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Introduction
The macular hole is a full thickness opening or 
dehiscence of the retinal tissue involving the 
fovea. The pathogenesis of macular hole forma-
tion is not clear; however, the tangential or anter-
oposterior vitreofoveal traction has been suggested 
as the most probable mechanism.1 Surgery for 
macular hole involves pars plana vitrectomy 
(PPV), core vitrectomy, removal of the posterior 

cortical hyaloid and obvious epiretinal mem-
branes, and filling of the vitreous cavity with a 
tamponade since 1991.2,3

Since the development of optical coherence 
tomography (OCT), which can show high-resolu-
tion cross-sectional images of the retina, a lot of 
information such as the pathogenesis, classifica-
tion and diagnosis of macular hole, measuring 
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Abstract
Purpose: In this study, we aimed to evaluate the relationship between macular hole closure 
types assessed by optical coherence tomography (OCT) and the preoperative prognostic 
factors.
Materials and methods: In total, 183 patients who underwent pars plana vitrectomy and 
internal limiting membrane peeling for idiopathic macular hole between August 2014 and 
August 2019 were reviewed retrospectively. The preoperative measurements of the macular 
hole including minimum linear diameter (MLD), basal hole diameter (BHD) and hole height 
(HH) were measured on OCT images. The patients were divided into two closure types on the 
basis of postoperative OCT findings (type 1 closure: retinal edges were flat and there was no 
defect of the neurosensory retina on the fovea; type 2 closure: retinal edges were flat and 
there was a defect of the neurosensory retina on the fovea). The difference of prognostic 
factors such as age; duration of symptoms; preoperative best-corrected visual acuity (BCVA); 
preoperative macular hole measurements, including MLD, BHD and HH; and rate of reopening 
between two types were statistically analysed.
Results: The mean age of patients was 66.33 ± 8.09 years (range: 48–88 years). According 
to OCT imaging, 117 eyes (63.9%) were classified into the type 1 closure group, and 66 eyes 
(36.1%) were classified into the type 2 closure group. There were no significant differences 
between two groups in age, duration of symptoms and preoperative BCVA (p = 0.694, p = 0.092 
and p = 0.15). MLD and BHD were significantly larger, and reopening was significantly more 
common in type 2 group (p < 0.05, p = 0.04 and p < 0.005); however, there was no significant 
difference in HH between two groups (p = 0.239).
Conclusion: Preoperative horizontal measurements of macular hole may help to determine 
postoperative visual expectations and anatomical success, and predict the possibility of 
reopening.
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hole size and postoperative improvement, might 
be determined easily.4

Tornambe and colleagues5 categorized the macu-
lar hole closure types, in terms of the postoperative 
anatomical status of retinal edges as elevated and 
open, flat and open, or flat and closed. Kang and 
colleagues6 classified macular hole closure types 
according to postoperative OCT in two types: 
complete sealing of the macular hole without bare 
retinal pigment epithelium (RPE) and incomplete 
sealing of the macular hole with bare RPE.

In this study, we aimed to evaluate the relation-
ship between macular hole closure types assessed 
by OCT and the preoperative prognostic factors 
like age, duration of symptoms, preoperative 
best-corrected visual acuity (BCVA), preopera-
tive glaucoma and preoperative macular hole 
measurements, including minimum linear diam-
eter (MLD), basal hole diameter (BHD) and hole 
height (HH).

Materials and methods
The records of the patients who underwent PPV 
for idiopathic macular hole in the retina depart-
ment of Beyoğlu Eye Training and Research 
Hospital between August 2014 and August 2019 
were reviewed retrospectively. The study was 
approved by Prof. Dr. Cemil Taşçıoğlu City 
Hospital Ethics Committee with number of 
48670771-514.10, and written informed consent 
was obtained from each participant in accordance 
with the principles of the Declaration of Helsinki.

Patients with a history of trauma, more than 6 
diopters of myopia, diabetes, age-related macu-
lar degeneration, previous vitreoretinal surgery 
and who were younger than 18 years were 
excluded from the study. All patients underwent 
detailed ophthalmological examination, includ-
ing refraction, BCVA with a Snellen chart, slit-
lamp biomicroscopy, intraocular pressure (IOP) 
measurements, fundus examination after dila-
tation and OCT imaging (SPECTRALIS; 
Heidelberg Engineering) at baseline and follow-
up visits. The measurements of the macular hole 
including MLD, BHD and HH were measured 
on OCT images. We measured MLD as the 
minimum inner diameter between the macular 
hole edges, BHD as the diameter of the hole at 
the level of the RPE and HH as the distance 
from the RPE to the upper level of the retinal 
edges (Figure 1).

