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Aim: To determine whether the efficacy of re-operation for
idiopathic full-thickness macular hole (FTMH) remaining open
after initial surgery with internal limiting membrane (ILM)
peeling is correlated with macular hole configuration as
determined by optical coherence tomography (OCT), macular
hole size, macular hole duration before the first operation, or
type of tamponade (gas or silicone oil).
Methods: A retrospective consecutive interventional case series
of 28 patients (28 eyes) with a persisting macular hole after
vitrectomy, ILM peel, and gas tamponade. 28 patients under-
went repeat surgery involving vitrectomy and gas (n = 15) or
silicone oil tamponade (n = 12) or no tamponade (n = 1).
Autologous platelet concentrate (n = 22), autologous whole
blood (n = 1), or no adjuvant (n = 5) was used. Preoperative
OCT was undertaken in all eyes. The main outcome measures
were anatomical closure and improvement of best-corrected
visual acuity (BCVA).
Results: Anatomical closure was achieved in 19 of 28 eyes
(68%). BCVA improved in 12 eyes, remained unchanged in
nine, and worsened in seven. BCVA improved in 11 of 19 eyes
with anatomical closure, and in one of eight eyes without
closure. Anatomical closure and improvement of BCVA
correlated with preoperative macular hole configuration on
OCT, with higher rates of closure (18 of 20 eyes versus one of
eight eyes, p = 0.001) and greater improvement of BCVA
(p = 0.048) in eyes with a cuff of subretinal fluid at the break
margin. Macular hole size, type of tamponade, macular hole
duration before the first operation, or preoperative BCVA did
not significantly correlate with visual or anatomical outcome.
Conclusion: Macular hole configuration seems to be a strong
prognostic indicator of anatomical closure and may help
identify those patients most likely to benefit from re-operation.

S
urgical treatment of idiopathic full-thickness macular hole
(FTMH) by vitrectomy was first described by Kelly and
Wendel1 in 1991. Since then, the surgical technique has

been refined to improve the anatomical as well as the
functional outcome. The current surgical approach consists of
pars-plana vitrectomy removing vitreoretinal traction from the
fovea, and intraocular tamponade with gas. Many surgeons also
remove the internal limiting membrane (ILM).2–8 Some authors
have reported an increased rate of anatomical closure with ILM
peeling but no difference in functional outcome,2 3 whereas
others have reported an improvement of anatomical and
functional outcome with ILM peeling.4 5 Although most authors
now report anatomical closure rates greater than 80%2–8 a small
number of holes remain open after initial vitrectomy.

The main goal of the present retrospective case series was to
determine whether the efficacy of re-operation for idiopathic
FTMH remaining open after initial surgery with ILM peeling is

correlated with macular hole configuration as determined by
optical coherence tomography (OCT), macular hole size,
macular hole duration before the first operation, or type of
tamponade (gas or silicone oil).

A secondary goal was to determine the anatomical and
functional results of repeat macular hole surgery.

PATIENTS AND METHODS
Study design and patients
The present exploratory investigation was a retrospective
consecutive interventional case series. We reviewed the records
of all patients with idiopathic FTMH who had undergone
macular hole surgery with standard three-port pars-plana
vitrectomy including indocyanine green-assisted ILM peeling,
adjunctive autologous platelet concentrate, autologous whole
blood or no adjuvant, and gas tamponade, between 2002 and
2005 (n = 179). The anatomical closure rate after primary
surgery was 85%. Twenty-eight patients (20 women, eight
men) with a mean age of 71 years who had undergone
unsuccessful surgery were included in the study.

