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Abstract

Background To investigate the changes in

inner foveal contour after surgery for macular

hole (MH) and its clinical implications.

Methods This retrospective observational case

series included 66 eyes from 66 patients who

underwent surgery for MH. Notching of tissue

was defined as an abrupt alteration in the inner

contour of the parafoveal tissue based on post-

operative optical coherence tomography (OCT)

image. The distance between the parafoveal

edges of the outer plexiform layer (OPL) was

defined as the inter-OPL distance. The inter-

OPL distance was divided into nasal, temporal,

superior, and inferior lengths. The difference in

the lengths of each direction between the early

and late postoperative period was compared

between directions with and without notching.

Results The early and late postoperative

examination was performed at 4.6±2.9 weeks

and 6.2±0.6 months, respectively. Notching

of tissue was noted in 54 eyes (81.8%). In 53

eyes with a measurable inter-OPL distance,

the notching of tissue was noted in 45 eyes

(84.9%) regardless of preoperative MH size.

The mean amount of foveal tissue elongation

that occurred during the designated period

was 104.6±68.8 and 78.4±72.9 mm in the

directions with and without the notching of

tissue (Po0.001), respectively.

Conclusions The changes in the inner foveal

contour, including notching of tissue and

elongation of foveal tissue, were noted in the

majority of eyes after MH surgery. Notching

of tissue on OCT image could be a clinical

marker for the development of foveal tissue

elongation after MH surgery.
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Introduction

With the advent of spectral domain optical

coherence tomography (SD-OCT),which allows

analysis of each retinal layer, the detailed

recovery process of foveal microstructure after

macular hole (MH) surgery has been elucidated.

In addition to the well-known phenomenon,

such as restoration of the external limiting

membrane and the photoreceptor layer,1–6 the

elongation of foveal tissue has recently been

reported.7 The degree of asymmetric elongation

of foveal tissue after MH surgery was closely

associated with metamorphopsia and found to

have a negative influence on the recovery of

postoperative visual function.7

When analyzing postoperative OCT images

after MH surgery, we often observed an abrupt

alteration in the inner contour of the foveal

tissue and a definite elongation of the foveal

tissue in the direction that this phenomenon

was noted (Figure 1, top). We termed this

peculiar phenomenon as ‘notching’ of foveal

tissue. We hypothesize that the notching of

tissue is due to the re-distribution of parafoveal

retinal tissue associated with the elongation of

foveal tissue after MH surgery.

The purpose of the present study was to

investigate the changes in the inner foveal

contour after MH surgery.

Materials and methods

This retrospective case series was performed at

a single center and adhered to the tenets of the

Declaration of Helsinki. The study was

approved by the Institutional Review Board

(IRB No.: 2011-12-072).

Medical records of consecutive patients who

underwent surgery from September 2009

through March 2012 were reviewed. If a patient

had a MH in both eyes, only one eye with prior

surgery was included in this study. Patients

with any of the following conditions in the

studied eye were excluded: o6 months of

follow-up, traumatic MH, evidence of ocular

inflammation, diabetic retinopathy,
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hypertensive retinopathy, retinal vasculitis, media

opacity that would influence visual acuity or preclude

acquisition of clear SD-OCT images, � 6.0 diopters or

more of spherical equivalent, presence of staphyloma,

history of intraocular surgery other than uncomplicated

cataract surgery, or other ocular diseases that might

influence macular microstructure or visual function.

Each patient underwent a complete preoperative

evaluation, including an examination for best-corrected

visual acuity (BCVA) either Snellen or ETDRS (Early

Treatment Diabetic Retinopathy Study) score scale,

anterior segment examination, and dilated fundus

examination with a 90-diopter lens. Horizontal and

vertical OCT scans through the fovea were performed

with a combined confocal scanning laser

ophthalmoscope and SD-OCT (Spectralis HRAþOCT,

Heidelberg Engineering, Heidelberg, Germany). Snellen

visual acuities were converted into ETDRS score using

the previously recommended method7 for analysis.

