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    Abstract
Aim To study anatomical and visual outcomes of pars plana vitrectomy (PPV) with non-fovea-sparing (entire) internal limiting membrane (ILM) peeling in eyes with myopic foveoschisis (MF).

Methods Prospective interventional case series of eyes undergoing PPV with entire ILM peeling for symptomatic MF.

Main outcome measures  Preoperative spectral domain optical coherence tomography (SD-OCT) epiretinal membrane, anomalous posterior vitreous detachment, vitreoschisis and postoperative changes in SD-OCT central foveal thickness (CFT), ellipsoid zone defect, foveal detachment (FD), macular hole (MH) diameter (if present) and best-corrected visual acuity (BCVA) in logarithm of the minimum angle of resolution (logMAR).

Results This study included 21 eyes (21 patients) with mean age 60.4±13.1, 15 females (71.4%). All patients achieved complete postoperative reattachment by SD-OCT (no FD) 6 months post vitrectomy, with no iatrogenic intraoperative or postoperative MH, and with significant improvement in final BCVA from 1.6±0.30 to1.0±0.2 logMAR, and in CFT from 918.2±311.4 to182.3±33.1 µm. Patients were subdivided into subgroup A: 11 eyes without MH; and subgroup B: 10 eyes with MH, the latter had significant improvement in MH diameter (p=0.005). Preoperative BCVA was a significant risk factor for visual gain, while preoperative FD and CFT were significant for CFT change.

Conclusion Vitrectomy with non-fovea-sparing (entire) ILM peeling resulted in a significant functional and anatomical improvement in eyes with MF with/without MH with no reported complications. Results are comparable to fovea-sparing ILM peeling.
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Introduction
Myopic foveoschisis (MF) was first described in 1999, being attributed to the introduction of optical coherence tomography (OCT).1 It is characterised by intraretinal cleavage and may affect 9%–20% of highly myopic eyes with posterior staphyloma. Although its causes are unknown, inward and outward traction forces on the retina play a key role in its pathogenesis. 2 Inward traction forces are epiretinal membranes (ERM),3 rigid internal limiting membrane (ILM)4 and potent retinal arterioles.5 Pathological elongation of the eye and posterior staphyloma cause outward traction on the retina. 4

While special macular buckle explants have been described for myopic macular hole retinal detachment, the pathology is different in MF. 6 7 Good anatomical and visual results after pars plana vitrectomy (PPV) have been reported in numerous studies for MF. But the usefulness of ILM peeling is unclear—some surgeons have reported good results without ILM peeling,8–10 while others consider it important for success.11–30 Later, for the sake of preserving the fovea and avoiding iatrogenic MH, fovea-sparing ILM peeling was described.31–36 In this essence, this work was conducted to study the anatomical and visual results of vitrectomy with non-fovea-sparing (entire) ILM peeling technique in eyes with MF with and without MH.

Patients and methods
This is a prospective interventional case series, which included eyes of patients undergoing primary PPV with non-fovea-sparing (entire) ILM peeling for symptomatic MF with and without MH at Kasr Al-Ainy University Hospital. The study was conducted analogously with the Declaration of Helsinki and with applicable institutional research regulations. All patients received complete explanation of the study design and aims. Study participants gave informed consent before initiation of any procedures, and the study was conducted in compliance with informed consent regulations. 
Patient selection
Inclusion criteria
Patients with symptomatic MF were enrolled. The patients were selected from the retina outpatient clinic of Kasr Al-Ainy, Cairo University Hospital. 

Exclusion criteria
We excluded eyes with other pre-existing macular pathologies (myopic macular chorioretinal atrophy, Fuch’s spot or CNV), significant postoperative media opacities interfering with the spectral domain (SD)-OCT imaging, pathological optic nerve changes and patients with a history of ocular surgery other than uneventful cataract surgery.


Preoperative assessment
Clinical examination
 Patients had full ophthalmological examination and the following were recorded: best-corrected visual acuity (BCVA), slit lamp examination, intraocular pressure using Goldman applanation tonometry and detailed fundus examination (through a dilated pupil) using binocular indirect slit-lamp biomicroscopy (Super Field lens; VOLK, Mentor, Ohio, USA) and indirect ophthalmoscopy with the aid of scleral indentation.

