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The Surgical Outcomesof Idiopathic Macular Holewith Removal of Internal Limiting
Membranewith or without usng Indocyanine Green Dye
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Department of Ophthalmology, Keimyung University School of Medicine,
Daegu, Korea

Abstract

The purpose of this study was to evaluate whether indocyanine green (ICG) staining of the retinal
internal limiting membrane (ILM) and removal of ILM improves surgical and visual outcomes in
idiopathic macular hole surgery. The records of 92 patients (93 eyes) with idiopathic macular hole
who had undergone pars plana vitrectomy were retrospectively reviewed. Group 1 (31 eyes)
underwent no ILM peeling, group 2 (51 eyes) a peeling of ILM stained 0.5% ICG dye, group 3 (12
eyes) an ILM peeling without use of ICG dye. We compared the anatomic and functional results of
three groups. Postoperative anatomic closure rates of the macular hole was 91.4% (85 eyes) of
ninety —three eyes, 76.2% in group 1, 98.0% in group 2, 100% in group 3. There was statistically
significant difference among the three groups (p=0.002). The postoperative visual acuity
improved all these groups, but there was no statistically significant difference of these groups in
the postoperative functional success (p=0.709). The complication, such as macular hole reopen,
occurred more in group 1 and 3 than group 2 (p=0.017). This study shows that the ICG—assisted
peeling of ILM in idiopathic macular hole surgery influence statistically significant different in the
postoperative results of anatomic closure, visual acuity, complication.
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Table 1. Clinical comparisons among the three groups of patients with macular hole

Group 1 |Lf/|roue[;|'2 |Lf/|m£z|'3
Variables Nol |(_r|1\ﬂ ;;el g usi nz I Clgg Wi thorijt I ?g p-value*
(n=51) (n=12)
Male:Female (eyes) 6:24 16:35 4.8 0.077
Mean Age (years) 61.5(32~73) 63.4(44~76) 63.4(42~78) 0.500
Stage 0.675
Stage 2 5 5 2
Stage 3 10 15 2
Stage 4 15 31 8
Follow up (months) 23.3(3~60) 18.2(3-67) 16.3(3~62) 0.246

ILM: internal limiting membrane, ICG:indocyanine green, *: chi-square test.
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Table 2. Postoperative comparisons of three groups
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68.3% = FATH F49& HO] A okttt (chi—
squre test, p=0.865) (Fig. 1). &3 WA A=
AAGA ok 59} 1417374]‘32 A A gk 731-4
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Hus A YL Bolo

BCVA Success (%)
Preoperative Postoperative Anatomic Functional
Group 1 (n=30) 0.103 23 eyes(76.7%) 21 eyes(70.0%)
Group 2 (n=51) 0.137 50 eyes(98.0%) 36 eyes(70.6%)
Group 3 (n=12) 0.163 12 eyes(100%) 7 eyes(58.3%)
P-value* P=0.201 P=0.501 P =0.002 P=0.709

BCVA: best-corrected visual acuity, *: chi-square test.

Table 3. The postoperative success comparisons between no ILM peeling group and ILM peeling group

Improvement of Success (%)
visual acuity : -
No ILM peeling group (1) (n=30) 0.2137 23 eyes(76.7%) 21 eyes(70.0%)
ILM peeling Group (2+3) (n=63) 0.2393 62 eyes(98.4%) 43 eyes(68.3%)
P-value P=0.078* P=0.000" P=0.865"

BCVA: best—corrected visua acuity, *: independent t-test, 1 : chi-square test.
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Table 4. Complications after macular hole surgery

J SRk Fol A WA A7 o] % 9 Indocyanine green?] AFg-o] 7}t &

=23 vA= 9F a7

Increased

Macular

Lens Cataract  Increased hole Retina RPE Endophth
. operation IOP detachment  atrophy amitis
opacity reopen

Group 1 (n=30) 16 10 2(6.67%) 7(22.58%)  3(10%) 6(20%) 1
Group 2 (n=51) 28 16 7(13.72%) 2(3.92%) 2(3.92%) 12(23.5%) 0
Group 3 (n=12) 6 4 0 3(25%) 3(25%) 3(25%) 0

Pvalue* 0.279 0.017 0.061 0.938 0.346
Total (n=93) 50 30 9(9.68%) 12(12.9%) 8(8.60%) 21(22.58%) 1

IOP: intraocular pressure, RPE: retinal pigment epithelium, *: chi-square test.
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EGroup 1: no ILM

peeling
B Group 2+3: ILM

peeling

Group 2+3
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Fig. 1. Functional success comparisons with or without ILM peeling (p=0.865).
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Fig. 2. Anatomic success comparisons with or without ILM peeling (p<0.001).