A three-port standard pars plana vitrectomy was

performed by a single surgeon (SWK) using either the

Associate (Dutch Ophthalmic Research Center Inc.,

Zuidland, the Netherlands) or Accurus (Alcon

Laboratories Inc., Fort Worth, TX, USA) 23-gauge

vitrectomy system. The peeling of the internal limiting

membrane (ILM), approximately 2-disc diameter area

centered at the center of the MH, was conducted with or

without the assistance of indocyanine green dye. This

was followed by a complete fluid–gas exchange using

25% sulfur hexafluoride gas or 14% perfluoropropane

gas. Perfluoropropane gas was usually used in case of

large MH. Combined cataract surgery was performed in

patients with visually significant cataracts or with

incipient cataracts in subjects older than 60 years.

The first postoperative OCT scan was conducted

at 1–3 weeks according to the intraocular gas status.

Further, OCT scans were then conducted every

2–12 weeks based on the status of the eye until 6–8

months postoperatively.

The analyses of OCT images were conducted using the

contained Heidelberg Eye Explorer software (version

1.5.12.0, Heidelberg Engineering). The MH size was

calculated as the mean horizontal and vertical diameter.

The distance between the edges of the outer plexiform

layer (OPL) was measured and defined as the inter-OPL

distance (Figure 1, upper middle). All the measurements

for inter-OPL distance were performed by a single

examiner (JHK).Notching of tissue was defined as an

abrupt alteration in the inner contour of parafoveal tissue

(Figure 1, top). The presence of notching of tissue was

determined by an independent examiner (EJL) based on

1 : 1 pixel OCT images that were taken at 6–8 months

postoperatively. The measurement of the inter-OPL

distance was performed by another masked examiner

(JHK) based on the 1 : 1 micron OCT images as conducted

in our previous study.7 The retinal layers in which the

notching of tissue was observed were determined on the

Figure 1 Optical coherence tomography images after macular
hole surgery. Top: notching of tissue was defined as an abrupt
alteration in the inner contour of the foveal tissue (arrow). When
compared with the opposite direction, definite elongation of the
ONL in the direction of notching was observed (top, arrowheads).
The notching was usually observed between the OPL and the
ONL. Upper middle: the distance between the edges of the OPL
was defined as the inter-OPL distance. In this vertical section,
inferior length (I) and superior length (S) indicate the distance
from the inferior edge of the OPL to the center of the outer
foveolar defect and the distance from superior edge of OPL to the
outer foveolar defect, respectively. Lower middle: the angle of
foveal tissue (a) was defined as the angle between an imaginary
line parallel to the external limiting membrane (closed arrow-
head) and a line connecting the innermost retinal region of the
foveal center and the edge of OPL (open arrowhead). Bottom: the
inner OPL area (A) was defined as the inner retinal area above the
OPL within 500mm of the edge of the OPL. The outer OPL area (B)
was defined as the outer retinal area below the OPL to the level of
the external limiting membrane with the same distance base.
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basis of OCT images with 400–600% magnification by

agreement of the two examiners (EJL and JHK).

Quantitative analysis included the eyes in which the

inter-OPL distance was measurable from the early

postoperative period. The inter-OPL distance at the first

postoperative OCT scanning was compared with the

inter-OPL distance at 6–8 months after surgery. The inter-

OPL distance was divided into two sections on the basis

of the center of the outer foveolar defect,8 which is

usually present during the first few months in sealed

MHs. If there was no outer foveolar defect, the thinnest

foveal location was considered as the dividing point. The

distance from the dividing point to the edge of the OPL

was defined as the nasal length, temporal length,

superior length, or inferior length according to the

direction (Figure 1, upper middle). The difference in

length between the first postoperative OCT and the OCT

taken at postoperative 6-month follow-up was defined as

D length. All the directions were divided into two groups

according to the presence or absence of notching of

tissue. The D length was compared between the

directions in which the notching was noted and the

directions in which the notching was not noted. To

evaluate a possible association of notching or tissue

elongation with the temporal thinning of the macula, the

difference in postoperative (mean 6.2 months after

surgery) thickness of the inner temporal or outer

temporal ETDRS region between the eyes with and

without temporal notching was measured. In addition,

the correlation of D lengths to the temporal direction with

the thickness of the inner or outer temporal regions was

estimated.

