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Abstract

Purpose To explore a measuring method for retinal
sensitivity in macular hole area by Microperimeter-3
(MP-3) and evaluate its predictive value on visual
prognosis.

Methods This was a case series study including 44
eyes of 44 patients with idiopathic macular hole.
Retinal sensitivity inside and 0.5 degree outside the
macular hole margin was measured, and its mean
value was defined as macular hole sensitivity (MHS).
Best-corrected visual acuity (BCVA), minimum diam-
eter of macular hole (MD), IS/OS defect diameter,
retinal sensitivity in 8 degrees and 2 degrees were also
recorded preoperatively and 4 months after operation.
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Results  All macular holes were closed after surgery.
BCVA was significantly improved from 1.06 &+ 0.39
at baseline to 0.31 & 0.24 at 4 months postoperatively
(P < 0.001). Meanwhile, MHS was also significantly
improved from 12.02 £ 3.74 dB at baseline to
20.72 £ 4.00 dB at 4 months postoperatively
(P < 0.001). MD, preoperative IS/OS defect diameter,
preoperative BCVA, preoperative retinal sensitivity in
8 degrees and 2 degrees, and preoperative MHS were
all correlated with postoperative BCVA at 4 months,
but only preoperative MHS showed liner relationships
to postoperative BCVA at 4 months by multivariate
stepwise linear analysis.

Conclusions Macular hole sensitivity by MP-3 could
reflect the change of central retinal function after
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successful macular hole surgery. Compared to preop-
erative retinal sensitivity in 8 degrees and 2 degrees,
preoperative macular hole sensitivity is a better
predictor for visual prognosis.

Keywords Idiopathic macular hole - The MP-3
microperimetry - Visual prognosis - Vitrectomy

Introduction

Idiopathic macular hole (IMH) is an ocular disease
often affect females from middle-aged to senile [1, 2].
Central vision impairment is one of its major symp-
toms described by most patients [2]. Vitrectomy
combined with inner limiting membrane (ILM) peel-
ing is an effective surgical procedure to close the hole
[3], which could restore patients’ best-corrected visual
acuity (BCVA) to varying degrees [4-7]. Since BCVA
represents basic visual function [7], many ophthalmic
tests were used to predict postoperative BCVA, such
as minimum diameter of macular hole (MD) and IS/
OS defect diameter in spectral-domain optical coher-
ence tomography (SD-OCT) [8], first harmonic ampli-
tude in focal electroretinogram recording (fERG) [9],
and, applied in this research, retinal sensitivity in
Microperimetry [10, 11]. Microperimeter-1 (MP-1)
and its next generation product Microperimeter-3
(MP-3) could provide two major measurements for
macular function assessment, retinal sensitivity, and
fixation [12, 13]. At the same time, they both could
evaluate subregional retinal sensitivity automatically
or manually to assess retinal function in specific area.
Sun et al. [7] measured retinal sensitivity in 8 degrees
with MP-1 and found it could predict visual prognosis
after surgery. Bonnabel et al. [14] measured retinal
sensitivity in 8 degrees and 2 degrees with MP-1 and
found postoperative visual acuity was correlated with
each of them. But apparently, 8 degrees is an
absolutely oversized range for measuring macular
hole area. In Bonnabel’s study, MD was from 274 to
711 pm, which didn’t match 2 degrees theoretically.
In a word, neither 8 degrees nor 2 degrees could reflect
authentic lesion region caused by macular hole. It is
unreasonable to measure retinal sensitivity by those
ranges, but a range of retinal sensitivity measurement
should be set by the size of macular hole.
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The purpose of this study was to explore a precisely
measuring method to evaluate retinal sensitivity
according to minimum diameter of macular hole in
macular hole area and its predicting value on visual
prognosis was discussed, we hypothesized that preop-
erative retinal sensitivity in macular hole area has a
predictive effect on visual prognosis.

