated with a better retention in univariate analysis (OR = 0.04, 95% CI [0.001; 0.53]; p = 0.03). This was confirmed in the multivariate analysis (OR = 0.05, 95% CI [0.002; 0.62]; p = 0.045). There was no significant association for age, sex, follow-up regimen, pathologies and time from diagnosis (Table 4).





4. Discussion


In the present study, the sensitivity of the Odysight® application seems low. This can be explained by early recurrence being identified on the OCT by an increase of an edema, possibly without causing loss of VA. However, the application allows only the detection of a decrease in VA and therefore edema recurrence could be missed. This should be kept in mind when analyzing the results of this study because the decision to retreat a patient is made as soon as macular edema recurs, and this generally precedes VA decline [14]. Therefore, the application cannot be used as a means to replace regular consultation but could help to extend monitoring at home. Interestingly, when the application sent an alert this led to a modification of the management of the disease by bringing forward treatment in a fifth of cases. This is of importance, as it is now well known that numerous, or large fluctuations, of macular thickness are associated with VA loss over the course of the disease [15,16]. PPV was also low, representing a lot of false positives. Similarly, this can be due to the nature of the measurements, i.e., visual acuity; it has been shown that this measurement is not constant, especially in patients that have low VA [17], and that a change of five letters may be insufficient to detect a significant clinical change [18,19]. Odysight® tried to limit it by triggering an alert after two measurements of a VA drop, and by trying to measure VA in reproductible conditions; the application evaluates the distance and ambient luminosity during each test.



It is of note that the Se and Sp herein were lower than that reported in a previous study evaluating the Odysight® application (Se 99% and Sp 94%) [13]. However, the gold standard considered in this study was a decrease in clinically evaluated VA, which indicates that the Odysight® application is able to accurately detect vision loss, whether or not this is due to edema recurrence (of note, among the 19 alerts, six needed intravitreal injection, and therefore the PPV is close to 30%, as was the case herein for exudative recurrence) [13]. To improve early detection of edema recurrence, other applications have been developed using hyperacuity systems. These hyperacuity tests are able to detect minimum angle of resolution differences of 3 to 10 s of arc, a smaller difference than that detected by VA [20]. However, applications using this system do not seem to have a PPV that is better than that found for Odysight® in the present study; for instance, it is higher than that reported by Teo et al., who found an indication of intravitreal injection in only 5/33 alerts in a study evaluating the Alleye® application [21]. Other studies do report higher PPV, but the 60% PPV found by Islam et al. for the indication of reinjection was greatly overestimated because only those who had both an alert on the Alleye® application and who had experienced a visual loss during the first UK lockdown due to COVID-19 were seen in consultation (i.e., only 28 patients of the total of 78 patients with an analyzable alert) [22]. In addition, the 80% PPV reported by Faes et al. for the indication of reinjection following an alert triggered by Alleye® is also overestimated, as the follow-up appointment was not brought forward in case of an alert, alerts with extreme variations in score were not considered, and only patients performing the test once or more times a week were included [23]. The latter is of note, as the sensitivity of the application herein was increased when patients used it at least once a week. In addition, it has been recently reported that patients using Alleye® had a better chance to have a VA gain >5 letters compared to those who did not use it, demonstrating the potential benefit of the application [24]. Other applications such as myVisiontrack® have not yet been evaluated for their diagnostic performance [10,25].



