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SUMMARY 

Background: Idiopathic full-thickness macular holes 
(FTMH) are an important cause of loss of central vision 
in the elderly. Improved understanding of the natural 
history and pathophysiology of FTMH has led to recent 
advances in the surgical management of patients with 
this hitherto untreatable condition. 
Methods: The current concepts of the natural history 
and surgical treatment are reviewed. Pilot studies of 
vitrectomy undertaken to relieve the tangential traction 
at the vitreomacular interface and the role of growth 
factors as promoters of a limited healing response are 
reviewed and illustrated by the results of surgical 
treatment of macular holes obtained by the author 
and others. 
Results: Whereas early pilot studies of vitrectomy of 
impending (stage I) macular hole suggested beneficial 
results (80-95% of operated eyes did not progress to 
FTMH), no such benefit could be demonstrated by a 
subsequent randomised treatment trial. In a study of 
early vitrectomy and partial fluid-gas exchange hole 
closure was achieved in 88% of patients with stage II 
FTMH with visual improvement in 67%. In other 
studies of FTMH (stages II-IV) the addition of 
adjunctive substances such as growth factors, autolo
gous serum, plasma or platelet concentrate has resulted 
in closure in 77-100% of cases. However, similar results 
have also been reported with vitrectomy and gas 
tamponade alone. Histologically the closure of the 
FfMH is associated with glial proliferation. 
Conclusion: Vitrectomy and intraocular tamponade 
appear to be beneficial in patients with FfMH. The 
role of adjunctive substances, such as growth factors 
and other promoters of the healing response, requires 
clarification by randomised treatment trials. 

Idiopathic full-thickness macular holes (FTMH) are 
an important cause of loss of central vision in the 
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elderly. It is estimated that the condition affects 3 in 
1000 individuals, 72 % of whom are women, usually 
in their sixth or seventh decade of life. 1 Hormonal 
imbalances2 and high plasma fibrinogen3 have been 
noted in previous studies. There is now general 
agreement that vitreoretinal traction is all important 
in the development of FTMH.4.5 

In 1988, Gass6 described his observations on the 
pathogenesis of FTMH and suggested a classification 
of FTMHs which is now widely used. He pointed out 
that unlike peripheral retinal breaks, FTMHs are 
caused by tangential vitreoretinal traction. Initially, a 
focal detachment of the foveola occurs (stage I or 
impending hole), which may resolve spontaneously 
in up to 60% of cases? In others the continuing 
traction results in disintegration of the fovea and the 
appearance of a small FTMH with an overlying 
vitreous condensation (stage II). With time the 
FTMH usually enlarges, the edges become elevated 
by a cuff of subretinal fluid and a localised posterior 
vitreous separation occurs with a condensation 
('operculum') lying in front of the retina (stage III). 
Eventually, with further vitreous detachment, the 
'operculum' moves forward on the posterior vitreous 
cortex and may become difficult to find ophthalmo
scopically (stage IV). 

The importance of traction at the vitreoretinal 
interface has been further highlighted by retro
spective6.8 and prospective9 studies. Using kinetic 
B-scan ultrasonography Fisher et al. 9 demonstrated 
that in patients with an established FTMH in one 
eye, the fellow eye with attached vitreous has a 12% 
risk of developing a macular hole. In contrast, none 
the fellow eyes with posterior vitreous separation at 
baseline went on to develop a FTMH. 

Until recently, the management of FTMHs was 
mostly limited to observation. However, since Gass's 
suggestion that vitrectomy may lead to the relief of 
vitreoretinal traction in the early stages of the 
macular hole, results of treatment of impending 
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(stage I) macular hoieslO-l2 and, more recently, of 
FTMH (stages II-IV) have been reported.1 3-l9 

SURGICAL TREATMENT OF IMPENDING 
MACULAR HOLES 

Smiddy et ai.lO first reported favourable results of 
surgical removal of the posterior cortical vitreous 
from the macular surface in 15 patients with 
impending (stage I) macular holes, with only 20% 
of their patients progressing to a FTMH. Similar 
results were obtained by Jost et aiY 

In another pilot study of 40 consecutive patients 
with impending (stage I) macular holes in fellow eyes 
who had had FTMHs operated on at Moorfields Eye 
Hospital,12 the disease process was arrested in 95% 
of patients. In that study there were 24 women and 
16 men aged 58-78 years (mean 68 years). The 
duration of symptoms in the operated eyes was 
between 2 and 12 weeks (mean duration 7 weeks). 
As in the previous reports, the operative procedure 
consisted of a three-port pars plana vitrectomy and 
peeling of the posterior cortical vitreous from the 
retinal surface using the aspiration cannula. No 
intraocular tamponade was used. After a minimum 
follow-up of 6 months, 2 (5%) patients had 
progressed to FTMH. In the first patient this was 
observed on the first post-operative day and in the 
second 4 months after the operation. Central vision 
was preserved or improved in the remaining 38 
(95%) patients. 

