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HIGHLIGHTS
Full-thickness idiopathic macular
hole is a prevalent cause of visual

impairment, predominantly
affecting elderly females,
with metamorphopsia being
a hallmark symptom; diagnosis
relies on optical coherence
tomography, and treatment
typically involves posterior pars
plana vitrectomy with internal
limiting membrane peeling.
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ABSTRACT

Full-thickness idiopathic macular hole (MH) is a common cause of visual loss,
affecting 3 per 1000 people. It usually affects females in their sixth to eighth
decades of life. Best Visual Acuity decreases to less than 0.5. A typical MH’s
symptom is the pincushion metamorphopsia, where the shape of an observed
object is enrolled inwards and lines are bowed towards the center, in the direc-
tion of the fixation point. Over the years many theories of MH formation have
been revealed. A recently approved theory states that vitreomacular adhesion
with focal contraction of the perifoveal cheloid and pathologic traction can lead
to a loss of full-thickness central retina causing a MH. The most valuable diag-
nostic procedure for MH is optical coherence tomography. Among other useful
examinations are fluorescein angiography and angio-OCT. Classification of the
stages of development of MH is done with an anatomical Gass classification
and the recent The International Vitreomacular Traction Study Group Classi-
fication of Vitreomacular Adhesion, Traction, and MH. Natural history of the
MH differs in the early and advanced stages. Pharmacological vitreolysis with
ocriplasmin is used in the treatment of the disease. The most effective therapy
is the posterior pars plana vitrectomy. Dye and peeling of the internal limiting
membrane helps to achieve the closure of the MH and the good visual acuity.

Key words: full-thickness MH, natural history, genesis theory, classification,
treatment
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INTRODUCTION

Regardless of age, the comfort of a person’s life is inextri-
cably linked to good visual acuity. Both diseases that deve-
lop over a spectrum of symptoms and those with a sudden
onset can negatively affect the quality of daily functioning.
They seem to be all the more troublesome for the patient if,
in a short period of time, they lead to damage to central vi-
sion involving the macular area. The macula is the space of
the posterior pole of the eyeball, 2 mm in diameter, the cen-
tral fovea forming it consists of a fovea (0.35 mm in diame-
ter) and the surrounding slope. Surrounding the fovea is the
retinal nonvascular zone (0.6 mm in diameter), nourished
by the choroidal capillary network. The retina in the fovea
is thin. Its central half is filled by an inverted cone-shaped
zone made up of Muller cells (Muller cell cone). The base of
the cone forms the bottom of the well and extending into
the cone area forms the inner boundary membrane, while
its truncated peak in the umbo forms the outer boundary
membrane, under which there are no receptor cell nuclei.
The inner boundary membrane is only 10-20 nm long at
this point. Through the cytoplasm of the Muller cells, lo-
cated at the top of the cone, long nerve fibers radiate out,
projecting above the outer boundary layer, towards the
photoreceptors. The cone cells are a reservoir of the yellow
pigment (xanthophyll) and provide a specific reinforcement
connecting the receptor cells in the fovea [1, 2]. The loss of
all retinal layers within the anatomical fovea results in the
formation of a full-thickness macular hole (MH).

ETIOLOGY, PATHOPHYSIOLOGY AND CLASSIFICATION

Full-thickness idiopathic MH is a relatively common cau-
se of visual impairment with an average incidence of 3 per
1000 people [3]. It mainly affects women between the sixth
and eighth decades of life. At younger ages, it is mainly as-
sociated with myopia [4]. Elevated blood fibrinogen levels
and a history of glaucoma increase the incidence [5]. The
presence of the disorder is not influenced by cardiovascular
disease, hypertension or status post ovary removal. The use
of estrogen is considered a factor reducing the risk of MH,
but it has been observed that higher levels of estradiol in the
vitreous body occur in those with the condition. It has also
been noted that the MH occurs more frequently in women
who experience menopause with greater hormonal fluctu-
ations, where hot flashes and sweats are not uncommon
[5, 6]. In the majority of cases, MH occurs spontaneously;
however, a number of conditions that may accompany it
have been described in the literature, including proliferative
diabetic retinopathy, congenital defects of the nerve II disc,
choroidal neovascularisation, Best’s disease or adult macu-
lar degeneration and retinal arteriovenous junction [7].

