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ABSTRACT

Objectives: In a period in which minimally invasive surgery revolutionises vitreo-retinal surgery,
macular hole vitrectomy has benefited the most from this technical and technological progress.
The obijective of this paper is to review the modern surgical methods used for the treatment of
macular holes and to detail the differences between the current surgical techniques.

Material and methods: Review all the published papers between 2000 and 2015 in PubMed
and Medscape databases and also the recent specialty literature.

Results: We noticed a similarity between the lots studied and the research methods used,
especially after the introduction of the Optical Coherence Tomography in the 1990’s. There
is still a significant difference between the surgical techniques studied, and none is yet
considered “gold standard”.

Conclusions: All the surgical methods currently used in the treatment for macular holes are
highly effective, but all the small differences in the anatomical and functional results do not
indicate a standardized method.
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INTRODUCTION

The macular hole (MH) represents a total defect in all layers of the neuro-
senzorial retina at the foveolar level, in the central fundus and in the center of
the visual field. The macular hole is an anatomical condition in which the
treatment is mainly surgical and it remains a rare opthalmological pathology in
the current clinical practice.

Macular holes are found in only 0.3 percent of the population, most
frequently found in patients over 60 years old, predominantly females. The
holes are produced at the foveolar level because of the reduced thickness of the
retina at this level (around 225 um) and the means through which the rupture
of the retinal layers occurs can be explained by the centipede traction force
exerted by the internal limiting membrane on the internal retinal layers,
associated with anterior-posterior traction in cases with vitreous-macular
adherence.

The non-surgical treatment methods studied so far (expectancy or minimally
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invasive) are taken into consideration only for the
incipient stages of the disease (stages IA and IB) and
have limited efficiency and utility. The expectative
treatment is recommended in cases of stage | MH, in
which the expectancy of spontaneous closing is at
approximately 50% of cases and where surgical
treatment (vitrectomy) does not render a significant
improvement of the visual acuity (1,2).

The minimally invasive treatment consists of intra-
vitreal injection of fibrinolitic agents (Microplasting,
Ocriplasmin), aiming to determine the cleavage and
detachment of the posterior hyaloid membrane from
the surface of the retina and eliminating the viteo-foveal
traction. This enzymatic vitreolysis is only useful in stage
[IB to eliminate the retinal traction (with proven
evidence of aprox. 50%) and it does not have any effec-
tive result on a full macular hole. Thus, anatomical
succes can be seen in around 40% of treated cases by
inducing the spontaneous closing of the macular hole
(1).

The majority of the existing articles related to this
topic have similar methods, especially after the intro-
duction of optical coherence tomography (OCT) (3,4,5).
The utility of OCT in the direct visualisation of the
microscopic retinal structure, has made it become the
gold standard paraclinical examination for diagnosing
MH. The OCT is also essential for staging, monitoring
the evolution, assessing the anatomical post-operatory
outcome and for the evaluation of the vitreo-retinal
traction in the fellow eye.

Both fluorescein angiography and Visual Field
examination render minimal information and they
were rarely used in these studies.

Classification

Depending on the ophthalmoscopic and tomo-
graphic aspect, macular holes are classified in 4 stages:
stage IA (incipient MH; figure 1), stage IB (ocult MH;
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Figure 1 - OCT structure of normal retina

Legend: HP= posterior hyaloid; SFN = optic nerve fibers layer + internal
limiting membrane; SCG = ganglion cell layer; SPI = inner plexiform
layer; SNI= inner nuclear layer; SPE = outer plexiform layer; SNE = outer
nuclear layer; MLE = external limiting membrane; SFR = layer of cones
and rodes receptors; EPR = pigmente depithelium; CC = choriocapillaris
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figure 2), stage Il (full-thickness MH; figure 2), stage Ill
(large dimensions MH with attached posterior hyaloid,;
figures 2, 3) and stage IV (large dimensions MH with
posterior vitreous detachment; figures 2,4,5).

The majority of studies published on this topic have
used patients with advanced stages of MH (lI-llI-IV)
with succesive surgical treatment, followed by a post-
operative clinical and tomographic evaluation of mini-
mum 6 - 12 months (5). The results have been analysed
on two fronts: one is the percentage of anatomical
closure of the macular hole and the other is the
functional result (improvement of the visual acuity).
The side effects and complications of the surgical
techniques studied were similar.

Treatment

Pars plana vitrectomy (PPV) has always been the
first choice treatment for macular holes and is the most
used vitreoretinal surgical procedure nowadays. The
vitrectomy is a complex surgical procedure which
consists in the vitreous excision, frequently followed by
other intraocular maneuvers. The procedure can be
combined with other surgical techniques for the
concomitant treatment of other ocular pathologies,
such as phacoemulsification for cataract surgery (6).