Group

100
90

%

80
70
60
50

40

30
20
10

0

RHE A, fefA ddged g8 F

Hga sty 1 ER,
=]

o] 3

mr

BAAEE] Fao] A=H o

1& oz feAdAeE &4

&
!

|

fus

3t 7

o} ol

=
R

4

2 A7} ofv]

=

8t [7], o]

ol ol

%—

ol

%

u}
=

EENCED

= AlAS

gA e Ad

o
T

&7

bo 417}

5]

o



|t

T kol A WA AlA AR

4 Tndocyanine green?] AR 57} &

=23 vA= 9F 49

60 80 =%

Increased IOP | 667

WMacular hole |

reopen OGroup 1

Retinal HGroup 2

detachm ent OGroup 3
RPE atrophy |OP: intraocular

Endophthalmitis B3}

pressure, RPE: retinal

pigment epithelium

N

17 &
Atk
Eckardt 5 [10] Sk g oA b7 Adt
xﬂﬂﬂoyi 92%M ¢4 HHE B2
TA HAE B T7%)A Hojx 2%
1S B3ty 89t Brookse[11] 3t
k2t 160%Fe] gk WA A A AF o
g Aol WAAY AAES AetA
o} WAAY AAEE Al 4ol
| ) &o) zhzt 82% 100% #HA8k 1
b2y 57%9 95%& x}?ﬂ
| A0 §-JJr oty sfqirh £

= AAT Q27 33)
WA S AAA k2 iL(liL) 72 EE U
SAL65%
o} 7T0%=Z BATHOZE f2 *SHI okoxar, &l %8t
Aol AFH = 98.4%9 76.7% = 23 Afo)
E HOﬂ];]_

W7 Al UH° Sk
A 3 ol o9
gk A A F—J TAE 427
Kadonosono 53[12] B
Aol glofA] ICGY F8A & 7]
2 A" YAAge 4 240
golstr] witel WAASs Bt
A A= Ao 7hsstA H it

I3 ICGE o] &3 kel
A oo $= obA =l B

=

> Rt
o o
r>~l

rlot

]

El

T rlo o of U
o E
o

of, DO o 50 Iz o
o, 2
oﬁ"?"ﬂ

)

L 2
o,
L
uI=)
mlo

Mata &=[14]
& o] g3t WAAYUAAE

e el 3l
N

A > WAAGS AAS A dat R T
31 JZL 599 % 589H(98%) ol 1 2% o] 4]
A8 3AE 4301'(73%)01]/\1 o] F
SHAIYE, Nam 5ol [16] 2 ICG Oﬂ"—ﬂ% o] §-gt
WA AA whE ity 9 75 4
9] TrJE% Apol= Ak ®askglal, Song 5
| WAAR S AAA ¥ 3 vlueS
1:@ 430 A4 75009 54.5%%, 10G

N

AME ol gst YAAY 7154 WA tha
AR YIS F T o T et 0}9&
oh B Ao M ICGE o] &8 WA A AlA
Fol WE FEAdE vlustd, ICGE M 4
9} ICG M ol UAALS AAT 35 %
A AL 98.0%, 100%= A¥Eo] =9kom,
7588 A¥EL 66.7%% 58.3%% FAEHA C
Z freg Afol= stk

ICGE ol &3t UAASS A W ICG7}
gt of o R Fol 7 A A w A E o} A
HEG 5 9l7] Yo ICGY B4 o7 Qlslo]
A 2T of] =4S % 4 9lth. Engelbrecht &
2[18] 0.1% L9 ICGE Alg3ste] WAA S
AARE 21¢F F 18kl A s Hst4 JF& o] F
AR, 10¢tel M= SFukdFo] AW gl gt



