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Abstract 66 

Purpose: To compare surgical outcomes between the inverted internal limiting 67 

membrane (ILM) flap technique and ILM peeling for macular hole retinal 68 

detachment (MHRD) in eyes with high myopia 69 

Design: Multicenter cohort study 70 

Participants: We retrospectively reviewed medical records of consecutive 71 

patients treated between June 2008 and September 2018 at seven hospitals 72 

and included 100 eyes with MHRD associated with high myopia in our study. All 73 

eyes underwent vitrectomy with the inverted ILM flap technique (57 eyes) or 74 

ILM peeling (43 eyes) and were followed-up for >6 months 75 

Methods: We estimated odds ratios (ORs) and their 95% confidence intervals 76 

(CIs) for macular hole (MH) closure using multivariable logistic regression 77 

analysis. We also examined factors associated with the postoperative best-78 

corrected visual acuity (BCVA) at the final visit using multiple linear regression 79 

analysis. 80 

Main Outcome Measures: MH closure and postoperative BCVA at the final 81 

visit 82 
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Results: The MH closure rate was significantly higher in the inverted ILM flap 83 

group (80.7%) than in the ILM peeling group (37.2%; P < 0.001). Moreover, 84 

postoperative BCVA at the final visit was significantly better in the former group 85 

(0.88 ± 0.48 vs. 0.99 ± 0.48; P = 0.03). The retinal attachment rate (ILM flap: 86 

91.2%, ILM peeling: 79.5%; P = 0.229) and recovery rates for the external 87 

limiting membrane and ellipsoid zone line (ILM flap: 10.9%, ILM peeling: 0%; P 88 

= 0.12) showed no significant intergroup differences. After adjustment for age, 89 

axis, tamponade substance, and dye for ILM staining, the inverted ILM flap 90 

technique was strongly and positively associated with MH closure (OR, 7.14; 91 

95% CI, 2.72–18.7; P = 0.001). Moreover, the inverted ILM flap technique and 92 

preoperative BCVA were significantly and positively associated with the 93 

postoperative BCVA at the final visit. 94 

Conclusions: Our findings suggest that the MH closure rate and postoperative 95 

visual outcome for eyes with high myopia-associated MHRD are better with the 96 

inverted ILM flap technique than with ILM peeling. Thus, vitrectomy with the 97 

inverted ILM flap technique should be considered as the initial surgery for 98 

MHRD associated with high myopia.  99 
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Pathological myopia has been reported as one of the most common causes of 100 

blindness, particularly in east Asia.1-3 Myopic maculopathy, including myopic 101 

traction maculopathy; myopic choroidal neovascularization; glaucoma; 102 

and myopic optic neuropathy are representative vision-threatening 103 

complications caused by pathological myopia.3,4 Among these, progressive 104 

myopic traction maculopathy leads to myopic macular hole retinal detachment 105 

(MHRD), which is one of the most intractable forms of macular hole (MH). 106 

 The pathogenesis of myopic MHRD is considered to be distinct from 107 

that of idiopathic MH,5 and it can involve anteroposterior vitreous traction on the 108 

posterior pole due to axial elongation, posterior staphyloma, contraction of the 109 

cortical vitreous and epiretinal membrane, and/or reduced chorioretinal 110 

adhesion due to retinal pigment epithelium atrophy.3,6,7 Because of these 111 

complex pathogeneses, MH closure and retinal reattachment become difficult to 112 

achieve with vitrectomy, ILM peeling, and gas tamponade,8-11 which are the 113 

standard surgical procedures for idiopathic MH.12,13 Therefore, several 114 

techniques such as macular buckling,14 scleral infolding,15 and scleral 115 

resection16 have been developed for improving the MH closure and retinal 116 
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reattachment rates for eyes with myopic MHRD. However, these techniques 117 

can cause severe astigmatism, myopia, and distortion after surgery.  118 

 Kuriyama et al. first reported the use of the inverted ILM flap technique 119 

for MHRD and found MH closure and retinal reattachment in 75% cases.17,18 120 

Thus far, a few studies have compared the surgical outcomes of the inverted 121 

ILM flap technique with those of ILM peeling for myopic MHRD,19-23 although 122 

the sample sizes were small in all studies and only one study involved multiple 123 

