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1. Introduction

ABSTRACT

Objective: To study the foveal displacement during the closure of idiopathic macular holes
(MHs). Methods: Thirty-seven idiopathic MH patients treated by pars plana vitrectomy
and internal limiting membrane peeling were studied prospectively. Locations of MH center
and foveal pit were measured by optic coherence tomography. Retinal displacement was
observed using confocal scanning laser ophthalmoscopy. Results: A total of 40 eyes were
included in this study and MHs were closed in 37 eyes (92.5%). The confocal scanning laser
ophthalmoscopy showed that all of the retinal capillaries in the superior, inferior, nasal and
temporal sides of the MHs moved toward the optic nerve head (ONH). The optic coherence
tomography results showed that the mean nasal displacements of foveal pits were (102.9+61.2),
(109.6£53.1), and (137.0+52.0) um at 3, 6 and 12 months, respectively. And the mean vertical
displacements were (55.9+49.4), (61.4+57.8) and (67.8+54.3) um, respectively. Post-operative
foveal pits were located in the nasal side of the MH centers. The extension of retina and nasal
to the MH were in opposite directions: the nasal hole margin moved toward the MH, but the
retina located closer to the ONH moved toward the ONH. The fellow eyes of three patients
developed into idiopathic MH during the follow-up period and operations were performed for
all of the three patients. Conclusion: Our results showed that center of macula does not move
when an idiopathic MH develops, but it moves toward ONH during closure of hole; thus, new
fovea is in nasal side of original fovea.

and detached from fovea during formation of an idiopathic MHI6,7].
With continuous tangential traction and progressive posterior
vitreous detachment, a full-thickness idiopathic MH develops. The

Idiopathic macular hole (MH) is a vision-threatening disease
mainly affecting middle-aged to elderly females(1]. In 1991, Kelly
and Wendel first reported surgical closure of idiopathic MH using
pars plana vitrectomyl[2]. In 1996, Yooh et al. introduced internal
limiting membrane (ILM) peeling in idiopathic MH surgery(31.
Thereafter, pars plana vitrectomy with ILM peeling becomes
common clinical surgical method widely used in treatment of
idiopathic MH[4.5].

Perifoveal vitreous cortex generated tangential traction on fovea
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hole starts from a dehiscence in the outer retinal6-8] and heals from
the inner retinal9-11], which indicates that displacement of the inner
retina is important for hole closure.

A MH is closed by centripetal movement of the surrounding
retinal9,12,13]. Several studies found macula moved toward optic
nerve head (ONH) after hole closure due to movement of retinal
vessels[12,14-16]. Foveal pit is avascular, and retinal capillaries
in perifoveal area are too small to be clearly seen. Small retinal
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vessels can be seen near MH, but ring-shaped retina surrounding
MH (hole margin) contains no visible vessel. When a MH is closed,
displacement of this “avascular” hole margin might not be the same
as the movement of retinal vessels.

This study aimed to study the exact movement of macula during
closure of an idiopathic MH. We first superimposed pre- and post-
operative confocal scanning laser ophthalmoscopy (cSLO) images
to detect the movement of retinal capillaries. Then we compared the
location of pre-operative MH center and the post-operative foveal pit
using optic coherence tomography (OCT). An unexpected finding
was the development of idiopathic MH in the fellow eyes of three
patients, which enabled us to compare the location of the original
macula and macula after MH was closed.

2. Materials and methods
2.1. Patients

This is a prospective case series at Eye and Ears, Nose, and Throat
Hospital, Fudan University, Shanghai, China. Permission for medical
record review was obtained by the institutional review board of the
hospital. This study was conducted in accordance with the ethical
standards stated in the Declaration of Helsinki and was approved by
the Institutional Review Board (IRB) / Ethics Committee of Eye and
Eye and Ears, Nose, and Throat Hospital of Fudan University (NO.

KJ2009-16). Informed consents were received from all the patients.