In the first half of the XIX century, holes in the central retina
were mainly associated with cases of ocular trauma and

were not treated as a separate disease entity. The earliest re-
port making the diagnosis of MH dates back to 1869, when
Knapp described the case of a patient who was initially dia-
gnosed with post-traumatic haemorrhage in the macula and
later found to have a full-thickness hole [7]. These early ob-
servations underpinned the theory of the traumatic origin
of the hole. It proved that the loss of the central retina occu-
rs under the influence of the energy transmitted by the im-
pact to the vitreous body and by a contrecoup mechanism.
Two years later, in 1871, Noyes gave a detailed description of
the ophthalmoscopic examination of MH [8]. Examining
a 13-year-old girl after blunt trauma to the eyeball, he noted
the difference in the depth of the focus from the surface to
the depth of the lesion, finding a full-thickness retinal defect
in the macula. In his observations, he stated that the retina
appeared to have been “cut out with scissors or a punch” [9].
The authorship of the first histopathological description of
MH is attributed to the Fuchs and Coats. They too proposed
the theory of cystic and vascular degeneration as the cause
of the formation of a full-thickness retinal defect in the hole.
Coats, observing cysts in the retina adjacent to the walls of
the hole, drew the suspicion that swelling of the central reti-
na, which he found not only in trauma patients, leads to MH
formation [9, 10]. The theory of cystic degeneration was also
addressed by Zeeman, Vogt and Samuel, among others. The
last author stated that a special type of cavity develops in the
fossa because it lacks the Muller cell support spicules that
limit swelling, resulting in the formation of round cystic le-
sions [11]. Researchers differed in their opinion as to where
the first retinal cysts form: whether in the nerve fibre layer
or the outer plexiform layer, but the process of full-thickness
MH development they recognised looked similar. Swelling
was recognised in the centre of the posterior pole, followed
by cystic degeneration with numerous spaces, in which cy-
stic rupture then occurred and finally a full-thickness hole
was formed [11, 12]. Advocates of a non-traumatic pathoge-
nesis of MH formation have also leaned towards a vascular
theory. Among others, Coats and Kuhnt argued that age-re-
lated changes in the retinal vessels precede macular cystic
degeneration [10]. This theory is often referred to as ocular
vasospasm (angiospasm) [7, 10]. The foundations of the mo-
dern vitreous theory of MH formation were laid in 1924 by
Lister. He considered the involvement of anterior-posterior
vitreoretinal traction, the pull and release of which could
lead to the formation of a full-thickness macular defect [10,
13]. The pull originated from the base of the vitreous and
was transmitted by shrinking trans vitreous fibres of the vi-
treous body [7]. In the 1980s, Morgan and Schatz combined
the vascular, cystic degeneration and vitreous theories defi-
ning it as involutional macular attrition. According to the
authors, vitreous forces pulling the involutivity altered reti-
na of the posterior pole of the eyeball are responsible for the
formation of the MH. Underlying the involutional changes
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are disorders of the subplasma choroidal vasculature leading
to an adverse change in perfusion and the formation of focal
lesions within the fovea and pigment epithelium. Under-
lying these pathologies, cystic degeneration develops resul-
ting in macular thinning, which becomes more susceptible
to the damaging forces exerted by the vitreous [14, 15]. Mor-
gan and Schatz, however, did not quibble over the direction
of the forces acting. They did not divide vitreous traction
into anterior-posterior and tangential-tangential. The natu-
re of vitreous traction was explored further by Gass and
Johnson when they announced in 1988 the hypothesis that
the formation of a full-thickness MH occurs as a result of
focal contraction of the pre-foveal cortex of the vitreous
body and the action of tangential vitreous traction. These
authors believed that adhesion of the vitreous body in the
macula was necessary for the formation of MH, and in the
observations they made, the vitreous body moved freely
without visible anterior-posterior traction [7]. In 1995, Gass,
based on the above theory, gave an updated classification of
the successive stages of MH formation visible in the slit
lamp [16]. Initially, tangential traction of the pre-foveal part
of the vitreous cortex detaches the retina in the fovea giving
an image of a yellow disc about 100-200 pm in diameter.
The foveal depression disappears. This is stage 1A of the
MH. The yellow colouration of the ring is due to the presen-
ce of xanthophyll. As a result of further thickening and
shrinking of the vitreous cortex, the foveal retina is raised to
the level of the surrounding periocular retina, emphasising
the foveal retina around the centre. On the fundus of the
eye, a yellow ring (donut-shaped) is visible, which is a serous