50

298 g5l HAEUT. Seost Choiv
A AT A 2o v 2= ICGY

ICGE o NESAY 715
=2[20] EW]./] Uc}@l'o]—
FAL S Q) ruk=of &4}

o
kst Elé}‘}i‘ﬂr. 5‘375} ICGL 620 nm

™ot £ © b

M Ly O o ok ox % T I

o)A <k ?% Al AFg-af= &%ivg@ow
ol #o|Agel o Fud 4 glrke B
o] 9it}[21,22].

[
ICG 3#HA| & &3t 5= Tadayoni

= 5
ol [23] ¢st¥ ICGE o] &3to] WA & A7
g & Aol kAT et E ICG P33 #Esal
= W SNHFofel Y F3t ICG7} EA sk T
1 B, Ashikari 5[24] 499 vk
T FAE A ZE 795 nme Scanning laser

ophthalmoscope&. @ #2ast A3} 2t 41 H 9
o & % 8/lL % ICG 7o Folgl i Bl
=g

ol
T,
z,

B

o

A=)

>

F R
=

R

:
fr
o_>L
r
01

o[~
e

A= R ICG é*—h‘
Fal H”alfoﬂ Q

> =
OWOFO“‘—LI

Lo oy L @ MW R ok 30 @

2 o to Hob & orlo ot 2 dle x 8

%0,
i)
Rl o
%

L o

[> e

o,
b
2
o
2

7

-4
O

. 02 ey
B = o

K

1o =2
oo A
rlr lo pon

ol 1%

K mlo
= ©

o
R

19
lo

>

].

r‘r"
:.‘1_
ﬂl
2
Y_&
Of
ol
_El
N
>
o N 12 011‘ ml{]

o

=

2 o O K

o
&
of

2, Y do of n2 & ) oo
o
£
ofo
ol o
2
[
‘O,

NI e By

Jf ofx

~
ofo

of
=5
>

d

M ogo m
i
%

o]

o

o Mk
>l
£
o
ke
r (
=)

ol

=,
fru
o

4
rr
O
°
i)
k>
ki
S
:(?‘:4‘

%o

ol
ol
Coxn D

o,
rr

f
2
~ o, gt

o ¥
ol of of o

>
%0,
i
o
T
N}
=
3
o =
ol o
o 12
oM, o,
do o2
[r LA
N.D, m‘tN' [
g I3
of\
JzM%ﬂJEi&"—WE&BOIN

tlo o2 (K @;2 tlo 24
Y]
2
1o

AEh =X H30H 1= 2011

LH;(LQJ H]—/Kg u] ;qsgo] _Tq—ilg L1 2 30
(42.25%) > 9Ug 5 Alﬁ"o} Atk Sk
o Ak wl NG & T AAFA L ofH e
Ql sz Az gt 7kx BEo] EFwe 45
Udoﬂ ”0} A AdH o3 A o}
, AAEY] AS WAASS AAs
%oﬂﬁ 79H(22.58%), ICGS o] gato] W7
AA T 274 29H(3.92%), ICG AHE- §
Auks AATE 3ol 32H25%) oA T
7hA BEO] o3 Ay stuto] AR o] F
] 2o wAE Aeg B BE ek Y 7tA
: 7}31 AAstdch 34 getake vt
= 1704 3¢H10%), 23ollA 29
oAl 32H(25%) WAt ol

o 0 o
010
H‘U

EZ

T
1

12 rlo |o U
tlo — _E,

N2 e B
zﬁwxﬁﬂ
o 4
r—ur

g 48 o o
rE
o
oy =
ko
rot
Ho,
ro
o
il
Ay
ol
u)
2
of
12
—n
It

= 1o
N
&
iz
o T°
ACH
2
i)
2
|
o
=)
2l
=)
2
)
it
S

4 N ood 3 E o © oz O X g

L
=
=
AR
>
ofj
[4>~1
>
olr
o
o
o
_O|L
2
2

= hi

ol

olo
o

O
-
a:f}

N
o
>

Od?‘oﬂ’ﬂb ICG AHgstol WA
]— EZ]—H]—OJJ_J ]Htll ] 3|

rﬂJ "

_O‘L
%?,
[o
2
?
=)
o
—
d
3&‘
5‘

W 6"&(20%) 27

3%L°1W 32H(25%) o] FEH of
= HolA 94t} (p=0.938).

