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Review Article

Macular holes: classification,
epidemiology, natural history and
treatment
Morten la Cour and Jakob Friis

Eye Department, Rigshospitalet, Copenhagen, Denmark

ABSTRACT.
Background: Macular hole is a retinal disease primarily affecting elderly
women. Its overall prevalence in the Danish population is estimated to be 0.14%.
The majority of cases are unilateral. The fully developed macular hole evolves
through a series of stages starting with an impending hole. About half of im-
pending macular holes regress spontaneously. The remaining half progress to
full thickness macular holes. In a patient with a macular hole in one eye, the
risk of development of a macular hole in the fellow eye is less than 2% if
posterior vitreous detachment is present. If the posterior vitreous is attached,
the risk is approximately 15%. If an impending hole is found in the other eye,
the risk rises to 50%.
Treatment and outcomes: Macular hole surgery is able to close full thickness
macular holes in approximately 90% of cases. Visual acuity of 20/50 or better
can be obtained in approximately half of patients with recent onset of symptoms.
Complications include retinal detachment, endophthalmitis, late reopening of an
initially successfully closed hole and retinal pigment epithelial abnormalities.
Retinal detachment should be expected in less than 5% of cases.
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Idiopathic macular hole is a rather
common retinal disease affecting

elderly people. Interest in the disease has
increased dramatically since effective sur-
gical treatment became available a dec-
ade ago (Kelly & Wendel 1991; Wendel
et al. 1993).

Macular holes can be seen in highly
myopic eyes, or following ocular trauma,
but the great majority are idiopathic (Aa-
berg 1970). Biomicroscopically, a fully
developed macular hole appears as a
punched out, full thickness defect in the
fovea (Fig.1). Patients complain of meta-
morphopsia and loss of central vision.

Gass has described the evolution of the
macular hole and defined the clinical ap-

pearance of the different stages of its de-
velopment (Gass 1988, 1995). The earliest
stage, according to Gass, is an impending
hole, characterized by a yellow spot
(stage 1a) or a yellow ring (stage 1b) in
the fovea (Gass 1988, 1995). Stage 1
macular holes are difficult to diagnose bi-
omicroscopically and even experienced
observers disagree about the diagnosis in
many cases (Gass & Joondeph 1990).
Ocular coherence tomography (OCT) is
helpful in diagnosing and characterizing
macular holes and has revealed that a
stage 1 hole appears as a cystic lesion in
the inner retinal layers (Gass 1999;
Gaudric et al. 1999; Azzolini et al. 2001;
Haouchine et al. 2001). In stage 2 macu-

lar holes, there is a foveal full thickness
defect less than 400mm in diameter; these
holes can be round, ovoid or slit-like in
shape. The fully developed, stage 3 macu-
lar hole appears as a round, full thickness
defect larger than 400mm in diameter.
Often the edge of the hole has a slightly
serrated appearance, and fine striae may
be seen radiating out on the retinal sur-
face surrounding it (Fig.1) (Kishi et al.
1995). In the majority of patients, a small
vitreous opacity, or operculum, can be
seen suspended in front of the lesion. In
more chronic lesions yellow dots can be
seen on the surface of the pigment epi-
thelium at the bottom of the lesion (Hall-
er 1999). Stage 4 macular holes appear
similar to stage 3 holes except that in
stage 4 holes there is complete posterior
vitreous detachment, as frequently evi-
denced by a visible Weiss’s ring. The
characteristics of stage 1–4 macular holes
are depicted in Table1.