The main surgical indication for vitrectomy in MH
are stages Il, Ill and IV (2,3,7). Stage | macular holes
close spontaneously in about 50% of cases and recent
studies showed that surgery does not improve the out-
come in these cases. Atrophic retinal holes without
surrounding macular oedema or with a large diameter
(usually in old or traumatic MH) are relative contra-
indication for vitrectomy and in such cases the surgeon
has to evaluate and estimate the procedure succes rate
and to decide whether to perform or not the surgery.
Macular holes with over six months from onset are also
a relative contraindication for surgery, but several
studies have shown that good results could also be
achieved in patients with holes of over one year (3,7).

PPV can be performed with either local or general
anesthesia, depending on patient and surgeon
preference. In recent years, vitreoretinal surgery has
been routinely performed under local anesthesia due to
the necessity forlong-lasting pain relief and akinesia, and
also the important advantages of reduced procedure
time, faster recovery and lower cost of admission (7).

Retrobulbar local anesthesia is the most commonly
used due to its long-lasting effect and less frequent
potential risks. General anesthesia with oral endo-
tracheal intubation is still used for surgery on minor
patients or with difficult collaboration (3,7,8).

The basic surgical steps for pars plana vitrectomy in
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Figure 3 - clinical and OCT image of stage 3 macular hole
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Figure 4 - preop clinical and OCT image of stage 4 macular
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MH cases, regardless of the technique used, consist
in the full vitreous excision (as much as technically
possible), detachment and excision of the posterior
hyaloid, and retinal tamponade using intraocular air,
expandable gasor silicone oil (3,7,9). All the surgical
techniques studied, published and used in the past 15
years meet this standard surgical protocol and the
succes rate is analysed from the anatomical point-of-
view (hole closure rate: figures 4, 5) and the functional
improvement (increased visual acuity and central visual
field scotoma remission).

Vitrectomy can be performed using 20 gauge (0.813
mm diameter), 23 gauge (0.574 mm diameter)and 25
gauge (0.455 mm diameter) instruments (3,7,8). 2015
is the year in which 27 gauge (0.360 mm diameter)
instruments became commercially available and 27
Gauge vitrectomy will probably be studied in the next
few years. There are two ways of dealing with pars
plana vitrectomy, and these are the classic 20 gauge
method and the transconjunctival method using 23/25
gauge trocar systems (10,11).

20 Gaugevitrectomy had been the gold standard
since 1974, but after the year 2000 the transconjuncti-
val suture less techniques became the most frequently
studied and used in current practice (7). The 20G
vitrectomy has the advantage of increased stiffness and

Figure 5 - postop clinical and OCT image of stage 4 macular hole
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strength of the instruments compared to those of 23/
2527 G, but the disadvantages are multiple and include
incarceration of vitreous from the wound, secondary
retinal break formation and the need to suture the
sclera and the conjunctiva, which induces additional
discomfort to the patient and increased expenses to the
procedure. Thus, although the results of anatomical
closure of the macular hole by the classical 20G
technique are close to the percentage of modern
techniques (over 60%), the higher rate of complications
and the increased medical and social costs have led the
authors to focus their attention on the sutureless
23G/25G approach for the past 10 years (10,11).

The advantages of the 25G transconjunctival vitrec-
tomy include low surgical time and therefore a reduced
need for long (general) anesthesia, lower rates of post-
operative inflammation or infection, minimal conjuncti-
val scarring, shorter recovery time, shorter hospitaliza-
tion and procedure costs, superior comfort for the
patient and faster visual recovery by sealing the eye
without sutures (3,10,11). Transconjuntival surgical
treatment techniques for MH have a few significant
differences from the classic method, regarding the use
of intraocular dyes, the intraoperative hole closing, the
ocular endotamponade and the postoperative patient
positioning.

The internal limiting membrane (ILM) coloring and
peeling (maculorhexis) is a frequently used surgical
step, but it still has not become a standard procedure in
MH surgery (9, 12,13). The main benefit from removing
the ILM is that it will relieve the tangential tension on
the inner retinal layers and improve the chances of hole
closure. This is mostly the case in stage 4 MH, where
there is no vitreo-retinal adherence and traction, and
where only the centrifugal force is involved.

The dye originally used for staining and highlighting
the internal limiting membrane (ILM) was Indocyanine
green (3,14,15) and, although it was of significant
intraoperative help for the surgeon by shortening the
intervention time and avoiding unwanted contact with
the retinal layers, toxic side effects have imposed to
limit its use (14), and to replace it with a less toxic
coloring agent, respectively Trypan Blue or Brilliant Blue
(8,15). The most recent techniques have proposed elimi-
nating the dye completely and to simply mark the ILM
with Triamcinolone acetonide, an intraocular anti-
inflammatory corticosteroid commonly used in various
eye disorders. This drug is used as a suspension
containing white grains, which once injected in the eye,
will deposited on the surface of the internal limiting
membrane, thus marking it without any toxic effects
(15).
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Intraoperative surgical MH closure is an optional
maneuver and it consists of subretinal fluid aspiration
through the hole after ILM peeling. The technique was
described in multiple studies, both old and recent, and
the debate is still ongoing (16). Some authors
recommend avoiding it due to the extreme technical
difficulty of this maneuver and the risk of touching and
damaging the photoreceptors around the macular
hole, which alters the functional outcome (17). The
surgeons who have used this technique argue that the
risk is justified because of the real-time intraoperative
confirmation of the hole closure and because of proved
higher anatomical closure rates. Another method
recently studied involves coating large macular
holes with an inverted ILM flappy reserved after the
maculorhexis. The natural contractile tendency of the
membrane due to glisosis will facilitate the edges to
approach leading to the closure of the hole (18).

