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Purpose: To evaluate the efficacy of repeated pars plana vitrectomy with internal limiting
membrane peeling and gas tamponade for persistent macular holes (MHs).

Methods: Twenty-nine eyes that underwent repeated pars plana vitrectomy and internal
limiting membrane peeling for persistent MHs were included in this retrospective study. Data
retrieved included demographic information, visual acuity before the first and second surgeries,
MH diameter before and after both surgical procedures and throughout the follow-up, surgical
details, time between surgeries, final visual acuity, and the occurrence of any complications.

Results: Reoperation achieved closure of the persistent MH in 68.9% of the eyes. Final
visual acuity improved significantly when compared with that before the second surgery, and
postoperative complications were minimal. Reoperation achieved significant improvement in
visual acuity (P , 0.001), and 62% of patients gained .2 lines. The final visual acuity was
significantly better in eyes with closed MH after the second surgery than that in eyes where it
persisted (0.68 ± 0.37 vs. 1.17 ± 0.25 logarithm of the minimum angle of resolution, respec-
tively, P = 0.002). Shorter interoperative time and smaller initial MH diameter were significantly
correlated with better visual prognosis (P = 0.029 and 0.005, respectively).

Conclusion: Repeated pars plana vitrectomy with internal limiting membrane peeling
and gas tamponade is a safe and effective treatment option for persistent MHs. Earlier
reoperation is recommended for greater visual recovery.
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For the past two decades, idiopathic macular holes
(MHs) have been treated successfully by pars plana

vitrectomy (PPV). Kelly and Wendel1 pioneered this
technique and achieved an anatomical closure rate of
73% and improvement in visual acuity of 2 lines or more
in 55% of cases.2 Since then, the surgical technique has
been refined and currently consists of vitrectomy, induc-
tion of posterior vitreous detachment, internal limiting
membrane (ILM) peeling, and intraocular gas tampo-
nade, followed by facedown positioning of the patient.
In recent years, peeling of the ILM has been shown by
numerous studies to improve the rate of anatomical clo-
sure of MHs,3–7 and it has become an accepted part of
the surgical technique for this indication.

Current studies report anatomical closure rates of 85%
to 100% in MH surgery, with visual improvement in as
much as 85% to 95% of patients.8–12 In the minority of
cases, MHs persist despite surgery. Relatively, few stud-
ies have focused on persistent MHs, which are associ-
ated with poor visual prognosis. Most studies
concerning treatment of persistent MHs included use
of different surgical techniques than that used initially,
such as using heavy silicone oil13–15 or inducing macular
detachment.16 Only two studies evaluated retreatment of
persistent MHs by repeated PPV with gas tamponade.
However, in one of them,17 the ILM was peeled only in
the second procedure and the second18 included both
recurrent and persistent MHs. The purpose of this study
was to evaluate the efficacy of repeated PPV with ILM
peeling and gas tamponade for persistent MHs.

Methods

The records of the ophthalmology departments in
two large medical centers in Israel, the Tel-Aviv
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Sourasky Medical Center and the Sheba Medical
Center, were retrospectively reviewed. All patients
who underwent repeated PPV with gas tamponade for
persistent idiopathic MH from January 1, 2006 to June
31, 2011, and had at least 4 months of follow-up were
included in the study series. Patients who underwent

silicone oil tamponade for MH closure or who were
reoperated for a recurrent MH after anatomical closure
in the first procedure were not included. Patients who
had previously undergone vitrectomy for any other
indication other than the initial MH or any other ocular
surgery except cataract extraction were excluded.
The data were retrieved from the medical notes

before the surgeries, the two surgical reports, the
inpatient department charts, and the outpatient clinic
charts. The parameters recorded included demographic
information, history of any other ocular conditions,
length of visual symptoms before the first surgery,
visual acuity and intraocular pressure before the first
and second surgeries, MH diameter as documented by
optical coherence tomography before and after both
surgical procedures and throughout the follow-up,
details of the both vitrectomies, interoperative time
between surgeries, final visual acuity and intraocular
pressure, length of follow-up, occurrence of any
postoperative complications, or MH recurrence.
Optical coherence tomography obtained before

2009 was performed by a time domain instrument
(Stratus; Carl Zeiss Meditec AG, Jena, Germany) and
from 2009 by a spectral domain instrument (Spectralis;
Heidelberg Engineering, Inc, Heidelberg, Germany).
Macular hole diameter was measured at the base

Fig. 2. Mean visual acuity before the initial surgery, the repeated sur-
gery, and at the final examination. The final visual acuity was signifi-
cantly better than that before the second surgery (P , 0.001).

