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Abstract
Background: To investigate the association between iOCT feature in macular hole (MH) surgery and the
restoration of the retina microstructure and visual outcomes.

Methods: This was a case series study including �fty-three eyes of 53 patients with macular hole were
recruited. According to the morphological characteristics of the hole edge as imaged by iOCT after ILM
peeling, all patients were divided into three groups: fovel �ap group, hole-door group, and negative group.
The restoration of the retina microstructure and postoperative visual outcomes of the MH surgery were
compared between these groups.

Results: All of the eyes had MH closure after vitrectomy. The postoperative BCVA was signi�cantly
improved compared with the preoperative BCVA (P<0.001). Based on the features of the hole edge as
reveal by iOCT, the negative group included 24 eyes, the fovea �ap group included 14 eyes, and the hole-
door group included 15 eyes. The hole-door group and foveal �ap group had signi�cantly better �nal
visual acuity and postoperative restoration of the ELM than the negative group (P=0.002, P=0.012). For
the group in which the MHD was ≤400 μm, there were no signi�cant differences in ELM restoration, EZ
restoration, or BCVA among the three groups (P=0.516 and P=0.179 respectively). For the MHD >400-μm
group, the hole-door group and fovea �ap group had signi�cantly better �nal visual acuity and restoration
of ELM than the negative group (P=0.013, P=0.005).

Conclusion: This study describes a novel intraoperative sign using iOCT. This sign can provide useful
predictive information for postoperative restoration of the retinal microstructure and visual outcomes of
MHs, especially large ones

Introduction
Idiopathic full-thickness macular holes (MHs) can lead to decreased central vision and metamorphopsia.
[1-4] Currently, the standard surgical procedure includes pars plana vitrectomy (PPV), internal limiting
membrane (ILM) peeling, intraocular gas tamponade, and postoperative positioning to ensure
satisfactory anatomic outcomes with MH closure rates of 90%. [1-4] Recent studies, using spectral
domain optical coherence tomography (SD-OCT) to image retinal microstructure, reported favorable
visual outcomes after MH surgery, especially as it relates to restoration of the external limiting membrane
(ELM) and the ellipsoid zone (EZ). [5,6] Several studies have indicated that the recovery of the ELM might
be the most critical factor for visual function improvement in the early postoperative period. [7,8]

Researchers used OCT measurements in attempts to evaluate prognostic factors in MH surgery, including
minimum and base hole diameter (MHD), hole form factor, macular hole index, and tractional hole index.
[9-12] However, the results have been variable due to the poor reproducibility of the OCT measurements.
Recent studies have proved the feasibility and usefulness of intraoperative OCT (iOCT) in vitreoretinal
surgery. [13-15] iOCT was said to have added valuable information related to surgical anatomic features
and the surgical procedure, and it directly impacted the surgical procedure. Other recent studies have
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shown the feasibility of real time iOCT in PPV surgery. [14-15] The DISCOVER study reported that the
majority of surgeons preferred viewing static images rather than analysis details. Therefore, non-real time
iOCT still has important clinical value in vitreoretinal surgery. [13] Several authors have recently shown
iOCT to be useful in patients undergoing membrane peeling in MH surgery. [16,17] Moreover, alterations
in MH geometry on iOCT have been visualized that may have important implications for postoperative
care and positioning. [16,17] However, the relationship of these intraoperative changes with the MH
closure rate and anatomic normalization have not been well analyzed.

In this study, we used iOCT after ILM peeling during vitrectomy for MH to describe morphological
changes at the edges of MHs. With iOCT imaging, we identi�ed three types of MHs based on the
morphology of the hole edge after ILM peeling. We then analyzed the postsurgical association of the hole
edge types with the restoration of retinal microstructure and postoperative visual outcomes

Materials And Methods
Study Design

This is a retrospective study of consecutive patients undergoing 23-gauge PPV for MH by a single
surgeon (L.J-S) at A�liated Eye Hospital of Wenzhou Medical University from July 2015 to July 2018. All
patients gave written informed consent prior to the surgery. All procedures were approved by the
institutional review board of the A�liated Eye Hospital of Wenzhou Medical University and adhered to the
Declarations of Helsinki.

