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Aims: To determine surgical outcome in primary idiopathic stage 3 or 4 macular holes with indocya-
nine green (ICG) assisted retinal internal limiting membrane (ILM) peeling.
Methods: A prospective, consecutive, interventional case series with 41 eyes of 40 patients was
included. No patient defaulted follow up. Besides a standard macular hole surgery, all eyes received
ICG assisted ILM removal of 3–4 disc diameters around macular holes. At the end of the surgery, 12%
perfluoropropane gas was used. A face down posture for 2 weeks was required postoperatively.
Results: The mean follow up period was 15.1 months (range 6–24 months). Twenty (48.8%) eyes had
stage 3 macular holes and 21 (51.2%) had stage 4 macular holes. The overall median duration of
holes was 11 months. 19 (46.3%) were chronic macular holes of more than 12 months’ duration. The
anatomical success rates after one surgery was 87.8% (36 eyes), while that of chronic and non-chronic
ones was 78.9% and 95.5%, respectively. The median preoperative and postoperative visual acuity
was 20/200 (range 20/60 to counting fingers) and 20/100 (range 20/20 to 20/400), respectively.
24 (58.5%) eyes had improvement of two or more Snellen lines. The mean was 3.2 lines (range two
to nine lines), with 3.6 lines and 2.7 lines for non-chronic and chronic holes, respectively. For all the
41 eyes, 16 (39%) eyes had a final visual acuity of 20/50 or better.
Conclusion: ICG assisted retinal ILM removal, in idiopathic primary chronic and non-chronic stage 3
or 4 macular hole surgery, appears to give a promising anatomical closure rate without compromising
the visual result.

Since Kelly and Wendel first demonstrated the successful
closure of macular hole with pars plana vitrectomy and
fluid-gas exchange a decade ago, this surgery has been

widely practised as the treatment of stage 2, 3, and 4 macular
holes.1–3 Various adjuncts have also been studied in order to
promote a glial scar formation that improved the closure rate
of macular hole surgery. These adjuncts included intraopera-
tive applications of transforming growth factor-β2, autologous
serum, autologous platelet concentrates, and laser photoco-
agulation to the retinal pigment epithelium in the bed of the
macular hole.4–11

The internal limiting membrane (ILM) forms the inner-
most layer of the retina and the outer boundary of the
vitreous. It contains collagen fibrils, proteoglycans, basement
membrane and the plasma membrane of Müller cells, and
possibly other glial cells of the retina.12 Histologically, ILM
around macular holes also contains myofibrocytes, and
contraction of these myofibrocytes has been suggested to
cause enlargement of the macular hole and prevent its
closure.13 Therefore, the removal of the ILM may be a surgical
adjunct that can promote gliosis and the closure of macular
hole.14–17 However, the visualisation of the thin and transparent
ILM intraoperatively is often difficult and may preclude its
complete removal without damaging other parts of the retina.
Excessive unsuccessful attempts to remove the ILM during
macular hole surgery may decrease the visual success.17 Indo-
cyanine green (ICG) dye has been used to stain the ILM and
facilitate its removal.18–20 In our previous study, we demon-
strated that removal of ICG stained ILM around idiopathic
macular hole was confirmed with histology and might
contribute to macular hole closure.20

None the less, the role of ILM peeling in macular hole sur-
gery is not well defined yet. Without any adjunct, Ryan and
Gilbert reported 94% anatomical success rate in 36 eyes with
stage 2 macular holes.21 Similarly, a randomised controlled
clinical trial of stage 2 macular hole reported a closure rate of

80% in 15 eyes.22 The anatomical closure rate of stage 3 or 4
macular holes reported in various randomised clinical trials
without any adjunct varies from 53% to 81%.3 7 8 23 The mean
anatomical closure rate of these four series was 66%. It
appears that the anatomical closure rate of stage 3 or 4 macu-
lar holes is less favourable than that of stage 2 macular holes.

The purpose of this prospective study is to determine the
anatomical and visual outcome in primary surgery for
idiopathic stage 3 or 4 macular holes with ICG assisted retinal
ILM peeling, with a minimal follow up period of 6 months.