foveal retinal detachment with lateral displacement of the
xanthophyll — stage 1B threatening hole. Eventually, the re-
ceptor layer in the centre ruptures and there is centrifugal
displacement of the cones, xanthophyll and radial nerve fi-
bres, while the overlying inner limiting membrane, the hori-
zontal protuberances of the Muller cells and the thickened
vitreous may remain intact forming stage 1B — concealed
hole. In the light of the biomicroscope, it is not possible to
detect the transition from the threatening stage to the hid-
den hole. In stage 1A and 1B, complete loss of the neurosen-
sory retina in the fovea is not observed. At this stage, stage 2
may develop — the full-thickness hole is less than 400 pm in
diameter and the vitreous body is still adjacent to the optic
disc and macula. As a result of spontaneous vitreous-hole
detachment, a pre-hole haze may form — a pseudovessel,
consisting of a thickened vitreous and proliferating glia, lar-
ger than the underlying hole. The fundus of the eye then
shows a central, circular cavity with a seam of raised retina
and pre-foveal opacity. If a hole develops in the pre-capillary
cortex of the vitreous body at its junction with the edge of
the hole, the haze is not visible and in the light of the biomi-
croscope an eccentric, oval, horseshoe-shaped retinal defect
inside the yellow ring is observed. Stage 2 provides the first
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biomicroscopic opportunity to identify a full-thickness hole
in the macula. Further enlargement of the hole beyond
400 pm leads to stage 3, and, when accompanied by detach-
ment of the vitreous body from the macula and nerve disc II
to stage 4 [16]. At this stage of full-thickness MH, the oph-
thalmoscope may show a lid, radial retinal striations and, at
the bottom of the defect, drusen, yellow-white deposits or
atrophy of the pigment epithelium arguing for a long dura-
tion of the disease. Epiretinal membranes, cystic degenera-
tion and an envelope of subretinal fluid are often found [7].
In 2004, a diagnosis of additional stage 0 MH was proposed.
By examining the healthy eye in patients with MH, it has
been found that, despite the absence of clinical symptoms
and a normal fundus appearance, an oblique traction re-
aching the fovea can be found on optical coherence tomo-
graphy (OCT). It often does not affect the morphology or
thickness of the macula but poses a risk of developing a se-
cond full-thickness hole [17]. A 2014 study identified two
types of traction: V-shaped and U-shaped. V-shaped trac-
tions lead to changes (formation of fissures, cysts) in the
outer layers of the retina, while U-shaped tractions lead to
changes in the inner layers [18]. With the development of
OCT studies, it has been shown that the condition prece-
ding the formation of a full-thickness fovea is most often
intraretinal cysts, and the theory deprecated by Gass of the
involvement of anterior-posterior traction in the formation
of MH began to be appreciated again in the early XX centu-
ry by authors such as Azzolini, Haouchine, Johnson and
Tanner. It was shown that centrifugal traction pulling at the
retinal fovea disrupts the connections between Muller cell
cone cells and photoreceptors, leading to the formation of
a cystic lesion, which can then propagate in its vault and
spread deep into the photoreceptor layer to form a full
-thickness central retinal defect, while tangential traction
contributes to the enlargement of the hole. The retinal loss is
not accompanied by loss of the cones. In the course of hole
formation, they are displaced lateral to the centre of the hole
[19]. The latest classification of full-thickness MHs has been
proposed in The International Vitreomacular Traction Stu-
dy group Classification of Vitreomacular Adhesion, Trac-
tion, and MH. According to the new systematics, determi-
ning the stage of a hole should take into account: the size of
the hole measured at the narrowest point with the OCT
camera, the presence or absence of traction, and the cause of
the hole — primary and secondary. Holes below 250 pm are
small holes, 250-400 pm are medium holes and above 400
pm are large holes. Primary holes — idiopathic, vitreoretinal
traction is involved in their formation. Secondary holes —
resulting from an additional factor e.g. trauma, lightning
strike, high myopia, type 2 telangiectasia, age-related macu-
lar degeneration treated with anti-VEGF [20]. The previous
classification has been replaced with the following equiva-
lents: Stage 0 corresponds to vitreous body adhesion
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(VMA - vitreomacular adhesion) in the macula. A stage 1,
threatening hole is vitreomacular traction (VMT - vitreo-
macular traction). Both VMA and VMT can be subdivided
into focal (up to 1500 pm), wide (above 1500 pm) and isolated
and associated with other eye diseases such as age-related
macular degeneration, retinal vascular occlusion, etc.
Subsequently, stadium 2 and 3, small and large hole corre-
spond to small, medium or large MH with associated VMT.
The final stadium 4 MH with vitreous detachment is a small,
medium or large full-thickness MH without VMT [20].