Patient Selection

All patients with MH who underwent 23-gauge PPV were included in the study. MH was de�ne as a full-
thickness retinal defect in the foveal neurosensory retina as visualized by SD-OCT. Exclusion criteria
included previous vitreoretinal surgery, history of penetrating trauma, high myopia, �nal follow-up period
less than 6 months, and eyes that underwent PPV for MH without iOCT or using other techniques, e.g.,
inverted ILM �ap technique, during the study period.

According to the morphological characteristics of the hole edge as imaged by iOCT after ILM peeling, all
patients were divided into three groups. In the foveal �ap group, iOCT imaged a preoperative foveal �ap
that adhered to the hole edge after ILM peeling. In the hole-door group [23], iOCT revealed vertical pillars
of tissue that projected into the vitreous cavity from the edges of the hole. In the negative group, iOCT
imaged neither foveal �ap nor hole-door features.

Surgical Technique

Each surgery was performed under retrobulbar anesthesia in patients receiving 23-gauge PPV. After core
vitrectomy, posterior vitreous detachment was induced using the suction power of a 23-gauge vitrectomy
cutter in the optic disc area. The posterior hyaloid membrane was cut except for the macular area. After
staining the posterior pole with indocyanine green (0.025 mg/ml) for 5 seconds, the ILM was grasped
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with ILM forceps and peeled off for approximately two-to-three disc diameters around the MH. Air-�uid
exchange was followed by C3F8 endotamponade.

All eyes underwent examination for best corrected visual acuity (BCVA) by Snellen chart. BCVA was
expressed as the logarithm of the minimum angle of resolution (logMAR). All preoperative and
postoperative OCTs were done using a commercially available SD-OCT device (Spectralis HRA OCT;
Heidelberg Engineering, Heidelberg, Germany). Diameters of MH were de�ned as the shortest distances
between the edges of the broken ends of the neuroepithelia on the largest cross-section and were
quanti�ed based on a horizontal scan through the center of the hole. iOCT images were obtained with the
Optovue iVue OCT System (Optovue, Inc., Fremont, CA, USA). The scanning speed was 26,000 times/min,
the vertical resolution was 5 µm, the horizontal resolution was 11.4 µm, and the wavelength was 830 nm.
Images acquired before and after ILM peeling were analyzed for qualitative changes. The primary
outcome measures were anatomic success and restoration of the photoreceptor layer of the MH as
documented by SD-OCT. The functional outcome of surgery was evaluated by BCVA at the last follow-up.

The postoperative BCVA and anatomical morphology of photoreceptor layer observed on SD-OCT images
obtained in the postoperative follow-up period were compared among the three MH groups. Moreover, the
restoration of the photoreceptor layer was assessed via the reconstruction of the continuous back
re�ection line corresponding to the EZ and the ELM. Two independent observers (H.C, J.F) evaluated the
images, with a consensus used to resolve disagreements. All data were analyzed using the SPSS 22.0
statistical software (SPSS Inc, Chicago, IL), and P-values ≤0.05 were considered to be statistically
signi�cant. The descriptive analysis was used for all the ocular parameters discussed in the current
study. One-way analysis of variance with post-hoc examination was used for the preoperative BCVA or
postoperative BCVA among the three groups throughout the study period. The Chi-squared test was
applied to evaluate differences in macular hole closure and restoration of the ELM and EZ.

Results
One eye each of 53 patients matched the study criteria and were included in the analysis. The mean age
of the patients was 66.0±6.50 years (range 47-78 y), and 36 patients were female, and 17 were male. The
preoperative BCVA for all subjects was 1.10±0.77, and the mean MHD was 420.19±170.79 μm.

Based on the features of the hole edge as reveal by iOCT, the negative group included 24 eyes, the fovea
�ap group included 14 eyes, and the hole-door group included 15 eyes (Table 1). At the baseline
examination, there was no signi�cant difference among the three groups regarding age (p = 0.151), sex (p
= 0.252), axial length (p = 0.615), duration of MH (p = 0.735), mean preoperative BCVA (p = 0.287), or
MHD (p = 0.268).

MH closure, iOCT features, and visual acuity change after surgery

All of the eyes had MH closure after vitrectomy. Type 1 MH closure occurred in 52 eyes, and Type 2 MH
closure occurred in one eye. The postoperative BCVA was for all subjects was 0.44±0.46, which was
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signi�cantly improved compared with the preoperative BCVA of 0.93±0.47 (P<0.001). The restoration of
ELM and EZ was present 6 months after surgery in 77.4% (41 of 53) and 37.7% (20 of 53) respectively of
the patients after surgery.

iOCT features and visual acuity change after surgery among the three groups

The baseline and �nal visual acuity and anatomic outcomes between the three groups are summarized in
Table 1. There was no signi�cant difference in the rate of MH closure among the three groups at 6
months postoperatively.