Spectral -domain OCT
SD-OCT (Optovue, Northport loop west Fremont, California, USA) was accomplished, using ‘five-line raster’ scan centred at the fixation point (five-raster; 4096 A-scans, scan length 6.0 mm) and a ‘Macular Cube 512 × 128’ scan (three-dimensional cube; 128B-scans × 512 A-scans over a retinal area of 6.0 × 6.0 mm). The following were recorded: ERM, MH diameter, anomalous posterior vitreous detachment (APVD) and vitreoschisis, ellipsoid zone defect, foveal detachment (FD) and central foveal thickness (CFT) were visualised on the centre line of the five-line raster scan (oneline), on all five lines of the five-line raster scan and on all the three-dimensional cube scan images. CFT was measured at the highest foveal point of MF with or without FD or MH.

Vitreoschisis
Vitreoschisis is defined as posterior vitreous cortex splitting leaving the outermost layer attached to the macula while the remainder of the vitreous collapses forward as a result of APVD with strong vitreomacular adhesion.37 In this study, eyes with vitreoschisis were detected by SD-OCT 38and confirmed intraoperatively.

Ultrasonography
 Using A-scan ultrasonography the eyes’ axial lengths were measured and the presence of posterior staphylomas was confirmed, in addition to intraoperative assessments and confirmation. This was due to the unavailability of Ultra-wide field Swept-Source OCT and 3D-MRI.


Surgical procedure
PPV was accomplished under local anaesthesia using 23G vitrectomy system. Phakic patients, with any degree of lens opacity, underwent phacoemulsification with three-piece foldable intraocular lens implantation (Acrysof, Alcon or Sensor, AMO). Non-contact wide-angle viewing system binocular indirect ophthalmomicroscope was used for visualisation. Following core vitrectomy, the vitrectomy probe in a vacuum mode was used to engage any adherent posterior cortical vitreous, aided by triamcinolone acetonide to ensure complete detachment of the posterior hyaloid. Double staining by triamcinolone acetonide was done to detect vitreoschisis, even in cases undetected by SD-OCT.
 Brilliant blue-assisted ILM peeling was done using the Tano scraper and/or ILM forceps. The ILM was entirely peeled to the level of the upper temporal and lower temporal vascular arcades. Then, vitreous base shaving was performed 360° with scleral indentation accomplished by the assistant. Appropriate internal tamponade was chosen. In eyes with MF without MH, fluid/air exchange was done through the infusion cannula leaving the eye on air, while in eyes with MF with MH, fluid/air exchange was followed by silicone oil (SO) 1000 cs injection. Patients were instructed to maintain the non-supine position for 1 week following surgery.

Postoperative assessment
Full ophthalmological examinations were done on the first day, then at week 1 and months 1 and 3. SO was removed 3 months following PPV. Full ophthalmological examinations and SD-OCT were done 3 months following SO removal (6 months following vitrectomy).

Primary outcome measures
	
Anatomical outcomes: SD-OCT morphological changes:

	
Preoperative: ERM, APVD and vitreoschisis, CFT, ellipsoid zone defect, FD and MH diameter if present.

	
Postoperative: CFT, ellipsoid zone defect, FD and MH closure and diameter were reported.



	
Functional outcome: BCVA in logarithm of the minimum angle of resolution (logMAR).



Secondary outcome measures
	Clinical data of patients with MF regarding refraction, axial length and staphyloma.

	Factors affecting change in BCVA, change in CFT and MH closure.



Statistical methods
Statistical analysis was carried out using SPSS computer software package, V.22.0, Echosoft Corporation. Qualitative data were presented as frequencies and percentages. Quantitative data were presented as mean±SD for parametric data. Comparing preoperative to postoperative data were accomplished using Wilcoxon signed-rank test for non-parametric data. For comparing categorical data, χ
2
 test was performed. Factors affecting visual gain, change in central foveal thickness, MH closure and change in MH diameter were assessed using a multiple linear regression analysis. All tests were two tailed and considered significant at p<0.05 and highly significant at p<0.01. Due to lack of any reports for the Egyptian population, sample size (21 eyes) was calculated using MedCalc V.10.2.0.0 by referring to success rates from literature.