centers. Therefore, the optimal technique remains unclear. In addition, the 124 

strategy for retinal reattachment failure after initial surgery using these 125 

techniques remains obscure. 126 

 The aim of this multicenter study was to compare surgical outcomes 127 

between the inverted ILM flap technique and ILM peeling for myopic MHRD.  128 

 129 

Methods 130 

 This multicenter cohort study included 100 eyes with myopic MHRD 131 

treated by pars plana vitrectomy with the inverted ILM flap technique or ILM 132 

peeling between June 2008 and September 2018 at the Fukui Red Cross 133 

Hospital, Japanese Red Cross Otsu Hospital, Kobe University Hospital, 134 
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Okayama University Hospital, Tane Memorial Eye Hospital, Toyama University 135 

Hospital, or Yokohama City University Hospital. The study protocol was in 136 

accordance with the Declaration of Helsinki and institutional review board 137 

approval was obtained (B161200022). All included patients had been informed 138 

about the surgeries, including their risks and benefits, and provided written 139 

consent. 140 

The inclusion criteria for the study were as follows: 1) clinical 141 

presentation of MHRD, 2) axial length >26.5 mm, and 3) follow-up for >6 142 

months. The exclusion criteria were as follows: 1) history of ocular surgery; 2) 143 

use of scleral buckling; 3) presence of a peripheral retinal break; and 4) history 144 

of ocular trauma, uveitis, and/or proliferative vitreoretinopathy. 145 

 We retrospectively retrieved the following data from the patients’ 146 

records: age; sex; axial length; lens status; presence of staphyloma; 147 

preoperative best-corrected visual acuity (BCVA); postoperative BCVA at 1, 3, 148 

and 6 months and the final visit after surgery; tamponade substance; ILM dye; 149 

follow-up duration; postoperative MH closure and retinal reattachment rates; 150 

and postoperative recovery of the external limiting membrane (ELM) and 151 

ellipsoid zone (EZ) line. For all patients, we recorded visual acuity as a decimal 152 



 8 

value and converted it to the logarithm of the minimal angle of resolution 153 

(logMAR) unit. In addition, we performed slit-lamp examination, indirect 154 

ophthalmoscopy, and optical coherence tomography (OCT; spectral domain 155 

and CIRRUS high-definition OCT, Carl Zeiss Meditec, Inc, Dublin, CA, USA; 156 

swept-source OCT, Topcon, Tokyo, Japan) for all patients. OCT was used for 157 

anatomical evaluation of MHRD. Posterior staphyloma was defined as an 158 

outpunching of the wall of the eye that has a radius of curvature less than the 159 

surrounding of the wall of the eye by indirect ophthalmoscopy and OCT.3 160 

 All patients underwent microincision vitrectomy with a 25-gauge system. 161 

All patients with lens were treated with simultaneous phacoemulsification and 162 

intraocular lens insertion. After core vitrectomy, we induced posterior vitreous 163 

detachment (PVD) if it had not naturally occurred. We also removed the 164 

peripheral vitreous. ILM was stained with indocyanine green (ICG) or brilliant 165 

blue-G, and the inverted ILM flap technique17 or ILM peeling was performed. In 166 

the inverted ILM flap technique, we peeled the ILM over 360° with intraocular 167 

forceps and did not remove it completely; it remained attached to the edge of 168 

the MH. The ILM was then trimmed and the residual ILM was either inverted to 169 

cover the MH or inserted into the MH. In both surgical procedures, intraocular 170 
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fluid was exchanged with air, and the air was subsequently replaced with a 171 

tamponade substance, namely 20% sulfur hexafluoride (SF6), 14% perfluoro 172 

propane (C3F8), or silicone oil (SO), at the discretion of the surgeon. After the 173 

surgery, we instructed all patients to remain in the prone position for at least 174 

three days; the duration varied among facilities. If the retina was not attached 175 

after the initial surgery, repeat surgery was performed as soon as possible and 176 

depended on the protocol at each facility. For cases where SO was used for 177 

tamponade, the decision to remove SO was made at the discretion of the 178 

surgeons at each facility. Removal of SO was performed after 6–12 months. 179 

 180 

Statistical analysis 181 

 We used the Mann–Whitney test, Fisher’s exact test, and chi-squared 182 

test as appropriate for statistical comparisons between the inverted ILM flap and 183 