The postoperative visual acuity at 6 months was 0.68±0.60 in the negative group, 0.24±0.15 in the hole-
door group, and 0.25±0.15 in the foveal �ap group. The hole-door group and foveal �ap group had
signi�cantly better �nal visual acuity than the negative group (P=0.002). The ELM was restored by 6
months after surgery in 58.3% (14 of 24) of the patients in the negative group, 93.3% (14 of 15) in the
hole-door group, and 92.9% (13 of 14) in the foveal �ap group. Postoperative restoration of the EZ was
present at 6 months in 33.3% (8 of 24) of the patients in the negative group, 33.3% (5 of 15) in the hole-
door group, and 50% (7 of 14) in the foveal �ap group. The negative group had signi�cantly poorer
restoration of the ELM than the other two groups (P=0.012, Table 1).

Macular hole size, BCVA, and microstructural changes of the fovea after surgery

Subgroup analysis divided patients into groups in which the MHD was ≤400 μm (Table 2) or >400 μm
(Table 3). By six months after surgery, for the group in which the MHD was ≤400 μm, the ELMs were
completely restored in all three MH groups (Table 2). At the same time, restoration of the EZ was achieved
in 77.8% (7 of 9) of the patients in the negative group, 62.5% (5 of 8) in the hole-door group, and 50% (4
of 8) in the foveal �ap group. There were no signi�cant differences in ELM restoration, EZ restoration, or
BCVA among the three groups (P=0.516 and P=0.179 respectively).

For the MHD >400-μm group, the ELM was restored by 6 months after surgery in 33.3% (5 of 15) of the
patients in the negative group, 85.7% (6 of 7) in the hole-door group, and 100% (6 of 6) in the foveal �ap
group (Table 3). Postoperative restoration of the EZ at 6 months occurred in 13.3% (2 of 15) of the
patients in the negative group, 28.6% (2 of 7) in the hole-door group, and 33.3% (2 of 6) in the foveal �ap
group. The negative group had signi�cantly poorer restoration of the ELM than the other two groups
(P=0.017, P=0.002), while there was no signi�cant difference for EZ restoration among the three groups
(P=0.569). The hole-door group and the foveal �ap group had signi�cantly better �nal visual acuity than
the negative group (P =0.013).

Representative Case Examples

Fig. 1 Case 1: A representative foveal �ap case. (a) The MH foveal �ap was evident in the preoperative
SD-OCT images (arrow) of a 63-year-old woman. (b) iOCT showed that the foveal �ap (arrow) was
preserved after ILM peeling. (c) Postoperatively at 6 months, SD-OCT showed hole closure with recovery
of the ELM and EZ. The BCVA was 0.6.
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Fig. 2 Case 2: A representative hole-door case. (a) The preoperative SD-OCT image showed a MH without
a foveal �ap in a 60-year-old woman. (b) iOCT showed vertical pillars of tissue at the edges of the hole
projecting into the vitreous cavity (arrow) after ILM peeling. (c) Postoperatively at 6 months, SD-OCT
showed hole closure with full recovery of the ELM and EZ. The BCVA was 0.4.

Fig. 3 Case 3: A representative negative case. (a) The preoperative SD-OCT image showed a MH without a
foveal �ap in a 67-year-old woman. (b) iOCT showed neither foveal �ap nor vertical pillars of tissue at the
edges of the hole after ILM peeling. (c) Postoperatively at 6 months, SD-OCT showed hole closure without
restoration of the ONL. The bridging tissue was hyperre�ective. The BCVA was 0.15.

Discussion
Several authors have recently used iOCT to show MH geometry changes after ILM peeling. [16,17]
However, the relationship of the intraoperative �ndings with the MH closure rate and anatomic
normalization were not thoroughly analyzed. We found three types of iOCT features at the hole edge that
were evident after ILM peeling. The morphological characteristics imaged by iOCT are closely related to
the prognosis of MH surgery. Thus, the hole-door and foveal �ap structures imaged by iOCT during
surgery served as positive predictors of MHs that acquired better anatomic and functional results after
surgery than did the group in which these features were absent.