Methods
Study population

In this case series study, forty-four eyes in 44 patients
experienced IMH surgery in Beijing Tongren Hospital
from September 2016 to December 2017. All the
patients were diagnosed as IMH by medical history,
indirect ophthalmoscopy and OCT (Cirrus HD-OCT,
Carl Zeiss, Dublin, CA, USA), and the surgeon
observed and identified the macular hole during the
surgery. The exclusion criteria were: glaucoma, severe
cataract, myopia > — 6.00D, history of intraocular
procedure, and cases in which MH wasn’t closed after
the primary surgery. The Medical Ethics Committee of
Beijing Tongren Hospital approved the study protocol,
and all participants gave their informed consent. All
patients had a standard ophthalmologic examination
before and 1, 4 months after surgery.

Other examinations included: best-corrected visual
acuity (BCVA), non-contact intraocular pressure
measurement, slit-lamp biomicroscope, color fundus
photography, Microperimeter-3 (NIDEK, Gamagori,
Japan). Macular hole stages were confirmed by Gass
classification system, and MD, IS/OS defects were
measured manually using the caliper function in HD-
OCT. The BCVA was measured by the Early Treat-
ment Diabetic Retinopathy Study (ETDRS) regimen
and was converted to logarithm of minimum angle of
resolution (LogMAR) units.

MP-3 examinations

Microperimetry assessment was conducted in a dark
room with the fellow eye patched. The examination
was operated by two experienced operators.
Microperimeter-3 (MP-3) would take high-definition
color images of fundus to observe structures of
macular hole. The customized pattern of macular hole
consists of 45 stimulus test locations in 8° around the
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Fig. 1 A Microperimeter-3
image of a 58-year-old male
patient whose MD is

628 pum. Spot a(19 dB),
b(21 dB), ¢(23 dB), and
d(19 dB) were all excluded
because their distance to
macular hole margin was
less than 0.5 degree

2017/ 2/17.16:22
Baselline =

fovea, the fixation target was shown as the 1° red
circle, and center of the pattern was moved to center of
macular hole as near as possible. The MP-3 measure-
ment is carried out by a 4-2-1 staircase strategy with
the Goldmann III stimulus size. Maximum luminance
of MP-3 was 10,000 asb, and the stimulus dynamic
range is between 0 and 34 dB. The automatic fundus
eye tracking system enables accurate projection of
stimulus in order to ensure the same points on retina
during the follow-ups.

Following Chen’s [8] study, retinal sensitivity in 8
degrees was named as mean macular hole sensitivity
(MMS), retinal sensitivity in 2 degrees was named as
central macular sensitivity (CMS). Both of them were
evaluated for analysis in our study, and we defined
macular hole sensitivity (MHS) as the mean value of
spots inside and 0.5 degree outside macular hole
margin (Fig. 1).

Mean sensiti

Surgical procedure

A 23-gauge transscleral sutureless vitrectomy system
was used for pars plana vitrectomy. All the vitrec-
tomies and, if it is necessary, phacoemulsification and
intraocular lens implantation were performed by the
same surgeon (W.L.). The internal limiting membrane
(ILM) was peeled with forceps for 2 optic disk
diameters around the macular hole without any
staining. Clean air tamponade was used in all cases
and patients were asked to take a strict face-down
position for one week. Tobramycin, Tropicamide,
Prednisolone Acetate, and Diclofenac sodium eye
drops were used after surgery following doctor’s
advice. 1-month and 4-month follow-up were
requested for the patients.

Statistical analysis
Statistical analysis was performed using SPSS soft-

ware (SPSS for Windows, version 22.0, Chicago, IL,
USA). The parameters were presented as
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Table 1 Characteristics of

patients Age (years)

Gender

Minimum diameter of macular hole (um)

Laterality

Stage II IMH

Stage III IMH

Stage IV IMH

Pars plana vitrectomy (PPV)
PPV + Phaco + IOL

54-79; median 65
Female: 34; Male: 10
534.02 £+ 162.67
OD:21 0S:23

9 eyes

24 eyes

11 eyes

9 eyes

35 eyes

mean =+ standard deviations. Comparisons of these
data were analyzed with paired-samplest test. Spear-
man correlation analysis was performed for correla-
tion analysis. Multivariate stepwise linear regression
analysis was performed to investigate the relationship
between postoperative BCVA and preoperative
parameters. A P value of less than 0.05 was considered
statistically significant.