Most stage 1 and some stage 2 lesions
are asymptomatic, especially if the other
eye is normal (Ezra 2001). In later stages,
patients complain of metamorphopsia
and loss of central vision. The typical pin-
cushion distortion metamorphopsias de-
scribed by the majority of patients, and
shown in Fig.2 (Saito et al. 2000), is often
helpful in the diagnosis of full thickness
macular holes. Since its introduction,
OCT has been recognized as an extremely
useful tool for making or confirming diag-
noses of macular hole, as well as for defin-
ing the stage of the lesion. Fluorescein an-
giography shows small, dotted areas of
hyperfluorescence in the bottom of the
hole in the majority of cases, and is some-
times helpful in differentiating macular
hole from other conditions (Thompson
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Fig. 1. Red-free fundus photograph of a stage 3 macular hole. Note the punched out appearance
and the radiating striae in the vitreoretinal interface.

et al. 1994; Klein et al. 1995). The Watz-
ke–Allen test has been widely used as a test
in the diagnosis of macular hole. A posi-
tive Watzke–Allen test result represented
an inclusion criterion in the Vitrectomy
for Macular Hole Trial (Kim et al. 1995,
1996; Freeman et al. 1997). In this test a
narrow slit beam is projected across the
macular hole. The test is considered posi-
tive if the patient reports a gap in the slit.
However, the introduction of OCT has
made it apparent that the sensitivity of
Watzke–Allen test in the diagnosis of full
thickness macular holes is only around
60% (Tanner & Williamson 2000).

Table 1. Characteristics of stage 1–4 macular holes.

Stage 1 Stage 2 Stage 3 Stage 4

Biomicroscopy Yellow dot Full thickness macular Full thickness macular Full thickness macular
(stage 1a) hole �400 mm in hole �400 mm in hole �400 mm in
or yellow ring maximum diameter maximum diameter maximum diameter
(stage 1b) Round or oval Round Round

Posterior vitreous Operculum may be seen Complete posterior
attached Posterior vitreous vitreous detachment

attached
Visual acuity 20/20–20/60 20/40–20/100 20/60–20/200 20/60–20/400
Symptoms Asymptomatic or mild Metamorphopsia and Loss of central vision Loss of central vision

metamorphopsia loss of central vision and metamorphopsia and metamorphopsia
Prognosis 50% regress 15% close � 5% close � � 5% close

40% progress spontaneously spontaneously spontaneously
to full thickness 75% enlarge 50% enlarge 20% enlarge
macular holes

Candidacy for surgery None Excellent Good Possible

Full thickness macular holes must be
differentiated from pseudoholes caused
by epiretinal membranes (Martinez et al.
1994). This is important as epiretinal
membranes are found in approximately
two-thirds of eyes with macular holes
(Klein et al. 1994; Cheng et al. 2000).
Abortive macular holes may result in la-
mellar holes (Takahashi & Kishi 2000), in
which only the inner part of the fovea is
torn away from the retina. Lamellar holes
may be difficult to distinguish from full
thickness macular holes without OCT. In
addition, atypical cases of cystoid macu-
lar oedema must sometimes be differen-

tiated from macular holes. In general,
any diagnosis of a full thickness macular
hole in an eye with visual acuity (VA) of
20/40 or better should arouse suspicion.
If in doubt, OCT is often helpful.

Epidemiology of macular
holes
Few population-based studies have re-
ported on the prevalence of full thickness
macular holes. The Beaver Dam Eye
Study used fundus photography to evalu-
ate fundus morphology in 4926 individ-
uals over 42years of age. It found full
thickness macular holes to be prevalent
in 0.3% of the population, with preva-
lence rates increasing from 0.0% in those
between 43 and 54years of age to 0.8% in
people aged 75years or more (Klein et al.
1994). If the prevalence found in the Bea-
ver Dam Eye Study is normalized to the
Danish population, an overall prevalence
of 0.14% results. A follow-up to the Bea-
ver Dam Eye Study found a 10-year inci-
dence of macular holes in 0.7% of the
population (Ronald Klein, personal com-
munication). This corresponds to ap-
proximately 300 new cases per 1000000
citizens annually. The relatively frequent
occurrence of macular holes was con-
firmed by the Blue Mountains Eye Study
(Australia) and the Baltimore Eye Study
(Rahmani et al. 1996; Mitchell et al.
1997). The majority of macular hole
cases remain unilateral, and despite the
high prevalence of the condition, it is not
a common cause of blindness (Rahmani
et al. 1996).