NATURAL COURSE OF THE DISEASE

The course of the disease varies greatly depending on the
stage of the hole. A threatening MH may regress spontaneo-
usly, remain stable or progress to a full-thickness hole. De
Bustros, during a two-year follow-up of 35 patients included
in the Vitrectomy for Prevention of Macular Hole Trial, fo-
und progression to a full-thickness MH in 40% of patients
from stage 1. The progression from stage 1A to 1B usually
occurred within weeks or months, while the formation of
a full-thickness retinal defect was observed after an average
of 4.1 months [21]. Together, Kokame and De Bustros noted
that visual acuity may serve as a prognostic factor for pro-
gression to a more advanced stage of the disease. The risk
of progression from a stage 1 MH to a full-thickness hole is
higher in those with a best corrected visual acuity (BCVA)
of 0.4 and worse. In the patients observed, with a BCVA be-
tween 0.4 and 0.25, 60% of 15 eyes progressed to subsequent
stages of the disease, while with a BCVA of 0.8-0.5, 30% of
20 eyes progressed to a more advanced stage [22].
Kakehashi et al. observing a group of 23 patients diagnosed
with stage 1 MH, reported disease regression in 22% [23].
In contrast, Hikichi et al. during a one-year study involving
40 patients with threatening MH, found regression in 48%,
stabilisation in 29% and progression to full-thickness hole
in 23%. Stopping disease progression and regression was
most often associated with vitreous detachment in the ma-
cula [24].

The majority of stage 2 holes progress further, while less
than 10% decrease in stage [23]. Hikichi, during a mean
follow-up of 4 years (2—8 years) of 48 eyes with stage 2 di-
sease, found 96% progression and 4% arrest of lesion pro-
gression. In addition, 85% of the orifices enlarged beyond
400 pm [25]. Casuso et al. focusing on 15 individuals with
stage 2 MH, showed 100% progression to more advanced
stages of the disease within 5 years [26]. In contrast, Guyer
et al. presented results where 33% of the lesions regressed
and 67% progressed to stage 3 and 4 disease [27].

The holes in stages 3 and 4 rarely regress. Most often they
lead to deterioration of central vision, increase in diameter,
cystic changes and photoreceptor atrophy. In the Vitrectomy
for Macular Hole Trial, Freeman et al. reported regression

of the disease in 4% of patients during a 6-month follow-up.
However, closure of the hole was understood not as a return
to normal macular morphology, but as a flattening of the
edges of the hole [28]. Casuso et al. observing 48 eyes for
5 years reported no cases of hole closure in stadium 3 and
4. The lesioned eyes remained stable or underwent further
progression [26].