Results
General characteristics

Characteristics of patients are shown in Table 1.
Thirty-four females (34 eyes, 77.27%) and ten males
(10 eyes, 22.73%) were included. IMH was occurred
in left eyes in 21 patients and right eyes in 23. The
median age was 65 years. Nine eyes were in stage 2,
24 eyes in stage 3, and 11 eyes in stage 4 by Gass
classification.

Anatomical and functional changes after macular
hole surgery

All macular holes in these patients were closed with
one operation. No postoperative complications were
observed during follow-up. During 4 months follow-
up, BCVA (logMAR), IS/OS defect diameter,
MMS(dB), CMS(dB), and MMS (dB) were signifi-
cantly improved from baseline to 1 month and
4 months postoperatively (P < 0.001).However, from
1 month to 4 months postoperatively, MMS and CMS
didn’t show significant improvement (P > 0.05) while
MHS did (P < 0.05) (Fig. 2). The number of selected
spots for MHS was 15.73 + 3.52 (10-25). No patients
showed decrease in BCVA, MMS, and MHS at
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Fig. 2 Graphs showing functional before and after successful
macular hole surgery. a Changes in best-corrected visual acuity
(BCVA) after MH surgery. *Significantly improvement was
shown at 1 and 4 months after surgery. b Changes in retinal
sensitivity of MMS, CMS, and MHS after MH surgery.
Significantly improvement was shown at 1 and 4 months after
surgery (P < 0.01).*no significantly improvement in MMS
(P =0.053) and CMS (P = 0.093) from 1 month to 4 months
postoperatively. **MHS showed significantly improvement
(P =0.039) from 1 month and 4 months postoperatively.
(Mann—Whitney U test). MMS mean macular sensitivity, CMS
central macular sensitivity, MHS macular hole sensitivity

4 months postoperatively. Patients with a preserve
IS/OS line postoperatively gain a better MMS and
MHS. On the basis of age and stages of cataract,
phacoemulsification and IOL implantation were per-
formed in 35 eyes. No difference on improvement
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between patients with phacoemulsification and
patients without (P > 0.05).

Correlations of MD and IS/OS defect diameter
with MP-3 results and BCVA

Preoperative MMS(r = — 0.474), CMS(r = —
0.443), and MHS(r = — 0.743) were all significantly
correlated with MD (P < 0.05), and significant corre-
lations were also showed between postoperative
MMS(r = — 0.543), CMS(r = — 0.341), MHS(r = —
0.588), and MD (P < 0.05). Meanwhile, preoperative
BCVA (r=0.344) and postoperative BCVA
(r = 0.582) were significant correlations with MD
(P < 0.05). However, preoperative IS/OS defect
diameter showed no relationships with BCVA,
MMS, CMS, or MHS at 4 months postoperatively.
(P > 0.05).

Correlations of preoperative BCVA and MP-3
results with postoperative BCVA and roles of MP-
3 results in predicting visual prognosis

Preoperative BCVA was significantly correlated with
postoperative BCVA at 4 months (r=0.512,
P < 0.001). Preoperative MMS (r = — 0.504), CMS
(r=—0.555), and MHS (r=— 0.611) were all
significantly correlated with postoperative BCVA at
4 months postoperatively (P < 0.001). Moreover,
preoperative macular hole sensitivity had linear rela-
tionship with BCVA at 4 months postoperatively
(r=0.583, P <0.001; multiple stepwise linear
regression analysis, Fig. 3). It meant every 1 dB
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Fig. 3 Correlation of preoperative MHS with postoperative
BCVA at 4 months. Linear regression analysis showed that
visual prognosis at 4 months was related to preoperative MHS
(r = 0.5826, P < 0.001) (Mann—Whitney U tests. BCVA: best-
corrected visual acuity; MHS: macular hole sensitivity)

augment in preoperative MHS, postoperative BCVA
at 4 months would increase 0.0368 LogMAR units.