One of the main barriers to widespread prescription of a home screening test is patient adherence. In the present study, it was found that about half of the patients were converted to the application, i.e., they installed it on a mobile device and performed at least one test in addition to the calibration tests. However, only a little more than a quarter after 3 months continued to use it. Patient age was not found to be a predictive marker of application retention, which may be surprising, as a study using global data on Odysight® found a better retention among those aged 65–80 years [26]. Patients who have a good baseline VA were more inclined to use the application for more than 3 months. The use of the application and maybe of a smartphone might be more difficult for patients with a poor VA, thus reducing the use of this application over time. No statistical difference concerning retention was found concerning the follow-up regimen, but it is of note that most alerts that led to a change in management involved patients on a reactive protocol and that had a dexamethose implant. The conversion and retention rates at 3 months herein were lower than those reported in another study conducted in France (respectively, 61.5% and 51%); this may be due to the difference in study population, as most patients had intravitreal injections capped at 3 months or no intravitreal injection at inclusion [13]. Similarly, another study reported by Teo et al. evaluating Alleye® found greater retention but was conducted during the COVID-19 lockdown period (in Singapore), when patients were no longer seen in consultation and the application was thus the only means of monitoring visual function [21].



The present study has several limitations. First, the retrospective nature of the study did not allow us to collect some data, such as the total number of patients to whom the application was proposed. The possession of a smartphone or tablet is an obligation to use the application and many elderly patients do not have this type of equipment or are not comfortable in its use. In addition, some models of smartphones are not compatible with the use of Odysight®, because the camera on the device does not allow us to calculate the distance between patient and device, as well as the luminosity. This can partially explain the low conversion rate. It would have been interesting to know why some patients were not converted but we were not able to obtain this information, as the data were collected retrospectively. Similarly, we did not collect whether or not the patient was aware of the VA drop in the case of a true positive that changed the management of the disease. In this case, the patient could have gone to the ophthalmologist more quickly. However, even if they were aware, the application urges the patient to contact the ophthalmologist and the latter is alerted by email of this drop in VA, allowing a modification of management. Another limitation is that the patient performs the tests at home, the only way to verify the result was to have a consultation; to limit the interval, we therefore decided to evaluate only the last test conducted before consultation, but this interval may be sufficient to observe a change in the disease, thus biasing the evaluation of this test, particularly for the interpretation of false negative tests. Finally, the real-life nature of the study brought heterogeneity to the study population, as different macular diseases were included. However, this shows how the application would really be used in a retinal center in a population regularly treated by intravitreal injections.




5. Conclusions


In conclusion, the Se and the PPV of the Odysight® application to detect recurrence of macular edema are low and do not correspond to those expected by a screening test. Nevertheless, it is not meant to replace regular consultations and its use in addition to the usual follow-up of the patient can detect, in certain cases, an early recurrence and thus allow an anticipated readjustment of the treatment. Its use, particularly if it is regular, in patients under a reactive regimen and with a good visual acuity seems to be the ideal indication for prescription and requires other more specific studies in the context of these pathologies.







Author Contributions


G.K. writing—review and editing T.M. helped in methodology, writing. L.K., C.D., C.B., P.D. supervised the research project. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Research was conducted in accordance with the Declaration of Helsinki. An international review board approved the study (Ethics Committee of the French Society of Ophthalmology, IRB 00008855 Société Française d’Ophtalmologie IRB#1).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Bloch, S.B.; Larsen, M.; Munch, I.C. Incidence of Legal Blindness from Age-Related Macular Degeneration in Denmark: Year 2000 to 2010. Am. J. Ophthalmol. 2012, 153, 209–213.e2. [Google Scholar] [CrossRef] [PubMed]

	



Mehta, H.; Kim, L.N.; Mathis, T.; Zalmay, P.; Ghanchi, F.; Amoaku, W.M.; Kodjikian, L. Trends in Real-World Neovascular AMD Treatment Outcomes in the UK. Clin. Ophthalmol. 2020, 14, 3331–3342. [Google Scholar] [CrossRef] [PubMed]

	



Kodjikian, L.; Bellocq, D.; Mathis, T. Pharmacological Management of Diabetic Macular Edema in Real-Life Observational Studies. BioMed Res. Int. 2018, 28, 8289253. [Google Scholar] [CrossRef]

	