ILM peeling groups. Then, we estimated odds ratios (ORs) and their 95% 184 

confidence intervals (CIs) for MH closure using multivariable logistic regression 185 

analysis with inverted ILM flap technique, age (year), axis (mm), tamponade 186 

substance, and dye for ILM staining as independent variables according to the 187 

previous reports. 8,24,25 We also examined factors associated with the 188 
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postoperative BCVA at the final visit by multiple linear regression analysis with 189 

inverted ILM flap technique, age, preoperative BCVA, tamponade substance, 190 

dye for ILM staining, and cataract surgery as independent variables according 191 

to the previous reports.8, 25-27 192 

 All statistical analyses were performed using SPSS 22.0 (SPSS, Inc., 193 

Chicago, IL). A P-value of <0.05 (two-sided) was considered statistically 194 

significant. 195 

 196 

Results 197 

 In total, 100 eyes of 100 patients with myopic MHRD (57 eyes in the 198 

inverted ILM flap group and 43 eyes in the ILM peeling group) were analyzed. 199 

Table 1 lists the baseline characteristics of eyes in both groups. There were no 200 

significant intergroup differences in terms of the patient’s age and sex, axial 201 

length, preoperative BCVA, presence of posterior staphyloma, lens status, 202 

tamponade substance, and follow-up duration (P > 0.05). ICG was used more 203 

frequently in the ILM peeling group than in the inverted ILM flap group (P < 204 

0.05). 205 
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 Table 2 shows the surgical outcomes in both groups. The MH closure 206 

rate was significantly higher in the inverted ILM flap group (80.7%) than in the 207 

ILM peeling group (37.2%, P < 0.05). There was no significant intergroup 208 

difference in the retinal reattachment rate (inverted ILM flap: 91.2%, ILM 209 

peeling: 79.5%; P = 0.229). Representative cases are shown in Fig 1.  210 

As shown in Table 2 and Fig 2, there was no statistically significant 211 

difference for the postoperative BCVA at 1 month between the two groups (P = 212 

0.090); however, the values at 3 and 6 months and the final visit were 213 

significantly better in the inverted ILM flap group than in the ILM peeling group 214 

(P = 0.023 and P = 0.009, respectively). The postoperative BCVA at the final 215 

visit showed a significant improvement relative to the preoperative value in both 216 

groups (Fig. 1; P < 0.05). 217 

Table 3 shows the surgical outcomes in terms of ELM and EZ line 218 

recovery and BCVA at the final visit for eyes with MH closure after surgery. 219 

There were no significant intergroup differences in any of the parameters.  220 

Adjusting for age, axis, tamponade substance, and dye for ILM staining, 221 

patients with the inverted ILM flap technique had more than 7 times higher odds 222 

for MH closure, compared with those with ILM peeling (OR, 7.14; 95% CI, 2.72–223 
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18.7; P = 0.001; Table 4). Moreover, multiple linear regression analysis 224 

indicated that the inverted ILM flap technique (regression coefficient, −0.20; 225 

95% CI, −0.38 to −0.03; P = 0.026) and preoperative BCVA (regression 226 

coefficient, 0.32; 95% CI, 0.17–0.46; P < 0.001) were significant positive 227 

determinants of the postoperative BCVA at the final visit (Table 5).  228 

 As shown in Table 6, 13 eyes failed to achieve retinal reattachment 229 

after the initial surgery; these included four (30.8%) and nine (69.2%) eyes in 230 