The results regarding the occurrence of MH in the compa-
nion eye are also very divergent. Otsuji et al. observed that
with a detached vitreous body in the macula, no healthy eye
developed a full-thickness hole. In contrast, in a group of
40 eyes with vitreous detachment over a 3-year follow-up
period — 11 (28%) developed a full-thickness hole [29]. Ezra
etal. put the risk of developing a full-thickness retinal defect
in the fellow eye at 15.9% over a 5-year follow-up [30]. Akiba
et al. note that the formation of a second eye hole is influen-
ced by the inherent vitreous body and macular changes. In
their 39-month follow-up, 8 out of 15 (53%) eyes with cysts
in the macula developed a full-thickness hole, while pro-
gression occurred in 6 out of 23 (26%) eyes with an initially
identified central yellow disc [31]. Other sources report that
the 5-year risk of hole formation with an undisconnected vi-
treous ranges from 10% to 20%, where it falls below 1% after
vitreous detachment in the macula. In addition, in patients
with MH, the companion eye in which a full-thickness hole
forms in the future shows a reduced response on focal elec-
troretinography (FERG) [32].

SIGNS

Patients rarely present to an ophthalmologist at the onset
of the disease, as stage 1 MH progresses asymptomatically
or with mild visual disturbances. Often more advanced sta-
ges are discovered incidentally when the patient covers the
healthy eye or when metamorphopsia is more severe and
central vision is impaired. Visual acuity usually falls below
0.5. Typically, the disease is accompanied by cushion defor-
mities (pincushion metamorphopsia). The shape of the ob-
ject the patient is looking at is pulled inwards and the lines
curve inwards towards the fixation point. This is because the
foveal photoreceptors become centrifugally displaced [19].
Occasionally, micropsies may also occur.

DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS

In order to establish the diagnosis of MH, a thorough
fundus examination must be performed. The best known
is the Watzke—Allen test, where a vertical and horizontal
beam of light is passed through the altered macula using
a Goldmann lens. Patients with stage 3 or more holes will
report a break in the light gap (positive test) while those
with a smaller hole or other macular pathology will report
line thinning (negative test) [3, 32]. Also, when projecting
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a 50 pm beam of targeted laser light onto the MH, patients
with a full-thickness central retinal defect will not find it.
In contrast, they will report the appearance of lines drawn
to the centre of the chart in the Amsler test [19]. Among
imaging studies, the gold standard for the diagnosis of MH
is Optical Coherence Tomography (OCT). It allows both
detection and assessment of the stage of the MH, as well as
differentiation from other disorders of the posterior pole
of the eye. It provides a near histological view of the ap-
pearance of the lesion and also measures its size [10, 32].
Spectral Domain OCT (SD OCT) allows a more accurate
assessment of the morphology of the MH and, in particular,
the identification of changes at the level of the junction of
the outer and inner photoreceptor segments. The examina-
tion provides a wealth of numerical data, allows 3D imaging
of the orifice and also predicts the quality of vision after
surgical intervention [33]. Fundus autophotofluorescence,
which is a non-invasive test by mapping changes at the le-
vel of the pigment epithelium (RPE), allows observation of
pinpoint fundus fluorescence at the site of the hole at stage
2 and its larger area at higher stages [3]. Fluorescein angio-
graphy, while not essential for the diagnosis of MH, can be
used to confirm the diagnosis and assess the loss of RPE
and the extent of oedema. In the early stages of the hole,
the lesions may not be visible on the angiogram and stage 1
and 2 may be indistinguishable. The examination may show
a central window defect in the RPE, the hyperfluorescence
being more strongly expressed the higher the stage of the
disease. In addition, the cuff of fluid surrounding the hole
is visible as a hypo- or hyperfluorescent ring [32] . One of
the most recent tests to investigate flow changes in the cho-
riocapillaries of the macular area is angio-OCT. Analysis of
the data suggests that the vascularisation area and density
of choriocapillaries in the macula are significantly smaller
in the MH than in the healthy eye [34]. Static perimetry,
particularly microperimetry, is also a useful test for deter-
mining the severity of macular changes. Determination of
the sensitivity of the visual field using markers projected
onto the macular area makes it possible to demonstrate the
area of absolute macula and its change after vitrectomy. The
fixation observed during the procedure gives information
about the actual location of the centre of sharpest vision.
The disadvantage of microperimetry is the long duration
of the examination, which may result in poorer patient co-
-operation. Dynamic B-projection ultrasonography, which
allows the assessment of vitreous adhesion in the macula
and the determination of the presence of a lid, has now lost
its importance.