Fig. 1. A 72-year-old woman who had an MH 541 mm in diameter and a visual acuity of 20/400 (A), whose MH enlarged to 1,584 mm after the initial
surgery with a reduction of visual acuity to counting fingers (B). The patient was reoperated after 3.5 months, but 14 months later, the MH still persisted
and enlarged to 2,265 mm in diameter, with a final visual acuity of counting fingers (C). A 76-year-old woman who had an MH 994 mm in diameter and
a visual acuity of 20/100 (D), whose MH diameter had reduced postoperatively to 618 mm, whereas visual acuity was 20/200 (E). The patient was
reoperated after 3 months and MH closure was achieved. Eight months later, optical coherence tomography demonstrates irregular retinal contour and
significant disturbance of the outer layers, with a final visual acuity of 20/100 (F). A 69-year-old man who had an MH 1,141 mm in diameter and
a visual acuity of 20/240 (G), whose MH increased to 1,584 mm after the initial surgery with a reduction of visual acuity to 20/400 (H). The patient was
reoperated after 3 months and MH closure was achieved. Seven months later, optical coherence tomography demonstrates mild disturbance of the outer
layers, and the final visual acuity had improved to 20/100 (I).
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of the MH, and measurements were made using
Image J software, version 1.43u, a Java-based image
processing program developed by the National Insti-
tute of Health (http://rsb.info.nih.gov/ij). The largest
measured MH diameter was recorded from each scan.
The change in MH diameter between the initial MH
and the persistent one after the first surgery was cal-
culated, and the final macular structure was evaluated
and categorized as MH closure or persistence. Optical
coherence tomography was also analyzed for macular
status of the fellow eye of each patient.
The surgical procedures in this study were per-

formed by four surgeons using similar technique. The
initial surgery consisted of three-port PPV with
induction of posterior vitreous detachment. In 25 cases
(86.2%), the ILM was peeled after staining with
indocyanine green. In four eyes, the ILM was not
peeled because of the surgeon’s decision at the time of
surgery. These 4 eyes were operated in 2006, and at
that time, the ILM was not routinely peeled in all MH
cases by all of the surgeons included in this study. All
procedures included nonexpansile gas tamponade with
either C3F8 16% or SF6 20%. The patients were then
instructed to maintain a facedown position for 1 week
postoperatively. No conditions limiting the mainte-
nance of this position or failure to comply with it were
documented for any of the patients. Prophylactic
peripheral 360° endolaser was performed in 12 cases

(41.3%), at the surgeons’ discretion. In the second
procedure, a 3-port PPV was performed, and the
ILM was stained with indocyanine green in 26 eyes
(89.6%). In 22 eyes, the ILM was peeled beyond the
area that was peeled in the first operation, and in 4
eyes, it was peeled for the first time.
For statistical analysis, all visual acuity values were

converted to the logarithm of the minimum angle of
resolution (logMAR) scale. According to Holladay19

and the University of Freiburg study group results,20

blindness was set at 0.00125/2.9 (decimal/logMAR),
light perception at 0.0025/2.6, hand movements at
0.005/2.3, and counting fingers at 0.014/1.85.
Correlations between continuous variables were

analyzed using the Pearson correlation coefficient
and linear regression, and t-tests were used to analyze
associations between categorical parameters. Data
were analyzed using SPSS for windows version 17.
A P of 0.05 was used to declare statistically significant
difference between groups.

Results

Our series includes 29 eyes of 29 patients who met
the inclusion criteria. There were 21 women (72.4%)
and 8 men (27.6%), with a mean age of 68.9 ± 6.2
years (range, 55–79 years). Twenty-six patients

Fig. 3. A significant correlation
was demonstrated between
smaller initial MH diameter (in
mm) and better final visual
acuity (in logMAR) (P = 0.005).
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(89.6%) had no significant other ocular pathology, and
the remaining 3 patients included 1 with mild nonpro-
liferative diabetic retiinopathy, 1 with intermediate
non-neovascular age-related macular degeneration,
and 1 with early glaucoma.
No complications were recorded after the initial

surgery. Complications after the second surgery
included a mild postoperative vitreal hemorrhage in
1 eye (3.4%), with spontaneous clearing over 6 weeks,
and elevated intraocular pressure in 1 eye (3.4%),
which was managed by topical therapy alone.
At baseline, 24 eyes (82.7%) were phakic and 5

eyes (17.3%) were pseudophakic. Cataract extrac-
tion was combined with the initial surgery in 6
eyes and with the second surgery in 12 eyes. Three
more patients underwent cataract extraction after
both surgeries, and at the final follow-up, 26 eyes
(89.6%) were pseudophakic and only 3 eyes
(9.4%) were phakic. All pseudophakic eyes had
posterior chamber intraocular lenses placed within
the capsular bag.
The length of reported visual symptoms before the

initial operation was noted for 25 patients (86.2%),
and was 8.8 ± 6.8 months (range, 1–24 months). The
mean time to the second vitrectomy was 4.1 ± 2.8
months (range, 1–11 months). The mean follow-up
time after the second surgery was 12.9 ± 10 months
(range, 4–49 months).