2.2. Inclusion and exclusion criteria

Patients who were clinically diagnosed as stage 3 or 4
idiopathic MH by clinical examination and OCT and also had
a spherical equivalent correction of +1.00 to -6.00 diopters
were included[17-20]. Patients with a history of any ocular
disorders affecting retinal structure or visual function, including
rhegmatogenous retinal detachment, excessive cataract, corneal
diseases, diabetic retinopathy, macular degeneration, or myopic
chorioretinal atrophy, were excluded.

2.3. Ophthalmic and instrumental examination

All patients underwent a group of bilateral ophthalmic examination
at base line and 3, 6, and 12 months after surgery. The examinations
included bilateral slit-lamp biomicroscopy, indirect ophthalmoscopy,
and intraocular pressure. Best corrected visual acuity (BCVA)
was measured using the ETDRS retro-illuminated chart and was
converted to logarithm of minimum angle of resolution units for
statistics.

Displacement of the macula was analyzed by infrared fundus
images using the ¢cSLO (Spectralis, Spectralis HRA+OCT,
Heidelberg Engineering, Heidelberg, Germany). To display subtle
positional changes of the retinal capillaries, cSLO images of two
different visits were merged via the composite function of the
Spectralis according to the manufacturer’s instructions. One of
the infrared images was further transferred into false red color.

Displacement of the macula was confirmed by non-overlapping
retinal vessels. Both eyes were examined.

Since the MH and hole margin contained no visible retinal vessels
on the ¢SLO images, MH center and post-operative foveal pit were
used as references. Two orthogonal OCT volumes (vertical and
horizontal volumes) (Spectralis) were used to examine the MH
and the surrounding retina. Detailed procedures were illustrated in
Figure 1. Briefly, each OCT volume contained 131 B-scan lines
(from No. 1/131 to 131/131). Spacing between adjacent B-scan lines
was 12 pm. B-scan lines showing the beginning of a continuous
neurosensory retina were determined as the MH boundaries. Each
MH had four boundaries: the superior and inferior boundaries
were selected from the horizontal OCT volume, and the nasal and
temporal boundaries were selected from the vertical OCT volume.
Midline of the horizontal boundaries and that of the vertical
boundaries were determined as the MH center. Refer to our previous
work[21], MH apical diameter was measured on the B-scans passing
through the MH center.

Figure 1. Procedures of the optic coherence tomography (OCT) volumes.

This is the right eye of patient #20. Before surgery, a horizontal OCT volume
(A) and a vertical OCT volume (B) are used to scan the macular hole (MH).
On post-operative visits, both OCT volumes were used to scan the macula
in the “follow-up” mode (C and D). Each OCT volume contains 131 B-scan
lines (from No. 1/131 to 131/131). The numbering sequence is upward in
the horizontal volume (A and C) and leftward in the vertical volume (B
and D). E, F and G: Three consecutive B-scans show serial changes of the
neurosensory retina from interruption to continuity. The retina becomes
continuous in the B-scan No. 79/131 (F). The B-scan No. 78/131 shows
an MH (E) and the B-scan No. 80/131 shows a continuous retina (G). As a
result, the B-scan No. 79/131 was determined to pass through the superior
boundary of the MH. H, I and J: CRT is the smallest distance from internal
limiting membrane to Bruch’s membrane. CRT in the B-scan No. 50/131
(H), 51/131 (I), and 52/131 (J) is 224, 211, and 215 um, respectively. Other
B-scans of the same OCT volume have greater CRT. Hence the B-scan
No. 52/131 was determined to pass through the foveal pit. In the right eye
of patient #20, the B-scans No. 79/131, 45/131, 41/131, and 81/131 pass
through the superior, inferior, nasal, and temporal MH boundaries. The
horizontal B-scan No. 62/131 [(79+45)/2] and vertical B-scan No. 61/131
[(41+81)/2] were determined to pass through the MH center. On the post-
operative visit of 12 months, the horizontal B-scan No. 69/131 and vertical
B-scan No. 51/131 were determined to pass through the foveal pit. Since
spacing between adjacent B-scans was 12 pum, foveal pit moved superiorly by
84 pm [(69-62)x12 pm] and moved nasally by 120 pm [(61-51)x12 pm].
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After MH was closed, the OCT volumes were performed in the
follow up mode. In each B-scan, the ILM and Bruch’s membrane
were delineated automatically by a thresholding algorithm searching
for the change of reflectivity at the retinal interfaces. Each B-scan
contained a central retinal thickness which measured the smallest
distance from ILM to Bruch’s membrane. In each OCT volume, the
smallest central retinal thickness showed by the B-scan lines was
determined as the foveal pit. Locations of the MH center and foveal
pit were compared, and their distance was calculated. If a MH was
not closed, locations of the pre- and the post-operative MH centers
were compared. In the fellow eyes, locations of the foveal pit on
each visit were compared. Changes of their locations indicated the

