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Surgical Removal of the Internal Limiting Membrane
for the Treatment of a Macular Hole
Chi-Chun Lai, MD; Lan-Hsing Chuang1, MD; Wan-Chen Ku1, MD; Wei-Chi Wu, MD;
Ko-Jen Yang1, MD; Yeo-Ping Tsao, MD, PhD; Tun-Lu Chen, MD
Background: To evaluate the efficacy of internal limiting membrane (ILM) peeling in the
treatment of a macular hole.
Methods:
The ocular evaluation included Snellen visual acuity, a slit-lamp examination, indirect ophthalmoscopy, and contact lens biomicroscopy. The macular
holes were confirmed using a Watzke-Allen slit beam test. Surgery consisted
of a standard 3-port vitrectomy under local anesthesia. The vitreous was
removed, and the macular ILM was peeled by creating a small opening and a
tear in the ILM with a bent 22-gauge needle around the inner margin of the
vascular arcade. The ILM flap was then grasped with end-gripping forceps,
and a circular capsulorrhesis maneuver was initiated. Next, gas-fluid
exchange and internal tamponade with 10% C3F8 were performed, followed
by postoperative face-down positioning.
Results:
Thirty-six eyes in 36 patients with idiopathic macular holes from stages 2 to
4 were included. The average follow-up time was 8.9 months. The holes
were completely closed in 33 eyes (92%), and visual acuity was improved in
26 eyes (72%). Ten eyes were pseudophakic, 24 of the 26 phakic eyes had
an increased density of the cataract after surgery, which was not detected in 2
cases. One of the patients had vitreous hemorrhage and hyphema; no retinal
detachment or retinal tear was found in this study.
Conclusion: Surgery for macular holes using ILM peeling has a high anatomical and
functional success rate.
(Chang Gung Med J 2002;25:819-25)
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T

here was no effective treatment of macular holes
until the early 1990s. In 1991, Kelly and
Wendel reported the successful closure of a macular
hole with the use of pars plana vitrectomy with gasfluid exchange.(1) Since then, the results of hole closure and visual improvement have greatly advanced.

Autoserum has been used as an adjuvant to create a
permanent seal at the edge of the holes.(2-4)
The internal limiting membrane (ILM) is the
basement membrane of Muller cells.(5) It may be
involved in the pathogenesis of disorders affecting
the vitreomacular interface, including the epiretinal
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membrane, vitreomacular traction, and macular
holes.(6-8) According to the pathogenesis, surgical
peeling of the internal limiting membrane ensures
complete removal of the overlying epiretinal membrane adjacent to the macular hole. (9) Tangential
macular traction is simultaneously relieved. Some
reports also demonstrated that a vitrectomy with
macular ILM removal and gas injection is a moreeffective surgical procedure for healing a macular
hole.(9-11)
In this study, we report on the surgical results of
a prospective series of 36 consecutive eyes of idiopathic full-thickness macular holes. All eyes underwent a complete vitrectomy and removal of the macular internal limiting membrane. At the end of the
surgery, vitreous cavity was filled with 10% C3F8
and followed by face-down positioning.

possible to create room for the tamponade gas.
For ILM peeling, the tip of a disposable 22gauge needle was bent to form a small hook. We
used this hook to create a small opening and tear in
the ILM around the inner margin of the vascular
arcade (Fig. 1A). The tear was sometimes enlarged
with a Tano diamond dusted scraper (Fig. 1B).(12)
Then, the tear of the internal limiting membrane was

A

METHODS
Patients who had developed stage 2, 3, or 4
macular holes and who desired to achieve closure of
the macular holes were considered for entry into this
study. The preoperative best-corrected visual acuity
of all patients was equal to or worse than 20/50. The
ocular evaluation included Snellen visual acuity, a
slit-lamp examination, indirect ophthalmoscopy, and
contact lens biomicroscopy. The macular holes were
confirmed using the Watzke-Allen slit beam test.
The stage of the hole was determined by contact lens
biomicroscopy. The following criteria were monitored preoperatively: age, gender, refraction, bestcorrected Snellen visual acuity, and the presence of
posterior vitreous detachment. The following were
recorded intraoperatively: the presence of posterior
vitreous detachment, the presence of an epiretinal
membrane, and intraoperative complications.
Surgery for macular holes consisted of a standard pars plana surgical technique with a 3-port system under retrobulbar anesthesia. After removal of
the central vitreous, suction was increased (to 300
mmHg), and the vitrectomy probe was used to identify the posterior hyaloid. When the probe adjacent
to the optic disc engaged the posterior vitreous, we
elevated the probe and separated the vitreous from
the inner retinal surface, producing posterior vitreous
detachment. The detachment of the hyaloid from the
retina was confirmed by the appearance of a floating
Weiss' ring. We removed as much of the vitreous as
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Fig. 1 (A) The bent tip of a 22-gauge needle served as a
hook to create a small opening and tear in the ILM around the
inner margin of the vascular arcade. (B) The tear was
enlarged with a Tano diamond dusted scraper. (C) The tear of
the internal limiting membrane was grasped with 25-gauge
end-gripping forceps, and a circular fashion maneuver was
initiated.
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grasped with 25-gauge end-gripping forceps, and a
circular fashion maneuver was initiated (Fig. 1C).
The ILM flap sometimes tore during the maneuver;
if this occurred, we engaged the margin of the ILM
again with or without using the Tano diamond dusted
scraper and completed the procedure. The ILM was
usually removed from an area extending to the vascular arcade of the macula.
The entire retina was examined with a wideangle lens for iatrogenic retinal breaks or detachment. If breaks or lattices were found, photocoagulation was applied to prevent further complications.
Air-fluid exchange with filtered room air was performed after photocoagulation. The openings of the
sclera were closed with scleral plugs, and another 10
min was allowed to elapse before aspirating the
residual vitreous fluid. The air-filled vitreous cavity
was flushed with 20 ml of 10% C3F8, followed by
postoperative face-down positioning for 7 days.
Patients were examined on postoperative days 1, 7,
and 21, and monthly thereafter.