All patients underwent same surgical procedure. 
Surgical technique included a standard three-port 
PPV, then posterior adherent cortical vitreous 
was removed, internal limiting membrane (ILM) 
was peeled after staining with brilliant blue and 
the vitreous cavity was filled with 15% perfluoro-
propane (C3f8) gas tamponade. If patients had 
lens opacity resulting in poor visualization of fun-
dus, phacoemulsification and intraocular lens 
implantation were combined with PPV. All of the 
patients took a facedown position for more than 
10 days postoperatively. The anatomic and func-
tional outcomes of surgery were evaluated at 
postoperative third month.

We classified the closure type on the basis of post-
operative OCT findings. If retinal edges were flat 
and there was no postoperative defect of the neu-
rosensory retina on the fovea, it was named as 
type 1 closure (Figure 2); if retinal edges were flat 
and there was a postoperative defect of the neuro-
sensory retina on the fovea, it was named as type 
2 closure (Figure 3).6 If retinal edges remained 
elevated postoperatively, it was evaluated as 
unsuccessful closure.

The difference of possible prognostic factors such 
as age; duration of symptoms; preoperative BCVA; 
preoperative macular hole measurements, includ-
ing MLD, BHD and HH; and rate of reopening 
between two types was statistically analysed.

Statistical analysis
All statistical analyses were performed using 
Statistical Package for the Social Sciences 
(SPSS), version 20.0, for Windows. Descriptive 
statistics included mean values ± standard 

Figure 1.  The measurements of the macular hole 
including MLD, BHD and HH were measured on 
OCT images. BHD, basal hole diameter; HH, hole 
height; MLD, minimum linear diameter; OCT, optical 
coherence tomography.
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deviation (SD), percentage, minimum (min) 
and maximum (max) for normally distributed 
variables. Visual acuity values were converted to 
logarithm of the minimal angle of resolution 
(logMAR) units. Distribution of variables was 
measured by Kolmogorov–Smirnov test. For 
quantitative analysis, paired-sample t-test was 
used for normally distributed variables, and 
Wilcoxon signed-rank test was used when the 
measurements did not fit the normal distribu-
tion. The variables were compared between two 
study groups using independent t-test (paramet-
ric data) and Mann–Whitney test (nonparamet-
ric data). A p value <0.05 was considered 
significant. In correlation analysis, the Pearson 
correlation analysis was used for normally dis-
tributed variables, and the Spearman correlation 
analysis was used when the measurements did 
not fit the normal distribution.

Results
The study included 183 eyes of 183 participants 
[98 females (53.6%) 85 males (46.4%)], and the 

Figure 2.  The OCT image of type 1 closure. OCT, 
optical coherence tomography.

Figure 3.  The OCT image of type 2 closure. OCT, 
optical coherence tomography.

mean age of patients was 66.33 ± 8.09 years 
(range: 48–88 years); 99 cases (54.1%) were 
right eyes, and 84 cases (45.9%) were left eyes. 
The mean duration of symptoms was 1.71 ± 1.64 
months (range: 1–11 months), and the mean 
postoperative follow-up period was 11.88 ± 5.37 
months (range: 6–48 months). Ten cases (5.5%) 
had glaucoma preoperatively.

According to OCT imaging at postoperative third 
month, 117 eyes (63.9%) were classified into type 
1 closure group, and 66 eyes (36.1%) were classi-
fied into type 2 closure group.

The mean age was 65.73 ± 8.11 years (range: 48–
75 years) in type 1 group and 68.36 ± 7.89 years 
(range: 59–88 years) in type 2 group, and there 
was no significant difference between two groups 
(p = 0.694). The mean duration of symptoms was 
1.8 ± 1.78 months (range: 1–11 months) in type 
1 group, 1.4 ± 0.99 months (range: 1–5 months) 
in type 2 group, and the mean postoperative fol-
low-up period was 11.60 ± 7.75 months (range: 
6–48 months) in type 1 group, 12.88 ± 10.37 
months (range: 6–39 months) in type 2 group 
(Table 1). There were no significant differences 
between two groups in duration of symptoms and 
postoperative follow-up period (p = 0.092 and 
p = 0.516, respectively).