measurement error of the OCT volume scanning.

2.4. Surgical procedures

All pars plana vitrectomies were performed by one operator (G.
X.) using a 23-gauge transconjunctival sutureless vitrectomy system
(Constellation, Alcon Laboratories Inc., Fort Worth, TX, USA).
Cataract surgeries were performed on patients over 55 years old via
the phacoemulsification system (Constellation) with implantation
of foldable intraocular lens (AcrySof, Alcon Laboratories Inc.).
Triamcinolone acetonide (Bristol-Myers Squibb, Italy) was used to
stain the posterior vitreous cortex. Brilliant blue G (Fluoron GmbH,
Neu-Ulm, Germany) was used to stain the [LM. The ILM was peeled
anticlockwise (in the operator’s view) in all the operations. The area
of ILM peeling was confined by the superior and inferior vascular
arcades, optic disc, and temporal retina of two papilla diameters to
the hole. Cares were taken to peel toward (not away from) the hole,
avoiding an inadvertent enlargement of the hole. All patients were
20% sulfur hexafluoride tamponade and took a face-down position
for 5 d.

2.5. Statistical analyss

Datum of BCVA, macular hole diameter, and foveal displacement
were analyzed using the SPSS software (version 15.0 for Windows).
Mann Whitney U test and Wilcoxon Signed Ranks test were
used for comparisons, and nonparametric Spearman’s test was
used for establishment of correlations. Values were reported as
meanzstandard deviation (SD). P<0.05 was considered to indicate a

significant difference.

3. Results

Thirty-seven idiopathic MH patients (29 women and 8 men) who
met the eligibility criteria were included in this study. Mean age was
59.4 years (age range of 45-69 years). All patients had unilateral
idiopathic MH on the first visit. The fellow eyes of three patients

developed into idiopathic MH and received operations. So, a total

of 40 eyes were operated. MHs were closed in 37 eyes (92.5%).
Mean spherical equivalent correction was -0.78 diopters
(range of -3.00 to +1.00 diopters). Mean axial length was 23.90
mm (range of 22.80 to 24.60 mm). Intraocular pressure was 12.9
mmHg (range of 10.5-17.3 mmHg). BCVA at base line ranged from
20/800 to 20/32, and the post-operative BCVA at 12 months ranged
from 20/100 to 20/20. BCVA was elevated by 5.4 lines (range of
1-10 lines). A total of 30 eyes (from 27 patients) were operated by
vitrectomy with implantation of foldable intraocular lens and 10 eyes
(from 10 patients) were remained phakic. All patients were followed
up over 12 months. No complications were found, including intra-
operative bleeding, iatrogenic retinal hole, intraocular hypertension
(over 21 mmHg), MH reopening, hyphema, retinal detachment, glial
recurrence, or vitreous hemorrhage.