Surgical treatment
All included patients were re-treated with standard three-port
pars-plana vitrectomy by experienced surgeons. Ten of 28
patients underwent concomitant standard small-incision pha-
coemulsification cataract surgery (table 1). To confirm com-
plete previous removal of the ILM the continuous BSS irrigation
was briefly stopped during the operation and less than 0.5 ml
indocyanine green (Pulsion Medical AG, Munich, Germany) at
a 0.1% concentration dissolved in glucose 5% was injected into
the BSS-filled globe just above the posterior pole. After less
than one minute, the irrigation was re-started and thus the dye
was quickly washed out of the globe. A fluid–air exchange was
performed and one drop of autologous platelet concentrate,
autologous whole blood or no adjuvant was applied to the
macular hole before routine closure with either 16% SF6 gas or
silicone oil as tamponade agent.

Study documentation
The following data were obtained: age; sex; pre and post-
operative best-corrected visual acuity (BCVA); lens status;
macular hole duration before the first operation; length of time
between the first operation and re-operation; follow-up after
re-operation; macular hole size and macular hole configuration
as determined by OCT (OCT 1, Zeiss-Humphrey; OCT 3, Zeiss-
Meditec, Jena, Germany); whether or not the ILM had been
completely removed; type of adjuvant; and type of tamponade
(gas or silicone oil).

Abbreviations: BCVA, Best-corrected visual acuity; FTMH, full-thickness
macular hole; ILM, internal limiting membrane; OCT, optical coherence
tomography

1445

www.bjophthalmol.com



Ta
b
le

1
Pa

tie
nt

da
ta

Pa
tie

nt
N

o.
A

g
e

Se
x

M
a
cu

la
r

ho
le

d
ur

a
tio

n
b
ef

or
e

fir
st

op
er

a
tio

n
BC

V
A

p
re

op
(lo

g
M

A
R
)

BC
V

A
p
os

to
p

(lo
g
M

A
R
)

Fo
llo

w
-u

p
(m

on
th

s)
Le

ns
p
re

op
Le

ns
p
os

to
p

M
a
cu

la
r

ho
le

si
ze

p
re

op
(m

m
)

