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Abstract

Purpose: To evaluate the efficacy and safety of combined phacoemulsification and 23gauge pars plana
vitrectomy with Brilliant blue-G (BBG)-assisted ILM peeling in idiopathic macular hole surgery with closure of the
hole by an inverted ILM flap.

Design: Prospective and interventional case series.

Methods: 23 eyes with large (>400 µm) idiopathic macular hole treated by phacoemulsification with posterior
chamber IOL and 23-gauge vitrectomy with BBG-assisted ILM peeling with closure of the hole by inverted flap of
ILM. Patients were followed up for the 12 months. Outcomes were evaluated in terms of visual improvement,
macular hole closure and complications.

Results: In 22 (95.6%) patients, the macular hole was closed (21 eye with single procedure and one eye with
second surgery), and visual improvement occurred in 19 eyes (82.6%). There were no intraoperative complications.
Two patients developed post-operative glaucoma which required medication for a few weeks.

Conclusion: Combined phacoemulsification and 23-gauge pars plana vitrectomy with inverted ILM flap technique
using BBG stain and SF6 as retinal tamponade provides good anatomic and visual outcomes in cases of large
idiopathic macular holes after one operative interference.

Keywords: Full thickness idiopathic macular hole; BBG stain; ILM
flap; Viscoat; Combined phaco-vitrectomy

Introduction
Idiopathic full-thickness macular hole (FTMH) is a full-thickness

defect of the neurosensory tissue of the fovea leading to loss of central
vision. It occurs most commonly above the age of 55 years and 3-31%
of affected people develop a FTMH in both eyes [1,2].

Kelly and Wendel first reported pars plana vitrectomy, posterior
vitreous removal, gas tamponade, and post-operative facedown
positioning for idiopathic FTMH closure [3]. Leisenhoff et al. reported
that peeling of ILM could minimize the tangential forces and increase
the macular hole closure rates [4]. Michalewska et al. described the
technique of inverted ILM flap for large macular holes with good
anatomical and functional results [5].

Aim of the Work
The aim of this work is to evaluate the efficacy and safety of

combined phacoemulsification with posterior chamber IOL and 23-
gauge pars plana vitrectomy with Brilliant blue - G (BBG)-assisted ILM
peeling in idiopathic macular hole surgery with closure of the hole by
an inverted ILM flap.

Patients and Methods
The study is a prospective and interventional case series. Patients

with large idiopathic FTMHs (minimum hole diameter >400 µm) were
enrolled in this study in Al-Minia University Hospital during the
period from July 2013 to December 2014. All eyes were followed up for
a period of 12 months. An informed consent about the risks and
benefits of the surgery was obtained from all patients. An ethical
approval was obtained from the ethical committee of the faculty of
medicine, Al-Minia University. The procedure adhered to the tenets of
the Declaration of Helsinki.

Twenty-three eyes of 23 patients with large (minimum hole
diameter > 400 µm) idiopathic FTMH of stage 3 or 4 were included in
the study. Eyes with previous intraocular surgery, any vitreoretinal
procedure, trauma, high myopia (6 dioptres or more), retinal vascular
occlusions, diabetic retinopathy, uveitis, age-related macular
degeneration, optic atrophy, glaucoma, dense cataract, or corneal
opacity were excluded.

All patients were subjected to complete ophthalmic examinations,
including history taking, best-corrected visual acuity (BCVA), slit lamp
examination, intraocular pressure measurement by applanation and
fundus examination by indirect ophthalmoscopy and slit-lamp
biomicroscopy using +78D Volk lens. Optical coherence tomography
(OCT) examination was performed before and after surgery in all eyes
using spectral-domain OCT (Cirrus HD OCT, Carl Ziess, Germany) to
confirm the preoperative diagnosis of FTMH and the postoperative
closure of the macular hole. OCT examinations were done
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postoperatively on the 1st, 3rd, 6th, and 12th month. Biometry
(Compact touch, Quantal Medical, France) for IOL power calculation
was performed in all eyes. The BCVA was measured by decimal acuity
and converted to the logarithm of the minimal angle of resolution (Log
MAR) for statistical analysis.

Macular hole closure was defined as the absence of a neurosensory
defect in the fovea seen by ophthalmoscopy and confirmed by OCT,
and this was considered as an anatomical success. Functional success
was defined as an increase in the BCVA of two lines or more.