Demographics of the patients with successful surgeries (37 eyes)
are summarized in Table 1. Compared with their pre-operative
locations, retinal capillaries in the superior, inferior, nasal and
temporal sides of the MHs all moved toward the ONH. Vascular
movement was obvious on the first post-operative visit and
disappeared thereafter (Figure 2). Both phakic and pseudophakic
eyes showed the same vascular movements and the fellow eyes
showed no vascular change (Figure 3). Results of the OCT volumes
showed that the post-operative foveal pits were located in the nasal
side of the MH centers in all the 37 eyes. Mean nasal displacements
were (102.9+61.2), (109.6+53.1), and (137.0+52.0) pm at 3, 6
and 12 months, respectively. Mean vertical (superior or inferior)
displacements were (55.9+49.4), (61.4+57.8) and (67.8+54.3) um,
respectively. Nasal displacements were significantly higher than
the vertical displacements (P<0.001). No differences were found

between the superior and inferior displacements.

Figure 2. Movement of the retinal vessels after macular hole is closed.

This is a 56-year-old female (patient #4) with a stage 4 macular hole in her
left eye (A). Confocal scanning laser ophthalmoscopy images before surgery
(A) and 3 (B), 6 (C), and 12 months (D) after surgery were presented. Images
on 3 and 12 months were transformed into false red color (B and D). After
the macular hole was closed, small vessels in the superior, inferior, and
temporal sides of the hole all moved toward the optic nerve head (black
arrows). Retinal vessels in the nasal side of the hole also moved toward the
optic nerve head (black arrow heads). The vascular arcades were fixed (white
arrows) (E). The vascular movements were obvious on 3 months (E) and
stabilized thereafter (F and G).
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Table 1

Foveal displacement in patients whose macular holes were closed.
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Best corrected