Discussion

As BCVA reflects basic visual function for fixation
point [15], and fixation point may change by patho-
logical changes in IMH [16], exploration predictors
for visual prognosis are essential not merely for
presurgical evaluation but functional recovery predic-
tion after surgery by doctors. Microperimetry had been
applied in many ophthalmic disorders [17-20], espe-
cially in macular disease like macular hole [21-23]. It
could provide retinal sensitivity and fixation for retinal
function assessment, and it could give detailed and
precise information for function change before and
after surgery. In previous studies, basic detection
range for mean macular sensitivity (MMS) was from 8
degrees [24] to 12 degrees [7, 14] owing to different
types of equipment, and 1 degree converts to 250 um
in length according to fundus structure. Thus, it was
certain that the range was much larger than the area
actually damaged by IMH, and, undoubtedly, rela-
tively normal retina was included and caused overes-
timation. Scholars consequently narrowed the
detection range to 2 degrees, which equals 500 pm,
aiming to exclude the confounders, and the mean
value of retinal sensitivity in 2 degrees was called
central macular sensitivity (CMS) or fovea sensitivity
(FS). Nonetheless, an unaltered range couldn’t match
diverse MD. For example, MD ranged from 148 to
726 pm in a study by Ooto et al. [25], 274 um to
711 pmin Bonnabel’s [14] study, and preoperative IS/
OS defect diameter ranged 130 pm to 3000 pm in
Chen’s study [8]. Theoretically, as 2 degrees equals
500 pm by anatomical structure, relatively normal
retina would still be included in smaller macular hole
and partial dysfunctional retina would be excluded in
larger macular hole. In current study, center of MP-3
pattern was moved to the center of macular hole, and
then stimulus spots inside and 0.5 degrees outside
macular hole margin were collected and the mean
value of these spots was calculated and named as
macular hole sensitivity (MHS). The reason for the
range determination was that retinal function reflected
by BCVA was moved gradually from macular hole
margin to macular fovea after successful macular hole
surgery [8, 16, 26, 27], the morphological structure of
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macular hole and image resolution of MP-3 were also
considered. To proof the accuracy of MHS, correla-
tions of MHS with MD were explored and we found
MHS was the most relevant parameter with MD than
MMS and CMS. Previous studies hardly mentioned
the correlations between preoperative microperimetric
results with MD, Sun et al. found preoperative MMS
had a weak association with macular hole diameters
[7]. The most correlation between MHS and MD
showed the accordance between them and testify the
accuracy of MHS.

MHS was more sensitive to reflect function recov-
ery before and after macular hole surgery. We found
significant improvement in BCVA, MMS, CMS, and
MHS at 1 month and 4 months postoperatively, but
neither MMS nor CMS showed a significantly
improvement from 1 month to 4 months postopera-
tively while both BCVA and MHS did. The results
suggested that recovery in MHS was more sensitive
than MMS and CMS, and MHS had closer relation-
ships with BCVA. Our results are partly similar to
other research in the respect of improvement during
the follow-up [7, 12, 14, 24]. However, discrepancies
among BCVA, MMS, CMS, and MHS appeared. Chen
et al. found CMS had a closer relationship with
photoreceptor restoration [8], for CMS reflected the
function over the area of macular hole. As previously
mentioned, CMS reflects mean value of retinal
sensitivity in 2 degrees, which couldn’t match diverse
size of macular hole. On the contrary, MHS showed
reasonably significant correlations between MD, and
MHS should be a more appropriate and sensitive
parameter to evaluate the function improvement over
the area of macular hole.