Mehta, H.; Tufail, A.; Daien, V.; Lee, A.Y.; Nguyen, V.; Ozturk, M.; Barthelmes, D.; Gillies, M.C. Real-world outcomes in patients with neovascular age-related macular degeneration treated with intravitreal vascular endothelial growth factor inhibitors. Prog. Retin. Eye Res. 2018, 65, 127–146. [Google Scholar] [CrossRef] [PubMed]

	



Lai, T.T.; Chen, T.C.; Yang, C.H.; Yang, C.M.; Ho, T.C.; Hsieh, Y.T. Treat-and-Extend vs. Pro Re Nata Regimen of Ranibizumab for Diabetic Macular Edema—A Two-Year Matched Comparative Study. Front. Med. 2022, 8, 781421. [Google Scholar] [CrossRef] [PubMed]

	



Faes, L.; Bodmer, N.S.; Bachmann, L.M.; Thiel, M.A.; Schmid, M.K. Diagnostic accuracy of the Amsler grid and the preferential hyperacuity perimetry in the screening of patients with age-related macular degeneration: Systematic review and meta-analysis. Eye 2014, 28, 788–796. [Google Scholar] [CrossRef]

	



Zaidi, F.H.; Cheong-Leen, R.; Gair, E.J.; Weir, R.; Sharkawi, E.; Lee, N.; Gregory-Evans, K. The Amsler chart is of doubtful value in retinal screening for early laser therapy of subretinal membranes. The West London Survey. Eye 2004, 18, 503–508. [Google Scholar] [CrossRef] [PubMed]

	



Chamard, C.; Lacombe, S.; Navarre, S.; Rohart, C.; Daures, J.P.; Allieu, S. Is current age related macular degeneration self-monitoring a good tool for detecting exudative recurrence? J. Fr. Ophtalmol. 2019, 42, 1049–1055. [Google Scholar] [CrossRef]

	



Chew, E.Y.; Clemons, T.E.; Bressler, S.B.; Elman, M.J.; Danis, R.P.; Domalpally, A.; Heier, J.S.; Kim, J.E.; Garfinkel, R.A. Randomized trial of the ForeseeHome monitoring device for early detection of neovascular age-related macular degeneration. The HOme Monitoring of the Eye (HOME) study design—HOME Study report number 1. Contemp. Clin. Trials 2014, 37, 294–300. [Google Scholar] [CrossRef]

	



Kaiser, P.K.; Wang, Y.Z.; He, Y.G.; Weisberger, A.; Wolf, S.; Smith, C.H. Feasibility of a novel remote daily monitoring system for age-related macular degeneration using mobile handheld devices: Results of a Pilot Study. Retina 2013, 33, 1863–1870. [Google Scholar] [CrossRef]

	



Schmid, M.K.; Thiel, M.A.; Lienhard, K.; Schlingemann, R.O.; Faes, L.; Bachmann, L.M. Reliability and diagnostic performance of a novel mobile app for hyperacuity self-monitoring in patients with age-related macular degeneration. Eye 2019, 33, 1584–1589. [Google Scholar] [CrossRef] [PubMed]

	



Brucker, J.; Bhatia, V.; Sahel, J.-A.; Girmens, J.-F.; Mohand-Saïd, S. Odysight: A Mobile Medical Application Designed for Remote Monitoring—A Prospective Study Comparison with Standard Clinical Eye Tests. Ophthalmol. Ther. 2019, 8, 461–476. [Google Scholar] [CrossRef]

	



Guigou, S.; Michel, T.; Mérité, P.-Y.; Coupier, L.; Meyer, F. Home vision monitoring in patients with maculopathy: Real-life study of the OdySight application. J. Fr. Ophtalmol. 2021, 44, 873–881. [Google Scholar] [CrossRef] [PubMed]

	