Macular holes affect women three
times more often than men (Aaberg 1970;
Eye Disease Case-Control Study Group
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1994; Lewis et al. 1996; Kang et al.
2000). The Eye Disease Case-Control
Study investigated risk factors for idio-
pathic macular holes in 198 cases and
1023 control subjects. This study failed to
analyse the presence of posterior vitreous
detachment as a risk factor for macular
holes, but investigated a number of other
risk factors. Only elevated plasma fi-
brinogen was identified as a clearly sig-
nificant risk factor. However, this may
represent a chance finding only, as cau-
tioned by the authors (Eye Disease Case-
Control Study Group 1994).

Pathogenesis
Early theories of macular hole patho-
genesis involved a degenerative process,
possibly due to vascular insufficiency
(Duke-Elder & Dobree 1967; Aaberg
1970). Gass emphasized the role of the
vitreous and hypothesized that tangential
traction, perhaps caused by Müller cell
proliferation and subsequent contraction
in the vitreoretinal interface, was the
prime factor in the pathogenesis of macu-
lar holes (Gass 1988, 1995; Johnson &
Gass 1988). The importance of the vit-
reous in the pathogenesis of macular
holes is emphasized by the low frequency
of macular holes in eyes with complete
posterior vitreous detachment (Akiba
et al. 1990a, 1990b; Kakehashi et al.
1996; Lewis et al. 1996; Ezra 2001). Also,
macular holes have been shown to be less
prone to enlargement, with consequent
better preservation of vision, if posterior
vitreous detachment is apparent at the
time of diagnosis (Hikichi et al. 1993,
1995a; Hikichi & Trempe 1993).

A key element in Gass’s theory is that
the macular hole is not a punched out
lesion with loss of foveal photoreceptors,
but instead the result of a dehiscence and
subsequent centrifugal displacement of
photoreceptors (Gass 1995). This theory
is attractive because, contrary to earlier
theories that involved degeneration or
loss of foveal photoreceptors, it can ex-
plain the restoration of VA to near nor-
mal levels, as often occurs after macular
hole surgery. Histopathological examina-
tion of surgically removed operculae in
cases of macular hole has demonstrated
that, in many cases, these only contain
glial elements, confirming that formation
of a macular hole does not necessarily in-
volve loss of foveal cones (Madreperla
et al. 1995; Ezra et al. 1997). On the
other hand, more recent histopatholog-

ical data, as well as OCT findings, indi-
cate that in some macular holes signifi-
cant amounts of foveal tissue, including
cones, are torn from the foveal area (Ezra
et al. 2001; Tanner et al. 2001). The most
direct evidence for the lateral displace-
ment of photoreceptors during the devel-
opment of macular holes was provided by
Jensen & Larsen (1998) in an elegant
study using binocular kinetic perimetry
The lateral displacement of foveal photo-
receptors adeptly explains the typical ‘pin
cushion’ distortion relayed by macular
hole patients (Fig.2).

Since the advent of OCT, Gass’s theory
has been revised (Fig.3). Recent studies
employing OCT and ultrasound have
made it apparent that in most cases of
impending macular holes, there is per-
ifoveal vitreous detachment with focal

Fig. 2. The typical pincushion metamorphopsia described by patients with recent onset full thick-
ness macular holes. On the left are undistorted images. The pincushion-distorted images are
shown on the right. (A) The dragging of the lines in the Amsler-grid towards the centre. (B) The
typical distortion of a face, where the features are pulled inward towards the point of fixation.
Pincushion distortion is caused by the centrifugal displacement of the foveal photoreceptors. After
Saito et al. (2000).