]—u ﬂ/\/\hq j,]Zo] 01011/}‘~ u

Ao R ot zol7t gl=d], o= ICG

d T AdA & ¢ 7] AHE

W7k =<, Hoks] A4 3 ?% 2
I ]

— &

o X o oX

ot
= J}‘f
fo, kN
of o

oftt
)
o
fu
ol

o

1=}

o 24 O i b X T2 b g M
d
=
1 X X o Q

rif

HH°*'
<>?~
4o
Hy
1o

o N
N
=
!
=2
>~

o b

Sl
-
=
e

= 4

C

10 =2
o, i, 1=

Aets AAS

S of
ot
=

>

L

e oo rif = rfr
off
X
o
N
|o
o

off

lo

iih3

=

e

Sl

2

N

= o
TN
o =)
oy 2
2 S
R ~
o -
» 3
= 1o O ox
= ol o2
ol
QL 2
o o0 -
i 0-u-: mlo
o
(o ftfo %
e 2 o
o g
10 X
.o
= O m_l),
E —
e o my
o
N

¥
%0,
rlr
Py
|o
tl
>
il
i,
Rl



|t

il

mak
Ao
ro:

1. Johnson RW, Gass JDM. Idiopathic macular hole.
Ophthalmology 1988;95:917-24.

2. Yoon HS, Brooks HL Jr., Capone A Jr., L'Hernault
NL, Grossniklaus HE. Ultrastructural features of
tissue removed during idiopathic macular hole
surgery. Am J Ophthalmol 1996;122:67-75.

3. Kelly N, Wendel R. Vitreous surgery for idiopathic
macular holes;results of a pilot study. Arch
Ophthalmol 1991;109:654-9.

4. Gass JDM. Reappraisal of biomicroscopic
classification of stage of development of a macular
hole. Am J Ophthalmol 1995;119:752-9.

5. Takahashi H, Kishi S. Tomographic features of a
lamellar macular hole formation and a lamellar hole
that progressed to a full-thickness macular hole. 4m J
Ophthalmol 2000;130:677-9.

6. Gaudric A, Haouchine B, Massin P, Paques M, Blain
P, Erginay A. Macular hole formation: new data
provided by optical coherence tomography. Arch
Ophthalmol 1999;117:744-51.

7. Guyer DR, Green WR, de Bustros S. Fine SL.
Histopathologic features of idiopathic macular holes
and cysts. Ophthalmology 1990;97:1045-51.

8. Gordon LW, Glaser BM, Ie D, Thompson JT, Sjaarda
RN. Full-thickness macular hole formation in eyes
with a pre-existing complete posterior vitreous
detachment. Ophthalmology 1995;102:1702-5.

9. Hong WP, Lee SJ, Lee JH. The histopathologic and
clinical features of idiopathic macular hole. J Korean
Ophthalmol Soc 2002;43(1):81-8.

10. Eckardt C, Eckardt U, Groos S, Luciano L, Reale E.
Removal of the internal limiting membrane in
macular holes. Clinical and morphological findings.
Ophthalmologe 1997;94:545-51.

11. Brooks HL Jr. Macular hole surgery with and
without internal limiting membrane peeling.
Ophthalmology 2000;107:1939-48.

12. Kadonosono K, Itoh N, Uchio E, Nakamura S, Ohno

B szl WA A e Al o33 5l Indocyanine green®] Ao -7} Fad o] mjAl= I 51

S. Staining of internal limiting membrane in macular
hole surgery. Arch Ophthalmol 2000;118:1116-8.

13. Burk SE, Da Mata AP, Snyder ME, Rosa RH Jr,
Foster RE. Indocyanine green-assisted peeling of the
retinal internal limiting membrane. Ophthalmology
2000;107:2010-4.