Bellocq, D.; Akesbi, J.; Matonti, F.; Vartin, C.; Despreaux, R.; Comet, A.; Voirin, N.; Denis, P.; Mathis, T.; Kodjikian, L. The Pattern of Recurrence in Diabetic Macular Edema Treated by Dexamethasone Implant: The PREDIAMEX Study. Ophthalmol. Retina 2018, 2, 567–573. [Google Scholar] [CrossRef] [PubMed]

	



Wang, V.Y.; Kuo, B.L.; Chen, A.X.; Wang, K.; Greenlee, T.E.; Conti, T.F.; Singh, R.P. Fluctuations in macular thickness in patients with diabetic macular oedema treated with anti-vascular endothelial growth factor agents. Eye 2021, 36, 1461–1467. [Google Scholar] [CrossRef] [PubMed]

	



Evans, R.N.; Reeves, B.C.; Maguire, M.G.; Martin, D.F.; Muldrew, A.; Peto, T.; Rogers, C.; Chakravarthy, U. Associations of Variation in Retinal Thickness with Visual Acuity and Anatomic Outcomes in Eyes with Neovascular Age-Related Macular Degeneration Lesions Treated with Anti–Vascular Endothelial Growth Factor Agents. JAMA Ophthalmol. 2020, 138, 1043. [Google Scholar] [CrossRef]

	



Nicolas, C.; Debellemanière, G.; Boissier, F.; Girard, C.; Schwartz, C.; Delbosc, B.; Saleh, M. Reproductibilité des mesures de l’acuité visuelle par échelle ETDRS en pratique quotidienne. J. Fr. Ophtalmol. 2016, 39, 700–705. [Google Scholar] [CrossRef]

	



Siderov, J.; Tiu, A.L. Variability of measurements of visual acuity in a large eye clinic: Variability of measurements of visual acuity in a large eye clinic. Acta Ophthalmol. Scand. 1999, 77, 673–676. [Google Scholar] [CrossRef]

	



Rosser, D.A.; Cousens, S.N.; Murdoch, I.E.; Fitzke, F.W.; Laidlaw, D.A.H. How Sensitive to Clinical Change are ETDRS logMAR Visual Acuity Measurements? Investig. Opthalmol. Vis. Sci. 2003, 44, 3278. [Google Scholar] [CrossRef]

	



Keane, P.A.; De Salvo, G.; Sim, D.A.; Goverdhan, S.; Agrawal, R.; Tufail, A. Strategies for improving early detection and diagnosis of neovascular age-related macular degeneration. Clin. Ophthalmol. 2015, 9, 353–366. [Google Scholar] [CrossRef]

	



Teo, K.Y.C.; Bachmann, L.M.; Sim, D.; Lee, S.Y.; Tan, A.; Wong, T.Y.; Cheung, C.M.G.; Tan, G.S.W. Patterns and Characteristics of a Clinical Implementation of a Self-Monitoring Program for Retina Diseases during the COVID-19 Pandemic. Ophthalmol. Retina 2021, 5, 1245–1253. [Google Scholar] [CrossRef] [PubMed]

	



Islam, M.; Sansome, S.; Das, R.; Lukic, M.; Teo, K.Y.C.; Tan, G.; Balaskas, K.; Thomas, P.B.M.; Bachmann, L.M.; Schimel, A.M.; et al. Smartphone-based remote monitoring of vision in macular disease enables early detection of worsening pathology and need for intravitreal therapy. BMJ Health Care Inform. 2021, 28, e100310. [Google Scholar] [CrossRef] [PubMed]

	



Faes, L.; Islam, M.; Bachmann, L.M.; Lienhard, K.R.; Schmid, M.K.; Sim, D.A. False alarms and the positive predictive value of smartphone-based hyperacuity home monitoring for the progression of macular disease: A prospective cohort study. Eye 2021, 35, 3035–3040. [Google Scholar] [CrossRef] [PubMed]

	