Though the nature of the foveal �ap is still unknown, it is considered to be an early stage operculum.
[18,19] With the development of posterior vitreous detachment, the foveal �ap becomes separated from
the retinal tissue as an operculum. Histopathological results suggest that the foveal �ap is a part of the
retinal tissue. [20,21] One report stated that good anatomic and functional outcomes were achieved by
preserving the foveal �ap for the treatment of MH. [22] While preservation of the �ap can be achieved by
the surgeon using a microscope during the procedure, the use of iOCT may be helpful for making more
objective assessments during surgery. We used iOCT to observe the morphology of the foveal �ap after
ILM removal. Further, iOCT con�rmed that all �aps were preserved during the surgery. Subsequent
analysis showed that these patients had a better prognosis compared to the negative patients for whom
no foveal �ap or door-hole was present. We believe that the fovea �ap can cover the defect in the inner
retina and facilitate hole closure. This then results in a better restoration of photoreceptors at the fovea.
To the best of our knowledge, this study is the �rst to use iOCT to describe the feature of foveal �aps
after ILM peeling and demonstrate the bene�cial effect on the prognosis after MH surgery.

Patients who were negative or who did not have a fovea �ap, iOCT also showed vertical pillars of tissue
at the edges of the hole projecting into the vitreous cavity after ILM peeling in 15 patients. This
phenomenon is similar to the “hole-door” feature described in previous literature [23], they conclude hole-
door sign can predicts postoperative Type 1 closure of MH. In our study, we found that patients with this
phenomenon had a better recovery of the foveal microstructure and a better visual outcome compared
with the negative group, even though there was no difference in the closure rate. Kumar and Yadav [23]
considered that the tissue pillars could be composed of redundant retinal tissue, subclinical epiretinal
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membranes, or small residual pieces of the ILM attached to the edges of the hole. They suggested that
the mechanism of closure could be similar to the inverted ILM �ap surgical approach in which the pillars
provide mechanical support to bridge the gap and more quickly cover up the defects in the inner retina.
[24-27]

Visual recovery after MH closure may depend on the recovery of the retinal microstructure in the fovea,
particularly the outer retina. [5-8] The authors reported that the restoration of the ELM and the EZ lines
over the closed MH was associated with better BCVAs. However, the presence of hyperre�ective bridging
tissue at the closed MH indicated that the MH was closed with scar tissue or migrated glial tissue,
including collagen components derived from Müller cells. The restoration of the ELM in the hole-door and
foveal �ap groups was higher than in the negative group. Correspondingly, the both groups had better
postoperative visual acuity than the negative group. Our research shows that the favorable visual
outcomes after MH surgery were related to restoration of the ELM, and this is similar to previous reports.
[5-8] This observation indicated that the recovery of the ELM might be the most critical component for
visual function improvement in the early stage after MH surgery.

The size of the hole was also closely related to the prognosis of MH surgery. [28] Regarding preoperative
MH size, Liu et al reported that simply dividing patients into those with MHs >400 μm and those with MHs
≤400 μm was more clinically signi�cant for the prognosis after MH surgery. [8] Our study shows that the
intraoperative feature at the hole edge may be the best predictor of prognosis for those with MHD >400
μm. For those in which the MHD was ≤400 μm, there were no signi�cant differences between the
postoperative ELM, EZ restoration, and BCVA of the three groups.

Real time iOCT is a newly developed technology in the �eld of ophthalmic imaging. The 3-year results of
the DISCOVER study found that 69% of posterior segment surgeons preferred viewing images on the
display screen, and that percent increased from year 1 to subsequent years.[13] These may be related to
greater OCT detail and subtle changes on screen review than in real time. Therefore, non-real time iOCT
still has important clinical value in MH surgery.

This study has the following limitations. It was a retrospective study and involved a small number of
cases, which limited the statistical strength of the analysis. In addition, the imaging system used in this
study was not integrated into the microscope, which may have impacted the overall functionality of iOCT
in these cases.