attachment of the vitreous to the foveal
umbo as well as a cystic cleavage in the
inner part of the umbo (Gaudric et al.
1999; Azzolini et al. 2001; Haouchine
et al. 2001; Johnson et al. 2001; Tanner
et al. 2001). In the foveal umbo, the cen-
tral glial element is the Müller cell cone,
which, like the hub in a bicycle wheel,
keeps the radially oriented neural ele-
ments centred in the foveal (Gass 1999).
Anterior-posterior vitreomacular trac-
tion on the surface of the foveal umbo is
thought to cause a cleavage between the
Müller cell cone and the foveal photore-
ceptors, causing the cystic lesion seen on
OCT (Gaudric et al. 1999; Azzolini et al.
2001; Haouchine et al. 2001; Johnson
et al. 2001; Tanner et al. 2001). Tran-
sition from an impending hole to a stage
2 full thickness hole starts with a dehis-
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cence in the roof of the cystic lesion. Cen-
trifugal traction, the cause of which re-
mains elusive, causes the dehiscence to
spread outwards into the photoreceptor
layer, causing a full thickness defect.
(Gass 1999; Gaudric et al. 1999; Haouch-
ine et al. 2001). In some cases, the dehis-
cence spreads around the roof of the cyst
in a can-opener fashion, resulting in a
small operculum that can be seen sus-

Fig. 3. A diagrammatic representation of
macular hole pathogenesis, as evidenced by
OCT. (A) Diagram of a normal fovea. The at-
tached posterior hyaloid is indicated by a dot-
ted line. (B) An impending macular hole with
a cystic space in the inner part of the foveal
umbo. There is a perifoveal detachment of the
posterior hyaloid, which exerts anterior–pos-
terior traction on the foveal umbo. (C) Stage 2
macular hole, with a dehiscence in the roof of
the foveal cyst. This dehiscence has expanded
outwards and a full thickness macular hole has
developed. (D) Fully developed stage 3 macu-
lar hole. The hyaloid is detached from the fo-
vea, but not from the optic disc. A small
pseudo-operculum, consisting of the roof of
the foveal cyst, is suspended in front of the
macular hole. (E) Stage 4 macular hole, with
complete posterior vitreous detachment,
usually with a visible Weiss’s ring.

pended in front of the hole (Kim et al.
1995; Gaudric et al. 1999; Haouchine
et al. 2001). Continuing centrifugal trac-
tion will, over time, cause the hole to en-
large and become more rounded (Kim
et al. 1995, 1996; Hikichi et al. 1995a,
1995b; Freeman et al. 1997; Chew et al.
1999; Casuso et al. 2001).

Natural history
Impending macular holes can resolve, re-
main stable or progress to full thickness
macular holes. If complete posterior vit-
reous detachment develops, the fovea can
return to normal, or a lamellar hole can
develop if some part of the Müller cell
cone is torn off the retinal surface (Gass
1988). In the Vitrectomy for Prevention
of Macular Holes Trial, 35 patients with
stage 1, or impending, macular holes
were followed for 24months without in-
tervention. In 40% of these patients, the
stage 1 hole progressed to a full thickness
macular hole (De Bustros 1994). Initial
VA of 20/40 or better was indicative of a
favourable prognosis for stage 1 macular
holes in this study (Kokame & De
Bustros 1995). In a retrospective study of
40 eyes with stage 1 macular holes, 48%
regressed, 29% remained stable, and 23%
progressed to full thickness holes within
1year. All the stage 1 holes that regressed
either had a posterior vitreous separation
at baseline or developed one during fol-
low-up. (Hikichi et al. 1995b). In a
smaller series of 23 stage 1 macular holes,
spontaneous resolution was noted in 22%
of cases (Kakehashi et al. 1995).