Phacoemulsification and intraocular lens implan-
tation combined with PPV were performed in six 
(5.1%) patients in type 1 group and six (9.1%) 
patients in type 2 group, and there was no signifi-
cant difference between two groups (p = 0.433). 
Six (5.1%) patients in type 1 group and four 
(6.1%) patients in type 2 group had preoperative 
glaucoma, and there was no significant difference 
(p = 0.599; Table 1).

The mean preoperative BCVA was 0.94 ± 0.37 
logMAR (range: 0.15–1.80) in type 1 group and 
1.04 ± 0.43 logMAR (range: 0.3–1.80) in type 2 
group, and there was no significant difference of 
preoperative BCVA between two groups 
(p = 0.15). The mean postoperative third-month 
BCVA was 0.83 ± 0.36 logMAR (range: 0.10–
1.30) in type 1 group and 0.98 ± 0.33 logMAR 
(range: 0.10–1.30) in type 2 group, and postop-
erative BCVA was found to be higher in type 1 
group than type 2 group (p < 0.05; Table 1). The 
postoperative BCVA changes were significant in 
both groups (p < 0.05). There was a moderate 
correlation between preoperative BCVA and 
postoperative BCVA in both groups (Table 2). 
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However, there was no correlation between age 
and postoperative BCVA and between duration 
of symptoms and postoperative BCVA in both 
types (Table 2).

The mean preoperative MLD was 384.24 ±  
173.12 µm (range: 70–1226), BHD was 924.72 ±  
341.58 µm (range: 118–2148) and HH was 
464.5 ± 92.86 µm (range: 276–934) in type 1 
group, and the mean preoperative MLD was 
573.24 ± 185.80 µm (range: 183–971), BHD 
was 1153.58 ± 399.86 µm (range: 401–2303) 
and HH was 506.67 ± 196.27 µm (range: 308–
1506) in type 2 group. MLD and BHD were 
significantly larger in type 2 group (p < 0.05 
and p = 0.04); however, there was no significant 
difference in HH between two groups 
(p = 0.239; Table 1).

No postoperative complication such as endoph-
thalmitis, retinal detachment or epiretinal mem-
brane was observed in either group.

Three (2.6%) cases of type 1 group and 10 
(15.2%) cases of type 2 group reopened in postop-
erative period, and reopening was observed more 
common in type 2 group (p < 0.005; Table 1). 
After reoperation, four reopened cases in type 2 
group showed type 1 closure, and in these four 

Table 1.  Comparison of preoperative and postoperative variables between two closure types.

Type 1 Type 2 p value

The mean age 65.73 ± 8.11 years (range: 48–75 years) 68.36 ± 7.89 years (range: 59–88 years) p = 0.694

The mean duration of 
symptoms

1.8 ± 1.78 months (range: 1–11 months) 1.4 ± 0.99 months (range: 1–5 months) p = 0.092

Postoperative follow-up 
period

11.60 ± 7.75 months (range: 6–48 months) 12,88 ± 10,37 months (range: 6–39 months) p = 0.516

Phacoemulsification and 
intraocular lens application 
with PPV

6 (5.1%) 6 (9.1%) p = 0.433

Preoperative glaucoma 6 (5.1%) 4 (6.1%) p = 0.599

The mean preoperative BCVA 
(logMAR)

0.94 ± 0.37 (range: 0.15–1.8) 1.04 ± 0.43 (range: 0.30–1.8) p = 0.15

The mean postoperative 
third-month BCVA (logMAR)

0.83 ± 0.36 (range: 0.10–1.30) 0.98 ± 0.33 (range: 0.10–1.30) p < 0.05

The mean preoperative MLD 384.24 ± 173.12 µm (range: 70–1226) 573.24 ± 185.80 µm (range: 183–971) p < 0.05

The mean preoperative BHD 924.72 ± 341.58 µm (range: 118–2148) 1153.58 ± 399.86 µm (range: 401–2303) p = 0.04

The mean preoperative HH 464.5 ± 92.86 µm (range: 276–934) 506.67 ± 196.27 µm (range: 308–1506) p = 0.239

Reopening in postoperative 
period

3 (2.6%) 10 (15.2%) p < 0.005

BCVA, best-corrected visual acuity; BHD, basal hole diameter; HH, hole height; logMAR, logarithm of the minimal angle of resolution; MLD, 
minimum linear diameter; PPV, pars plana vitrectomy.