Gross, N.; Bachmann, L.M.; Islam, M.; Faes, L.; Schmid, M.K.; Thiel, M.; Schimel, A.; Sim, D. Visual outcomes and treatment adherence of patients with macular pathology using a mobile hyperacuity home-monitoring app: A matched-pair analysis. BMJ Open 2021, 11, e056940. [Google Scholar] [CrossRef]

	



Ward, E.; Wickens, R.A.; O’Connell, A.; Culliford, L.A.; Rogers, C.A.; Gidman, E.A.; Peto, T.; Knox, P.C.; Burton, B.J.L.; Lotery, A.J.; et al. Monitoring for neovascular age-related macular degeneration (AMD) reactivation at home: The MONARCH study. Eye 2021, 35, 592–600. [Google Scholar] [CrossRef]

	



Nikam, A.; Lefumat, H.; Grondin, E.; Bhatia, V. OdySight: Real-World Data Analysis of a Mobile Medical Application for Ophthalmology. J. Ophthalmol. Sci. 2020, 2, 6–12. [Google Scholar]








[image: Jcm 11 05010 g001 550] 





Figure 1. Images from the application: (a) VA test; (b) message when an alert occurs; (c) Amsler grid. 
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Figure 2. Flow chart. 






Figure 2. Flow chart.
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Figure 3. Estimated retention rate using the Kaplan–Meier method. Yellow line: probability of retention. Grey zone, 95% confidence interval, dotted line: median duration of use. 
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Table 1. Patient characteristics.
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	n = 123





	Sex, n (%)
	



	Female
	72 (58.5)



	Male
	51 (41.5)



	Age, years, n (%)
	



	<50
	21 (17.1)



	50–64
	29 (23.6)



	65–79
	56 (45.5)



	≤80
	17 (13.8)



	Disease, (n = 149) n (%)
	



	Exudative AMD
	69 (46.3)



	RVO–DME
	31 (20.8)



	Other
	49 (32.9)



	Follow-up, n (%)
	



	Reactive regimen
	68 (55.3)



	Proactive regimen
	55 (44.7)



	Interval between diagnosis and application prescription, n (%)
	



	<1 year
	13 (10.6)



	>1 year
	110 (89.4)



	Mean, years [95% CI]
	3.0 [0.40; 16.1]



	Baseline VA LogMAR, (n = 149)
	



	<0.2
	96 (64.4)



	0.2–0.4
	34 (22.8)



	≥0.5
	19 (12.8)



	Mean (SD)
	0.2 (0.2)







AMD: age-related macular degeneration, DME: diabetic macular edema, RVO: retinal vein occlusion, other (post-operative macular edema, myopic choroidal neovascularization (CNV), pachychoroid neovasculopathy, inflammatory CNV, and CNV due to angioid streaks), VA: visual acuity, LogMAR: logarithm minimum angle of resolution.
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Table 2. Characteristics of the Odysight® test for exudative recurrence screening in total analyzable population (n = 47 patients).
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	Sensitivity [95% CI]
	30.8 [17.6; 44.0]



	Specificity [95% CI]
	83.7 [73.2; 94.3]



	Positive predictive value [95% CI]
	30.8 [17.6; 44.0]



	Negative predictive value [95% CI]
	83.7 [73.2; 94.3]
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Table 3. Characteristics of the Odysight® test for exudative recurrence screening if patients used the application at least one time per week (n = 26).
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	Sensitivity [95% CI]
	47.8 [28.6; 67.0]



	Specificity [95% CI]
	78.0 [62.1; 93.9]



	Positive predictive value [95% CI]
	35.5 [17.1; 53.9]



	Negative predictive value [95% CI]
	85.5 [72.0; 99.0]
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Table 4. Factors associated with retention > 3 months.
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Retention > 3 Months

	
Analysis




	

	
No (n = 90)

	
Yes (n = 33)

	
Univariate

OR [95% CI]

	
Multivariate

OR [95% CI]






	
Sex, n (%)

	

	

	
p = 0.78

	




	
Female

	
52 (57.7)