M
a
cu

la
r

ho
le

co
nf

ig
ur

a
tio

n
p
re

op
M

a
cu

la
r

ho
le

st
a
tu

s
p
os

to
p

A
d
ju

va
nt

Ta
m

p
on

a
d
e

1
8
2

F
6

m
on

th
s

2
0
.7

0
2

1
.0

0
8

Ps
eu

do
ph

ak
ic

Ps
eu

do
ph

ak
ic

7
1
3

W
ith

ou
t

cu
ff

O
pe

n
Bl

oo
d

O
il

2
8
0

F
2

0
.6

0
2

1
.0

0
1
4

Ps
eu

do
ph

ak
ic

Ps
eu

do
ph

ak
ic

3
2
2

W
ith

ou
t

cu
ff

O
pe

n
N

on
e

N
on

e
3

6
3

F
2

1
.6

0
2

1
.6

0
8

Ps
eu

do
ph

ak
ic

Ps
eu

do
ph

ak
ic

9
0
0

W
ith

ou
t

cu
ff

O
pe

n
Pl

at
el

et
G

as
4

6
7

F
4

m
on

th
s

2
1
.0

0
2

1
.6

0
1
6

Ph
ak

ic
Ps

eu
do

ph
ak

ic
3
7
4

W
ith

ou
t

cu
ff

O
pe

n
N

on
e

O
il

5
4
0

F
4

da
ys

2
1
.1

0
2

0
.8

0
1
1

Ph
ak

ic
Ph

ak
ic

8
1
8

W
ith

ou
t

cu
ff

O
pe

n
Pl

at
el

et
G

as
6

7
2

M
5

m
on

th
s

2
1
.0

0
2

1
.0

0
1
9

Ps
eu

do
ph

ak
ic

Ps
eu

do
ph

ak
ic

4
4
3

W
ith

ou
t

cu
ff

O
pe

n
Pl

at
el

et
O

il
7

7
7

F
2

1
.6

0
2

1
.6

0
1
1

Ps
eu

do
ph

ak
ic

Ps
eu

do
ph

ak
ic

9
3
8

W
ith

ou
t

cu
ff

O
pe

n
Pl

at
el

et
G

as
8

7
5

F
1
2

m
on

th
s

2
1
.3

0
2

1
.3

0
3
0

Ps
eu

do
ph

ak
ic

Ps
eu

do
ph

ak
ic

3
3
8

W
ith

ou
t

cu
ff

C
lo

se
d

Pl
at

el
et

G
as

9
7
4

F
2

1
.3

0
2

1
.0

0
1
1

Ps
eu

do
ph

ak
ic

Ps
eu

do
ph

ak
ic

6
1
3

W
ith

cu
ff

C
lo

se
d

Pl
at

el
et

G
as

1
0

7
9

M
2

1
.6

0
2

1
.6

0
2
0

Ph
ak

ic
Ps

eu
do

ph
ak

ic
6
4
4

W
ith

cu
ff

C
lo

se
d

Pl
at

el
et

G
as

1
1

7
6

M
1
2

m
on

th
s

2
1
.1

0
2

0
.6

0
6

Ph
ak

ic
Ps

eu
do

ph
ak

ic
4
7
5

W
ith

cu
ff

C
lo

se
d

Pl
at

el
et

G
as

1
2

7
8

F
3

m
on

th
s

2
1
.0

0
2

0
.4

0
1
4

Ps
eu

do
ph

ak
ic

Ps
eu

do
ph

ak
ic

8
1
5

W
ith

cu
ff

C
lo

se
d

Pl
at

el
et

G
as

1
3

7
1

F
2

w
ee

ks
2

1
.0

0
2

0
.7

0
9

Ps
eu

do
ph

ak
ic

Ps
eu

do
ph

ak
ic

3
6
2

W
ith

cu
ff

C
lo

se
d

Pl
at

el
et

G
as

1
4

7
2

F
4

w
ee

ks
2

0
.7

0
2

0
.7

0
1
6

Ph
ak

ic
Ps

eu
do

ph
ak

ic
6
1
7

W
ith

cu
ff

C
lo

se
d

Pl
at

el
et

G
as

1
5

6
0

F
1
8

m
on

th
s

2
0
.8

0
2

0
.4

0
1
6

Ps
eu

do
ph

ak
ic

Ps
eu

do
ph

ak
ic

3
3
9

W
ith

cu
ff

C
lo

se
d

Pl
at

el
et

G
as

1
6

8
1

M
6

m
on

th
s

2
1
.3

0
2

1
.3

0
1
0

Ph
ak

ic
Ps

eu
do

ph
ak

ic
6
5
0

W
ith

cu
ff

C
lo

se
d

N
on

e
G

as
1
7

6
4

F
3

m
on

th
s

2
1
.6

0
2

1
.6

0
6

Ph
ak

ic
Ps

eu
do

ph
ak

ic
6
5
2

W
ith

cu
ff

C
lo

se
d

Pl
at

el
et

O
il

1
8

7
4

F
6

m
on

th
s

2
1
.0

0
2

0
.9

0
2
8

Ph
ak

ic
Ps

eu
do

ph
ak

ic
5
1
8

W
ith

cu
ff

C
lo

se
d

Pl
at

el
et

G
as

1
9

7
2

M
4

m
on

th
s

2
0
.7

0
2

0
.6

0
1
0

Ph
ak

ic
Ph

ak
ic

3
0
0

W
ith

cu
ff

C
lo

se
d

Pl
at

el
et

G
as

2
0

6
7

F
1
2

m
on

th
s

2
1
.0

0
2

1
.6

0
6

Ps
eu

do
ph

ak
ic

Ps
eu

do
ph

ak
ic

6
4
3

W
ith

cu
ff

C
lo

se
d

Pl
at

el
et

O
il

2
1

7
1

F
3

m
on

th
s

2
1
.0

0
2

1
.3

0
3
4

Ph
ak

ic
Ps

eu
do

ph
ak

ic