Surgical procedure
All eyes included in this study were treated with combined

phacoemulsification and 23gauge pars plana vitrectomy under general
anesthesia. The surgical technique consisted of 2.8 mm clear corneal
incision phacoemulsification with one-piece hydrophobic acrylic
posterior chamber intraocular lens (PC-IOL) in the capsular bag
followed by 23-Gauge pars plana vitrectomy.

Core vitrectomy was done, and triamcinolone acetonoide was
injected into the vitreous cavity followed by posterior hyaloid
separation using the vitrectomy cutter with active aspiration.
Peripheral vitrectomy was also done, helped by scleral depression.
Epiretinal membranes, if present, were removed with forceps.

Brilliant blue G dye (ILM blue, D.R.O.C, Netherland) was injected
into the fluid filled vitreous cavity and was left for about 20 seconds.
Excess dye was actively aspirated with the vitrectomy cutter followed
by ILM peel using tanoscraper and ILM forceps (D.R.O.C, Netherland)
for at least 2 DD around the fovea. During the circumferential peel, the
ILM was not removed completely from the retina but was left attached
to the edge of the macular hole (Figure 1). The peeled ILM was
adequately trimmed and a small amount of viscoat (Alcon, Fort Worth,
TX, USA) was applied to the edges of the macular hole in a circular
manner to act as an adhesive. The trimmed ILM flap was then
massaged gently over the macular hole from all sides until a thin layer
of ILM covered the macular hole. This was followed by fluid-air
exchange with 25% SF6 gas. Postoperative face down positioning for 7
days was adopted. Postoperatively, patients were examined in the 1st
day, 1st week, 2nd week, 1st month, and then monthly till the end of
the follow up period of 12 months.

Figure 1: BBG-stained ILM flap over idiopathic macular hole.

Patients age, crystalline lens status, macular hole size, duration of
symptoms, and preoperative BCVA were the main preoperative data

considered. Postoperative data included hole closure, BCVA, and
postoperative complications.

Statistical method
The collected data were coded, tabulated, and statistically analyzed

using SPSS program (Statistical Package for Social Sciences) software
version 20.

Descriptive statistics were done for numerical data by mean,
standard deviation, and minimum & maximum of the range, while
they were done for categorical data by number and percentage. The
level of significance was taken at (P value<0.05).

Results
This study included 23 eyes of 23 patients. Fourteen patients (60.9

%) were females and 9 patients (39.1 %) were males. The mean age was
67 ± 3.57 years (range, 60-74 years). Nine patients had incipient
cataract (39.1%) which did not interfere with accurate fundus
examination and good quality OCT. The macular hole was graded as
stage 3 in 13 eyes (56.5%) and stage 4 in 10 eyes (43.5%). The mean
minimal linear diameter of macular hole was 686.09 ± 143.03 µm
(range, 512-1024 µm) (Figure 2). The mean duration of ocular
symptoms was 6 ± 4.28 months (range, 2-18 months). The mean
preoperative BCVA was 1013 ± 0.11 Log MAR (range, 1-1.3). The
follow up period in all eyes was 12 months (Table 1).

Variables Descriptive statistics

Age (years):

Range (60-74)

Mean ± SD 67.13 ± 3.57

Sex: n (%)

Male 9 (39.1%)

Female 14 (60.9%)

Incipient cataract: n (%) 9 (39.1%)

Clear crystalline lens: n (%) 14 (60.9%)

Duration of macular hole preoperatively
(months):

Range (2-18)

Mean ± SD 6 ± 4.28

Preoperative stage of macular hole: n (%)

Stage III 13 (56.5%)

Stage IV 10 (43.5%)

Minimal diameter of macular hole: (µm)

Range (513-1024)

Mean ± SD 686.09 ± 143.03

Preoperative BCVA: (Log MAR) Range. (1-1.3)

Mean ± SD 1.13 ± 0.11

Postoperative BCVA: (Log MAR)
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Range (0.2-1.3)

Mean ± SD 0.69 ± 0.31

Postoperative state of hole: n (%)

Closed 22 (95.7%)

Persisted 1 (4.3%)

Table 1: Clinical characteristics of patients with FTMHs.

