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The anatomical success rate of surgery for the treatment 
of idiopathic macular holes ranges from 58% to more than 
90%, according to several published studies.1-5 The long-term 
incidence of macular hole reopening ranges from 
approximately 2% to 9.5%, depending upon the research 
cited.6-8 The pathophysiology of recurrent or persistent 
macular holes is not completely understood. Possible 
contributing factors include: insufficient relief of vitreous 
traction, incomplete removal or later development of the 
epiretinal membrane, inadequate provision of an interface for 
migration, the proliferation of glial cells resulting from 
insufficient gas tamponade and poor patient compliance with 
treatment.9,10 

Several therapeutic modalities are available for patients 
with reopened macular holes. Some researchers have recom-
mended repeat vitrectomies with peeling of the epiretinal or 

internal limiting membrane, coupled with the utilization of an 
adjuvant, such as transforming growth factor-beta.11-13 
Previous studies have reported that closure of reopened 
macular holes, which is associated with subsequent vision 
improvements, can be accomplished with laser photo-
coagulation at the center of hole coupled with fluid-gas 
exchange.14-17 The procedure may be done on an outpatient 
basis.

In a previous report, postoperative appearances of closed 
macular holes were classified into two patterns by optical 
coherence tomography (OCT). The classification was based 
on the presence or absence of bare retinal pigment epithelium 
(RPE).18 Macular hole closure without bare RPE was 
associated with more pronounced visual improvement and 
less frequent recurrence than was the closure with bare RPE. 
Therefore, we concluded that macular hole closure without 
bare RPE is the optimal anatomic endpoint for an improved 
outcome. 

The objective of this study was to determine the effects 
of laser photocoagulation at the center of reopened macular 
holes coupled with fluid gas exchange, with regard to visual 
outcome and closure type. 
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Materials and Methods

We retrospectively reviewed the medical records of 
patients who had been treated by laser photocoagulation at 
the center of reopened macular holes, coupled with gas 
tamponade for a recurrent or persistent macular hole after 
initial vitrectomy, in our hospital between June 2001 and 
October 2004. 

All eyes had been initially treated by pars plana 
vitrectomy, epiretinal membrane peeling when indicated, 
internal limiting membrane peeling, and fluid-gas exchange 
with 14% C3F8 (5/9 of eyes) or 25% SF6 (4/9 of eyes) gas.

We used OCT to confirm the reopening of the macular 
hole during the follow-up period. We performed laser photo-
coagulation at the center of the reopened hole, coupled with 
fluid-gas exchange using 15% C3F8 (4/9 of eyes) or 25% SF6 
(5/9 of eyes). These treatments were performed on the same 
day we detected the reopened macular hole in all patients 
except one. Treatment for this patient was delayed for 1 
month due to infectious conjunctivitis. Laser photo-
coagulation at the center of the hole was conducted with the 
patient under topical anesthesia, using a fundus contact lens 
(TransEquatorTM lens, Volk Optical Inc., Ohio), and a slit- 
lamp laser delivery system (Novus OmniTM; Coherent Inc., 
Palo Alto, CA) using an argon green wavelength. Three 
burns, 100 µm in size, 0.06 seconds duration, and 60-100 
mW, were applied directly to the pigment epithelium at the 
center of the macular hole. Laser photocoagulation results in 
the appearance of subtle gray burns in a triangular configu-
ration (Fig. 1). Fluid-gas exchange was performed after the 
completion of laser photocoagulation. Under topical 
anesthesia, the intravitreal fluid was removed and replaced 
with non-expansile gas using a series of consecutive 
push-pull maneuvers. After the procedure, patients were 
encouraged to remain in a facedown position as much as 
possible for at least ten days. Patients were asked to return 
two weeks after the procedure for a follow-up ophthalmic 
examination. The minimum follow-up period after 
re-treatment was 4 months. 