4
2
5

W
ith

cu
ff

C
lo

se
d

Pl
at

el
et

O
il

2
2

5
0

M
1
3

m
on

th
s

2
0
.9

0
2

0
.6

0
3
6

Ph
ak

ic
Ph

ak
ic

5
0
6

W
ith

cu
ff

C
lo

se
d

Pl
at

el
et

O
il

2
3

6
2

M
2

w
ee

ks
2

0
.7

0
2

0
.8

0
2
3

Ph
ak

ic
Ps

eu
do

ph
ak

ic
2
7
0

W
ith

cu
ff

C
lo

se
d

N
on

e
O

il
2
4

7
6

F
2

1
.6

0
2

1
.6

0
2
4

Ps
eu

do
ph

ak
ic

Ps
eu

do
ph

ak
ic

8
0
3

W
ith

cu
ff

O
pe

n
N

on
e

G
as

2
5

7
2

F
3

m
on

th
s

2
1
.6

0
2

1
.0

0
8

Ps
eu

do
ph

ak
ic

Ps
eu

do
ph

ak
ic

7
2
2

W
ith

cu
ff

C
lo

se
d

Pl
at

el
et

O
il

2
6

8
0

M
5

m
on

th
s

2
0
.7

0
2

0
.5

0
1
2

Ps
eu

do
ph

ak
ic

Ps
eu

do
ph

ak
ic

3
8
3

W
ith

cu
ff

C
lo

se
d

Pl
at

el
et

O
il

2
7

7
7

M
2

m
on

th
s

2
1
.0

0
2

1
.3

0
7

Ps
eu

do
ph

ak
ic

Ps
eu

do
ph

ak
ic

4
0
8

W
ith

cu
ff

O
pe

n
Pl

at
el

et
O

il
2
8

6
8

F
2

m
on

th
s

2
1
.3

0
2

0
.7

0
1
5

Ph
ak

ic
Ps

eu
do

ph
ak

ic
6
8
6

W
ith

cu
ff

C
lo

se
d

Pl
at

el
et

O
il

BC
V

A
,

Be
st

-c
or

re
ct

ed
vi

su
al

ac
ui

ty
;

lo
gM

A
R,

lo
ga

ri
th

m
of

th
e

m
in

im
um

an
gl

e
of

re
so

lu
tio

n.
Th

e
m

ac
ul

ar
ho

le
of

pa
tie

nt
1
4

cl
os

ed
af

te
r

th
e

se
co

nd
re

-o
pe

ra
tio

n,
w

hi
ch

w
as

fo
llo

w
ed

by
an

ot
he

r
op

er
at

io
n

fo
r

re
tin

al
de

ta
ch

m
en

t.
Pa

tie
nt

s
2
1

an
d

2
3

un
de

rw
en

ta
dd

iti
on

al
su

rg
er

y
fo

r
re

tin
al

de
ta

ch
m

en
ta

fte
r

oi
lr

em
ov

al
.P

at
ie

nt
s

2
,3

,
7
,

9
,

1
0
,

an
d

2
4

di
d

no
t
gi

ve
a

cl
ea

r
hi

st
or

y
of

m
ac

ul
ar

ho
le

du
ra

tio
n

be
fo

re
th

e
fir

st
op

er
at

io
n.

1446 Hillenkamp, Kraus, Framme, et al

www.bjophthalmol.com



Statistical analysis
The main outcome measures of this study were anatomical
closure as assessed by OCT and improvement of BCVA. Using
univariate descriptive statistics, our statistical analyses focused
on identifying factors that would potentially influence anato-
mical closure and improvement of BCVA: macular hole
configuration as determined by OCT, macular hole size,
macular hole duration before the first operation, and type of
tamponade (gas or silicone oil). We had no firm hypothesis as
to which of these potential factors would contribute to
explaining the variance in the main outcome measures. This
was thus an exploratory rather than a confirmatory study and
precautions for multiple testing were not taken. The Bonferroni
method is not applicable in such cases.9

Descriptive statistics were reported as means, standard
deviations, counts and percentages, when applicable. The
following statistical tests were used: Fisher’s exact test,
Pearson’s chi square test and Mann–Whitney test were used
in order to group differences, the choice of the very test
dependent on the scale character of the variable. All statistical
analyses were conducted using SPSS 10.0 software (SPSS Inc.,
Chicago, Illinois, USA).