Table 2.  Correlations between continuous variables.

Type 1 Type 2

Preoperative BCVA–postoperative BCVA

  r value 0.397 0.345

Age–postoperative BCVA

  r value 0.097 0.068

Duration of symptoms–postoperative BCVA

  r value 0.089 0.121

BCVA, best-corrected visual acuity.
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cases, the mean MLD was 278.5 ± 98.33 µm 
(range: 183–392), BHD was 630.25 ± 179.31 µm 
(range: 401–810) and HH was 113.67 ± 56.83 µm 
(range: 277–524). Six reopened cases in type 2 
group showed type 2 closure again, and in these 
six cases, the mean MLD was 572.83 ± 136.83 
µm (range: 507–820), BHD was 1456.83 ± 446.17 
µm (range: 1125–1549) and HH was 
543.17 ± 99.69 µm (range: 418–690). There was 
a significant difference in MLD and BHD between 
these groups (p = 0.03 and p = 0.04; Table 3).

Discussion
The anatomical closure rate of macular holes with 
vitrectomy has been reported as more than 90% 
in the literature.7–9 Macular hole closure types 
were first described by Tornambe as three types; 
however, one of them was regarded as unsuccess-
ful closure.5 Imai and colleagues10 described the 
macular hole closure types into three types 
depending on postoperative OCT: normal foveal 
contour as U pattern, steep foveal contour as V 
pattern and foveal defect of neurosensory retina 
as W pattern. We evaluated postoperative hole 
closure type in two types, according to sensory 
retinal status on OCT imaging. Some studies 
consider the presence of a foveal defect as unsuc-
cessful closure;11,12 however, we evaluated the 
cases as unsuccessful closure if the postoperative 
retinal edges remained elevated. We also consid-
ered the cases with flat retinal edges and a postop-
erative defect of the neurosensory retina on the 
fovea, as type 2 closure.

The postoperative visual function does not only 
depend on anatomical closure of macular hole, 
but it is also predicted by sensory retinal status.5 
Imaging of sensory retinal status by OCT would 
help us to predict postoperative visual improve-
ment. A number of possible prognostic factors 
on postoperative success such as the duration of 
symptoms, preoperative macular hole size, 

preoperative visual acuity, axial length, age and 
sex have been reported.13–15 However, there are 
different results in the literature. In this study, we 
aimed to analyse the difference of possible prog-
nostic factors like age; duration of symptoms; 
preoperative BCVA; preoperative macular hole 
measurements, including MLD, BHD and HH; 
and rate of reopening between two types with a 
larger group of patients.

In this study, we found postoperative BCVA was 
better in type 1 closure group. Kang and col-
leagues6 reported that postoperative BCVA was 
correlated with the type of closure. Tornambe 
and colleagues5 reported that visual acuity was 
better in postoperative flat and closed macula sta-
tus than flat and opened macula status. Imai and 
colleagues10 reported BCVA correlation with clo-
sure patterns as U > V > W. The U pattern and V 
pattern in their study correspond to type 1 closure 
in ours. It has been reported in the literature that 
restoration of outer retinal layers is important for 
visual improvement after macular hole surgery.16 
This may explain the better visual acuity in type 1 
group.

The correlation of preoperative macular hole size 
with anatomical success and visual improvement 
has been reported in many studies in the litera-
ture.13,17–20 There have been several studies with 
different types of macular hole measurements like 
macular hole index, hole form factor, diameter 
hole index, tractional hole index and macular 
hole closure index.13,21–23 We measured horizon-
tal hole size as the MLD and BHD, and vertical 
hole size as HH. In our study, we found that 
MLD and BHD were smaller in type 1 closure 
group, and postoperative visual improvement was 
better with smaller MLD and BHD. Kang and 
colleagues6 reported that hole closure type 
depends on preoperative hole diameter stronger 
than other prognostic factors. Our results indicate 
that preoperative horizontal measurements of 

Table 3.  Difference of mean preoperative minimum linear diameter, base diameter and hole height between secondary closure 
types in reopened cases in type 2 closure group.