Conclusions
In conclusion, we described a novel intraoperative sign using iOCT. This sign can provide useful predictive
information for postoperative restoration of the retinal microstructure and visual outcomes of MHs,
especially large ones. Our results also provide useful insights into the pathophysiology of ILM peeling in
MH surgery.
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Abbreviations
iOCT: Intraoperative Optical Coherence Tomography;

MH: Macular Hole;

EZ: Ellipsoid Zone;

ELM: External Limiting Membrane;

BCVA: Best Corrected Visual Acuity.

Declarations
Acknowledgements

Not applicable.

 

Authors’ contributions

JWT contributed to the concept and study design. Patients were enrolled by LJS, CH, ZL. PDM collected
the data and interpreted the data. CH drafted the manuscript. All the authors were involved in the critical
revision of the manuscript, supervision of the manuscript, and �nal approval before submission.

 

Funding

None.

 

Availability of data and materials

The datasets for the analysis of the current study are readily available from the corresponding author on
reasonable request.

 

Ethics approval and consent to participate

The study followed the tenets of the Declaration of Helsinki and was approved by the Ethics Committee
of the Eye Hospital of Wenzhou Medical University, and written informed consent was obtained from all
patients.



Page 9/16

 

Consent for publication

Not applicable.

 

Competing interests

The authors declare that they have no competing interests.

 

Author details

1Department of Retina Center, A�liated Eye Hospital of Wenzhou Medical University, Hangzhou, Zhejiang
Province, China

References
1. Kelly NE1, Wendel RT. Vitreous surgery for idiopathic macular holes. Results of a pilot study. Arch

Ophthalmol.1991;109(5):654-9.

2.Haritoglou C, Reiniger IW, Schaumberger M, Gass CA, Priglinger SG, Kampik A. Five-year follow-up of
macular hole surgery with peeling of the internal limiting membrane: update of a prospective study.
Retina.2006;26(6):618-22.

3.Kusuhara S, Teraoka Escaño MF, Fujii S, Nakanishi Y, Tamura Y, Nagai A,et al. Prediction of
postoperative visual outcome based on hole con�guration  by optical coherence tomography in eyes with
idiopathic macular holes. American Journal of Ophthalmology.2004;138(5):709-716.

4.Tognetto D, Grandin R, Sanguinetti G, Minutola D, Di Nicola M, Di Mascio R, et al. Internal Limiting
Membrane Removal during Macular Hole Surgery:Results of a Multicenter Retrospective Study.
Ophthalmology, 2006;113(8):1401-1410.

5.Sano M, Shimoda Y, Hashimoto H, Kishi S. Sano M, Shimoda Y Hashimoto H,et al. Restored
Photoreceptor Outer Segment and Visual Recovery After Macular Hole Closure. American Journal of
Ophthalmology. 2009;147(2):313-318.

6.Oh J, Smiddy WE, Flynn HW Jr, Gregori G, Lujan B. Photoreceptor Inner/Outer Segment Defect Imaging
by Spectral Domain OCT and Visual Prognosisafter Macular Hole Surgery. Investigative Opthalmology &
Visual Science.2010;51(3):1651-8.



Page 10/16

7.Theodossiadis, P.G, V.G. Grigoropoulos, G.P. Theodossiadis. The Signi�canceof the External Limiting
Membrane in the Recovery of Photoreceptor Layer after Successful Macular Hole Closure: A Study by
Spectral Domain Optical Coherence Tomography. Ophthalmologica.2011;225(3):176-184.

8.Liu L, Enkh-Amgalan I, Wang NK, Chuang LH, Chen YP, Hwang YS, et al. RESULTS OF MACULAR HOLE
SURGERY: Evaluation Based on the International Vitreomacular Traction Study Classi�cation.
RETINA.2018;38(5):900-906.

9.Ooka E, Mitamura Y, Baba T, Kitahashi M, Oshitari T, Yamamoto S. Foveal microstructure on spectral-
domain optical coherence tomographic images and visual function after macular hole surgery.American
Journal of Ophthalmology.2011;152(2):283-290.

10.Kim NM, Park HJ, Koo GH, Lee JE, Oum BS. Photoreceptor layer assessed in tissue layer image using
spectral-domain optical coherence tomography after surgical closure of macular hole. Retina.2011;31(8),
1483-1492.

11.Wakely, L, R. Rahman, J. Stephenson. A comparison of several methods ofmacular hole measurement
using optical coherence tomography, and their value in predicting anatomical and visual outcomes.
British Journal of Ophthalmology.2012;96(7):1003-7.