The clinical information we obtained preoperatively 
included: age, gender, preoperative best-corrected visual 
acuity (BCVA) as assessed by the Early Treatment Diabetic 
Retinopathy Study (ETDRS) visual acuity chart, intraocular 
pressure, refractive error, lens status, and the results of a 
biomicroscopic examination of the fovea and vitreous. OCT 
(OCT 2000, Humphrey Instrument, division of Carl Zeiss, 
San Leandro, CA, USA) examinations, including the assess-
ment of the diameter of the macular hole, were performed 
before the initial vitrectomy, and then before and after laser 
photocoagulation. The macular hole diameter was determined 
by averaging the vertical and horizontal diameters, both of 
which were measured at the minimal extent of the hole. The 
OCT appearances of the macular lesions after treatment were 
classified as either type 1 closure, type 2 closure, or 
reopened. Type 1 closure indicates the disappearance of the 
macular hole with no discontinuity of the foveal tissue. Bare 
RPE on OCT examination was not detected in the type 1 
closure. Type 2 closure indicates discontinuity of the foveal 
tissue, although. The length of foveal discontinuity was 
reduced postoperatively and the circumference of the hole 
was flattened. Data, including symptom duration, preoper-
ative hole size, final (BCVA), and the extent of visual 
improvement, were analyzed and compared between closure 
types. The BCVA was converted to a logMAR score for 
statistical analysis. 

Results

This study involved 9 eyes from 9 patients. There were 
8 females and 1 male, ranging from 61 to 75 years of age, 
with a mean age of 67.0 years. The clinical characteristics 
and demographics of these patients are summarized in Table 
1. The interval between the initial vitrectomy and the 
detection of reopening ranged from 2 weeks to 6 months with 
a mean of 62.4 days. The follow-up period was at least 4 
months after the completion of laser photocoagulation (range, 
4 to 38 months, mean, 12.9 months). 

Upon final examination, all eyes showed closure of the 
macular hole. In all patients but one (Patient 9), the reopened 
macular holes were successfully closed with laser photo-
coagulation performed at the center of the hole, coupled with 
fluid gas exchange. In the one refractory case (Patient 9), we 
performed an additional laser photocoagulation to the margin 
of the hole, coupled with repeated fluid gas exchange, and 
achieved type 2 closure of the macular hole. Before the initial 
vitrectomy, this patient’s symptoms had lasted 60 months, the 
longest of our subjects. The diameter of this macular hole 
was 675.5 µm.

Six eyes (66.7%) were classified as type 1 closure (Fig. 
2), and 3 eyes (33.3%) were classified as type 2 closure 
based on OCT findings (Fig. 3). The data comparing the two 
groups are shown in Table 2.

The duration of symptoms before initial vitrectomy ranged 
from 1.5 to 60 months, with a median of 24.8 months. The 

Fig. 1. Diagram representation of the laser photocoagulation 
technique used for closing a reopened macular hole after vitreous 
surgery. Laser spots were applied directly to the RPE at the center 
of the reopened hole.
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Fig. 2. Symptom duration in this case (case 1 in Table 1) was 2.3 
months, and the hole diameter measured before vitrectomy was 
696 µm (A). Type 2 closure of the macular hole was noted 14 
days after vitrectomy (B). At 36 days after vitrectomy, we noted 
the reopening of the macular hole with a diameter of 812.5 µm 
(C). After laser photocoagulation and fluid gas exchange for the 
reopened macular hole, type 1 closure was achieved (D). Final 
visual acuity was 0.5. 

Fig. 3. The symptom duration in this case (case 7 in Table 1) 
was 51 months, and the hole diameter measured before vitrectomy 
was 755.5 µm (A). The reopened macular hole with a diameter of 
864.5 µm was noted in the optical coherence tomography 2 
months after the procedure (B). Type 2 closure of the reopened 
macular hole is demonstrated after laser photocoagulation and fluid 
gas exchange (C). Final visual acuity was 0.2.

mean duration of symptoms was 11.5 months in the type 1 
closure group, and 51.6 months in the type 2 closure group. 
This difference was statistically significant (P=.024, Mann- 
Whitney test). The mean of the initial macular hole diameter 
in the type 2 closure group (775 µm) was larger than that 
of the type 1 closure group (588 µm), but this difference was 
not statistically significant (P= .17, Mann-Whitney test). 