	
20 (60.6)

	
ref

	
ref




	
Male

	
38 (42.3)

	
13 (39.4)

	
OR = 0.89 [0.39; 1.99]

	
p = 0.73

OR = 0.86 [0.35; 2.07]




	
Age, years mean (min, max)

	
68.0 (23.0, 89.0)

	
69.0 (40.0, 87.0)

	
p = 0.59

OR = 1.01 [0.98; 1.04]

	
p = 0.65

OR = 1.01 [0.97; 1.05]




	
Disease, n (%)

	

	

	
p = 0.43

	




	
Exudative AMD

	
41 (45.6)

	
16 (48.5)

	
ref

	
ref




	
RVO–DME

	
20 (22.2)

	
10 (30.3)

	
p = 0.61

OR = 1.28 [0.48; 3.31]

	
p = 0.86

OR = 1.10 [0.35; 3.48]




	
Other

	
29 (32.2)

	
7 (21.2)

	
p = 0.35

OR = 0.62 [0.21; 1.65]

	
p = 0.49

OR = 0.62 [0.15; 2.39]




	
Follow-up regimen n (%)

	

	

	
p = 0.47

	




	
Reactive

	
48 (53.3)

	
20 (60.6)

	
ref

	
ref




	
Proactive

	
42 (46.7)

	
13 (39.4)

	
OR = 0.74 [0.32; 1.66]

	
p = 0.36

OR = 0.62 [0.23; 1.58]




	
Interval from diagnosis to application use n (%)

	

	

	
p = 0.74

	




	
≤1 year

	
9 (10.0)

	
4 (12.1)

	
ref

	
ref




	
>1 year

	
81 (90.0)

	
29 (87.9)

	
OR = 0.81 [0.24; 3.2]

	
p = 0.95

OR = 0.95 [0.25; 4.22]




	
Visual acuity, LogMAR mean (SD)

	
0.2 (0.3)

	
0.1 (0.1)

	
p = 0.03

OR = 0.04 [0.001; 0.53]

	
p = 0.04

OR = 0.05 [0.002; 0.62]








OD: odds ratioAMD: age-related macular degeneration, DME: diabetic macular edema, RVO: retinal vein occlusion, other (post-operative macular edema, myopic choroidal neovascularization [CNV)], Pachychoroid neovasculopathy, inflammatory CNV and CNV due to angioid streaks), LogMAR: logarithm minimum angle of resolution.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
Patients n=123
Eyes n=149

Non converted
patients

'L n=59
v

Converted patients
n=64 / \

Patients not analyzed

n=17 didn’t have at
least 2 tests on the
studied eye

v

Index patients

n=47 \ )

Index tests n=206

v

\4

Total alerts

No alerts
n=40 from 18 patients

n=166

[ 1 alert not interpreted

A4

n=166

A4

A

Final diagnosis
True positive n=12
False positive n=27

Final diagnosis
False negative n=27
True negative n=139

]
v
Alerts interpreted n=39 Tests interpreted
from 18 patients






nav.xhtml


  jcm-11-05010


  
    		
      jcm-11-05010
    


  




  





media/file0.png





media/file2.png
Perfect! It is the right
direction.

(a)

(b)

(c)






media/file5.jpg
100

]

uonuma1 o Aiqeqo:

EJ

E9

Duration of use (days)





media/file6.png
500

400

300

200

100

1.001

0.751

0.501
0.25 1
0.00 1

uonualal jo Ajljigeqoud

Duration of use (days)





media/file3.jpg
Non converted
patients
=

Index ptients
a7
Indextests =208

Patients natanabyzed

7 't have st
least2 tests onthe
studedeye

+

Aertsinterpreted n=33
from 18 patients

Final dagnoss
True postve n=12
Fale positve n=27

[ p—
Fale negatie n=27
True negatie ne139






media/file1.jpg
of

[—

=]

®) ©