12. Liu P, Sun Y, Dong C, Song D, Jiang Y, Liang J, et al. A new method to predict anatomical outcome
after idiopathic macular hole surgery. Graefes Archive for Clinical and Experimental
Ophthalmology.2016;254(4):683-688.

13.Ehlers JP, Modi YS, Pecen PE, Goshe J, Dupps WJ, Rachitskaya A, et al. The DISCOVER Study 3-Year
Results: Feasibility and Usefulness of        Microscope-Integrated Intraoperative OCT during Ophthalmic
Surgery.         Ophthalmology.2018;125(7):1014-1027.

14.Gabr H, Chen X, Zevallos-Carrasco OM, Viehland C, Dandrige A, Sarin N, et al. Visualization from
intraoperative swept-source microscope-integrated optical coherence tomography in vitrectomy for
complications of proliferative diabetic retinopathy. Retina .2018;38 Suppl 1: S110-S120.

15.Borrelli E, Palmieri M, Aharrh-Gnama A, Ciciarelli V, Mastropasqua R, Carpineto P. Intraoperative optical
coherence tomography in the full-thickness macular hole surgery with internal limiting membrane
inverted �ap placement. International Ophthalmology.2019 39(4):929-934

16.Dayani PN, Maldonado R, Farsiu S, Toth CA. Intraoperative use of      handheld spectral domain optical
coherence tomography imaging in macular    surgery. Retina. 2009;29(10): 1457-1468.

17.Ehlers JP, Xu D, Kaiser PK, Singh RP, Srivastava SK. Intrasurgical      dynamics of macular hole surgery:
an assessment of surgery-induced          ultrastructural alterations with intraoperative optical coherence
tomography.     Retina.2014;34(2):213-21.



Page 11/16

18.Takahashi A, Nagaoka T, Ishiko S, Kameyama D, Yoshida A. Foveal     anatomic changes in a
progressing stage 1 macular hole documented by      spectral-domain optical coherence tomography.
Ophthalmology.2010;117(4):806-810.

19.Takahashi A, Yoshida A, Nagaoka T, Kagokawa H, Kato Y, Takamiya A,et al. Macular hole formation in
fellow eyes with a perifoveal posterior vitreous detachment of patients with a unilateral macular
hole.American Journal of Ophthalmology.2011; 151(6):981-989.

20.Ezra E, Munro PM, Charteris DG, Aylward WG, Luthert PJ, Gregor ZJ. Macular hole opercula:
ultrastructural features and clinicopathologic correlation. Archives of Ophthalmology.1997;115(11):1381.

21. Ezra E, Fariss RN, Possin DE, Aylward WG, Gregor ZJ, Luthert PJ, et al. Immunocytochemical
characterization of macular hole opercula. Arch Ophthalmol. 2001;119(2):223-31.

22. Lee S, Kim JG. PRESERVATION OF THE FOVEAL FLAP IN MACULAR HOLE SURGERY. Retina.
2019;39(6):1039–1046.

23. Kumar V, Yadav B. HOLE-DOOR SIGN: A Novel Intraoperative Optical Coherence Tomography Feature
Predicting Macular Hole Closure. Retina.2018; 38(10):2045–2050.

24.Takahashi H, Inoue M, Koto T, Itoh Y, Hirota K, Hirakata A. Inverted internal limiting membrane �ap
technique for treatment of macular hole retinal detachment in highly myopic eyes. 2017;38(12):2317-
2326.

25. Maier M, Bohnacker S, Klein J, Klaas J, Feucht N, Nasseri A,et al. Vitrectomy and iOCT-assisted
inverted ILM �ap technique in patients with full thickness macular holes. Ophthalmologe.
2019;116(7):617-624.

2�. Michalewska Z, Michalewski J, Adelman RA, Nawrocki J.Inverted internal limiting membrane �ap
technique for large macular holes. Ophthalmology.2010; 117(10):2018-2025.

27. Yusuke S, Yuki M, Ryo M, Masayuki H, Shinichiro D, Shinji T, et al. The role of inverted internal
limiting membrane �ap in macular hole closure. Invest Ophthalmol Vis Sci. 2017;58(11):4847-4855.

28.Duker JS, Kaiser PK, Binder S, de Smet MD, Gaudric A, Reichel E, et al.The International Vitreomacular
Traction Study Group Classi�cation of        Vitreomacular Adhesion, Traction, and Macular Hole.
Ophthalmology.2013; 120(12):2611-2619.