Although the results of such pilot studies appeared 
encouraging at first, they had to await confirmation 
by a controlled randomised treatment trial. In one 
such trial de Bustros et ai.7 compared vitrectomy for 
stage I macular hole with its natural history and 
found no statistical difference in the anatomical or 
visual outcomes (Table I). However, as full recruit
ment to this trial could not be concluded prior to the 
publication of the results, no definite recommenda
tions as to the management of impending (stage I) 
macular holes can be offered. Neverthless, with this 
information and with the encouraging results of 
surgery for FTMH, the management of impending 
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(stage I) macular holes now tends to be less 
aggressive. 

SURGICAL TREATMENT OF FULL-
TIDCKNESS MACULAR HOLES 

Natural history studies have confirmed that central 
vision of patients with an established FTMH tends to 
be poor, with the visual acuity usually stabilising at 
6/36 in 80% of patients?O Occasionally, however, 
spontaneous closure of a FTMH may occur with a 
consequent improvement in vision?l Histologically, 
such an event is characterised by the formation of an 
epiretinal membrane with the proliferation of glial 
and retinal pigment epithelial cells?2 

Kelly and Wendel13 were the first to report 
successful surgical closure of FTMH in 58 % of 52 
patients operated on with vitrectomy, the removal of 
posterior vitreous cortex, epiretinal membrane dis
section and fluid-gas exchange. The mean duration 
of symptoms in their patients was 1.5 years (range 
0-30 years). Visual improvement was noted in 42% 
of operated eyes. However, operative complications 
occurred in 15% of cases and these were thought to 
be related to the surgical manipulaton of the macula. 

Encouraged by this report and in an attempt to 
minimise operative complications, a pilot study of 
patients presenting with a very short duration of 
symptoms (3 months or less) or FTMH in the fellow 
eye was carried out at Moorfields Eye Hospita1.23 

This group was chosen as surgical manipulation of 
macular holes in patients with a very short history 
was not deemed necessary. Twenty patients were 
entered, 10 of whom were female. Nine had stage II 
FTMH, 7 stage III and 4 stage IV FTMH. The 
minimum follow-up was 6 months. The operative 
technique consisted of pars plana vitrectomy and 
removal of the posterior vitreous cortex, but no 
macular manipulation, such as peeling of epiretinal 
membranes, was attempted. Partial fluid-SF6 gas 
exchange was performed and the patients were asked 
to remain in the face-down position for a minimum of 
10 days. This simplified technique resulted in the 
closure of the FTMH in 8 of the 9 (88%) patients 
with stage II holes, but only 2 of the 7 (29%) patients 

Table I. Results of surgical treatment for impending (stage I) macular holes 

Study 

Smiddy et al.1O Jost e al.ll Orr et at.12 de Bustros et aC 

Procedure PPVand PVCR PPV and PVCR PPVand PVCR PPVand PVCR Observation 
No. of patients 15 15 40 27 35 

(women: men) (12 : 3) (8: 7) (24 : 16) (18 : 9) (27 : 8) 
Mean age (years) 64 67 68 69 67 
Mean duration of symptoms 26 N/K 7 <12 <12 

(weeks) 
Mean duration of follow-up 26 13 36 17 17 

(months) 
Progression to full-thickness hole 3/15 (20%) 3/15 (20%) 2/40 (5%) 10.27 (37%) 14/35 (40%) 
Type of study Pilot Pilot Pilot Randomised trial 

PPV, pars plana vitrectomy; PVCR , posterior vitreous cortex removal; N/K, not known. 
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(a) (b) 

(c) (d) 

Fig.t. Fundus photograph (a) and fluorescein angiogram (b) of a patient with stage II full-thickness macular hole (FTMH) 
presenting 2 weeks after the onset of symptoms. Note the transmission defect on the fluorescein angiogram corresponding to 
the FTMH. The visual acuity is 6/24. In the fundus photograph (c) and fluorescein angiogram (d) of the same eye after 
vitrectomy and partial fluidlSF6 gas exchange the hole is no longer visible and there is no transmission defect on the 
angiogram. The visual acuity is 6/9. 
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Fig. 2. The visual change after early vitrectomy and partial 
fluidJSF6 gas exchange for FTMH (stages II-IV). 

with stage III holes and none of the 4 patients with 
stage IV holes (Fig. 1). The change in the best 
corrected visual acuity reflected the closure rate of 
FTMH. Of the 9 patients with stage II holes, 6 (67%) 
had visual improvement, whereas only 2 of the 7 
(29%) with stage III and none of the 4 with stage IV 
had improved vision (Fig. 2; Table II). . 