Making a diagnosis of full-thickness MH requires a tho-
rough fundus examination and differentiation with other
ophthalmic conditions. Stage 1 can be misdiagnosed as
a number of other disorders including solar retinopathy,
laser index retinopathy, macular yolk degeneration, cen-
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tral serous retinopathy, vitreoretinal pull syndrome or cy-
stoid macular oedema. The diagnosis of solar retinopathy
is usually exaggerated by a history of sun exposure. Central
serous retinopathy occurs in younger individuals than MH.
In contrast to patients with MH, in vitreoretinal pull syn-
drome the retina in the fovea is elevated above the level of
the surrounding retina, and subretinal fluid is observed in
age-related macular degeneration or serous retinopathy (3,
7]. More advanced stages of MH should be differentiated
from pseudotumours. Pseudoaneurysms are centrally loca-
ted depressions of the epiretinal membrane (ERM). In con-
trast to full-thickness holes, there is no cuffing of subretinal
fluid and drusen-like fundus changes, and visual acuity is
better [7].

TREATMENT

The management of MH varies according to stage and the
implementation of surgical treatment is debatable.

Initially, full-thickness MHs were attempted to be treated
pharmacologically with anxiolytics and vasodilators. Surgi-
cal methods of MH supply for many years concerned ho-
les with coexisting retinal detachment. Cryotherapy, pho-
tocoagulation of the macular area, gas or oil injection into
the vitreous chamber without vitrectomy were performed
[7, 35]. In 1961, Meyer-Schwickerath used banding with
drainage of subretinal fluid, cryotherapy and scleral intru-
sion to flatten the hole [7]. In contrast, in 1982 Gonvers and
Machemer were the first to perform vitrectomies with gas
injection into the vitreous chamber and subsequent face-
-down maintenance. By omitting the use of photocoagula-
tion of the macular area, they avoided destruction of ma-
cular function [36]. Kelly and Wendel, extending the above
method to include removal of the vitreous cortex and epi-
retinal membranes, obtained in 1991 a significant improve-
ment in vision and flattening of the macular area in patients
operated on for independent MH [37]. In 2010, the tech-
nique was proposed to be supplemented by the application
of an inverted flap dissected temporally from the macula of
the internal limiting membrane to close especially large ho-
les [38]. As it is associated with intra- and postoperative dif-
ficulties in terms of displacement or loss of the flap, followed
by poorer visual acuity and reopening of the hole, attempts
are being made to take it from the upper macular area with
equally good anatomical and visual results [39, 40].

Over the years, research has also been conducted into the
use of various adjuvants that, when administered intravi-
treally during surgery, would improve the prognosis of hole
closure and improve postoperative visual acuity. When
used intraoperatively, these substances may have a positive
effect on hole closure, especially in traumatised eyes with
high myopia, in chronic holes and in children [35]. Plate-
lets applied in advanced stages of MH accelerate its healing
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process [41], and also enable closure of MH in eyes with
high myopia [42]. Also, intraoperative administration of the
plasmin-thrombin complex results in good visual acuity and
does not increase the incidence of perioperative complica-
tions [43]. Autologous platelet concentrate as well as whole
blood are helpful in achieving positive results in persistent
MHs that have not closed after vitrectomy with ILM (in-
ternal limiting membrane) peeling and gas administration
[44]. In contrast, no additional benefit is found with the use
of transforming growth factor beta (TGF-p) [45, 46] and se-
rum [46-48].

MHs occurring in eyes with high myopia are successful-
ly treated by surgery to penetrate the macular area using
an exoimplant of silicone sponge and a titanium pin [49].
Vitrectomy with the application of human amniotic mem-
brane over the MH area also has an encouraging effect in
closing the hole and improving vision [50].