Tables
Table 1 Characteristics of the negative, hole-door, and foveal flap MH groups
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  Groups  
  Negative (N=24) Hole-door (N=15) Foveal flap (N=14) P

Male/female, no 5/19 7/8 5/9 0.252

Age, (years) 68.13±5.86 62.33±15.54 63.00±7.30 0.151

Axial length, (mm) 23.36±0.77 23.53±0.94 23.33±1.27 0.615

Duration of MH, (months) 3.07±1.92 2.87±1.51 3.00±1.71 0.735

Preoperative BCVA 1.06±0.56 1.34±1.17 0.89±0.44 0.287

Preoperative MHD 463.35±174.04 391.47±165.32 380.07±166.61 0.268

Macular hole closure 23 (95.8%) 15 (100%) 14 (100%) 0.717

ELM restoration 14 (58.3%) 14 (93.3%) 13 (92.9%) 0.012

EZ restoration 8 (33.3%) 5 (33.3%) 7 (50%) 0.587

Postoperative BCVA 0.68±0.60 0.24±0.15 0.25±0.15 0.002

MH: macular hole; BCVA: best corrected visual acuity; MHD: minimum hole diameter ELM:
external limiting membrane; EZ: ellipsoid zone;

 

Table 2. Functional and anatomical outcomes in the MHD ≤400 mm group

  Groups  

  Negative (N=24) Hole-door (N=15) Foveal �ap (N=14) P

Preoperative BCVA 0.77±0.28 1.71±1.53 0.90±0.57 0.110

Preoperative MHD 289.56±69.41 285.75±110.94 252.63±72.19 0.636

Macular hole closure 9 (100%) 8 (100%) 8 (100%) /

ELM restoration 9 (100%) 8 (100%) 8 (100%) /

EZ restoration 7 (77.8%) 5 (62.5%) 4 (50%) 0.516

Postoperative BCVA 0.30±0.12 0.16±0.14 0.23±0.18 0.179

MHD: minimum hole diameter; ELM: external limiting membrane; EZ: ellipsoid zone; BCVA: best corrected
visual acuity;

 

Table 3. Functional and anatomical outcomes in the MHD >400 mm group
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  Groups    

  Negative (N=15) Hole-door (N=7) Fovea-�ap (N=6) P  

Preoperative BCVA 1.24±0.62 0.92±0.26 0.89±0.21 0.205

Preoperative MHD 575.07±118.08 512.29±132.22 550.00±65.11 0.496

Macular hole closure 14 (93.3%) 7 (100%) 6 (100%) 0.750

ELM restoration 5 (33.3%) 6 (85.7%) 6 (100%) 0.005

EZ restoration 2 (13.3%) 2 (28.6%) 2 (33.3%) 0.569

Postoperative BCVA 0.93±0.65 0.34±0.17 0.28±0.10 0.013

MHD: minimum hole diameter; ELM: external limiting membrane; EZ: ellipsoid zone; BCVA: best
corrected visual acuity;

 

                   

 

Figures
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Figure 1

Case 1: A representative foveal �ap case. (a) The MH foveal �ap was evident in the preoperative SD-OCT
images (arrow) of a 63-year-old woman. (b) iOCT showed that the foveal �ap (arrow) was preserved after
ILM peeling. (c) Postoperatively at 6 months, SD-OCT showed hole closure with recovery of the ELM and
EZ. The BCVA was 0.6.
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Figure 2

Case 2: A representative hole-door case. (a) The preoperative SD-OCT image showed a MH without a
foveal �ap in a 60-year-old woman. (b) iOCT showed vertical pillars of tissue at the edges of the hole
projecting into the vitreous cavity (arrow) after ILM peeling. (c) Postoperatively at 6 months, SD-OCT
showed hole closure with full recovery of the ELM and EZ. The BCVA was 0.4.
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Figure 3

Case 3: A representative negative case. (a) The preoperative SD-OCT image showed a MH without a
foveal �ap in a 67-year-old woman. (b) iOCT showed neither foveal �ap nor vertical pillars of tissue at the
edges of the hole after ILM peeling. (c) Postoperatively at 6 months, SD-OCT showed hole closure without
restoration of the ONL. The bridging tissue was hyperre�ective. The BCVA was 0.15.