Type 1 Type 2 p value

The mean preoperative MLD 278.5 ± 98.33 µm (range: 183–392) 572.83 ± 136.83 µm (range: 507–820) p = 0.03

The mean preoperative BHD 630.25 ± 179.31 µm (range: 401–810) 1456.83 ± 446.17 µm (range: 1125–1549) p = 0.04

The mean preoperative HH 113.67 ± 56.83 µm (range: 277–524) 543.17 ± 99.69 µm (range: 418–690) p = 0.393

BD, base diameter; HH, hole height; MLD, minimum linear diameter.
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macular hole may help to determine postopera-
tive visual expectations and anatomical success.

Reopening of macular hole after surgery has been 
reported between 2% and 10% in the literature.24 
Ip and colleagues19 reported that reopening was 
seen in macular holes, which was larger than 400 
µm. Kang and colleagues6 reported two reopened 
cases in type 2 closure group in postoperative 
second and fourth months. We found that reo-
pening rate was significantly higher in type 2 clo-
sure group (2.6% in type 1 group and 15.2% in 
type 2 group; p < 0.005). Tornambe and col-
leagues5 reported that if the edges of macular 
hole were visible and separated (flat and open 
pattern), it may be caused by incomplete removal 
of epiretinal membrane, which may result in 
macular dehiscence. Closure of the macular hole 
has been reported to occur with termination of 
tangential vitreous traction, reattachment of the 
hole edges to the neurosensor retina and closure 
of the residual photoreceptor defect with glial 
proliferation.25–27 Histological examinations 
showed that photoreceptor defect varied between 
16 and 250 µm after macular hole repair.25–27 
There is one case in the literature without histo-
logic glial proliferation sign.15 This might show 
that glial proliferation varies according to neuro-
sensory retinal defect size, and it may not occur 
in some eyes after macular hole repair. Kumar 
and Yadav16 reported that ILM peeling may help 
ending tangential traction and reactive gliosis; 
however, it is not enough for large holes. This 
may indicate that wider neurosensory retinal 
defect may cause interruption of glial prolifera-
tion, which may cause reopening of repaired 
macular hole and that other surgical techniques 
such as inverted ILM flap technique may be 
needed in large holes. The restoration of foveal 
microstructure and the closure rate of macular 
hole have been reported higher in studies evalu-
ating the inverted ILM flap technique in large 
macular holes.11,12

Rishi and colleagues28 reported two macular hole 
cases which underwent reoperation after type 2 
closure and showed type 1 closure after reopera-
tion. Kang and colleagues6 reported two cases in 
type 2 closure group which have reopened and 
showed subretinal fluid after PPV and ILM peel-
ing. We observed reopening more common in 
type 2 closure group. Type 2 closure was observed 
more commonly in initial type 2 closure group 
after reoperation, and there was a significant 

difference between secondary closure types in 
preoperative MLD and BHD (p = 0.03 and 
p = 0.04). This result shows that initial MLD and 
BHD may predict the possibility of reopening and 
the success rate after reoperation.

Many studies reported that shorter duration of 
symptoms is correlated with better visual acu-
ity.6,7,17–20 We found no correlation between vis-
ual acuity and the duration of symptoms in both 
types of closure. Kang and colleagues6 also 
reported no correlation between visual acuity and 
duration of symptoms in their study. We believe 
that this difference was caused by the fact that 
most of our elderly patients may not exactly deter-
mine when their symptoms started, and their 
admission to our tertiary clinic was delayed due to 
referrals from other hospitals.

There have been different results about the cor-
relation between preoperative and postoperative 
visual acuity in macular hole cases in the litera-
ture.2,6,17 Kang and colleagues6 found no correla-
tion between preoperative and postoperative 
visual acuity. In contrary, we found a moderate 
correlation between preoperative and postopera-
tive visual acuity in both types (r = 0.397 in type 1 
group, r = 0.345 in type 2 group). We also found 
no correlation between age and postoperative vis-
ual acuity in both types. Similar to our findings, 
Kang and colleagues6 also found no correlation 
between them.

The limitation of our study is that we classified 
the type of closure according to OCT in the post-
operative third month, but it is known that recov-
ery may take longer.

In conclusion, preoperative horizontal macular 
hole measurements such as MLD and BHD may 
provide foresight to the type of hole closure, the 
visual improvement, the possibility of reopening 
after surgery and the success of second surgery in 
reopened cases.
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