Results
Patient demographics
This study was conducted during the time interval from July 2014 to September 2016 on 21 eyes of 21 patients with symptomatic MF. The patients’ mean age was 60.4±13.1 (36–84), with 15 females (71.4%). Patients were further subdivided into subgroup A: 11 eyes (11 patients) with MF not associated with MH, with mean age 67.8±9.9 (53–84) and 7 females (63.6%); and subgroup B: 10 eyes (10 patients) with MF associated with MH, with mean age 53.0±11.9 (36–73) and 8 females (80%).

Preoperative assessment
Clinical examination
Mean preoperative BCVA was 1.6±0.3 logMAR (2/60 Snellen); 1.6±0.2 logMAR (2/60 Snellen) in subgroup A, and 1.6±0.4 logMAR (2/60) in subgroup B. Preoperatively, 19 eyes were phakic (90.5%) and 2 were pseudophakic (9.5%). These two pseudophakic eyes were found to be in subgroup A (18.2%). Preoperative refraction is shown in table 1.
View this table:	View inline
	View popup



Table 1  Preoperative patients’ data: refraction, axial length, posterior staphyloma, epiretinal membranes (ERM), anomalous posterior vitreous detachment (APVD), vitreoschisis, foveal detachment and central foveal thickness (CFT) and macular hole (MH) diameter




Preoperative SD-OCT scanning and ultrasonography
The eyes’ axial length, posterior staphylomas, CFT, ERM, APVD, vitreoschisis, FD and MH diameter are shown in table 1 and figure 1A,C,E,G and I.
[image: Figure 1]
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Figure 1 (A,B) Preoperative (with partial posterior vitreous detachment and foveal detachment (FD)) and postoperative optical coherence tomography (OCT) for case 6 in subgroup A. (C, D) Preoperative (with epiretinal membrane (ERM) and FD) and postoperative (without ERM) OCT for case 2 in subgroup A. (E, F) Preoperative (with ERM and FD) and postoperative (without ERM and closed macular hole (MH)) spectral domain (SD)-OCT for case 9 in subgroup B. (G, H) Preoperative (with FD) and postoperative SD-OCT for case 1 in subgroup B showing complete reattachment of myopic foveoschisis (MF) with persistent postoperative MH. (I, J) Preoperative (without FD) and postoperative SD-OCT for case 5 in subgroup B showing complete reattachment of MF with persistent postoperative MH.





Intraoperative data
PPV was done for all of the 21 eyes of MF with and without MH, where ILM was entirely peeled, safely. Air was used as an intraocular tamponade for eyes with MF without MH (subgroup A), while SO was used for MF with MH (subgroup B). No intraoperative complications, including iatrogenic MH, were reported with any of the eyes.

Postoperative assessment and outcome measures
Functional outcome
Three months following SO removal from silicone-filled eyes (6 months following vitrectomy), the final mean BCVA was 1.0±0.2 logMAR (6/60 Snellen); 1.0±0.2 logMAR (6/60 Snellen) in subgroup A, and 1.1±0.3 logMAR (5/60 Snellen) in subgroup B, with statistically significant difference between preoperative and postoperative values in both subgroups (p<0.001). Mean visual gain was 0.6±0.2 ogMAR(4 Snellen lines); 0.8±0.5 logMAR (4 Snellen lines) in subgroup A, while it was 1.5±0.5 logMAR (3 Snellen lines) in subgroup B.

Postoperative SD-OCT scanning
 Six months following vitrectomy, OCT showed that all patients achieved complete postoperative reattachment (no FD) (figure 1B,D,F,H and J). Postoperative OCT findings, including CFT, closure of MH, MH diameter, ERM, ellipsoid zone disruption and FD, are shown in table 2. There was a statistically significant difference between preoperative and postoperative CFT in both subgroups (p<0.001), and preoperative and postoperative MH diameter in subgroup B (p=0.005). In subgroup B, we had 10 cases of MF associated with preoperative MH, MH closed in 6 cases (60%) and persisted in 4 (40%) (figure 1H,J) despite the fact that we got a complete anatomical reattachment in all cases.
View this table:	View inline
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Table 2  Postoperative optical coherence tomography (OCT) findings: central foveal thickness (CFT) and change in CFT, macular hole (MH) diameter and change in MH diameter, epiretinal membrane (ERM), persistent MH, disrupted ellipsoid zone and foveal detachment