Additional analysis was performed to determine the

origin of notching of tissue. First, the angle of foveal

tissue (a) was measured on the basis of the OCT images

taken 6–8 months postoperatively. The angle between an

imaginary line parallel to the external limiting membrane

and a line connecting the innermost retinal region of the

foveal center and the edge of the OPL was defined as the

angle of foveal tissue (Figure 1, lower middle). The angle

was compared between the directions with and without

notching of tissue. The correlation between the angle and

the D length was also estimated. Second, changes in the

retinal area above and below the level of the edge of the

OPL were estimated. The horizontal and vertical SD-OCT

images were imported to Image J (National Institute of

Health, Bethesda, MD, USA) software for analysis. The

inner and outer OPL areas were defined as follows

(Figure 1, bottom). The inner OPL area was defined as

the inner retinal area at the level of the edge of the OPL,

based on a horizontal distance of 500 mm, from the edge

of the OPL. The outer OPL area was defined as the retinal

area between the level of the edge of the OPL and the

level of the external limiting membrane with the same

horizontal base. The extents of the areas were measured

using the polygon selection tool provided by the

software. The difference in the area between the first

postoperative OCT in which the inter-OPL distance was

measurable, and the OCTs taken at the postoperative

6-month follow-up were compared within each group.

In addition, the difference in area was compared between

the directions with and without notching. Eyes were

divided into two groups according to the presence or

absence of notching. The difference in postoperative

BCVA and postoperative change in BCVA were

compared between the two groups.

Eyes in which the inter-OPL distance was not

measurable due to an indistinct OPL edge in the OCT

images taken before postoperative 6–8 months were

included in the qualitative analysis group. In these eyes,

the proportion of eyes and directions that exhibited

notching of tissue was reported. In eyes with MHs

4400 mm, analysis of serial postoperative OCT images

was performed to elucidate the characteristics of the

foveal microstructure with regard to notching of tissue.

The intra-observer repeatability and inter-observer

variability for the measurement of horizontal inter-OPL

distance, nasal length, inner OPL area, outer OPL area,

and angle of foveal tissue were analyzed using an

intraclass correlation coefficient (ICC). This analysis was

based on the OCT images taken 6–7 months

postoperatively. The ICC values for inner OPL area, outer

OPL area, and the angle of foveal tissue in the nasal

direction were analyzed.

Statistical analyses were performed using a

commercially available software package (SPSS ver. 18.0

for Windows; SPSS Sciences, Chicago, IL, USA).

Baseline characteristics of the qualitative and the

quantitative analysis groups were compared using the

independent sample t-test, the Mann–Whitney U-test,

and Fisher’s exact test. Comparisons of visual acuity

between eyes with and without notching were

performed using independent sample t-test.

Comparisons between the directions with and without

notching of tissue were performed using the

independent sample t-test. A comparison of the angle of

foveal tissue between the directions with and without

notching was performed using the independent sample

t-test. The correlation between the angle and D length

was analyzed using Pearson’s correlation analysis.

Comparisons of numeric values within eyes were

performed using paired t-tests. Comparison of the

thickness of inner temporal or outer temporal region

between the eyes with and without notching was

performed using independent sample t-tests with a

Bonferroni’s correction. The correlation of D lengths to

the temporal direction with thickness of the inner or

temporal region was estimated using Pearson’s
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correlation analysis with a Bonferroni’s correction.

A P-value o0.05 was considered significant.

Results

A total of 87 consecutive eyes (58 eyes with MHs

o400 mm and 29 eyes with MHs 4400mm) underwent

MH surgery between the aforementioned periods.

Among them, 66 eyes of 66 patients (44 eyes with MHs

o400 mm and 22 eyes with MHs 4400mm) were

ultimately included in the study (Table 1). Twenty-one

eyes were excluded for the following reasons: follow-up

period o6 months (17 eyes), unsealed hole after initial

operation (3 eyes), and the development of postoperative

retinal detachment (1 eye). During peeling of ILM, the

borderline between the attached and the peeled ILM was

carefully monitored, and a relatively accurate estimation

of the extent of ILM peeling could be given in almost all

the cases. The indocyanine green dye was used as

surgical adjunctive in two eyes (3.0%) in which corneal

edema developed during the surgery.

In all, 53 eyes (44 eyes (100%) with MHs o400mm and

9 eyes (40.9%) with MHs 4400 mm) were included in the

quantitative analysis group. In these eyes, the mean age

at the time of surgery was 63.2±6.2 years (mean±SD).

The inter-OPL distance was compared between OCT

images taken at mean times of 4.6±2.9 weeks and

6.2±0.6 months after surgery. The mean preoperative

MH diameter was 308.7±149.0mm with a horizontal

diameter of 315.0±153.8mm and a vertical diameter of

302.5±147.1mm. The mean preoperative and

postoperative BCVAs were 51.9±11.9 and 66.4±9.1

ETDRS letters, respectively. The remaining 13 eyes were

included in the qualitative analysis group. In these eyes,

the mean age at the time of surgery was 64.3±5.1 years.