Foveal center Foveal

Hole MHAD MHBD MH center sCRT

No. Gender Eye IOL(+/-) visual acuity (12 moths)  displacement Direction
ears) Base line 12 months stage (um) (um) (um) (pm) (um) (um)
1 F oD 59 + 20/400  20/50 3 448.5 853.5 (62.0,62.0) (63.5,53.0) (18.0,108.0) S-N 178.5
2 F (0N 50 - 20/50 20/25 3 391.0 844.5 (93.0,38.0) (105.0,50.0) (144.0,144.0) S-N 242.0
3 M OD 66 + 20/160  20/63 4 465.0 12235 (55.5,66.5) (62.0,57.0) (78.0,114.0) S-N 50.0
4 M (0N} 52 - 20/63 20/32 4 361.0 758.0 (67.0,62.0) (62.0,77.0) (60.0,180.0) I-N 201.5
5 M OD 61 + 20/200  20/63 4 449.5 955.0 (71.5,71.5) (70.5,56.0) (12.0,186.0) I-N 204.0
6 F (0N 45 - 20/125  20/63 4 440.5 680.0 (76.5,66.0) (76.5,79.0) (0.0, 156.0) N 116.0
7 M OD 67 + 20/400  20/63 4 517.0 11145 (58.0,72.5) (48.0,67.0) (120.0,66.0) I-N 1355
8 M oS 65 + 20/200  20/100 4 529.0 946.0 (62.0,71.0) (58.0,81.0) (48.0,120.0) I-N 133.0
9 F OD 63 + 20/400  20/63 4 504.0 665.5 (69.0,84.0) (70.0,76.0) (12.0,96.0) S-N 107.5
10 M OD 66 + 20/40 20/25 3 395.0 649.0 (55.0,71.0) (50.0,57.0) (60.0,168.0) I-N 139.0
11 E (N 64 + 20/200  20/63 4 518.5 890.5 (59.5,61.0) (57.0,66.0) (30.0,60.0) I-N 122.0
12 F OD 58 + 20/100  20/40 3 380.0 940.5 (64.0,65.0) (53.5,40.5) (132.0,294.0) I-N 249.5
13 M oS 49 - 20/63 20/50 3 3715 10355 (705,68.5) (68.0,82.0) (30.0,162.0) I-N 229.5
14 F oD 48 - 20/400  20/63 4 572.5 778.0 (72.0,62.0) (70.0,48.0) (24.0,168.0) I-N 1435
15 F OD o4 + 20/200  20/32 3 425.0 907.5 (54.5,51.5) (68.0,32.0) (162.0,234.0) S-N 155.0
16 F (0N 59 + 20/200  20/100 4 691.5 1206.5 (64.5,61.5) (64.0,65.0) (6.0,42.00 LN 124.0
17 F OD 65 + 20/100  20/63 4 708.0 959.0 (68.5,72.0) (73.0,67.0) (54.0,60.0) S-N 83.0
18 F OD 64 + 20/200  20/20 3 478.5 7425 (58.0,73.0) (48.0,57.0) (120.0,192.0) I-N 189.0
19 F (o8} 68 + 20/200  20/32 3 448.0 746.5 (63.0,59.0) (57.5,76.0) (66.0,204.0) I-N 215.5
20 M OD 64 + 20/125 20725 3 383.0 838.0 (62.0,61.0) (69.0,51.0) (84.0,120.0)0 S-N 195.0
21 F oS 65 + 20/63 2020 3 413.0 572.0 (59.0,41.0) (49.0,51.0) (120.0,120.0) I-N 203.5
22 F oS 55 - 20/200  20/63 4 6145 10265 (58.0,79.5) (55.0,87.5) (36.0,96.0) LN 182.5
23 M oD 47 - 20/160  20/32 3 280.0 716.5 (74.5,58.5) (78.0,54.0) (42.0,54.0)0 S-N 181.5
24 M oS 66 + 20/125  20/40 3 316.0 917.5 (66.0,55.0) (66.0, 66.0) (0.0, 132.0) N 159.0
25 F oS 58 + 20/200  20/40 3 390.5 6245 (69.0,76.5) (75.0,87.0) (72.0,126.0) S-N 138.0
26 F OD 69 + 20/200  20/40 4 574.5 919.0 (69.5,65.5) (68.5,52.0) (12.0,162.0) I-N 131.0
27 F oS 59 + 20/200  20/40 3 409.0 506.0 (60.0,59.5) (62.0,71.0) (24.0,138.0) S-N 183.0
28 F (0N 64 + 20/800  20/100 4 746.0 12520 (67.5,64.0) (82.0,78.0) (174.0,168.0) S-N 112.0
29 F (O] 68 + 20/160  20/80 4 475.5 788.5 (61.0,49.5) (61.0,58.5) (0.0, 108.0) N 80.0
30 F oD 50 - 20/100  20/40 3 630.0 1061.0 (70.5,66.5) (59.0,60.5) (138.0,72.0) I-N 137.0
31 F (0N} 57 + 20/200  20/63 4 616.5 1294.0 (70.0,68.5) (60.0,78.0) (120.0,114.0) I-N 99.0
32 F (ON] 60 + 20/200  20/50 4 6155 10945 (68.5,64.0) (78.0,75.5) (114.0,138.0) S-N 116.0
33 F OD 51 - 20/320  20/63 4 376.0 620.0 (72.5,65.5) (75.0,54.5) (30.0,132.0) S-N 192.0
34 M OS 46 - 20/32 20/25 3 327.0 500.0 (69.5,55.5) (83.0,70.0) (162.0,174.0) S-N 146.5

IOL (+/-): with / without phacoemulsification and intraocular lens implantation; MH: macular hole; MHAD/MHBD: macular hole apical/basal diameter; SCRT:

smallest central retinal thickness. F/M: female/male; OD/OS: right eye/left eye. N/I-N/S-N: nasal/inferonasal/supranasal.

Base line-12 months Naed
~ T

Figure 3. Left eye of patient #3

On the first visit, optic coherence tomography shows attachment of the
posterior hyaloid to the fovea (A). On 12 months, the posterior vitreous
detaches from the fovea (white arrow) (B). The composite confocal scanning
laser ophthalmoscopy image shows no vascular change (C).