RESULTS
Mean follow-up was 15.3 ¡ 8.6 months (mean ¡ SD; range
6–36 months; table 1). The interval between the first operation
and re-operation was 2.5 ¡ 0.96 months (mean ¡ SD; range
1–4 months).

Anatomical results
Anatomical closure was achieved in 19 of 28 eyes (68%; table 1).
The ILM was noted to have been completely removed in the first
operation in all eyes. Pre-operative OCT revealed two distinct types
of macular hole configuration. In the first type the hole appears
flat and punched out without a distinct retinal cuff. We have
termed the first type ‘‘without cuff’’ (fig 1). The second type was
characterised by an elevated retinal cuff overlapping the hole. We
have termed this type ‘‘with cuff’’ (fig 2). Anatomical closure was
achieved in 18 of 20 eyes in the ‘‘with cuff’’ group but only in one
of eight eyes in the ‘‘without cuff’’ group (p = 0.001, Fisher’s test).
Macular hole size, macular hole duration before the first
operation, and type of tamponade (gas or silicone oil) were
without statistically significant difference in the eyes with and
without anatomical closure (p = 0.2, Mann–Whitney test; p = 0.4,
Mann–Whitney test; and p = 0.3, Pearson’s test, respectively).

Figure 1 Pre-operative optical coherence
tomography of scans of patients 1–8
showing a ‘‘without cuff’’ macular hole
configuration characterised by the absence
of a distinct retinal cuff of fluid. The hole
appears flat and punched out. The macular
hole configuration of patient 7 is atypical.
Although there is a cuff this hole rather fits
into the ‘‘without cuff’’ category because the
cuff is small, it does not overlap the hole, and
it is not elevated.

Retreatment of full-thickness macular hole 1447
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Functional results
The mean improvement in BCVA of all patients with the
operation was 0.06 ¡ 0.33 (logarithm of the minimum angle of
resolution; logMAR) (0.6 ¡ 3.3 Snellen lines). BCVA improved
in 12 of 28 patients by at least one Snellen line, the mean
improvement in BCVA of these patients was 0.33 ¡ 0.2
(logMAR) (3.3 ¡ 2 Snellen lines). BCVA remained unchanged
in nine eyes. BCVA worsened in seven eyes by a mean of
0.37 ¡ 0.18 (logMAR) (3.7 ¡ 1.8 Snellen lines).

Preoperative BCVA was without statistically significant
difference in the eyes with and without anatomical closure
(p = 0.8, Mann–Whitney test). BCVA improved in 11 eyes,
remained unchanged in five eyes, and worsened in three eyes
with anatomical closure. BCVA improved in one eye, remained
unchanged in four eyes, and worsened in four eyes without
anatomical closure.

Improvement of BCVA was more likely in the ‘‘with cuff’’
group than in the ‘‘without cuff’’ group (p = 0.048, Fisher’s
test).

Complications
Retinal detachment that required surgical repair occurred in
three patients. One detachment occurred after vitrectomy with
gas and two after silicone oil removal (legend table 1).

DISCUSSION
This study showed that re-operation for failed macular hole
surgery had a lower success rate than primary surgery, but that
OCT could be used to help identify those patients most likely to
have a favourable outcome. In particular, macular holes with a
cuff of subretinal fluid at their margin were significantly more
likely to close than those without this cuff of fluid.

Many factors may promote hole closure after surgery such as
the relief of vitreous or ILM traction, and possibly the use of
adjuvants. As vitreoretinal traction at the fovea and the ILM
were both removed in the first operation, the persisting FTMH
in the present study were presumably closed in response to
intraocular tamponade, the adjuvant, or some other effect of
surgery such as glial upregulation.10

It is not certain why those macular holes with a cuff of fluid
were more likely to close than those without. Assuming that
hole closure involves the centripetal movement of retinal tissue
to occupy the foveal region, then the absence of an adhesion
between the macular hole margin and the underlying retinal
pigment epithelium might be expected to facilitate closure.
Conversely, macular holes that appeared ‘‘stuck down’’ on OCT
might be expected to have lower closure rates.