The mean preoperative MH diameter was

568.5±116.7 mm with a horizontal diameter of

584.5±116.7 mm and a vertical diameter of

552.2±117.9 mm. The mean preoperative and

postoperative BCVAs were 42.3±11.9 and 57.7±11.4

ETDRS letters, respectively.

Notching of tissue was observed in 54 of 66 eyes

(81.8%) and 121 of 264 directions (45.8%); the nasal

direction in 42 eyes (63.6%), the temporal direction in 21

eyes (31.8%), the superior direction in 28 eyes (42.4%),

and the inferior direction in 30 eyes (45.5%). The

notching was first noted at a mean of 2.2±0.8 months

(range, 1–4 months) after the surgery. Mean diameter of

MH was 338.9±160.5mm in eyes with notching and

437.4±213.5mm in eyes without notching (P¼ 0.063). The

postoperative BCVA in the eyes with and without

notching was 65.8±9.7 and 60.6±11.0 ETDRS letters,

respectively (P¼ 0.123). The change in BCVA in the eyes

with and without notching was 15.9±9.3 and 15.0±8.9

letters, respectively (P¼ 0.742).

In the quantitative analysis group, the horizontal and

vertical inter-OPL distance at a mean of 4.6 weeks was

465.6±132.4 and 406.4±127.4mm, respectively. The

horizontal and vertical inter-OPL distances at a mean of

6.2 months were 578.0±123.8 and 492.2±113.1 mm,

respectively. Elongation of the horizontal and vertical

inter-OPL distance between the two time points was

observed in 47 eyes (88.7%) and 49 eyes (92.4%),

respectively. Both the horizontal and vertical inter-OPL

distances were significantly greater in the measurements

at a mean of 6.2 months than in the measurements at a

mean of 4.6 weeks (Po0.001 and Po0.001, respectively).

In the subgroup analysis of nine eyes with MHs

4400 mm (mean MH size¼ 567.1±123.8mm), the

horizontal and vertical inter-OPL distances at a mean

9.4±4.5 weeks were 553.4±161.4 and 481.4±538.6mm,

respectively. The horizontal and vertical inter-OPL

distances at a mean 6.8±0.9 months after surgery were

639.0±159.2 and 538.6±130.7mm, respectively.

Table 1 Baseline characteristics of two groups of the studied eyes

Characteristic Quantitative analysis group (N¼ 53) Qualitative analysis group (N¼ 13) P-value

Age (years) mean±SD 63.2±6.2 64.3±5.1 0.554a

Sex, no. (%) 0.314b

Male 18 (33.9) 2 (15.4)
Female 35 (66.0) 11 (84.6)

Lens status, no. (%) 0.675b

Phakic 45 (84.9) 12 (92.3)
Pseudophakic 8 (15.1) 1 (7.7)

BCVA, ETDRS, mean±SD 51.9±11.9 42.3±11.9 o0.001a

Diameter of macular hole (mm) mean±SD 308.7±149.0 568.5±116.7 o0.001c

Abbreviations: BCVA, best-corrected visual acuity; ETDRS, early treatment diabetic retinopathy study.

The quantitative analysis group included eyes in which the inter-outer plexiform layer distance was measurable in optical coherence tomography images

that were taken at early postoperative period. The remaining eyes were included in the qualitative analysis group.
aIndependent samples t-test.
bFisher’s exact test.
cMann–Whitney U-test.
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Elongation of the horizontal and vertical inter-OPL

distance between the two time points was observed in

seven eyes (77.8%) and eight eyes (88.9%), respectively.

The vertical inter-OPL distance was significantly greater

in the measurements at 6.8 months than in measurements

at 9.4 weeks (P¼ 0.042), whereas the horizontal inter-

OPL distance between the two time points was not

different (P¼ 0.076).

The mean D lengths were 108.7±87.7, 77.9±75.8,

82.2±67.3, and 73.9±74.9 mm in the nasal, temporal,

superior, and inferior directions, respectively. In this

quantitative analysis group, the notching of tissue was

observed in 45 of 53 eyes (84.9%) and 100 of 212

directions (47.2%); the nasal direction in 34 eyes (64.2%),

the temporal direction in 18 eyes (33.9%), the superior

direction in 23 eyes (43.4%), and the inferior direction in

25 eyes (47.2%). Notching of tissue was found to occur

between the OPL and the outer nuclear layer (ONL).