Anatomical Results

The initial presentation of the MHs were staged
according to the classic classification by Gass21,22 and
included 14 Stage 4 MHs (48.3%), 12 Stage 3 MHs
(41.3%), and 3 Stage 2 MHs (9.4%). The mean size of
the hole was 713 + 331 mm before the first surgery and
801 ± 390 mm before the second surgery, and the
difference was not statistically significant (P = 0.16).
Anatomical closure of MH was achieved in 20

patients (68.9%) after the second surgery. None of
these eyes had recurrence of MH by the end of follow-
up. Optical coherence tomography in these eyes
demonstrated variable degrees of disturbance in the
retinal structure. Examples of the final retinal archi-
tecture demonstrating the range of variability between
patients with closed MH are presented in Figure 1.
Nine eyes (31.1%) had persistent MH after the second
vitrectomy.
The mean initial MH diameter (before the first

vitrectomy) in patients who achieved closure of the
persistent hole was 605 mm, and 917 mm in those who
did not. This difference did not achieve statistical sig-
nificance, but a trend was noted favoring anatomical
MH closure in eyes with smaller initial MH diameter
(t-test, P = 0.072). Patients who achieved anatomical
closure were also slightly younger than those who did
not (mean ages of 67.5 and 72.1 years, respectively),

Fig. 4. A significant correla-
tion was demonstrated between
shorter intraoperative time (in
months) and greater improve-
ment in visual acuity from
before the repeated surgery and
the final visual acuity (P =
0.029). The y-axis presents the
logMAR value of the differ-
ence in visual acuity between
before the second surgery and
the final visual acuity (positive
values indicate improvement
and negative values indicate
deterioration of visual acuity).
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and a trend was noted favoring MH closure with youn-
ger age (t-test, P = 0.066). None of the other recorded
demographic or surgical parameters were correlated
with MH closure. Initial MH grade also did not corre-
late with MH closure.
A full-thickness MH was documented by optical

coherence tomography in 6 (20.6%) of the fellow eyes,
and a lamellar hole was documented in 2 eyes (6.9%).

Functional Results

The mean initial visual acuity was 1.04 ± 0.44 log-
MAR (�20/220), mean visual acuity before the second
surgery was 1.1 ± 0.31 logMAR (�20/250), and mean
final visual acuity was 0.83 ± 0.4 logMAR (�20/135).
The final visual acuity was better than the initial visual
acuity, but this difference did not reach statistical sig-
nificance (t-test, P = 0.06). However, the final visual
acuity had improved significantly when compared
with the visual acuity before the second surgery for
persistent MH (t-test, P , 0.001) (Figure 2). Eighteen
patients (62%) gained .2 lines of vision after the
second surgery. In 3 of these patients, visual acuity
improved despite MH persistence, although it should
be noted that the improvement was small (1–2 lines)
and accompanied by a slight reduction in MH diameter
(83–200 mm).
The mean final visual acuity in eyes with closure of

the MH was 0.68 ± 0.37 logMAR (�20/95), signifi-
cantly better than that in eyes with failure to close
(1.17 ± 0.25 logMAR, �20/290, t-test, P = 0.002).
Better final visual acuity was significantly correlated
with smaller MH diameter before the initial surgery
(regression analysis, P = 0.005) (Figure 3). No corre-
lation was found between the final visual acuity and
the MH diameter before the second surgery. A larger
improvement in visual acuity from the visual acuity
before the second surgery to the final visual acuity was
correlated with a shorter period of time between sur-
geries (regression analysis, P = 0.029) (Figure 4).
None of the other recorded parameters were corre-

lated with the final visual acuity or with improvement
in visual acuity.