Stage 2 macular holes can remain
stable, close spontaneously, or enlarge
(Johnson & Gass 1988; Hikichi et al.
1995a, 1995b; Kim et al. 1996; Casuso
et al. 2001). In the Vitrectomy for Macu-
lar Hole Trial, 19 eyes with stage 2 macu-
lar holes were followed for 1year. During
this time, three holes (16%) spon-
taneously closed, two holes (10%) re-
mained stage 2, and the remaining 14
(74%) progressed to stage 3 (Kim et al.
1995). In this study, closure of the macu-
lar hole was defined as complete flat-
tening of the edges of the hole, and not a
return to a normal foveal appearance
(Kim et al. 1995). In a series of 17 stage
2 macular holes, spontaneous closure and
concomitant increase in VA was reported
in three (18%) eyes. However, in only one
of these eyes did the foveal contour re-
turn to normal; in the two other eyes, the
break remained, but with flattened edges

(Kakehashi et al. 1995). In a retrospective
series of 48 eyes with stage 2 macular
holes and 2years’ follow-up, the hole en-
larged in 85% of these eyes and remained
stable in the other 15%. No spontaneous
closure was reported (Hikichi et al.
1995a). Another study found all of 15
eyes with stage 2 macular holes pro-
gressed to stages 3 and 4 after 5years of
follow-up (Casuso et al. 2001). Enlarge-
ment of the macular hole is associated
with loss of vision and poorer prognosis
for macular hole surgery (Hikichi et al.
1995a; Ullrich et al. 2002).

Stage 3 and stage 4 macular holes
rarely close spontaneously. In the Vitrec-
tomy for Macular Hole Trial, spon-
taneous closure was found during the 6
months follow-up in 4% of 65 eyes ran-
domized to observation. Again, in this
study, closure was defined merely as a
flattening of the edges of the hole, and
not as a return to normal foveal mor-
phology (Freeman et al. 1997). In the Eye
Disease Case-Control Study, 122 eyes
with full thickness macular holes were
followed for at least 1year. Three of these
eyes (2.5%) showed ‘spontaneous re-
gression or complete resolution’. How-
ever, the stage of these macular holes at
baseline was not reported (Chew et al.
1999). The study also reported 48 eyes
with stage 3 and stage 4 macular holes
followed for more than 5years. In these
eyes, the macular holes either remained
stable or enlarged, and VA slowly de-
clined to the 20/200–20/400 level (Casuso
et al.(2001).

A macular hole only rarely causes a
rhegmatogenous retinal detachment (Aa-
berg 1970). Only highly myopic eyes with
a posterior staphyloma seem to be at risk
(Akiba et al. 1999).

Risk for fellow eyes
For a patient with a newly diagnosed full
thickness macular hole, an important
consideration in deciding whether or not
to proceed with surgery concerns the risk
of developing a macular hole in the fellow
eye. There are two important factors to
consider when determining this risk
(Ezra 2001). The first concerns the pres-
ence of a stage 1 macular hole in the fel-
low eye, which implies a high risk (40%)
of full thickness macular hole formation
in this eye within 1year (Kim et al. 1995;
Ezra 2001). The second concerns the
state of the posterior vitreous. If the pos-
terior vitreous is detached in the fellow
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eye, then this eye has a very low risk (�
2%) of progression to a full thickness
macular hole (Trempe et al. 1986; Lewis
et al. 1996; Ezra 2001). The risk for a fel-
low eye with a normal macula and an at-
tached posterior vitreous was addressed
by Ezra et al. (1998) in a prospective
study of 114 patients with unilateral full
thickness macular holes. The risk of de-
velopment of full thickness macular hole
within 5years in these fellow eyes was es-
timated by Kaplan-Meier analysis to be
15.6%. A similar value was found in a less
rigorous, retrospective study (Lewis et al.
1996).

Vitrectomy for macular
holes
Gass’s hypothesis of tangential vitreoma-
cular traction as the key factor in the
pathogenesis of macular holes provided
the theoretical background for the devel-
opment of macular hole surgery (Gass
1988; Johnson & Gass 1988). Two surgi-
cal goals have been pursued:

(1) prevention of progression of macu-
lar holes, and

(2) closure of established full thickness
macular holes.