Risk factors affecting functional and anatomical oucomes
Factors affecting the change in BCVA for both subgroups using a multiple linear regression analysis were found to be insignificant for age, sex, axial length, refraction, change in CFT, ERM, vitreoschisis and preoperative FD (p=0.519, 0.298, 0.270, 0.931, 0.171, 0.603, 0.343 and 0.846, respectively) and significant for preoperative BCVA (p=0.002).
Factors affecting the change in CFT for both subgroups using a multiple linear regression analysis were found to be insignificant for age, sex, visual gain, axial length, refraction, ERM and vitreoschisis (p=0.903, 0.109, 0.368, 0.394, 0.158, 0.248 and 0.917, respectively) and significant for preoperative CFT (p<0.001) and preoperative FD (p<0.001). Factors affecting MH closure using a multiple linear regression analysis were found to be insignificant for age, sex, refraction, preoperative BCVA, axial length, preoperative CFT, preoperative MH diameter, ERM and preoperative FD (p=0.359, 0.813, 0.403, 0.348, 0.577, 0.642, 0.503, 0.588 and 1.00, respectively).


Discussion
There are no reports on the incidence and management of MF in the Egyptian population, nor the management of MF associated with MH. In this study, we investigated the anatomical and visual results of PPV with non-fovea-sparing (entire) ILM peeling in eyes with MF with and without MH at Kasr El Ainy University Hospital. The main reason for ILM peeling in eyes with MF with or without MH is to ensure relief of anteroposterior traction on the macula caused by ERM, APVD and vitreoschisis, in addition to relieve possible tangential traction caused by rigid ILM that may allow the retina to conform to the posterior staphyloma, which has been shown to grant macular detachment. 39 ILM can also act as scaffold for cellular proliferation after vitrectomy, potentially leading to traction and recurrence of maculopathy.4

We have reviewed published reports and/or studies in the Medline over the past decade (2004–2017) that have investigated the role of PPV and entire ILM peeling in patients with MF (tables 3 and 4). 11–30
 There are 7 prospective (table 3) and 13 retrospective (table 4) studies, of which only 2 studies discussed MF with and without MH, like ours, 16 17 3 studies dealt with MF with MH, 11 18 19 while the rest of the studies discussed MF without MH. The majority of the studies were conducted on a sample size of <30 eyes, as is the case with our study, 41.7% of which were ≤11 eyes, 12–14 18 26 some had their sample size in the range of 30–45 eyes, 17 19 20 25 28 while a few were >45 eyes. 15 29 30 Functional and anatomical improvements were variable; none of the eyes developed iatrogenic intraoperative MH, while postoperative MH developed in a number of these studies. 17 23 25 26 29
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Table 3  Prospective studies: entire internal limiting membrane peeling for myopic foveoschisis (MF) with or without preoperative macular hole (MH)11–17
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Table 4  Retrospective studies: entire internal limiting membrane peeling for myopic foveoschisis (MF) with or without preoperative macular hole (MH)18–30




Preoperative data
In our study, the 21 eyes had refractions more than −9.00 D, axial lengths >27.9 mm and posterior staphylomas present in all cases 100%. The 11 eyes without MH (subgroup A) had 4 eyes (36.4%) with FD, while the 10 eyes with MH had 5 eyes (50%) with FD. The incidence of posterior staphylomas was variable in the different reported studies. In one study by Ikuno and Tano,18 posterior staphyloma was present in seven cases and absent in one case,18 while Kumagai et al
20 showed that posterior staphyloma was present in only 41%.20 Iida et al
14 reported that preoperative thin choroid and severe posterior staphyloma can predict postoperative BCVA.14 Similarly, the incidence of FD was variable; Ikuno et al
12 100%, Scott et al
13 66%, Iida et al
14 72.7% and Uchida et al
26 60%.12–14 26


Intraoperative data
Intraoperative complications
 In our study, the ILM peeling was not associated with iatrogenic intraoperative MH formation. None of the studies similar to ours reported serious intraoperative complications (MH), but some of them reported postoperative complications. Using a different technique, fovea-sparing ILM peeling has been described to avoid intraoperative iatrogenic MH, 31–36 and none of their eyes developed intraoperative MH. Since we had similar results with our entire ILM peeling technique, we believe both techniques are equally safe. On the other hand, Kwok et al
8 and Gaucher et al
9 showed similar success of PPV even without ILM peeling for MF.8 9 Qi et al
10 conducted a retrospective study on 112 eyes with MF, showing improvement in BCVA>2 lines in 84 eyes (75%) with MH developing in 6 eyes (5%).10