RESULTS
In total, 36 eyes in 36 patients (21 women and
15 men, aged from 42 to 78 years) with macular
holes from stages 2 to 4 were included. In these
patients, 5 eyes contained stage 2, 16 eyes contained
stage 3, and 15 eyes contained stage 4 macular holes.
All complained of decreased vision, and were diagnosed as having idiopathic macular holes. The average postoperative follow-up time was 8.9 (range, 6 to
14) months. The removed specimens were examined
by electron microscopy to confirm that the specimen
was indeed consistent with the retinal ILM. A photograph by electron microscopy showed a smooth
vitreal surface and an irregular outer surface (Fig. 2).
This demonstrated that the tissue removed during the
operation was the retinal ILM.
The hole closed as early as 7 days after surgery
(Fig. 3). The hole was successfully closed with a
single surgery in 33 eyes (92%), and visual acuity
improved in 26 eyes (72%). Final visual acuity was
unchanged in 5 eyes (14%) with successful hole closure. The other 5 eyes (14%) had worse visual acuity as compared to the preoperative vision, including
2 with unsuccessful hole closure (Fig. 4). These 2
eyes for which the procedure was unsuccessful were

Fig. 2 Photograph by transmission electron microscopy of
peeled specimens demonstrating the characteristic of ILM, the
smooth vitreal surface, and irregular outer surface. (magnification, ¡ 2500)

Fig. 3 Lane A. Preoperative full-thickness macular hole.
Lane B. The hole closed 7 days after surgery. An air-bubble
can still be seen at the top of the photograph. Arrows indicate
foveal sites.
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stage 4 macular holes. Ten eyes were pseudophakic;
24 of the 26 aphakic eyes had increased opacity of
the cataract after surgery. One of the patients developed vitreous hemorrhage and hyphema postoperatively, but no retinal tears or detachment occurred in
this study.

1.0
0.9

Postoperative VA

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Preoperative VA
Fig. 4 Final visual acuity in 36 eyes after ILM peeling for
macular holes. The visual acuity improved in 72% of eyes
after surgery. *VA: visual acuity.

DISCUSSION
The formation of idiopathic macular holes was
suggested by Gass in 1988 to be the result of tangential traction on the fovea.(13,14) After this important
observation, retinal surgeons focused on closure of
macular holes by removing the posterior cortical vitreous.(6,7,15,16)
In 1991, Kelly and Wendel reported a 58% success rate in closure of macular holes by the use of
pars plana vitrectomy with gas-fluid exchange.(1)
The success rate improved from 60% to 80% in the
past decade with more-aggressive membrane peeling
and long-term gas tamponade.(1,11,17,18) The closure
rate was even claimed to be 100% after the introduction of ILM peeling.(19-22) The purpose of this study
was to report our initial experience and results of
intraoperative ILM peeling in idiopathic macular
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holes. The rate of hole closure was 92% in this
study, which is comparable with a similar study.(19-22)
Seventy-two percent of patients had better visual
acuity after surgery. The improvement in visual acuity was less than that of other reports. The preoperative visual acuity and the stage of the hole are factors
which influence final visual acuity.(23-25)
The possible role of the ILM in the formation of
macular holes is uncertain, but it may be a passive
element. The most-recent hypothesis by Gass suggests a primary role of degeneration of the Muller
cone-vitreous cortex interface followed by glial
migration, proliferation, and contraction.(26) The ILM
is the basement membrane of Muller cells and may
provide a barrier function, excluding retinal glial elements from its inner surface. The ILM may play a
part in tangential surface traction after initiation of a
hole. The exact pathogenesis of macular holes is still
being debated.
Recently, indocyanine green (ICG) has been
used to stain the ILM during an operation because
the ILM is not easy to identify under surgical
microscopy. The reported study showed that ICG
did facilitate peeling of the ILM during the operation. They also claimed there was no evidence of
ICG toxicity.(23) However, apprehension about ICG
toxicity to the retina was reported. An animal study
showed that ICG can damage the morphology and
function of the retina at certain concentrations.(27) In
this study, we show successful ILM peeling without
ICG staining.
Some reports have suggested that an adjuvant
including autologous serum, platelets, or a plasmathrombin mixture can help improve the results of
macular hole surgery.(22,28,29) Another study showed
that there is no strong evidence that adjuvant therapy
used at the time of surgery results in improved surgical outcomes.(30) In this study, we used no adjuvant
during the operation. We believe that the surgery
itself and membrane peeling of the ILM will produce
sufficient cytokines to seal the holes. Our anatomic
success rate was no lower than those of previous
studies using adjuvant therapy.(31,32)
The final visual acuity of this study was no better than those of similar previous studies.(10,23,24) The
main reasons were the postoperative cataract formation and the fact that 42% of the eyes were stage 4
macular holes. Some of the previous studies simul-
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taneously performed cataract and macular hole
surgery. The visual acuity will certainly improve in
some patients even without macular hole surgery. In
this study, cataracts in 24 of the 26 aphakic eyes
increased in opacity after the surgery. In addition,
stage 4 macular holes are usually associated with a
less-favorable anatomic and visual prognoses due to
long-term macular hole duration. These factors will
definitely affect the postoperative visual acuity.
In conclusion, this study demonstrates our ability to peel the ILM without the aid of ICG staining,
and that surgery of macular hole with ILM peeling
has a high anatomical and functional success rate.
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