the inverted ILM flap and ILM peeling groups. Second surgeries involved ILM 231 

transplantation and SO tamponade for one eye (inverted ILM flap group) and 232 

SF6  tamponade for three eyes, C3F8 tamponade for two eyes, and SO 233 

tamponade for seven eyes. Among the seven eyes with SO tamponade, five 234 

(71.4%) underwent SO removal as the third surgery. The remaining two eyes 235 

(28.6%) did not receive SO removal surgery because of the possibility of retinal 236 

detachment. At the final visit, only the eye that underwent ILM transplantation 237 

and SO tamponade followed by SO removal showed retinal reattachment and 238 

MH closure. MH was open in the other 12 eyes, and one of these could not 239 

achieve retinal reattachment. 240 

 241 
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Discussion 242 

 In this multicenter case study, we performed vitrectomy with the 243 

inverted ILM flap technique (57%) or ILM peeling (43%) for 100 eyes with 244 

myopic MHRD. To our knowledge, this study includes the largest number of 245 

patients, to date, for the comparison of surgical outcomes between the inverted 246 

ILM flap technique and ILM peeling for myopic MHRD. The MH closure rate was 247 

significantly higher in the inverted ILM flap group, although the retinal 248 

attachment rate was not significantly different between groups. Adjusting for 249 

age, axis, tamponade substance, and dye for ILM staining, inverted ILM flap 250 

technique was strongly and positively associated with MH closure, compared 251 

with ILM peeling. These results are consistent with those of previous studies 252 

that included a relatively small number of patients with myopic MHRD and found 253 

an MH closure rate of 80%–100% with the inverted ILM flap technique and 254 

33%–55% with ILM peeling.19-23 255 

 Although MH was closed in 88.5% eyes with retinal attachment (46/52 256 

eyes) in the inverted ILM flap group, MH was not closed in 54.3% with retinal 257 

attachment (19/35 eyes) in the ILM peeling group (Table 2). This finding implies 258 

that, while ILM peeling is effective in releasing the retinal traction and improving 259 



 14 

the extensibility of the retina for reattachment, it is not adequate for MH closure. 260 

Recently, our group confirmed that the inverted ILM flap functions as a scaffold 261 

for glial cell migration and proliferation and promotes restoration of the foveal 262 

contour.28 Because the role of glial cell proliferation for MH closure is greater in 263 

myopic MH than in idiopathic MH, the inverted ILM flap technique would be 264 

more effective than ILM peeling for MH closure. 265 

 Our study also found a significantly better final BCVA in the inverted 266 

ILM flap group than in the ILM peeling group (Tables 2 and 5). However, the 267 

final BCVA value was unsatisfactory in both groups (Table 2), with no significant 268 

intergroup difference for eyes with successful MH closure (Table 3). Recently, 269 

Chen et al. and Wakabayashi et al. reported that visual acuity was significantly 270 

better after the inverted ILM flap technique than after ILM peeling.21,23 271 

Furthermore, Baba et al. reported that there was no significant difference in the 272 

postoperative visual acuity for eyes with MH closure between the two 273 

techniques.20 As shown in Table 3, one of the reasons for the poor 274 

postoperative BCVA despite MH closure is the poor recovery rate for the 275 

photoreceptor layer after both surgeries. In myopic MHRD, photoreceptor cells 276 

are likely to be irreversibly impaired before surgery. 23,29 Furthermore, the 277 
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procedure used in the inverted ILM flap technique per se and the dye used for 278 

ILM staining may affect the viability of photoreceptor cells.30 The procedure 279 

used in the inverted ILM flap technique can involve insertion of the ILM flap into 280 

MH31 or covering of MH with the ILM flap.17,32 In particular, the former may 281 

cause excessive gliosis in MH and prevent restoration of the photoreceptor 282 

cells.28,31-33 Faria et al. and Park et al. compared the two methods and reported 283 

that the recovery rate for EZ was lower when the ILM flap was inserted in MH 284 

than when it was used to cover MH.32,33 285 

 There are few reports describing the course of MHRD when the retina is 286 

not attached after the primary surgery. In this study, 13 eyes (13%) failed to 287 

show retinal reattachment after the initial surgery (Table 6). From these, 10 288 

eyes (76.9%) required two additional surgeries, five could not undergo SO 289 

removal surgery, and one failed to achieve retinal attachment despite multiple 290 

surgeries. MH eventually closed in only one eye, which was treated by ILM 291 

transplantation,34 and remained open in the other eyes. These results are 292 

similar to those of previous studies.8,35,36 Lam et al. treated myopic MHRD by 293 