The mean D length was 104.6±68.8 and 78.4±72.9 mm in

the directions with and without notching (Figure 2),

respectively. The amount of elongation was significantly

greater in the directions with notching than in the

directions without notching (P¼ 0.001). The mean angle

of foveal tissue (a) was 10.8±3.11 and 13.9±4.81 in the

directions with and without notching of tissue,

respectively. The angle was significantly smaller in the

directions with notching than in the directions without

notching (Po0.001). In addition, there was a significant

negative correlation between the angle and the D length

(Po0.001, r¼ � 294). An increase in the inner OPL area

was noted in 163 (76.9%) directions, whereas a decrease

in the inner OPL area was noted in 49 (23.1%) directions.

An increase in the outer OPL area was noted in 104

(49.1%) directions, whereas a decrease in the outer OPL

area was noted in 108 (50.9%) directions. In directions

with notching of tissue, the inner and outer OPL areas

were 0.044 and 0.062 mm2 on the first postoperative

OCT, respectively. On the last postoperative OCT, the

values were 0.053 and 0.062 mm2, respectively. The

inner OPL area was significantly greater in the last

postoperative OCT (Po0.001), whereas there was no

difference in the outer OPL area (P¼ 0.817). In the

directions without notching of tissue, the inner and

outer OPL areas were 0.041 and 0.060 mm2 on the first

postoperative OCT, respectively. On the last

postoperative OCT, the values were 0.047 and

Figure 2 A boxplot comparing the changes in the OPL distance from the foveal center(D length, top left), inner OPL area
(D inner OPL area, bottom left), and outer OPL area(D outer OPL area, bottom right) in each direction between a mean of 4.6±2.9
weeks postoperatively and a mean of 6.2±0.6 months postoperatively. The angle of foveal tissue at a mean of 6.2±0.6 months
postoperatively (top right) according to the presence of notching of tissue. Notching of the tissue was observed in 121 of 264 directions
(45.8%). Positive values indicate increased length (postoperative elongation of foveal tissue), whereas negative values indicate
decreased length. The central bars indicate median values, boxes indicate interquartile ranges, whiskers extend to the highest and
lowest values, and excluded values extend beyond 3/2 of the interquartile range from the edge of the box. Open circles indicate values
beyond this point.
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0.061 mm2, respectively. The inner OPL area was

significantly greater in the last postoperative OCT

(Po0.001), whereas there was no difference in the outer

OPL area (P¼ 0.608). The increase in inner OPL area

between 4.6 weeks and 6.2 months was significantly

greater in directions with notching than in directions

without notching (P¼ 0.002), whereas there was no

difference in the change of the outer OPL area between

directions with and without notching (P¼ 0.164).

In eyes with temporal notching, the thickness of the

inner and the outer temporal regions were 317.2±15.9

and 285.9±13.7 mm, respectively. The values were

315.8±15.9 and 284.8±13.9 mm, respectively, in the eyes

without temporal notching. There was no significant

difference in the thickness of either the inner (P¼ 1.000)

or the outer (P¼ 1.000) temporal region between the eyes

with and without temporal notching. In addition, D
lengths in the temporal direction were not correlated

with the thickness of either the inner (P¼ 0.884) or the

outer (P¼ 1.000) temporal region.

In the qualitative analysis group, notching of tissue

was observed in 9 of 13 eyes (69.2%) and 21 of 52

directions (40.4%): the nasal direction in 8 eyes (69.2%),

the temporal direction in 3 eyes (23.1%), the superior

direction in 5 eyes (38.5%), and the inferior direction in 5

eyes (38.5%). All notching was also found to occur

between the OPL and the ONL. Notching was not noted

in directions in which the inner retinal layers were

broadly stuck to the newly formed glial tissue (Figure 3).

Intra-observer and inter-observer ICC values of each

measurement are as follows. Intra-observer repeatability:

inter-OPL distance¼ 0.963, nasal length¼ 0.952, inner

OPL area¼ 0.917, outer OPL area¼ 0.948, angle of foveal

tissue¼ 0.931. Inter-observer variability: inter-OPL

distance¼ 0.950, nasal length¼ 0.938, inner OPL

area¼ 0.892, outer OPL area¼ 0.916, angle of foveal

tissue¼ 0.883.