The mean BCVA before laser photocoagulation was 0.11, 
and after laser photocoagulation was 0.31 (P<.01, Wilcoxon 
signed rank test). No patients experienced a loss of visual 

Table 1. Characteristics of patients with a recurrent macular hole

Case
No

Sex Age
SE 

(Diopter)
Duration† 
(month)

Visual acuity Hole size (µm)
Follow up 
(month)

Type of final 
hole closurePreop* Final Preop*

Pre-
treatment

Post-
treatment

1
2
3
4
5
6
7
8
9

F
M
F
F
F
F
F
F
F

68
75
65
68
61
66
64
66
70

0.875
1.125
-0.125
0.25
-0.375
0.75
0.5
0.625
0.375

2.3
5
1.5
5
12
43
51
43
60

0.15
0.2
0.04
0.02
0.05
0.125
0.16
0.1
0.16

0.5
0.6
0.7
0.1
0.1
0.3
0.2
0.2
0.2

696
428
552
436
725
690
756
893
676

813
-
204
407
646
704
865
-
785

-
-
-
-
-
-
501
320
NA

11
38
19
5
3
14
2
15
6

1
1
1
1
1
1
2
2
2

SE: spherical equivalent, NA: not available, *: indicates the symptom duration before initial vitrectomy, †: indicates the status befor initial 
vitrectomy.



Kor J Ophthalmol Vol.19, No.3, 2005

186

Fig. 4. The changes in the best corrected visual acuity according 
to the type of macular hole closure. 

acuity compared to pretreatment status (Fig. 4). The mean 
BCVA before initial vitrectomy was 0.10 in the type 1 
closure group, and 0.14 in the type 2 closure group (P=.381). 
The mean and standard deviation of BCVA after laser 
photocoagulation with fluid gas exchange were 0.35±0.24 in 
the type 1 closure group and 0.20±0.00 in the type 2 closure 
group (P=.548). The mean extent of visual improvement was 
significantly increased in the type 1 closure than in the type 
2 closure group (P=.027, Mann-Whitney test). 

No serious complications, such as endophthalmitis or 
retinal detachment, were noted. A transient elevation in 
intraocular pressure was noted in 2 cases (Patients 3, 5). This 
was controlled by the administration of topical medication. 
The most commonly encountered postoperative complication 
was the development of nucleosclerotic cataracts, which was 
seen in 7 (87.5%) of the 8 phakic eyes. Four of these cases 
were treated with phacoemulsification by the implantation of 
an intraocular lens. The overall rate of pseudophakia was not 
significantly different between the two types of macular hole 
closures. 

Discussion

Because it is sometimes difficult to distinguish between a 
persistent macular hole and a recurrent hole, both cases were 
termed “reopened” macular holes in this study. 

Several options are available for the treatment of reopened 
macular holes, such as fluid gas exchange,14,19 repeat 
vitrectomy (with or without peeling of internal limiting 
membrane), and adjuvant usage (such as transforming growth 
factor beta 2 or autologous serum).10,13 The retinal internal 
limiting membrane around the macular hole had already been 
removed in all of our patients. In addition, the patients had 
acceded to our instructions to maintain a facedown position 
as much as possible for 1 week after the initial vitrectomy. 
For these reasons, we believed that neither a repeat 
vitrectomy for the relief of hole traction, nor fluid gas 
exchange alone would have resulted in improved outcomes. 

In this study, we closed the reopened macular hole in all 
cases using a combination of laser photocoagulation and fluid 
gas exchange. These results imply that laser photocoagulation 
strongly promotes closure of the macular hole. Several 
previous studies have demonstrated that laser photo-
coagulation at the center of the macular hole, when 
performed as an adjuvant therapy, promotes the closure of 
reopened macular holes and, as a result, improves visual 
outcomes.16,17 The rates of successful closure of reopened 
macular holes achieved in our study, as well as the resulting 
visual outcomes, are comparable to those reported in previous 
studies. 

Remarkably, type 1 closure was noted in two-thirds of 
cases, despite the relatively large size of the macular holes. 
The mechanism by which macular hole closure is achieved 
via laser photocoagulation is still not clearly understood. 
However, it is suspected that laser photocoagulation leads to 
the production and release of cytokines, such as transforming 
growth factor beta 2 from the treated RPE.5,17,20 The 
production of cytokines by the RPE has been demonstrated 
to promote proliferation of glial cells3-5 and may eventually 
facilitate the type 1 closure of a macular hole.