In most cases of failed primary macular hole surgery, the
precise cause of failure is uncertain but it may be affected by

Figure 2 Pre-operative optical coherence tomography scans of patient nos. 9–28. Macular hole configuration ‘‘with cuff’’ characterised by an obvious
elevated retinal cuff overlapping the hole.
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multiple factors such as poor patient compliance with post-
operative posturing regimens,1 long macular hole dura-
tion,1 3 4 11 and advanced macular hole stage.3 11 Intraoperative
factors reported to enhance success include the use of adjuvants
such as transforming growth factor-beta 2,12 autologous
serum13 or platelet concentrate.14 In addition, surgeons may
experience a learning curve, with one group reporting
anatomical closure rates of 88% in 2001,6 improving to 98% in
2004.7 Factors influencing primary hole closure may also
influence the success rate of re-operation of macular hole.
Ezra et al.15 have described retreatment of persisting macular
holes without previous ILM peeling. The authors performed
epiretinal membrane dissection in 29 of 46 eyes after a first
operation had failed. Anatomical closure was achieved in 80%.
Ie et al.16 successfully retreated 12 of 12 macular holes with the
application of growth factor and gas tamponade. Peeling of
epiretinal membrane or of the ILM was not performed. The
outcome of re-operation for macular hole after an unsuccessful
initial operation with ILM peeling has so far only been
described in studies including small numbers of patients. Da
Mata et al.7 achieved anatomical closure in two of three patients
with silicone oil. Rizzo et al.17 successfully re-operated on two
patients using ‘‘heavy silicone oil’’ as a tamponade.

In the present study we did not find a statistically significant
influence of macular hole size, pre-operative BCVA, macular hole
duration before the first operation, or type of tamponade (gas or
silicone oil), but this may be explained by the relatively small
number of patients. Large studies of repeat macular hole surgery
are unlikely to be forthcoming because of the high success rates of
primary surgery. In this case series, however, five patients had a
long-standing macular hole of 12 to 18 months duration before
the first operation. All of these holes were closed with the second
operation. Our observation that patients with long-standing
macular holes may be successfully operated (or re-operated) is
principally in accordance with others who successfully treated
macular holes with a duration of symptoms of one to three years,
with an anatomical closure rate of 70.8%.18 The weaknesses of this
study include the retrospective nature of the data collection, non-
standardised surgical techniques and that the functional results
may have been influenced by concomitant cataract surgery in 10
of 28 patients. Kusuhara et al.19 described a macular hole index
defined as the ratio of the hole height to the base diameter, which
refers to the perpendicular and horizontal dimensions of the hole
visualized by OCT. They found that the visual outcome of primary
macular hole surgery is positively correlated with a higher index
that indicates a smaller horizontal and a greater perpendicular
hole dimension. These findings of primary surgery may not be
comparable to the results of re-operation, however, we also found
that a greater perpendicular hole dimension as seen in the holes
‘‘with cuff’’ seems to be a positive prognostic factor. Improved
visualisation of the macular hole architectural morphology with
ultrahigh resolution OCT20 21 and rapid serial fourier-domain
OCT22 have been described. New imaging techniques such as these
may lead to a better understanding of macular hole formation and
improve our ability to identify patients with a favourable surgical
prognosis.

In conclusion, the results of this study show that OCT could
help identify those patient with the greatest chance of surgical
success of re-operation for persisting macular hole. The study
confirms that re-operation for persisting macular hole has a
reduced success rate compared with primary surgery. Repeat
surgery in persistent ‘‘without cuff’’ macular holes may only be
advisable in selected cases, for example in only-eye situations.
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