Intraocular tamponade
In our study, we used air tamponade in MF without MH (subgroup A) and SO 1000 cs in MF cases associated with MH (subgroup B). We achieved 100% successful rate of reattachment in both subgroups. Of the 10 cases of MF with MH (subgroup B), MH closure rate was 60%, and no further surgeries were performed for the other four cases. Different tamponading agents have been reported in MF, balanced salt solution, air, gas as perfluoropropane,15 21 22 25 27 30 and SO, with variable success rates (75%–100%). There are not enough data to recommend the use of any specific tamponade in these types of pathologies and is usually a matter of the surgeons’ preferences.


Postoperative assessment and outcome measures
Functional outcomes
In our study, the final mean logMAR BCVA showed statistically significant improvement 6 months following vitrectomy in both subgroups (p<0.001). However, not all previous studies showed significant BCVA improvements with even few reports that showed worsening of BCVA. 18 20 28 We found that only the preoperative BCVA to be the only risk factor for the change in BCVA (p=0.002), with eyes having worse preoperative BCVA, having higher visual gain, similar to the results by Ikuno and Tano18 and Kumagai   et al.
20


Iida et al,
14 on the other hand, found preoperative thin choroid and severe posterior staphyloma as predictive of worse postoperative BCVA.14 In contrary to our results, however, Fujimoto et al
24 reported that the average CFT, choroidal thickness, foveal ellipsoid zone integrity and external limiting membrane were correlated with postoperative BCVA.24


Anatomical outcomes
Retinal reattachment, FD, CFT and MH diameter
We had complete anatomical reattachment (no FD) in all cases with CFT significantly improved at 6 months in both subgroups. In eyes with MH, hole closure rate was 60%, despite complete anatomical reattachment in all eyes with the mean hole diameter significantly reduced postoperatively by 263.2±132.6 µm. However, previous studies showed variable rates of MF and/or FD resolution (61%–100%) and variable rates of hole closures (25%–100%). In addition, postoperative development of MHs was reported in a number of studies conducted on MF without preoperative MH.17 23 25 26 29 We have found that eyes with preoperative FD and those with higher preoperative MF (CFT) had more significant reduction in retinal CFT thickness postoperatively in both subgroups. However, there was no correlation between the rate of MH closure and any of the other variables; age, sex, refraction, axial length and preoperative BCVA; CFT; hole diameter, ERM and FD.

Ellipsoid zone disruption
All of the 21 eyes had disrupted ellipsoid zone preoperatively that extended postoperatively. The natural course of ellipsoid zone defects in these eyes is variable and perhaps will need further investigation for better understanding and its correlation with visual outcomes. Shao et al
19 measured the ellipsoid zone defect in their series and was significantly reduced at nine postoperative months (p<0.0001).Fugimoto et 
al
24 reported that the ellipsoid zone was not visible 1 month postoperatively, while it reappeared gradually in nine (53%) eyes at the final visit. Gao et al
25 found that ellipsoid zone defect was significantly higher with postoperative MH.



Conclusion
Despite having this study conducted in a single institute, Kasr Al-Ainy Cairo University Hospital, yet this central hospital in the heart of the city is the largest tertiary referral hub for most of the governorates in Egypt. This pilot study has several shortcomings, mainly due to its short-term follow-up and the small sample size, and thus one cannot make far-reaching conclusions based on a few cases. Nevertheless, analysing our own results, as well as the results of other authors, we concluded that PPV with non-fovea-sparing (entire) ILM peeling in cases of MF is safe with anatomical and visual improvements comparable to fovea-sparing ILM peeling surgical technique. However, whether this surgical technique will contribute to a better visual outcome or reduce reoperation rate will need further investigations. Further investigation in multicentre prospective randomised clinical trials with a greater number of patients and longer follow-up durations is needed to provide more accurate data and better understanding of the outcomes of these different surgical techniques, variables involved and the nature of the disease.
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