14. Da Mata AP, Burk SE, Riemann CD, Rosa RH Jr,
Snyder ME, Petersen MR, ef al. Indocyanine green-
assisted peeling of the retinal internal limiting
membrane during vitrectomy surgery for macular
hole repair. Ophthalmology 2001;108:1187-92.

15. Lai MM, Williams GA. Anatomical and visual
outcomes of idiopathic macular hole surgery with
internal limiting membrane removal using low-
concentration indocyanine green. Retina 2007;27(4):477-
82.

16. Nam DH, Hwang SJ, Huh K. Idiopathic macular
hole surgery with or without indocyanine green-
stained internal limiting membrane peeling. J
Korean Ophthalmol Soc 2004;45(7):1086-91.

17.Song BY, Ahn KY, Seo MS. Internal limiting
membrane peeling using indocyanine green in
vitrectomy for idiopathic macular hole. J Korean
Ophthalmol Soc 2004;45(3):444-50.

18. Engelbrecht NE, Freeman J, Sternberg P Jr, Aaberg
TM Sr, Aaberg TM Jr, Martin DF, et al. Retinal
pigment epithelial changes after macular hole
surgery with indocyanine green-associated internal
limiting membrane peeling. Am J Ophthalmol
2002;133:89-94.

19. Seo JS, Choi GJ. Evaluation of indocyanine green
influence on cultured a retinal pigment epithelial
cells. J Korean Ophthalmol Soc 2002;43:2329-34.

20.Lee JE, Yoon TJ, Oum BS, Lee JS, Choi HY.
Toxicity of indocyanine green injected into the
subretinal space; subretinal toxicity of indocyanine
green. Retina 2003;23:675-81.

21. Gandorger A, Haritoglou C, Kampik A. Retinal
damage from indocyanine green in experimental

macular surgery. Invest Ophthalmol Vis Sci



52

22.

23.

24.

25.

26.

2003;44:316-23.

Blem RI, Huynh PD, Thall EH. Altered uptake of
infrared diode laser by retina after intervitreal
indocyanine green dye and internal limiting membrane
peeling. Am J Ophthalmol 2002;134:285-6.

Tadayoni R, Paques M, Girmens JF, Massin P,
Gaudric A. Persistence of fundus fluorescence after
use of indocyanine green for macular surgery.
Ophthalmology 2003;110:604-8.

Ashikari M, Ozeki H, Tomida K, Sakurai E, Tamai
K, Ogura Y. Retention of dye after indocyanine-
green assisted internal limiting membrane peeling.
Am J Ophthalmol 2004;137(3):590-1.

Stalmans P, Van Aken EH, Veckeneer M, Feron EJ,
Stalmans I. Toxic effect of indocyanine green on
retinal pigment epithelium related to osmotic effects
of the solvent. Am J Ophthalmol 2002;134:282-5.

De Bustros S. Thompson JT, Michels RG, Enger C,

27.

28.

29.

30.

Aot et=X H30H 1= 2011

Rice TA, Glaser BM. Nuclear sclerosis after
vitrectomy for idiopathic epiretinal membranes. Am
J Ophthalmol 1988;105:160-4.

Kim MH, Yoo JS, Huh W, Kim MJ. Clinical
evaluation for patients with retinal detachment
caused by macular hole. J Korean Ophthalmol Soc
1999;40(5):1269-75,

Gass CA, Haritoglou C, Schaumberger M, Kampik
A. Functional outcome of macular hole surgery with
and without indocyanine green-assisted peeling of
the internal limiting membrane. Graefe’s Arch Clin
Exp Ophthalmol 2003;241:716-20.

Kwok AK, Lai TY, Yuen KS, Tam BS, Wong VW.
Macular hole surgery with or without indocyanine
green stained internal limiting membrane peeling.
Clin and Exp Ophthalmol 2003;314:470-5.

Kim JO, Lee SY, Kim KS. Vitreous surgery for macular
hole. J Korean Ophthalmol Soc 1995;36(11):115-21.