Previous researches reported MD and preoperative
BCVA was correlated with postoperative BCVA
[28, 29], which coincide with our study. Specialists
also investigated probable predictors for visual prog-
nosis. MD [29], preoperative IS/OS defect diameter or
area [8], BCVA, mean macular sensitivity [14] were
all considered as the predict factors for visual prog-
nosis. In the current study, MD, preoperative BCVA,
MMS, CMS, and MHS were all showed significant
correlations with postoperative BCVA at 4 months
postoperatively. At the same time, we found preoper-
ative MHS has linear relationship with postoperative
BCVA, which means preoperative MHS might be a
probable predictor for visual prognosis. Sun et al. [7]
found preoperative mean macular sensitivity and
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fixation percent in 2 degrees could predict visual
prognosis, but the detective range in their study was 12
degrees, which was much larger than area of dysfunc-
tion retina caused by macular hole. Previous studies
showed preoperative IS/OS defect diameter might be a
predictor or indicator for visual prognosis [8, 28]. We
also calculated the relationship between preoperative
IS/OS defect area with postoperative BCVA at
4 month, while no linear correlations showed. How-
ever, five patients showed preserve IS/OS line at
4 months after surgery, and their MMS (P = 0.023)
and MHS (P = 0.021) were significant better than
patients whose IS/OS line were still inconsecutive. In
Bonnabel’s study [14], they found patients with a
postoperative preserved IS/OS line had better preop-
erative MMS and CMS and lower preoperative MH
size, which resembles the current study. However,
CMS and MH size showed no differences between two
groups. Discordance in facilities and measuring
method for IS/OS defect diameter and Microperimetry
might differ the result. The relationship between IS/
OS defect diameter and macular sensitivity needs to
investigate.

It is generally acknowledged that cataract forma-
tion and nuclear sclerosis would influence postoper-
ative BCVA after macular hole surgery. In our study,
we found no distinction between patients who under-
went phacoemulsification and intraocular lens implan-
tation and patients who didn’t. It means cataract
formation might not influence the improvement of
BCVA and Microperimeter-3 results. All patients’
inner limiting membrane was peeled off without any
staining, so as to avoid the negative influence caused
by toxicity of stains, which reported by previous
literatures [9, 30].

Fixation is another critical functional parameter in
Microperimeter-3. In previous study, patients in IMH
showed paracentral fixation, which is always at the
edge of macular hole, and a part of them showed
central fixation after surgery [16, 26]. In our study, all
patients showed paracentral fixation preoperatively,
and 27 patients moved back to the fovea 4 months
after surgery. However, no relationships were shown
between fixation recovery and MHS, BCVA, or MD
before and after surgery.

The limitation in our study is relatively short
follow-ups and lack of fixation in MP-3. However, this
study showed macular hole sensitivity, which was
confirmed by the size of macular hole, could be a
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critical functional parameter to assess function dam-
ages caused by macular hole and function recovery in
macular hole area after success surgery. A compre-
hensive assessment of fixation, parameters of macular
hole (basal diameter, macular hole index, etc.), and
vitreoretinal traction to visual prognosis need further
study.

In conclusion, Microperimeter-3 is a useful equip-
ment to evaluate retinal function in idiopathic macular
hole. Compared with retinal sensitivity in 8 degrees
and 2 degrees, macular hole sensitivity could evaluate
retina function in macular hole area more precisely,
sensitively, and objectively. Correlations between
preoperative macular hole sensitivity and MD showed
accuracy and sensitibility of macular hole sensitivity.
Preoperative macular hole sensitivity might be an
ideal, reliable, and sensitive predictor factor for visual
prognosis after successful surgery.

Compliance with ethical standards

Conflict of interest All authors certify that they have no
affiliations with or involvement in any organization or entity
with any financial interest (such as honoraria; educational
grants; participation in speakers’ bureaus; membership,
employment, consultancies, stock ownership, or other equity
interest; and expert testimony or patent-licensing arrange-
ments), or non-financial interest (such as personal or profes-
sional relationships, affiliations, knowledge, or beliefs) in the
subject matter or materials discussed in this manuscript.