According to Gass’s hypothesis, vitrec-
tomy with removal of tangential vitreom-
acular traction should be able to halt pro-
gression from impending to full thickness
holes. This possibility was tested in a
multicentre, randomized clinical trial
known as the Vitrectomy for Prevention
of Macular Hole Trial. This trial included
67 patients. It did not meet its recruit-
ment goals, but it did nevertheless rule
out the possibility of any substantial
benefit to be gained from vitrectomy in
eyes with impending macular holes (De
Bustros 1994). Vitrectomy for the preven-
tion of macular holes has subsequently
been abandoned (Benson et al. 2001).

Kelly & Wendel (1991) developed
macular hole surgery and showed that it
was possible to close established full
thickness macular holes. Closure of the
hole was defined as the flattening of the
edges and disappearance of the cuff of
subretinal fluid around the hole. Their
procedure includes a vitrectomy with a
complete posterior vitreous separation,
peeling of eventual epiretinal membranes
in the macula, tamponade with long-
acting gas, and positioning of the patient
strictly face-down for the first postopera-
tive week (Kelly & Wendel 1991; Wendel
et al. 1993). In their initial report of

macular hole surgery in 52 patients, Kel-
ly & Wendel (1991) were able to achieve
visual improvement of two or more Snell-
en lines in 42% and closure of the macu-
lar hole in 73% of their patients. Several
subsequent case series confirmed the
feasibility and good anatomical and func-
tional results of macular hole surgery,
especially if the hole was stage 2 or had
developed recently (i.e. within 6months
prior to surgery) (Wendel et al. 1993;
Ryan & Gilbert 1994). In some patients,
macular surgery results in the complete
disappearance of the edges of the macu-
lar hole and a return to near normal ap-
pearance of the fovea, biomicroscopically
and on OCT (Wendel et al. 1993; Mikaji-
ri et al. 1999; Jumper et al. 2000).

The Vitrectomy for Macular Hole
Study (VMHS) was a multicentre, ran-
domized clinical trial set up to evaluate
the newly developed macular hole
surgery. It included 171 eyes with stage
2, 3 and 4 macular holes, and reported
separately on the results of macular hole
surgery in eyes with stage 2 holes (Kim
et al. 1996), and in eyes with stage 3 or 4
holes (Freeman et al. 1997). The VMHS
included 42 eyes with stage 2 macular
holes, 17 of which were randomized to
surgery while the remaining 25 were ran-
domized to observation. After 12months
of follow-up, progression to stage 3 or 4
macular holes was found significantly
more often in eyes assigned to obser-
vation (71%) than in eyes assigned to
surgery (20%). The VMHS protocol did
not allow for cataract extraction within
the first 6 months after macular hole
surgery. Cataract development is a very
common complication of vitrectomy (De
Bustros et al. 1988). Visual function as-
sessment therefore included testing with
the potential acuity meter (PAM test),
which is less influenced by cataract devel-
opment than traditional distance vision
testing. Throughout the follow-up
period, operated eyes had significantly
better word reading and PAM test results.
However, there was no significant differ-
ence in ETDRS visual acuity between the
two groups either at 6months or at 12
months (Kim et al. 1996). The other arm
of the VMHS dealt with stage 3 or 4
macular holes and included 129 eyes, of
which 64 were assigned to surgery and 65
to observation. Here, follow-up was only
6months. At the end of follow-up, clo-
sure of the macular hole was found sig-
nificantly more often in eyes assigned to
surgery (69%) than in observed eyes (4%).
Word reading and PAM test results were

significantly better in the operated group
than in the observed group and ETRDS
visual acuity averaged 20/115 in operated
eyes versus 20/166 in observed eyes. Al-
though this difference was statistically
significant, after adjustment for baseline
VA and size of the macular hole this sig-
nificance was reduced to borderline (PΩ
0.05) (Freeman et al. 1997).