ILM peeling and performed long-term follow-up evaluations (26.9 ± 16.5 294 

months). 37 They found that patients who required repeat surgery had severe 295 
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postoperative complications such as development of epiretinal membrane, 296 

proliferative vitreoretinopathy (PVR), and retinal detachment despite the 297 

achievement of retinal reattachment or MH closure. Although none of the eyes 298 

in our study developed PVR during the follow-up period, careful long-term 299 

follow-up is necessary because such complications can occur in the future. 300 

Considering these intractable treatment courses, it is important to achieve MH 301 

closure and retinal attachment after the initial surgery for myopic MHRD, and 302 

our findings suggest that the inverted ILM flap technique is suitable for this 303 

purpose.  304 

This study has four limitations. First, the follow-up period was not long 305 

enough for the assessment of late postoperative complications, including 306 

reopening of MH and recurrence of MHRD. Second, information about the MH 307 

diameter, period from MHRD onset to surgery, area of retinal detachment, 308 

degree of retinal choroidal atrophy, and central macular thickness were not 309 

available. Further studies with more detailed data are warranted to validate our 310 

findings. Third, we did not randomize the surgical technique, tamponade 311 

substance, and dye for ILM staining. Fourth, although our study included the 312 

largest number of patients in this research context, further larger studies are 313 
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required to examine possible effect modifications by the MH diameter, axial 314 

length, and types of posterior staphyloma, because the results could be utilized 315 

for better decision-making in clinical practice. 316 

 In conclusion, the findings of this study suggest that vitrectomy with the 317 

inverted ILM flap technique is superior to vitrectomy with ILM peeling in terms of 318 