METHODS
All consecutive patients aged 18 years or older with stage 3 or
4 primary idiopathic macular holes were recruited from the
vitreoretinal services of several ophthalmic centres in Hong
Kong. Patients with myopia greater than 6 dioptres, traumatic,
and secondary macular holes were excluded. As described by
Gass, stage 3 holes were full thickness macular holes with
diameters equal to or greater than 400 µm. Stage 4 holes were
similar to those of stage 3 but the posterior hyaloid of the
former was separated from the optic disc.24 The stages of
macular holes were confirmed intraoperatively. The size of a
macular hole was assessed comparing it to a peripapillary
retinal vein of 125 µm in diameter.3

All the surgeries were performed by three of the authors
(AK, DW, and WC). The surgical technique involved standard
subtotal pars plana vitrectomy with removal of the posterior
hyaloid. Any visible epiretinal membrane (ERM) was removed
with intraocular forceps. Preparation of the ICG solution has
been described previously.20 A volume of 0.2 ml of the prepared
ICG solution (concentration 0.25 mg/ml, 0.5 mg/ml, or 1.25
mg/ml) was gently injected over the disc and then the macula
with the infusion temporarily stopped. Caution was paid to
avoid direct injection over the macular hole. After 30 seconds,
infusion was resumed and ICG in the vitreous cavity was
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removed. The ILM would then be stained light green visually.
On some occasion, repeated injection of ICG solution was
required to complete subsequent ILM removal. Depending on
the preference of the individual surgeon, a myringo-
vitreoretinal (MVR) blade, a diamond dusted scraper, or an
intraocular forceps was used to initiate a flap of ILM at the
temporal raphe 1.5–2.0 disc diameters from the macular hole.
An intraocular forceps then held the flap and ILM of 3–4 disc
diameter was removed in a circular fashion around the macu-
lar hole. The ILM in close proximity to the macular hole was
removed in a centripetal direction towards the macular hole.
At the end of surgery, 12% perfluoropropane gas was used.
Patients were required to maintain a face down posture for 2
weeks postoperatively.

Preoperative data including age and sex of the patient,
duration of the macular hole, stage of the macular hole, size of
the macular hole, lens status of the patient, and the preopera-
tive best corrected Snellen visual acuity (BCVA) was recorded.
Fundus photographs of each eye were taken. Fluorescein
angiography was performed when indicated. Intraoperative
data including any concurrent surgical procedures, degree of
ILM staining by ICG, presence or absence of ERM, and any
intraoperative complications was noted. Postoperative data
including anatomical status of the macular hole and BCVA at
6 months postoperatively as well as at the last follow up was
recorded. Fundus photographs of each eye were taken 6
months postoperatively. Fluorescein angiography was also
performed in all patients to determine the possible toxicity as
a result of the use of ICG.

Anatomical status of a macular hole was categorised in
three defined end points (elevated/open, flat/open, flat/closed)
as suggested by Tornambe et al.25 A hole was considered closed
as long as it was flat (flat/open, flat/closed). All postoperative
complications due to the surgery were also recorded. The
Snellen BCVA was converted to a line score for analysing the
number of lines gained or lost after surgery (Table 1). The data
were entered into SPSS for Windows (SPSS Inc, Chicago, IL,
USA) for statistical analysis. A p value <0.05 was considered
statistically significant.

RESULTS
Preoperative demographics
Forty one eyes of 40 consecutive eligible patients with follow
up of at least 6 months were recruited and all were included in
the final analysis. No patient was lost to follow up. Short term
result of nine cases has been briefly reported.20 There were 25
(62.5%) females and 15 (37.5%) males. The mean age of the
patients was 63.5 years (range 35–81 years). There were two

patients aged 40 years or less and detailed history and exam-
ination were obtained to exclude other causes of macular hole
like trauma and high myopia. The mean follow up duration
was 15.1 months (range 6–24 months). Except one pseudo-
phakic eye, all the other 40 eyes were phakic before surgery.
Twenty (48.8%) eyes had stage 3 macular holes and 21 (51.2%)
had stage 4 macular holes. Chronic macular hole was defined
as that of more than 12 months’ duration. There were 19
(46.3%) chronic macular holes. The median duration of the
macular hole was 11 months (range 2–120 months). The
median size of the macular hole was 500 µm (range 250–800
µm). The median preoperative visual acuity was 20/200 (range
20/60 to counting fingers).