The VMHS is still the only randomized
clinical trial to have compared macular
hole surgery with observation. Since the
visual results in the VMHS were modest,
numerous attempts have been made to
improve macular hole surgery. Adjunctive
additives such as transforming growth
factor beta, autologous serum and auto-
logous platelets have been administered
in order to promote wound healing in
and around the hole. Randomized clin-
ical trials have been conducted to test
each of these additives. Although a sig-
nificantly higher number of closed macu-
lar holes were seen in eyes treated with
autologous platelets, none of the inter-
ventions had any significant beneficial ef-
fect on functional outcome (Thompson
et al. 1998; Banker et al. 1999; Paques
et al. 1999).

Recently, peeling of the inner limiting
membrane (ILM) of the retina has been
advocated as a standard stimulus for
wound healing in the macula (Rice 1999;
Brooks 2000; Mester & Kuhn 2000;
Smiddy et al. 2001). Inner limiting mem-
brane peeling is greatly facilitated if the
membrane is stained with the dye indo-
cyanine green (ICG) (Da Mata et al.
2001; Kwok & Lai 2002). Currently,
ICG-assisted ILM peeling is the preferred
practice for stage 3 and 4 macular holes
in many Scandinavian vitreoretinal cen-
tres. However, the role of ILM peeling in
macular hole surgery is controversial
(Margherio et al. 2000a; Smiddy et al.
2001). The ICG dye can be detected in
the eye for up to 6weeks postoperatively
(Weinberger et al. 2001), and there are
concerns that ICG may be toxic to the
retinal pigment epithelium (RPE), poss-
ibly by increasing the light sensitivity of
the epithelium (Engelbrecht et al. 2002).
Macular hole surgery with ILM peeling
has been reported to result in a depressed
focal macular electroretinogram when
compared to macular hole surgery with-
out ILM peeling (Terasaki et al. 2001).
At present, it seems prudent to restrict
the use of ILM peeling to stage 3 and 4
macular holes, and to reoperations of pri-
marily failed cases.

Strict face-down positioning as pre-
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scribed by Kelly & Wendel (1991) is dif-
ficult for elderly patients to accept. Good
anatomic and functional results of macu-
lar hole surgery have been reported with-
out face-down positioning, if a complete
fill of the vitreous cavity with 15% C3F8

is obtained (Tornambe et al. 1997). Face-
down positioning for only 4days with
only air as tamponade has also success-
fully been employed (Park et al. 1999).
However, most surgeons feel that 7–14
days of face-down positioning are necess-
ary for good and predictable results. For
patients who are unable to tolerate face-
down positioning, tamponade with sili-
cone oil is an option (Goldbaum et al.
1998; Margherio et al. 2000b), but the
silicone oil must be removed with a sec-
ond operation and the functional results
may not be as good as with gas tampon-
ade (Karia et al. 2001; Kumar et al.
2002).

Because most phakic patients will de-
velop a cataract within the first 1 or 2
years after macular hole (Brooks 2000;
Paques et al. 2000), combined phakoe-
mulsification and vitrectomy has been ad-
vocated (Kotecha et al. 2000; Simcock &
Scalia 2000).