MH closure and postoperative BCVA. Thus, the inverted ILM flap technique 319 

should be considered as the initial surgery for myopic MHRD. 320 

 321 

 322 

 323 

 324 

 325 

 326 

 327 

References 328 

1. Holden BA, Fricke TR, Wilson DA, et al. Global prevalence of myopia and 329 

high myopia and temporal trends from 2000 through 2050. Ophthalmology. 330 

2016;123:1036-1042. 331 



 18 

2. Dolgin E. The myopia boom. Nature. 2015;519:276-278. 332 

3. Ohno-Matsui K, Lai TY, Lai CC, Cheung CM. Updates of pathologic myopia. 333 

Prog Retin Eye Res. 2016;52:156-187. 334 

4. Morgan IG, Ohno-Matsui K, Saw SM. Myopia. Lancet. 2012;379:1739-1748. 335 

5. Gass JD. Idiopathic senile macular hole. Its early stages and pathogenesis. 336 

Arch Ophthalmol. 1988;106:629-639. 337 

6. Oshima Y, Ikuno Y, Motokura M, Nakae K, Tano Y. Complete epiretinal 338 

membrane separation in highly myopic eyes with retinal detachment 339 

resulting from a macular hole. Am J Ophthalmol. 1998;126:669-676. 340 

7. Morita H, Ideta H, Ito K, Yonemoto J, Sasaki K, Tanaka S. Causative factors 341 

of retinal detachment in macular holes. Retina. 1991;11:281-284. 342 

8. Lim LS, Tsai A, Wong D, et al. Prognostic factor analysis of vitrectomy for 343 

retinal detachment associated with myopic macular holes. Ophthalmology. 344 

2014;121:305-310. 345 

9. Ikuno Y, Sayanagi K, Oshima T, et al. Optical coherence tomographic 346 

findings of macular holes and retinal detachment after vitrectomy in highly 347 



 19 

myopic eyes. Am J Ophthalmol. 2003;136:477-481. 348 

10.  Kadonosono K, Yazama F, Itoh N, et al. Treatment of retinal detachment 349 

resulting from myopic macular hole with internal limiting membrane removal. 350 

Am J Ophthalmol. 2001;131:203-207. 351 

11.  Ichibe M, Yoshizawa T, Murakami K, et al. Surgical management of retinal 352 

detachment associated with myopic macular hole: anatomic and functional 353 

status of the macula. Am J Ophthalmol. 2003;136:277-284. 354 

12.  Kelly NE, Wendel RT. Vitreous surgery for idiopathic macular holes. 355 

Results of a pilot study. Arch Ophthalmol. 1991;109:654-659. 356 

13.  Brooks HL. Macular hole surgery with and without internal limiting 357 

membrane peeling. Ophthalmology. 2000;107:1939-1948; discussion 1948-358 

1949. 359 

14.  Ando F, Ohba N, Touura K, Hirose H. Anatomical and visual outcomes 360 

after episcleral macular buckling compared with those after pars plana 361 

vitrectomy for retinal detachment caused by macular hole in highly myopic 362 

eyes. Retina. 2007;27:37-44. 363 



 20 

15.  Matsuo T, Shiraga F, Takasu I, Okanouchi T. Scleral infolding combined 364 

with vitrectomy and gas tamponade for retinal detachment with macular 365 

holes in highly myopic eyes. Jpn J Ophthalmol. 2001;45:403-408. 366 

16.  Kono T, Takesue Y, Shiga S. Scleral resection technique combined with 367 

vitrectomy for a macular hole retinal detachment in highly myopic eyes. 368 

Ophthalmologica. 2006;220:159-163. 369 

17.  Michalewska Z, Michalewski J, Adelman RA, Nawrocki J. Inverted internal 370 

limiting membrane flap technique for large macular holes. Ophthalmology. 371 

2010;117:2018-2025. 372 

18.  Kuriyama S, Hayashi H, Jingami Y, Kuramoto N, Akita J, Matsumoto M. 373 

Efficacy of inverted internal limiting membrane flap technique for the 374 

treatment of macular hole in high myopia. Am J Ophthalmol. 2013;156:125-375 

131.e1. 376 

19.  Sasaki H, Shiono A, Kogo J, et al. Inverted internal limiting membrane flap 377 

technique as a useful procedure for macular hole-associated retinal 378 

detachment in highly myopic eyes. Eye (Lond). 2017;31:545-550.  379 



 21 

20.  Baba R, Wakabayashi Y, Umazume K, et al. Efficacy of the inverted 380 

internal limiting membrane flap technique with vitrectomy for retinal 381 

detachment associated with myopic macular holes. Retina. 2017;37:466-382 

471. 383 

21.  Chen SN, Yang CM. Inverted internal limiting membrane insertion for 384 

macular hole-associated retinal detachment in high myopia. Am J 385 

Ophthalmol. 2016;162:99–106.e1. 386 

22.  Matsumura T, Takamura Y, Tomomatsu T, et al. Comparison of the 387 

inverted internal limiting membrane flap technique and the internal limiting 388 

membrane peeling for macular hole with retinal detachment. PLoS ONE. 389 

2016;11:e0165068. 390 

23.  Wakabayashi T, Ikuno Y, Shiraki N, Matsumura N, Sakaguchi H, Nishida K. 391 