Discussion

In the present study, we revealed the changes in inner

foveal contour after MH surgery in the majority eyes,

including notching of tissue and elongation of foveal

tissue. Methods of quantitative image analyses used in

the present study showed relatively good intra-observer

and inter-observer correlation. A greater amount of

foveal tissue elongation occurred in the directions in

which notching of tissue was noted than the directions in

which the notching of tissue was not noted. This finding

indicates that notching of tissue is a potential sign of

foveal tissue elongation after MH surgery. Although the

elongation of foveal tissue after MH surgery has been

Figure 3 Serial optical coherence tomography images showing the development of notching of tissue following macular hole surgery
in eyes with a relatively large macular hole, with hole diameter of 751mm (left column) and 606mm (right column). Left column: the
inner retinal layers in both directions are broadly connected to the newly formed glial tissue until 2 months postoperatively. The
notching of tissue (arrow) was noted in the nasal direction at 6 months postoperatively. Right column: at postoperative 3 months,
elongation of the foveal tissue was noted in the nasal direction (arrowheads) accompanied by early formation of notching of tissue
(arrow). However, the inner retinal layers in the temporal directions are broadly connected to the newly formed glial tissue. At
postoperative 6 months, definite elongation of the ONL and notching of tissue were observed in the nasal direction. Note that the
notching developed between the outer plexiform layer and the ONL in both eyes.
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demonstrated, this result was derived from an analysis

based on MHs o400 mm.7 In this study, we revealed that

a similar phenomenon also occurs, at least in the vertical

directions, in larger MHs. In a subgroup analysis of nine

eyes with MHs 4400 mm in which the elongation of the

inter-OPL distance could be quantified, significant

elongation of foveal tissue was noted after the surgery.

Although quantitative analysis could not be performed

in the remaining 13 eyes with large MHs, notching of

tissue was found in the majority of these eyes. This

suggests that postoperative elongation of foveal tissue

is a universal phenomenon after surgery for MH,

regardless of MH size. The horizontal elongation of inter-

OPL distance was not verified in nine eyes with MHs

4400 mm in the quantitative analysis group. However,

this may be a result of the small sample size. Thus, this

result requires confirmation by further studies with a

larger study population.

Notching of tissue was observed between the OPL and

the ONL. To elucidate the origin of notching of tissue, we

analyzed the changes in the inner and outer retinal tissue

configuration from the level of the notching. We found

that the angle of foveal tissue was smaller in the

directions with notching than in the directions without

notching. This suggests that this relatively flat inner

retinal contour close to the fovea emphasizes the abrupt

alteration of the inner retinal contour at the location of

the notching. One interesting finding was that the angle

of foveal tissue had a negative association with D length.

The angle was smaller in directions with greater

postoperative foveal tissue elongation, suggesting that

the elongation of foveal tissue accompanies the flattening

of the central foveal tissue. In addition, we found a

significant increase in the inner OPL area. This is

probably caused by the thickening of the inner retinal

layers after MH surgery. The amount of increase in the

inner OPL area was almost 40% greater in directions with

notching than in directions without notching. This

suggests that the prominent postoperative increase in the

area of the inner retinal layer and foveal tissue elongation

are the causes of notching of tissue. In summary, both

postoperative flattening of the inner retinal contour from

the fovea to the edge of the OPL and thickening of the

inner retinal layers to the edge of OPL may induce

notching of tissue, which is characterized by the abrupt

alteration of the inner retinal contour between the OPL

and the ONL. Figure 4 illustrates the postulated

mechanism for the development of notching of tissue.

The fundamental cause for the phenomena that may

lead to notching of tissue remains to be elucidated. We

postulate that peeling of the ILM may be one of the

possible causes. Although peeling of the ILM has been

postulated to facilitate the closure of the MH by

removing a possible source of contractile force,9–11

possible negative influence of ILM peeling has also

been suggested.12–14 Alterations in the retinal

microstructure and structural stability due to ILM

peeling have been postulated as a reason for nasal

displacement of retina after MH surgery with ILM

peeling.15–18 The changes in retinal microstructure

found in our study may also be partially caused by an

alteration in structural stability due to ILM peeling. The

frequency of the notching of tissue as well as the

amount of foveal tissue elongation were relatively

greater in the nasal direction, suggesting these

phenomena may have some association with nasal

displacement of the retina, as was reported in previous

studies. To confirm our hypothesis, further studies

evaluating the association between postoperative

retinal displacement with tissue notching in eyes with

and without ILM peeling are required.