Discussion

In this study, an anatomical closure rate of 68.9%
was achieved for persistent MHs that were treated by
a second vitrectomy. Hillenkamp et al17 reported
a series of 28 eyes with persistent MH, in which the
ILM was not peeled initially but was peeled at the
repeated surgery, with an anatomical closure rate
of 68%. In a subset of 21 eyes with persistent MH
reported by D’Souza et al,18 who underwent initial

PPV with ILM peeling and repeated PPV with
extended repeeling of the ILM, an anatomical closure
rate of 52% was achieved. The higher rate of anatom-
ical closure reported by Hillenkamp et al17 was attrib-
uted to the ILM peeling, which has been previously
established as a factor promoting MH closure.3–7 The
lower rate reported by D’Souza et al18 was attributed
to the fact that the ILM had already been peeled during
the initial surgery. However, repeated surgery with
repeeling of the ILM was shown to be effective in
achieving anatomical closure in a majority of eyes
with persistent MHs.18 Our results further strengthen
this finding and demonstrate that repeated PPV with
ILM peeling and gas tamponade has a rate of 68.9%
for anatomical closure in such eyes. These results are
close to those described for reoperation with heavy
silicone oil,14–16 using a simpler technique with which
most vitreoretinal surgeons are familiar, and without
exposing the patients to the possible complications
associated with silicone oil or to an additional surgery
for its removal. We therefore propose that in patients
where the MH fails to close after the initial procedure,
a second PPV with ILM peeling and gas tamponade
should be performed. Such management is likely to
result in significant visual improvement, and more
complicated procedures can be avoided.
None of the demographic or surgical parameters

were correlated with anatomical closure of persistent
MHs. Macular hole diameter before the initial or
repeated surgery or the change in MH diameter
between surgeries did not correlate with anatomical
closure, in accordance with previous publications.17,18

However, a trend was noted for a smaller initial MH
diameter and an increased rate of closure (P = 0.072)
and for younger age and successful MH closure (P =
0.066).
In our series of eyes with persistent MH, visual

acuity decreased after the first surgery, but the
difference was not statistically significant. In contrast,
a significant improvement in the final visual acuity
was observed after the second surgery (P , 0.001)
(Figure 2). Eighteen eyes (62%) gained 2 or more lines
after the second surgery. These results are better than
that previously reported.17,18

D’Souza et al18 also found that the final visual acu-
ity was significantly better than that before the
repeated surgery but not statistically different from that
before the initial surgery. Our results support this and
indicate that repeated surgery is warranted from the
functional perspective, as it is capable of preventing
further visual loss associated with persistence of MH.
Although disturbances of the retinal architecture were
observed in optical coherence tomography after MH
closure in most eyes, the visual acuity had significantly
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improved. Evidently, even partial restoration of the
retinal layers after closure of the hole is associated
with better vision, and almost normal retinal structure
is rarely observed after two surgeries for MH.
Better final visual acuity was significantly corre-

lated with smaller initial MH diameter (P = 0.005)
(Figure 3) and with shorter time between the 2 vit-
rectomies (P = 0.029). These correlations are proba-
bly the result of a more extensive damage to the
macular structure associated with large holes and
more chronic persistent holes. The correlation with
shorter interoperative time has not been reported
previously.
Twenty-one phakic patients (87.5%) underwent

cataract extraction during the follow-up, making
cataract the most significant complication in our
series. However, this is to be expected in patients
with advanced age who undergo two vitrectomies.
There were no cases of retinal detachment or
endophthalmitis.
Limitations of this study include its small size and

retrospective nature. However, it is among the largest
series dealing with persistent MHs. Of note is the fact
that ILM was peeled in almost all eyes (25 of the 29,
86.2%) at the initial surgery and 26 of the 29 eyes
(89.6%) in the second surgery; therefore, no valid
comparison with surgeries without ILM peeling was
possible. It should also be noted that closure of MH
after repeated surgery may not be attributed solely to
extended peeling of the ILM, and other factors such as
the gas tamponade, careful drainage of fluid over the
MH, or postoperative posture may contribute to it. The
study cannot differentiate between these factors and
does not provide information regarding the effect of
length of postoperative posturing and anatomical or
functional results. However, we point out that all four
eyes in which the ILM was not peeled initially
underwent ILM peeling at the second procedure and
subsequently closed. This finding strengthens the
current concept that ILM peeling improves MH
anatomical closure rates.
In conclusion, our results indicate that repeated PPV

with ILM peeling and gas tamponade is a safe and
effective treatment of persistent MHs. We demonstrate
a relatively high rate of success for anatomical closure,
along with a significant improvement in visual acuity.
Younger patients and those with smaller initial MH
diameter may have an increased rate of MH closure
after repeated surgery. The final visual acuity in eyes
with closed MHs was not significantly better than that
before the initial surgery but was significantly better
than that before the second surgery, with only minimal
postoperative complications. We also found a correla-
tion between earlier reoperation and greater visual

gain. Based on our results, we advocate repeated
surgery in all eyes with persistent MH, with a repeated
PPV with ILM peeling and gas tamponade as the
procedure of choice, and recommend that surgery
should not be delayed after the initial failure to close
the hole.

Key words: macular hole, persistent macular hole,
vitrectomy, reoperation, internal limiting membrane
peeling, gas tamponade.
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