Ethical approval All procedures performed in studies
involving human participants were in accordance with the eth-
ical standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all
individual participants included in the study.

References

1. Mcdonnell PJ, Fine SL, Hillis AI (1982) Clinical features of
idiopathic macular cysts and holes. Am J Ophthalmol
93(6):777-786

2. Polk TD, Smiddy WE Jr, Flynn HW (1996) Bilateral visual
function after macular hole surgery. Ophthalmology
103(3):422-426

3. Kelly NE, Wendel RT (1991) Vitreous surgery for idio-
pathic macular holes. Results of a pilot study. Arch Oph-
thalmol 109(5):654

4. Shinoda H, Shinoda K, Satofuka S, Imamura Y, Ozawa Y,
Ishida S, Inoue M (2010) Visual recovery after vitrectomy

10.

11.

12.

13

14.

15.

16.

17.

18.

19.

20.

for macular hole using 25-gauge instruments. Acta Oph-
thalmol 86(2):151-155

. Richter-Mueksch S, Sacu S, Osarovsky-Sasin E, Stifter E,

Kiss C, Velikay-Parel M (2009) Visual performance 3 years
after successful macular hole surgery. Br J Ophthalmol

93(5):660-663

. Meng Q, Zhang S, Ling Y, Cui D, Jin Y (2011) Long-term

anatomic and visual outcomes of initially closed macular
holes. Am J Ophthalmol 151(5):896-900

. Sun Z, Gan D, Jiang C, Wang M, Sprecher A, Jiang AC, Xu

G (2012) Effect of preoperative retinal sensitivity and fix-
ation on long-term prognosis for idiopathic macular holes.
Graefes Arch Clin Exp Ophthalmol 250(11):1587-1596

. Chen WC, Wang Y, Li XX (2012) Morphologic and func-

tional evaluation before and after successful macular hole
surgery using spectral-domain optical coherence tomogra-
phy combined with microperimetry. Retina
32(9):1733-1742

. Scupola A, Mastrocola A, Sasso P, Fasciani R, Montrone L,

Falsini B, Abed E (2013) Assessment of retinal function
before and after idiopathic macular hole surgery. Am J
Ophthalmol 156(1):132-139

Imai H, Ohta K (2010) Microperimetric determination of
retinal sensitivity in areas of dissociated optic nerve fiber
layer following internal limiting membrane peeling. Jpn J
Ophthalmol 54(5):435

Pilli S, Zawadzki RJ, Werner JS et al (2012) Visual outcome
correlates with inner macular volume in eyes with surgically
closed macular hole. Retina 32(10):2085

Shpak AA, Shkvorchenko DO, Sharafetdinov IK, Yukha-
nova OA (2016) Predicting anatomical results of surgical
treatment of idiopathic macular hole. Int J Ophthalmol
9(2):253

. Nizawa T, Baba T, Kitahashi M, Oshitari T, Yamamoto S

(2017) Different fixation targets affect retinal sensitivity
obtained by microperimetry in normal individuals. Clin
Ophthalmol 11:2011-2015

Bonnabel A, Bron AM, Isaico R, Dugas B, Nicot F, Creuzot-
Garcher C (2013) Long-term anatomical and functional
outcomes of idiopathic macular hole surgery. The yield of
spectral-domain OCT combined with microperimetry.
Graefes Arch Clin Exp Ophthalmol 251(11):2505-2511
Itoh Y, Inoue M, Rii T, Hiraoka T, Hirakata A (2012) Sig-
nificant correlation between visual acuity and recovery of
foveal cone microstructures after macular hole surgery. Am
J Ophthalmol 153(1):111-119

Yanagita T, Shimizu K, Fujimura F, Takano M (2009)
Fixation point after successful macular hole surgery with
internal limiting membrane peeling. Ophthalmic Surg
Lasers Imaging 40(2):109

Dal VM, Lavia C, Nassisi M, Grignolo FM, Fea AM (2016)
Microperimetric assessment after epiretinal membrane
surgery: 4-year follow-up. J Ophthalmol 1:1-5