Although macular hole surgery appears
rather simple, there seems to be a protrac-
ted learning curve. Even experienced vi-
treoretinal surgeons achieve better results
after several years of practising this type of
surgery (Margherio et al. 2000b). Regard-
less of technique, in most recent series of
macular hole surgery, approximately 90%
of macular holes are closed, and approxi-
mately half of patients achieve VA of 20/50
or better in the operated eye (Smiddy et al.
1997; Park et al. 1999; Brooks 2000;
Byhr & Lindblom 2000; Kang et al. 2000;
Margherio et al. 2000b; Da Mata et al.
2001; Smiddy et al. 2001). A small macu-
lar hole, good preoperative VA and recent
onset of symptoms are good prognostic
factors for a favourable functional result
of macular hole surgery (Wendel et al.
1993; Willis & Garcia-Cosio 1996; Byhr &
Lindblom 2000; Kang et al. 2000; Ullrich
et al. 2002). Although the best functional
results are obtained if surgery is per-
formed within 6months of onset of symp-
toms, a VA of 20/50 or better can be ob-
tained in 25–50% of patients reporting
symptoms for more than 1year prior to
surgery (Willis & Garcia-Cosio 1996;
Scott et al. 2000). Even if a good level of
VA is not achieved, patients report im-
provement in a number of daily life activ-
ities, such as recognizing faces, after
macular hole surgery (Pearce et al. 1998).

The macular function is slow to recover
after successful closure of a macular hole;
VA continues to improve more than 1year
postoperatively (Leonard et al. 1997).

Macular hole surgery is not without
complications. As previously mentioned,
most phakic patients will develop a catar-
act within the first 1 or 2years postopera-
tively (Thompson et al. 1995; Leonard
et al. 1997; Brooks 2000; Paques et al.
2000). Posterior segment complications
include retinal tears, retinal detachment,
RPE alterations, late reopening of an ini-
tially successfully closed macular hole,
choroidal neovascular membrane, cystoid
macular oedema, visual field defects, par-
acentral scotomas, and endophthalmitis
(Duker et al. 1994; Park et al. 1995;
Banker et al. 1997; Pearce et al. 1998; Pa-
ques et al. 2000; Haritoglou et al. 2001).
In the VMHS, posterior segment compli-
cations were found in 41% of operated
eyes. Retinal pigment epithelial alter-
ations were the most frequent type of
complication and occurred in 33% of
eyes. Retinal detachment was found in
11% of operated eyes (Banker et al.
1997). In more recent series, the fre-
quency of complications has been more
moderate, and retinal detachment should
be expected in less than 5% of cases (Pa-
ques et al. 1999; Brooks 2000; Kang et al.
2000; Margherio et al. 2000a; Scott et al.
2000). Late reopening of initially success-
fully closed macular holes occurs in 5–
10% of cases (Duker et al. 1994; Christm-
as et al. 1998; Paques et al. 2000). Post-
operative visual field defects were en-
countered very frequently in the early
days of macular hole surgery (Melberg &
Thomas 1995; Pendergast & McCuen
1996; Bopp et al. 1997). This compli-
cation is probably related to infusion of
dry air under high pressure during the
fluid–air exchange, and it can be almost
eliminated by not allowing infusion air
pressures above 30mmHg (Hirata et al.
2000; Gass et al. 2001). Small, usually
asymptomatic paracentral scotomata
have also been reported as a complication
of macular hole surgery in which mem-
brane peeling has been attempted (Hari-
toglou et al. 2001).

When is surgery
indicated?
Macular hole surgery is a recent addition
to the portfolio of procedures in vitreore-
tinal surgery. A randomized clinical trial

(the VMHS) conducted early in the de-
velopment of macular hole surgery dem-
onstrated the efficacy of this surgery in
flattening stage 3 and 4 macular holes
and modestly improving visual function.
The VMHS also showed that macular
hole surgery can halt the progression of
stage 2 macular holes to later stages. Nu-
merous improvements in macular hole
surgery have subsequently been pro-
posed, but no convincing evidence exists
to support the supposition that any of
these improvements will result in better
visual ability. Recent case series have
achieved flattening of more than 90% of
recent onset macular holes. Restoration
of central vision to 20/50 is possible in
many cases. Best results are obtained for
macular holes of recent onset where pa-
tients report good initial vision. Patients
with macular holes should be informed
about the possibility of macular hole
surgery, and if they decide to proceed
with surgery, the procedure should be
performed without undue delay.
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