Intraoperative data
Macular hole surgery was performed in 20 right eyes and 21
left eyes. The number of eyes with 0.25 mg/ml, 0.5 mg/ml and
1.25 mg/ml concentration of ICG used was 11 (26.8%), 13
(31.7%), and 17 (41.5%), respectively. In all the 41 eyes, there
was good staining of the ILM by ICG and surgeons were able
to visualise the ILM clearly for complete removal. Combined
macular hole surgery together with phacoemulsification and
implantation of intraocular lens was performed in 20 (48.8%)
eyes, before the procedure of ICG assisted ILM removal. The
ICG occasionally also stained the anterior vitreous behind the
posterior capsule, which could be safely removed by a vitreous
cutter with the cutting port faced away from the posterior
capsule.

Anatomical and visual results
Thirty six (87.8%) of the 41 eyes had successful anatomical
closure of the macular hole after one surgery. These include 20
(90.9%) flat/closed holes and one (4.5%) flat/open hole in the
non-chronic group, and 13 (68.4%) flat/closed holes and two
(10.5%) flat/open holes in the chronic group. Four of the five
elevated/open holes were chronic macular holes. Three of
these open holes were reoperated, in which two underwent
repeat pars plana vitrectomy with injection of silicone oil and
one with repeat pars plana vitrectomy and gas/fluid exchange.
The two reoperated holes with silicone oil subsequently
closed. At the last follow up, 38 (92.7%) of the 41 eyes achieved
anatomical closure of the macular hole. These included 35
(85.4%) closed macular holes and three (7.3%) flat macular
holes. The anatomical success rates after one surgery for
chronic and non-chronic macular holes was 78.9% and 95.5%,
respectively. This difference was not statistically significant
(Fisher’s exact test, p = 0.16).

At the last follow up, 24 (58.5%) of the 41 eyes had
improvement of two or more lines of visual acuity after
surgery. Fifteen (36.6%) eyes had a final visual acuity within
one line of the preoperative visual acuity. Two eyes (4.9%) lost
two lines after surgery: one eye had an open macular hole with
development of cataract and the other eye had postoperative
rhegmatogenous retinal detachment 3 months after operation
with macular involvement due to a sclerotomy related break.
Despite the retinal detachment, the macular hole remained
closed (flat/closed) and the retina was reattached after
another operation of pars plana vitrectomy, cryopexy, and gas/
fluid exchange. The final visual acuity of this patient was
20/400.

For all the 41 eyes, the median postoperative visual acuity at
the last follow up was 20/100 (range 20/20 to 20/400). The
mean improvement in visual acuity was 3.2 lines (range two to
nine lines). Improvement in visual acuity was more marked in
stage 3 than in stage 4 macular holes with mean improvement
of 4.0 and 2.5 lines, respectively. However, this difference did
not reach the level of statistical significance (two tailed t test,
p = 0.16).

The mean line of improvement for eyes with non-chronic
macular holes was better than those chronic ones, with 3.6

Table 1 Conversion table for Snellen best corrected
visual acuity to line score

Snellen best corrected visual acuity Line score

20/20 16
20/25 15
20/30 14
20/40 13
20/50 12
20/60 11
20/80 10
20/100 9
20/120 8
20/160 7
20/200 6
20/300 5
20/400 4
CF 3
HM 2
LP 1

CF = counting fingers, HM = hand movement, LP = light perception.
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lines compared with 2.7 lines. However this difference was not
statistically significant (two tailed t test, p = 0.41). Fourteen
(63.6%) of the 22 non-chronic macular holes had improve-
ment of two or more lines, whereas six (36.6%) of the 19
chronic macular holes had improvement of two or more lines.
This difference was not statistically significant (χ2 test, p =
0.48). For all the 41 eyes, 16 (39%) eyes had a final visual acu-
ity of 20/50 or better. The rate was 45.5% (10 in 22 eyes) and
31.6% (six in 19 eyes) in non-chronic and chronic macular
holes, respectively. There is no statistical difference in the
number of eyes achieving a final visual acuity of 20/50 or bet-
ter between the non-chronic and chronic groups (χ2 test,
p=0.36).