In the fellow eyes, foveal pits at the first visit were not in the
same locations of those at the follow-up visits. Mean horizontal
displacements (both nasal and temporal displacements) were
(15.3+4.5), (13.7+4.7) and (12.9+5.5) ym at 3, 6 and 12 months, and
vertical displacements were (15.6+4.1), (13.6+£5.2) and (12.1£6.3)

um, respectively. Displacements of the foveal pits in the fellow eyes
were significantly smaller than those in the operated eyes (P<0.001).
Horizontal and vertical MH diameters were (477.9+127.6)
and (454.4+116.6) um, respectively. Horizontal diameter was
significantly longer than the vertical diameter (P=0.005), which
indicated a horizontally ellipsoid shape of the MHs. At all post-
operative visits, radiuses of the MHs were significantly longer than
the distances between MH centers and post-operative foveal pits
(P<0.001), which indicated that post-operative foveal pits lied within
the confine of the MHs.

On the first visit, the fellow eyes of three patients (No. 1, No. 17,
and No. 31) showed normal macular structures and the posterior
hyaloids attached to the foveae. However, idiopathic MH developed
spontaneously at the observation of 16 to 26 months. The cSLO
images showed that the retinal vessels did not move when the
idiopathic MH developed, but they moved toward the ONH when the
MHs were closed (Figure 4). OCT scanning demonstrated that the

MH centers were almost in the same place of the original foveal pits,
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but the post-operative foveal pits were on the nasal side of the MH

centers.

Figure 4. Left eye of patient #1

On the first visit, her left eye showed normal macular structures with
attachment of the posterior hyaloid to the fovea (A). Twenty-six months later,
she complained of metamorphopsia in her left eye and was diagnosed stage
3 macular hole (B). She received operation and the hole was closed (C).
Confocal scanning laser ophthalmoscopy images show that the retinal vessels
do not move when the macular hole develops (D) but move toward the optic
nerve head after the hole was closed (E, arrows).

MHs were not closed in three patients. At 12 months, the MHs
were enlarged and the macular edemas were aggravated. The cSLO
images showed that the retinal vessels around the hole moved toward
the ONH (Figure 5). The OCT images revealed that the nasal hole
boundary moved more nasally compared with its pre-operative
location.

| Macular hole .
TN

Macular hole-12 months

=

. . i e C
Figure 5. Vascular movements in patient #35 whose macular hole is not closed.
This is a 56-year-old female patient (#35) with stage 3 macular hole in her
left eye (horizontal macular hole diameter: 580 um) (A). She was operated
but the macular hole did not close. Compared with the first visit, the
macular hole enlarged and edema of hole margin aggravated at 12 months
(white arrow, macular hole diameter: 713 um) (B). Confocal scanning laser
ophthalmoscopy image shows that the retinal vessels move toward the optic
nerve head (arrows) (C).

4. Discussion

In the present study, we found that the macula did not move when
the MH formed but moved toward the ONH during MH closure.
Post-operative foveal pit lied in the nasal side of the original foveal
pit, within the confine of the hole.

Several studies found macula moves toward ONH after MH is
closed by vitrectomy and ILM peeling(12.14,15]. In those studies,
displacement of retina was detected by observing the movement of
retinal vessels. Ishida et al. measured the distances between ONH
and intersection of temporal and nasal vessels before and after
macular hole closure[22]. They found that both temporal and nasal
retinal vessels displace toward the optic disc. Displacement of the
temporal vessels was longer than that of the nasal vessels. In that
study, however, difference in the changes of temporal and nasal was
smaller than the MH diameter(22]. This means that if displacement
of the vessels is equal to that of MH margin, it will be insufficient
for the hole to be closed. Actually MHs were all closed in that study.
This implies that displacement of the fovea might not be exactly
equal to the displacement of retinal vessels

The center of the fovea was avascular, and the parafoveal retinal
capillaries were too small to be clearly seen on fundus images.
Visible retinal vessels could only be found in the farther area. In a
MH, the hole margin always contained no visible vessels. During
MH closure, displacement of the hole margin might not be exactly
the same as the movement of the visible vessels.