OCT examinations revealed reductions in type 2 closure of 
reopened macular hole diameter, as well as flattening of the 
hole edge. Thus, we also considered type 2 closure of the 
macular hole to be a successful outcome. However, type 2 

Table 2. Summary of clinical characteristics according to the closure types of the reopened macular hole

Type 1 closure 
(6 eyes)

Type 2 closure
(3 eyes)

P value

Age
Initial duration of symptom (month)
Preoperative MH* diameter (µm)
Interval of recurrence (day)
Preoperative BCVA†

Final BCVA†

Extent of visual Improvement‡

67.17±4.62
11.53±15.88
587.67±134.93
25.33±19.71
0.10±0.07
0.35±0.24
-0.60±0.34

66.67±3.05
51.56±8.83
774.67±110.01
44.00±27.71
0.14±0.03
0.20±0.00
-0.17±0.12

0.905
0.024
0.167
0.381
0.381
0.548
0.024

Mean±standard deviation. 
*MH: macular hole, †: BCVA: best corrected visual acuity, ‡: logMAR(final BCVA)－logMAR(preoperative BCVA).
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closure is associated with less pronounced visual improve-
ment and a higher incidence of recurrence.18 Therefore, it is 
both significant and encouraging that laser photocoagulation, 
in conjunction with fluid gas exchange, accomplished the 
type 1 closure of reopened macular holes in the majority of 
cases. 

This study demonstrated that type 1 closure of reopened 
macular holes was correlated with shorter symptom duration 
before the initial vitrectomy, and with greater visual improve-
ment. Though several reports have asserted that shorter 
symptom duration correlates with better postoperative visual 
improvement, other reports have shown the opposite.21-23 This 
controversy may arise, in part, from the fact that many 
patients who suffer from a macular hole cannot recall 
precisely when the symptoms began. This is especially true 
with elderly patients whose other eye is unaffected. Although 
the number of subjects in this study is clearly too small to 
claim statistical significance, the mean preoperative macular 
hole diameters of the eyes of the type 2 closure group (775 
µm) were larger than those of the type 1 closure group (588 
µm). Since the degeneration of neural tissue in the fovea 
tends to be advanced in large macular holes due to the 
chronicity of the disease process, the absolute diameter of the 
neural tissue defects also tend to be large. These results 
imply that early treatment of idiopathic macular holes is 
crucial, and not only affects initial success, but also facilitates 
reopening at a later time. Johnson et al14 reported more than 
two lines of visual improvement in all cases that showed 
anatomical success within 8 weeks of the detection of a 
recurrent macular hole. All of our cases were treated as soon 
as possible, because we believed that early intervention 
would help prevent further degeneration of photoreceptor 
cells. 

We made a few modifications to the procedure of laser 
photocoagulation used in previous cases. We applied three 
spots of 100 µm-sized laser burn, rather than one large laser 
spot. This was done due to the risk of excessive RPE damage 
at the center of laser burn which we felt could be 
circumvented by using three small spots rather than the one 
large spot. 

Laser photocoagulation applied to the RPE within the 
center of the macular hole can potentially cause central 
scotoma because the integrity of the RPE beneath the fovea 
is essential for the recovery of central vision. According to 
a previous study, scanning laser ophthalmoscopic microperi-
metry after the application of laser photocoagulation for 
recurrent macular holes caused clinically insignificant 
changes in the visual field. As seen with the improved vision 
reported in our cases, laser photocoagulation does not 
necessarily result in significant scotoma. This contention is 
also supported by the improvement of visual outcomes 
reported in previous studies.5,16,24,25

Although there was one case involving a second reopening 
of the macular hole, closure was achieved in this case with 
a repeat of laser photocoagulation at the margin of the hole 

coupled with fluid gas exchange. Further investigation is 
required to determine the value of laser photocoagulation 
performed at the margin of a refractory macular hole.

Laser photocoagulation at the center of the macular hole 
is believed to have several advantages over other adjuvant 
therapies. It is simple to perform and caused no compli-
cations such as intraocular inflammation.26-28

Although the sample size in our study was too small to 
claim any definite conclusions, our results suggest that the 
combination of laser photocoagulation applied to the RPE at 
the center of the macular hole, coupled with fluid-gas 
exchange, appears to constitute a safe and effective 
therapeutic modality for the treatment of both recurrent and 
persistent macular holes. A long-term follow-up study will be 
necessary to confirm the safety and durability of this method. 
It also appears that laser photocoagulation is a potent tool for 
inducing the closure of macular holes. This procedure may 
prove to be a useful tool for the treatment of patients with 
macular holes that reopen despite the complete relief of 
traction, or for patients unwilling to return to the operating 
room for an additional procedure.
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