For the 20 phakic postoperative eyes, 17 (85%) of them sub-
sequently developed nuclear sclerotic cataract with 12 of them
received cataract surgery. The mean improvement in visual
acuity for the 20 eyes with combined cataract surgery and the
12 eyes with subsequent cataract surgery 3.0 and 4.7 lines,
respectively. There was no statistical difference in the line of
improvement between the two groups (two tailed t test, p =
0.20). Six (50%) of the 12 eyes with subsequent cataract sur-
gery had a final visual acuity of 20/50 or better whereas eight
(40%) of the 20 eyes with combined macular hole and cataract
surgery had a final visual acuity of 20/50. There was no associ-
ation between combined or subsequent cataract surgery in
achieving a final visual acuity of 20/50 or better (χ2 test, p =
0.58). No clinical or angiographic cystoid macular oedema, as
well as reopening of macular holes was found after cataract
surgery, no matter it was a combined or consecutive one.

The mean improvement in visual acuity for the 0.25 mg/ml,
0.5 mg/ml, and 1.25 mg/ml concentration of ICG used were
2.6, 3.1, and 3.8 lines respectively. There is no statistical differ-
ence in the line of improvement between the three groups
(one way ANOVA, p=0.65). The number of cases with final
visual acuity of 20/50 or better for the 0.25 mg/ml, 0.5 mg/ml,
and 1.25 mg/ml concentration of ICG used were three (27.2%),
five (38.5%), and eight (47.1%) respectively. There is no statis-
tical difference in the number of eyes achieving a final visual
acuity of 20/50 or better between the three groups (χ2 test,
p=0.58).

The mean loss of visual acuity for open macular hole was 0.7
lines compared to mean improvement of 3.5 lines for holes
with anatomical success. There was statistical significance in
the difference between the lines of improvement for the two
groups (two tailed t test, p = 0.004).

Besides the development of cataract, there was one case
with rhegmatogenous retinal detachment that was detailed
previously, and another case with vitreous haemorrhage that
resolved spontaneously 5 weeks after the operation. The final
visual acuity of this patient was 20/100 with a closed hole.
There was no direct intraoperative or postoperative complica-
tion related to ICG assisted ILM peeling. No ICG related toxic-
ity was detected on fluorescein angiograms. There was also no
clinical toxicity like new retinal edema or RPE change during
the follow up period.

DISCUSSION
In this study of 41 eyes with idiopathic stage 3 or 4 macular
holes of median duration of 11 months, we achieved a primary
anatomical closure rate of 89.7% with the use of ICG assisted
retinal ILM removal. The primary anatomical success rates for
chronic and non-chronic macular holes was 78.9% and 95.5%,
respectively. Our anatomical success rate is similar to other
reports in which ILM peeling, with or without ICG staining,
was performed as an adjunct in macular hole surgery,
although there were differences of methodology among ours
and other series.14–19

Without the use of ICG, Park et al reported an anatomical
success rate of 91% in their retrospective study of 58 eyes,
which included stage 2 holes.14 Mester and Kuhn reported

anatomical success rate of 96% among 46 eyes, which included
stage 2 and traumatic macular holes.15 Brooks retrospectively
reported anatomical success of 100% among 64 eyes with
stage 3 or 4 macular holes.16 Smiddy et al reported an overall
success rate of 93% in their series of 193 eyes, in which stage 2
holes and reoperative cases were included.17 In these four
studies, staining of ILM was not performed before its peeling.

Kadonosono et al stained the ILM with ICG using a specially
designed cannula with viscomaterial as the carrying
medium.18 In their series of 13 eyes with stage 3 or stage 4
macular holes, 92% attained anatomical closure. Da Mata et al
reported a primary closure rate of 88% in 24 patients with
stage 3 or 4 macular holes with ICG assisted ILM peeling,
although the follow up period was rather short (range 23–195
days), serum was also used and traumatic holes were
included.19 By analysing the prospective studies of ours and
Kadonosono et al, the mean primary anatomical success rate of
ICG assisted ILM removal in idiopathic stage 3 or 4 macular
holes of the two series was 90.9%.18 The result is encouraging,
as the mean primary anatomical closure rate of stage 3 or 4
macular holes reported in four randomised clinical trials
without any adjunct was 66% (range 53–81%).3 7 8 23 By
including only the three more recent studies published in
1997–9, the mean primary anatomical closure rate was still
70.3% (range 61–81%).3 7 8 Although some surgeons reported
very high anatomical success rate in their own series without
any adjunct, a recent series reported a primary closure rate of
56% in stage 3 or 4 macular hole surgery.26