In this study, locations of the MH boundaries, MH centers, and
foveal pits were determined by OCT volumes scanning. According
to their locations, displacement of the “avascular” fovea can be
conjectured. We found that the post-operative foveal pit moved to the
nasal side of the MH center and was still within the confine of the
hole. This indicated that although the retinal vessels moved toward
the ONH during hole closure, the nasal hole boundaries could move
toward the hole center, just opposite to the movement of the retinal
vessels. Temporal elongation of the nasal hole margin helps to close
the holel23]. In three patients, the MHs were not closed. The holes
were enlarged, and the nasal boundaries did not move toward the
hole center but moved toward the ONH. This might be one of the
causes leading to a failed MH surgery. Prevention of the nasal hole
boundary to move toward the ONH might elevate the success rate of
the MH surgery.

The neurosensory retina is elastic and can change its place under
external forces. In rhegmatogenous retinal detachment, the retina
moves downward due to the gravity[24]. In epiretinal membrane, the
fovea is distorted and pulled by the membrane[25,26]. MH closure
would not be the prerequisite for the nasal foveal displacement,
because the fovea can also move nasally in the eyes with unclosed
hole and in DME treated by vitrectomy[27]. We suggested that the
foveal displacement could be caused by removal of the ILM. There
are two reasons to support our suggestion: 1) The ILM is rigid and

reduces the elasticity of retinal tissues(28]. Removal of the ILM
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might relax the retina and reduce the structural supports by injuring
the Miiller cells[29], then the retina is free to move. 2) In eyes with
DME, removal of the posterior hyaloid without ILM peeling does
not lead to foveal displacement, but eyes with ILM peeling show
obvious nasally foveal displacement[30]. There has no definitive
explanation why ILM peeling induces a nasal movement, rather
than a random movement of fovea. A possible reason might be
that ILM peeling causes mechanical damages on the inner retina.
This could induce depolymerization of microtubules in the nerve
fiber[31-33] and make the axons shrink(34]. The optic nerve fibers
are tethered to lamina cribrosa, and shrinkage of these fibers might
pull fovea toward optic disc. Although ILM peeling significantly
improves the rate of MH closure, the peeling is not imperative since
MHs can still be closed without peeling[4.,5], even without
treatment[35-37]. We presumed that ILM peeling on the nasal retina
should be avoided, which, theoretically, could alleviate the damage
of the inner retina, obviate axon shrinking, and prevent retraction of
the nasal retina. Another discovery in this study is that the macula
did not move when the macular hole developed. After the hole was
closed by vitrectomy with ILM peeling, the macula moved nasally
and a new foveal pit formed in the nasal side of the original one.
ILM peeling might lead to irreversible damage to the macula, since
it causes foveal dystrophia. Less destructive procedures such as
ocrioplasmin[38] might be a substitution. More work is needed to
verify our presumption.

One limitation of this study is that the OCT examination is based
on the Spectralis HRA+OCT. The measurement error should be
considered since it greatly influences the results. The Spectralis has
two special technologies. The “TruTrack” technology (a real-time
eye-tracking system) tracks involuntary eye movements and locks
each OCT B-scan to its correct position in sub-pixel accuracy(39],
enabling highly precise and repeatable alignment of B-scan with the
fundus(40]. And the “Auto-Rescan” technology eliminates subjective
operator placement and places follow-up B-scans in precisely the
same location as baseline scans. The Spectralis offers the smallest
measurable change (one micron) among several modern OCT
instruments(40]. As far as we know, measurement error of these two
technologies has not been definitively reported(41]. Theoretically, the
foveal pit does not move if no maculopathy develops. In this study,
however, we found that the location of the foveal pit at the first visit
was not exactly met with that at the follow-up visit in the normal
fellow eyes. Difference in their locations should be the measurement
error. Displacement less than measurement error should not be a
true displacement. In this study, displacement of the foveal pit in the
operated eyes was significantly greater than that in the normal fellow
eyes. Hence, the OCT volumes used in this study offered reliable
results.

In conclusion, we found that the macula does not move when the
MH develops but moves toward the optic disc when the hole is
closed. The new foveal pit is located in the nasal side of the original

foveal pit.
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