In a previous study, it was reported that the degree of

asymmetric elongation of foveal tissue after MH

surgery was closely associated with metamorphopsia.7

Because examination for metamorphopsia and BCVA

was not routinely performed in the current

retrospective analysis, the influence of the two origins

of notching of tissue, flattening of the central foveal

tissue and thickening of the parafoveal inner retinal

layer, on visual function was not estimated. However,

we postulate that tissue re-distribution due to these

phenomena may have some negative influence on

visual function. In particular, this may impede the

recovery of visual function during the first several

months after MH surgery and may be responsible for

the limited recovery of visual function during the early

postoperative period.19–21 In addition, we also

postulate that this re-distribution of foveal tissue or

attenuation of the central foveal tissue accompanied by

the elongation of foveal tissue may have a negative

effect on the anatomic stability of sealed MHs. This

Figure 4 An illustration showing the temporal change in the
foveal contour after macular hole surgery, based on the results of
the current study. Early postoperative (black line: mean 4.6 weeks
after operation) and late postoperative (red line: mean 6.2 months
after operation) retinal cross-sectional images are showing the
difference in the postoperative changes of the inner retinal
contour between directions with and without notching of tissue
(red arrow). Although both postoperative elongation of foveal
tissue (horizontal black arrow) and thickening of the inner retinal
layer (vertical black arrow) were noted in both directions, the
changes are more prominent in the direction with notching than
in the direction without notching. Arrowheads indicate the edge
of the OPL and the asterisk indicates the outer foveolar defect.
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could be a potential cause of late re-opening of MH.

Investigating the exact origin of postoperative

elongation of foveal tissue or developing the

methodology to prevent it is beyond the scope of the

current study. Recently, an interesting phenomenon of

macular migration toward the optic disc after ILM

peeling for diabetic macular edema has been reported.6

Our results also indicate that the incidence of notching

and elongation was highest in the nasal direction. A

certain degree of change in macular topography after

ILM peeling is suspected.

Previous studies have shown asymmetrical thickness

in parafoveal retina after MH surgery with ILM peeling.

In particular, thinning of the temporal retina is a

characteristic finding.22–25 Although previous studies did

not clearly address the mechanism of this characteristic

asymmetry, this finding is not noted in MH surgery

without ILM peeling23 suggesting that ILM peeling has a

role in this phenomenon. In the present study, the

possible association of postoperative notching of tissue

or foveal tissue elongation with temporal retinal thinning

was evaluated. However, any significant association was

not identified.

This study has several limitations. This study was

a retrospective one. Thus, both the time of OCT

examination and tamponade period after surgery were

not controlled. Some of the conclusions were based on

the qualitative analysis of OCT images. The horizontal

elongation of inter-OPL distance was not significant in

the nine eyes with MHs larger than 400 mm. However,

this result may be due to the small sample size. Thus,

this result requires confirmation by further studies with

a larger study population. Although the notching of

tissue was noted at a mean of 2.2±0.8 months after the

surgery, results of this retrospective analysis may not

accurately show the time at which the notching

develops. Further studies with more frequent OCT

examination will be needed to provide more

information. Finally, this study was based on OCT

images that were taken within 6–8 months after MH

surgery suggesting that our findings may not reflect the

long-term outcome.

In conclusion, changes in the inner foveal contour,

including notching of tissue and elongation of foveal

tissue were noted after MH surgery. Notching of tissue

was found to be associated with foveal tissue

elongation after MH surgery. Flattening of the inner

retinal contour from the fovea to the location of the

notching and thickening of the inner retinal layers

outside the location of notching was postulated as the

reason for notching. The presence of notching in the

majority of eyes with large MHs suggests that

postoperative elongation of foveal tissue occurs in both

large and small MHs.

Summary

What was known before

K Restoration of the external limiting membrane and the
photoreceptor layer, and elongation of foveal tissue were
noted after MH surgery.

What this study adds
K Changes in the inner foveal contour, including notching

of tissue and elongation of foveal tissue, were noted after
MH surgery.

K Notching of tissue was associated with foveal tissue
elongation.
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