In 21 eyes (91%), the macular hole was closed with a single surgical
procedure, and the hole persisted in 2 patients who were re-operated
upon in the 6th month by ILM free graft and the hole was closed in one
of them and persisted in the other. Those two patients had the largest
size of macular hole (minimal hole diameter of more than 1000 µm),
the longest duration of symptoms (15-18 months) and age above 70
years. So, the total anatomic success was 95.7% (22 eyes) at the end of
the follow up period of 12 months (Figure 3). Macular hole closure was
noted within the first month postoperatively.

Figure 2: Preoperative OCT of idiopathic FTMH.

Figure 3: 12th month postoperative OCT showing anatomical
closure of macular hole.

The mean of postoperative BCVA was 0.69 ± 0.31 Log MAR. The
difference between the preoperative BCVA (mean 1.13 ± 0.110 LOG
MAR) and the postoperative BCVA (mean 0.69 ± 0.31 Log MAR) was
found to be significant (p<0.001) (Table 2).

Preoperative Postoperative P value

VA < 0.001*

Range. (1-1.3) (0.2-1.3)

Mean ± SD 1.13 ± 0.11 0.69 ± 0.31

Table 2: Comparison between preoperative and the postoperative
BCVA.

There is a negative correlation between the duration of symptoms
and the postoperative visual acuity (Table 3). The overall functional
success was achieved in 19 eyes (82.6 %). The four patients who
showed no functional success did not show deterioration of BCVA
from the preoperative level.

Duration of macular hole preoperatively

R P value

Postoperative VA -0.713 < 0.001*

Table 3: Correlation between preoperative duration of macular hole
and the postoperative BCVA.

There was no intraoperative or postoperative vision threatening
complications such as retinal tears, retinal detachment, or
endophthalmitis. Five eyes (21.7%) developed posterior capsular
opacification and treated by Nd;YAG posterior capsulotomy between
6-9 months of follow up. Two patients (8.7%) developed postoperative
intraocular pressure increase, which was controlled by a combination
of timolol and dorzolamide eye drops for a few weeks and none of
them required surgery to reduce the intraocular pressure. Few retinal
petechial hemorrhages occurred while peeling the ILM in 5 eyes
(21.7%). No ILM flap detachment from the macular hole occurred
during surgery.

Discussion
The Vitrectomy for Treatment of Macular Hole Study Group showed

a clear benefit in closure rates and final visual acuity with pars plana
vitrectomy versus observation for stage 3 and 4 macular hole [6].

Pars plana vitrectomy with ILM peeling for idiopathic macular hole
relieves both the prefoveal vitreous traction and the tangential traction
caused by the ILM, and improves the postoperative visual results, as it
prevents the formation of epi-retinal membranes (ERM) caused by
glial cell proliferation for which the ILM serves as a scaffold which may
lead to postoperative macular hole reopening [7,8]. In this study, no
case of postoperative macular hole-reopening occurred during the
follow-up period of 12 months.

ILM is an optically clear membrane at the vitreoretinal interface. In
this study, the visualization and peeling of ILM was facilitated by the
use of BBG stain which increased the contrast between ILM and
surrounding retina allowing meticulous creation of ILM flap. BBG
stained ILM effectively and rapidly in a fluid-filled eye with a single
application, and the excess dye was easily removed by the vitrectomy
cutter with active aspiration. Histological and electroretinogram
studies showed that BBG had no major toxic effects on the retina
[9,10].

Viscoat is a dispersive low molecular weight viscoelastic material
formed of a mixture of sodium hyaluronate and chondroitin sulphate.
It is commonly used to protect the corneal endothelial cells during
phacoemulsification. In this study, viscoat was used as an adhesive to
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ensure good apposition of the adequately trimmed ILM flap to the
macular hole to avoid frequent attempts to reposition ILM flap over
the hole especially during fluid -air exchange. Also, this allows
covering the hole with adequate ILM flap rather than packing the hole
with a rolled segment of ILM flap to get a more physiological heading
of the macular hole without inducing over gliosis. Viscoat can be left in
place without causing retinal toxicity [11].

Michalewska et al. first introduced the inverted ILM flap technique
for idiopathic macular holes with 100% closure rate and improved
postoperative visual acuity. The inverted ILM flap may stimulate the
proliferation of glial cells that fill and enhance the closure of macular
holes. They assumed that glial cell proliferation produced an
environment for the photoreceptors to assume new positions in direct
proximity to the fovea improving the postoperative visual acuity [5].