The final step of surgery consists of choosing the
type of intraocular tamponade which can be either
pneumatic retinopexy (air or expandable gases) or
silicone oil. Pneumatic retinopexy uses expandable gas
(usually C3F8 or SF6) and remains the first choice in
MH surgical treatment. Once injected intravitrealy,
expandable gases increase their volume and persist
longer in the vitreal cavity, up to 4-6 weeks (9,19). If
associated with long term postoperative head
positioning, they provide a better retinal tamponade
on the hole edges. However, expandable gases have a
high risk of complications e.g. secondary glaucoma
(increase in intra-ocular pressure) or proliferative
vitreoretinopathy. The visual acuity is considerably
reduced as long as the air or expandable gas persists in
the vitreous cavity because it interferes with image
focus on the retina. This is particularly important in
single-eye patients, which will have a poor visual
acuity up to six weeks postoperative.

Most studieson this topic confirm the ophthalmolo-
gists preference for gas tamponade in the last 15 years
(19). Air tamponade is the most often technique used
in vitreoretinal surgery for retinal detachment, vitreous
haemorrhage, epiretinal membrane etc. However, air
tamponade is not routinely used for surgical treatment
of macular hole because it provides a weaker endo-
tamponade. The air bubble resorbs over 5 to 7 days and
it is gradually replaced with aqueous humour secreted
by cilliary body, at which time the focus on the retina is
restored and the visual acuity is restablished. Some
authors consider that one week is enough to keep the
macular hole closed and prefer the air tamponade
because it has a better safety profile and a similar
success rate as expandable gases or silicone oil but
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without their complications (3,20). Moreover, air
tamponade is significantly cheaper as surgical material,
air being free, but also indirectly because of its rapid
resorption which translates into fewer days of seek
leave, better quality of life and better compliance when
compared with expandable gas.

The silicone oil is less and less used in MH treatment
and it is mainly reserved for recurrent cases nowadays
(7). The main advantage of silicone oil consists of
permanent and constant endotamponade. The silicone
oil also allows to preserve an acceptable level of visual
acuity although it changes the ocular refraction by +4 to
+7 dioptres. Its disadvantages consist of neccesity for
another surgical procedure to extract the oil after an
average interval of three months and multiple side
effects, especially the high risk of secondary glaucoma
induced by emulsified silicone oil in the trabecular
meshwork. In the current practice, low density silicone
oil is used to minimize these risks, e.g. 1000, 1300 or
2000 CentiStokes (21).

Postoperative patient positioning should be dorsally
(face down), but the period of time needed is still
debated (9,20). This is important as it allows the efficient
gas/oil bubble tamponade on the macula and it
prevents the aqueous humour to reach the macular
hole where it could potentially re-open it. Most authors
recommend face down positioning for 7-10 days in
order to maximise the intraocular tamponade force (3),
although more recent studies show that there is no
statistically significant diference when 48 hours or even
24 hours positioning was advised (20). Seven days
positioning also implies significant higher medical and
social costs, poorer compliance and major patient
discomfort. Se recent studies analysed the posibility of
avoiding dorsal postoperative positioning and the good
outcomes suggest that positioning is less important as
long as the surgical technique is very good (19,22).
However, these results need to be confirmed by future
similar studies.

Although the success rates for 25 Gauge trans-
conjunctival vitrectomy and expandable gas tamponade
is usually around 90% , the functional visual acuity noted
in about 80% of cases (3,7,23,24). The anatomical
efficiency of 20 Gauge vitrectomy with silicone oil
tamponade has been reported at around 65-80%, but
the functional success rates in these cases is much lower
(25, 26). Most recent clinical studies showed that the
rate of success of first intervention when using
transconjunctival vitrectomy with air tamponade and
short postop positioning may excede 90% of cases,
without the multiple complications and higher proce-
dure expenses of the previous techniques (3, 23,24).
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CONCLUSIONS

The use of new instruments, the refining of tech-
niques and the better understanding of vitreoretinal
physiopathology have led to consistent improvement
of anatomical and functional outcomes following
vitrectomy for MH.

There is still a wide variety of surgery techniques
used and most of them are highly successful. The small
differences are still debated and, in the end, the vitreo-
retinal surgeon is the last to consider these nuances in
the case at hand.
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