Ozdemir H, Karacorlu SA, Senturk F, Karacorlu M, Uysal O
(2008) Assessment of macular function by microperimetry
in unilateral resolved central serous chorioretinopathy. Eye
22(2):204

Midena E, Vujosevic S (2011) Microperimetry in diabetic
retinopathy. Saudi J Ophthalmol 25(2):131

Sugawara T, Sato E, Baba T, Hagiwara A, Tawada A,
Yamamoto S (2011) Relationship between vision-related

@ Springer



1994

Int Ophthalmol (2019) 39:1987-1994

21.

22.

23.

24.

25.

quality of life and microperimetry-determined macular
sensitivity in patients with retinitis pigmentosa. Jpn J
Ophthalmol 55(6):643-646

Sjaarda RN, Frank DA, Glaser BM, Thompson JT, Murphy
RP (1993) Assessment of vision in idiopathic macular holes
with macular microperimetry using the scanning laser
ophthalmoscope. Ophthalmology 100(10):1513-1518
Chung H, Shin CJ, Kim JG, Yoon YH, Kim HC (2011)
Correlation of microperimetry with fundus autofluorescence
and spectral-domain optical coherence tomography in
repaired macular holes. Am J Ophthalmol 151(1):128-136
Sjaarda RN, Frank DA, Glaser BM, Thompson JT, Murphy
RP (1993) Assessment of vision in idiopathic macular holes
with macular microperimetry using the scanning laser
ophthalmoscope. Ophthalmology 100(10):1513

Ozdemir H, Karacorlu M, Senturk F, Karacorlu SA, Uysal O
(2010) Retinal sensitivity and fixation changes 1 year after
triamcinolone acetonide assisted internal limiting mem-
brane peeling for macular hole surgery—a MP-1 microperi-
metric study. Acta Ophthalmol 88(6):e222-e227

Ooto S, Hangai M, Takayama K, Uedaarakawa N, Haneb-
uchi M, Yoshimura N (2012) Photoreceptor damage and

@ Springer

26.

217.

28.

29.

30.

foveal sensitivity in surgically closed macular holes: an
adaptive optics scanning laser ophthalmoscopy study. AmJ
Ophthalmol 154(1):174-186

Nakabayashi M, Fujikado T, Ohji M, Saito Y, Tano Y
(2000) Fixation patterns of idiopathic macular holes after
vitreous surgery. Retina 20(2):170

Tarita-Nistor L, Gonzalez EG, Mandelcorn MS, Lillakas L,
Steinbach MJ (2009) Fixation stability, fixation location,
and visual acuity after successful macular hole surgery.
Invest Ophthalmol Vis Sci 50(1):84

Chalam KV, Murthy RK, Gupta SK, Brar VS, Grover S
(2010) Foveal structure defined by spectral domain optical
coherence tomography correlates with visual function after
macular hole surgery. Eur J Ophthalmol 20(3):572-577
Kadonosono K, Yabuki K, Nishide T, Uchio E, Marron JA
(2003) Measured visual acuity of fellow eyes as a prognostic
factor in macular hole surgery. Am J Ophthalmol
135(4):493-498

Tsuiki E, Fujikawa A, Miyamura N, Yamada K, Mishima K,
Kitaoka T (2007) Visual field defects after macular hole
surgery with indocyanine green-assisted internal limiting
membrane peeling. Am J Ophthalmol 143(4):704-705



	MP-3 measurement of retinal sensitivity in macular hole area and its predictive value on visual prognosis
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Study population
	MP-3 examinations
	Surgical procedure
	Statistical analysis

	Results
	General characteristics
	Anatomical and functional changes after macular hole surgery
	Correlations of MD and IS/OS defect diameter with MP-3 results and BCVA
	Correlations of preoperative BCVA and MP-3 results with postoperative BCVA and roles of MP-3 results in predicting visual prognosis

	Discussion
	References