In this study, 23 eyes with large idiopathic FTHMs were included
and the rate of macular hole closure was 95.7% with improvement in
the mean visual acuity from 1.13 to 0.69 (Log MAR) at the end of
follow up period of 12 months. The findings in this study was
comparable that of Michalewska et al. who compared 2 groups of eyes
with large idiopathic macular holes, one group treated by pars plana
vitrectomy with ILM peeling and the second group of eyes treated by
the inverted ILM flap technique. In the second group, macular closure
rate was 100% with visual improvement from 0.078 to 0.28 (decimal
acuity) at the end of 12 month follow up period. However,
Michalewska et al. used trypan blue to stain the ILM and did not
combine phacoemulsification with vitrectomy in all eyes. In this study,
BBG was used because there are many studies in literature comparing
brilliant blue G and trypan blue as regards the safety and staining
properties and they concluded that brilliant blue G is superior to
trypan blue [12-14].

In Michalewska’s study, they had to re-operate by
phacoemulsification on 3 patients because of cataract between 7-11
months of their study and in addition, 2 patients were pseudopkakic
before vitrectomy. In this study, no patient needed to be re-operated
upon because of cataract which helped to reduce time and cost,
allowed rapid patient rehabilitation, and avoided the patients another
operative interference.

Also, Michalewska et al. reported a detachment of the inverted ILM
flap during fluid-air exchange in 7 of the 50 eyes (14%) which did not
occur in this study because of the use of viscoat which helped to
stabilize the ILM flap during fluid-air exchange.

Song, et al. used viscoat to cover large myopic macular holes
without retinal detachment with a single layer of ILM. They studied 15
eyes for a period of 6 months and reported a closure rate of 100% with
the BCVA improved in 10 eyes (66.7%), remained the same in 3 eyes
(20%), and worsened in 2 eyes (13.3%). In their procedure, they used
viscoat inside the hole before injection of indocyanine green ICG to
protect the retina form its potential toxic effect. Then, they removed it
with excess ICG dye. During ILM peeling, they removed the lower ILM
and coved the myopic hole with single layer from upper ILM after
application of viscoat around the macular hole edges as an adhesive
and another amount of viscaot was placed over the ILM flap [14]. In
this study, 23 eyes with idiopathic macular hole were studied for 12
months with the use of BBG and a circumferential flap of adequately
trimmed ILM was adhered to the hole by the application of a small
amount of viscoat all around the edges of the hole. No need to apply an
extra amount of viscoat over the ILM flap as a ballast.

Prabhushanker and Kumar showed a closure rate of 100% with
visual improvement in cases of idiopathic FTMHs larger than 700 µm
of minimum hole diameter. However, they investigated only five eyes
for a period of six months [15]. Other studies in the literature showed
good results with ILM flap in myopic and traumatic macular holes
[16-19]. Although the pathogenesis of idiopathic macular holes seems
to be different from myopic and traumatic macular holes, the results of
this study are comparable to these studies investigating the same
technique in myopic and traumatic macular holes. This indicates that
the inverted ILM flap technique, through stimulation glial cell
proliferation, may help to close macular holes of different types.

In this study, the factors associated with non-closure of the macular
hole after one surgery were long duration of symptoms of more than
one year, minimum hole diameter of more than 1000 µm, age above 70
years and poor preoperative visual acuity.

In this study, phacoemulsification was combined with 23-G pars
plana vitrectomy because there is a significant probability that visually
impairing cataract will occur in the postoperative period after
vitrectomy, and as a result, many patients will require subsequent
cataract surgery [20-22]. Also, idiopathic macular holes occur in
elderly patients in whom the incidence of cataract is high. So, this
combined procedure saved time and cost, allowed rapid patient
rehabilitation, and saved the patient another operative interference.
Also, combining phacoemulsification with pars plana vitrectomy
allowed better shaving of the vitreous base without the risk of touching
the crystalline lens.

In conclusion, combined phacoemulsification and 23-gauge pars
plana vitrectomy with inverted ILM flap technique using BBG stain,
viscoat as an adhesive to the ILM flap and SF6 as retinal tamponade
provides good anatomic and visual outcomes in cases of large
idiopathic macular holes after one operative interference.
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