It appeared that the earlier patients presented wIth 
early stages of FTMH, the better the visual results 
that could be obtained. Of the patients who 
presented within 3 weeks after !he onset of sy�p
toms, 7 improved by 2 Snellen hnes or more, whtle 
only 1 patient who presented after 3 weeks did so. 
Visual acuity of 6/12 or better was obtained in 6 of 8 
patients who presented within 3 weeks, but the same 
was true of only 4 of the 12 with later presentation 
(Table III). Thus the favourable pre-operative 
characteristics were a shorter duration of symptoms 
and a smaller sized hole; this is in agreement with the 
results obtained in subsequent studies.23 

ADJUNCTIVE SUBSTANCES IN MACULAR 
HOLE SURGERY 

Whereas smaller (stage II) FTMHs may be closed by 
a relatively simple surgical procedure, additional 
steps may be required for the treatment of the later 
stages of FTMH (stages III and IV). In 1992, Glaser 
et al. I4 reported excellent results using bovine 
transforming growth factor beta (TGF-I3) in conjunc
tion with vitrectomy and gas tamponade.I4 TGF-13 
had previously been shown to be a potent stimulator 
of the synthesis of collagen and glycoprotein, as well 

Table II. Early vitrectomy for FTMH with partial SF6 gas 
tamponade (n = 20): anatomical and visual results 

Closure of FIMH 
Visual improvement 

(2 Snellen lines) 

Stage II Stage III Stage IV 

8/9 217 0/4 
6/9 217 0/4 

FTMH, full-thickness macular holes. 
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Table III. Early vitrectomy for FTMH with partial SF6 gas 
tamponade (n = 20): visual results and duration of symptoms 

Visual improvement 
(2 Snellen lines) 

Presentation at Presentation at 
<3 weeks >3 weeks 

Visual acuity better than 6/12 

7/8 

6/8 

1/8 

4/12 

as of cell proliferation apd migration, and to promote 
chorioretinal adhesion?4 Using 1330 ng of bovine 
TGF-I3, Lansing et al?5 achieved overall closure of 
FTMH in 96% of 23 eyes with visual improvement in 
85%. However, in a subsequent study where 
recombinant TGF-! was used the closure rate 
decreased t� 77%,2 suggesting that an immunologi
cal reaction to bovine TGF may have contributed to 
some extent to the higher closure rate reported 
previously.I4,25 

. 
11 5 h' d Using autologous serum LIggett et a. ac Ieve a 

closure rate of FTMH comparable to that achieved 
with bovine TGF-I3. Serum is known to contain an 
array of growth factors and is a chemoattractant for 
glia, retinal pigment epithelial cells and fibroblasts. It 
also encourages cell migration and proliferation and 
chorioretinal adhesion?7 Serum has the added 
advantage that, unlike TGF-I3, it is easily obtainable. 
Encouraging results of vitrectomy with autologous 

28 d h  29 serum have also been reported by us an ot ers. 
Platelets are another potent source of growth 

factors and platelet extracts have been shown to 
promote healing?o.31 Us�ng autologous pl�telet c�n
centrate, Gaudric et al? have reported ImpressIve 
results in a pilot study of 20 eyes, obtaining 95% 
closure of FTMH. The use of other adjunctive 
substances such as the mixture of autologous plasma 
and thrombin,33 Tissucoe4 (Tissucol Duo 500, 
Immuno AG, Vienna) and fibrin35 is also promising, 
with reported anatomical successes of 77%,84% and 
84% respectively (Table IV). 

It appears that closure of a FTMH is associated 
with a limited healing response. Proliferation of 
fibrous astrocytes36 and Mtiller cells37 has been 
demonstrated in histological studies of successfully 
treated eyes with FTMH.5 Such a limited healing 
response may be encouraged by the use of adjunctive 

Table IV. Reported results of surgery for FTMH 

Authors 

Kelly and Wendel13 
Glaser et al.14 
Thompson et al. 26 

Liggett et al.15 
Blumenkranz et al. 33 

Tilanus and Deutman34 
Iwasaki et al.35 
Gaudric et al. 32 

Wendel et al.19 

Adjunctive substance 

Bovine TGF-j3 
Recombinant TGF-j3 

Autologous serum 
Autologous plasma and 

thrombin 
Tissucol 

Autologous fibrin 
Autologous platelet 

concentrate 

Closure of 
FTMH 

52% 
100% 

77% 
89% 
77% 

84% 
84% 
95% 

93% 
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substances, such as autologous serum and the growth 
factors they contain. While this is a new and exciting 
development in ophthalmology, our enthusiasm must 
be tempered by the fact that other authors report 
similar results with vitrectomy and gas tamponade 
with strict post-operative face down positioning 
alone19 (Table IV). Controlled randomised treat
ment trials designed to assess the usefulness of the 
various healing promoters are now in progress and 
we must await their results before deciding on the 
best treatment for our patients with FTMHs. 

Key words: Macular hole, Vitrectomy, Cellular proliferation. 
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