Inverted internal limiting membrane insertion versus standard internal 392 

limiting membrane peeling for macular hole retinal detachment in high 393 

myopia: one-year study. Graefe’s Arch Clin Exp Ophthalmol. 394 

2018;256:1387-1393. 395 

24.  Oie Y, Emi K, Takaoka G, Ikeda T. Effect of indocyanine green staining in 396 



 22 

peeling of internal limiting membrane for retinal detachment resulting from 397 

macular hole in myopic eyes. Ophthalmology. 2007;114:303-306. 398 

25.  Rizzo S, Tartaro R, Barca F, Caporossi T, Bacherini D, Giansanti F. 399 

Internal limiting membrane peeling versus inverted flap technique for 400 

treatment of full-thickness macular holes: a comparative study in a large 401 

series of patients. Retina. 2018;38 Suppl 1:S73-S78. 402 

26.  Kim Y, Kim ES, Yu S-Y, Kwak HW. Age-related clinical outcome after 403 

macular hole surgery. Retina 2017;37:80–87. 404 

27.  Baba T, Hagiwara A, Sato E, et al. Comparison of vitrectomy with brilliant 405 

blue G or indocyanine green on retinal microstructure and function of eyes 406 

with macular hole. Ophthalmology 2012;119:2609–2615. 407 

28.  Shiode Y, Morizane Y, Matoba R, et al. The role of inverted internal limiting 408 

membrane flap in macular hole closure. Invest Ophthalmol Vis Sci. 409 

2017;58:4847-4855. 410 

29.  Hayashi H, Kuriyama S. Foveal microstructure in macular holes surgically 411 

closed by inverted internal limiting membrane flap technique. Retina. 412 

2014;34:2444-2450. 413 



 23 

30.  Imai H, Azumi A. The expansion of RPE atrophy after the inverted ILM flap 414 

technique for a chronic large macular hole. Case Rep Ophthalmol. 415 

2014;5:83–86. 416 

31.  Hirano M, Morizane Y, Kawata T, et al. Case report: successful closure of a 417 

large macular hole secondary to uveitis using the inverted internal limiting 418 

membrane flap technique. BMC Ophthalmol. 2015;15:83. 419 

32.  Faria MY, Proença H, Ferreira NG, Sousa DC, Neto E, Marques-Neves C. 420 

Inverted internal limiting membrane flap techniques and outer retinal layer 421 

structures. Retina. 2019 Jun 21. doi: 10.1097/IAE.0000000000002607. 422 

[Epub ahead of print] 423 

33.  Park JH, Lee SM, Park SW, Lee JE, Byon IS. Comparative analysis of 424 

large macular hole surgery using an internal limiting membrane insertion 425 

versus inverted flap technique. Br J Ophthalmol. 2019;103:245-250. 426 

34.  Morizane Y, Shiraga F, Kimura S, et al. Autologous transplantation of the 427 

internal limiting membrane for refractory macular holes. Am J Ophthalmol. 428 

2014;157:861-869.e1. 429 



 24 

35.  Nakanishi H, Kuriyama S, Saito I, et al. Prognostic factor analysis in pars 430 

plana vitrectomy for retinal detachment attributable to macular hole in high 431 

myopia: a multicenter study. Am J Ophthalmol. 2008;146:198-204. 432 

36.  Arias L, Caminal JM, Rubio MJ, et al. Autofluorescence and axial length as 433 

prognostic factors for outcomes of macular hole retinal detachment surgery 434 

in high myopia. Retina. 2015;35:423-428. 435 

37.  Lam RF, Lai WW, Cheung BT, et al. Pars plana vitrectomy and 436 

perfluoropropane (C3F8) tamponade for retinal detachment due to myopic 437 

macular hole: a prognostic factor analysis. Am J Ophthalmol. 2006;142:938-438 

44. 439 

 440 

 441 

 442 

Figure legends 443 
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Fig 1. 445 
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(A) Preoperative vertical B-scan OCT image of a 71-year-old female who 446 

presented with MHRD (asterisk). Best corrected visual acuity (BCVA, logMAR) 447 

was 2.0. (B) Postoperative vertical B-scan OCT image at 1 year after the 448 

inverted ILM flap technique. The macular hole closure and retinal reattachment 449 

were obtained and logMAR BCVA was 0.7. (C) Preoperative horizontal B-scan 450 

OCT image of a 65-year-old female who presented with MHRD (asterisk). 451 

LogMAR BCVA was 1.5. (D) Postoperative horizontal B-scan OCT image at 6 452 

months after the ILM peeling. The macular hole closure and retinal 453 

reattachment were obtained and logMAR BCVA was 0.7. 454 

 455 

Fig 2.  456 

Pre- and postoperative BCVA values for patients with myopic MHRD treated by 457 

the inverted ILM flap technique or ILM peeling 458 

ILM = internal limiting membrane, BCVA = best-corrected visual acuity, logMAR 459 

= logarithm of the minimum angle of resolution 460 

*P < 0.05 Mann-Whitney test 461 

 462 

 463 