The mean line of improvement in visual acuity in our
current study series was 3.2 lines, with 58.5% of eyes having
an improvement of two or more lines after surgery. Our results
are similar to the studies involving ILM peeling by Park et al14

and Smiddy et al.17 They demonstrated an improvement of two
or more lines after surgery in 62% and 72%, respectively. Simi-
lar data were not available from the series of Brooks,16 while
the chronicity of holes in the series of Mester and Kuhn as well
as Kadonosono et al was not reported.15 18 The visual results in
our study may seem less favourable when compared with the
series by Da Mata et al, in which they reported a 96% visual
improvement with a mean improvement of five lines.19 In their
series, visual improvement was defined as gain of one or more
lines, rather than the commonly used definition of gain of at
least two lines. They also used a conversion scale of 20 lines
instead of 16 lines as in our study. Additionally, chronic macu-
lar holes were present in 46.3% of cases in our study compared
to only 25% in theirs.

In terms of final visual acuity of 20/50 or better, this was
attained by 39% (16 eyes) of our 41 eyes. This result is
comparable to the rate of 42% (24 out of 57) reported by one
of the four randomised clinical trials without any adjunct.7 In
those series with ICG assisted ILM peeling, Kadonosono et al
and Da Mata et al reported a rate of 53.8% and 37.5%,
respectively.18 19 For those series with ILM peeling without ICG
staining, Park et al and Smiddy et al reported a rate of 53% and
56%, respectively.14 17 The slight difference in the rate between
ours and other series may be due to the different duration and
stages of macular hole included as well as a high rate of
chronic macular hole (46.3%) in our series.

Potential retinal and retinal pigment epithelial damages
related to ICG assisted ILM peeling have been reported.27–29

Gandorfer et al suggested that in their experience, visual out-
come of eyes received ICG assisted ILM peeling was less
favourable than those received conventional macular hole
surgery.27 Additionally, asymptomatic paracentral scotomata
detected by microperimetry and potential ICG toxicity causing
retinal pigment epithelium atrophy have been reported after
macular hole surgery.28 29 However in our series, RPE atrophy
related to ICG toxicity was not found.
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Chronic macular holes have been suggested to be more dif-
ficult to close with a less favourable postoperative visual out-
come than those of shorter duration.30 31 In our study, the ana-
tomical success rates for chronic macular holes and non-
chronic ones was 78.9% and 95.5%, respectively. This
difference is not statistically significant (Fisher’s exact test, p
= 0.16). The anatomical closure rate in our series seems
encouraging compared to those reported rate of 62.7%, 81.8%,
and 70.8% in chronic macular hole surgery with or without
other adjuncts.31–33 In our series, 52.6% (10 out of 19) of eyes
with chronic macular holes attained two or more lines of
improvement, with 31.6% (six in 19 eyes) had final visual
acuity of 20/50 or better. These visual results are very similar to
those reported.31–33 The role of ILM peeling in chronic macular
hole surgery needs further evaluation.

Studies of ILM peeling in macular hole surgery have
reported a few complications similar to those of macular hole
surgery without adjunct.14–20 Common ones include cataract,
retinal tear, retinal detachment, visual field loss, and
phototoxicity. Although minimal superficial retinal haemor-
rhages are commonly encountered as ILM is peeled, they are
usually self limiting and do not cause any significant problem.
However, Brooks reported that three (2.5%) eyes developed
postoperative hyphaema that required repeat vitrectomy or
anterior chamber washout.16 In our study, there was one
(3.4%) case of postoperative vitreous haemorrhage that
resolved by itself. The underlying cause might be bleeding
from these superficial retinal vessels. Good intraoperative
haemostasis and adequate fill of gas at the end of surgery to
avoid hypotony may reduce this complication.

There were limitations of our study. There was variation of
the concentration of ICG used, although all of them were on
the low side and the volume used was small compared to the
vitreous volume. Additionally, not all patients uniformly
received combined vitreous and cataract surgery and some
patients were planned for post-vitrectomy cataract surgery.
Standardised EDTRS visual acuity measurement was also not
used.

In summary, ICG assisted retinal ILM removal, in idiopathic
primary chronic and non-chronic stage 3 or 4 macular hole
surgery, appears to give a promising anatomical closure rate
without compromising the visual result.
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