The current surgical treatment of full-thickness MH is poste-
rior vitrectomy with removal of the internal limiting mem-
brane and endotamponade with gas. Thorough posterior de-
tachment of the vitreous body allows removal of the pulling
vitreous and macular tractions, and the use of dye facilitates
thorough scrubbing of the inner limiting membrane of the
macular area [3]. For those with MH greater than or equal to
400 um diameter, postoperative head positioning is recom-
mended [51]. In 2013, the EVRS (European VitreoRetinal
Society) published the results of a year-long international
study on MH (The EVRS MH Study). In 85.7% of cases un-
dergoing MH vitrectomy, closure of the hole was achieved.
Other reports even indicate a 91-98% success rate [52]. The

most important factors at the time of surgery affecting hole
closure are the stage of progression, the duration of the hole
and the use of dye to stain the ILM. Surgery at a less advan-
ced stage is more likely to result in closure of the MH. The
use of dye improves the chances of success of the surgery and
does not affect post-operative visual acuity. Once the hole is
closed, vision improves and the effect increases over time.
The most common postoperative complications include ca-
taracts, retinal detachment and failure to close the hole [53].
Full-thickness stage 1 MHs are usually left for observation.
Spontaneous closure is more common in small holes, and
sometimes vitrectomy with ERM peeling is recommended
in such cases. As an alternative in stage 2 MH to posterior vi-
trectomy, pneumatic vitreolysis or pharmacovitreolysis may
be considered [52]. Pneumatic vitreolysis is a procedure that
seeks to induce posterior vitreous detachment with release of
traction in the macula by injecting a gas bubble, usually per-
fluoropropane (C,F,), into the vitreous chamber [54]. A new
treatment for early, small MHs is pharmacological vitreolysis
using ocriplasmin, a recombinant form of human plasmin.
Its injection into the vitreous body results in the release of vi-
treoretinal traction [3]. Women, before 65 years of age, with
a VMA <1500 pm in diameter, an aperture size <250 pm,
with their own lens and the absence of ERM have a better
prognosis for successful treatment [55]. Posterior vitrectomy
remains the most effective treatment option [3], especially if
surgical measures were undertaken within 6 months of the
onset of symptoms. The average visual acuity is in the ran-
ge of 0.5, but patients may report central vision disturbances
despite hole closure [52].

ORCID

CORRESPONDENCE

Aleksandra Gorska, MD

Department of Ophthalmology, Faculty of Medical Sciences
in Katowice, Medical University of Silesia in Katowice
40-514 Katowice, ul. Ceglana 35

e-mail: aleksandra.m.gorska@gmail.com

Agata Niedzielska-Krycia - ID - https://orcid.org/0000-0003-0928-9077
Joanna Deren-Szumetda - ID - https://orcid.org/0000-0001-9858-3256
Aleksandra Gorska - 1D - https://orcid.org/0000-0002-6851-5065
Sebastian Sirek - ID - https://orcid.org/0000-0002-3138-3011

Dorota Wygledowska-Promieriska - ID - https://orcid.org/0000-0001-5336-
3460

OPHTHATHERAPY

Copyright © Medical Education

Vol. 11/Nr 2(42)/2024 (s. 119-126)

© Medical Education. For private and non-commercial use only. Downloaded from
https://www.journalsmededu.pl/index.php/ophthatherapy/index: 03.08.2025; 06:07,27



diopathic macular hole — literature review
A. Niedzielska-Krycia, K. Krycia, J. Dereri-Szumetda, A. Gdrska, S. Sirek, D. Wygledowska-Promieriska

References

1.

[

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Donald J, Gass M. Muller Cell Cone, an Overlooked Part of the Anathomy of the Fovea Centralis. Arch Opthalmol 1999; 117: 821-3.
Pojda SM. Okulistyka w kropelce czyli wiadomosci z diagnostyki i udzielania pomocy lekarskiej w chorobach oczu dla lekarzy i stu-
dentéw medycyny, SAM, Katowice 2006: 27-9.

Bowling B. Kanski Okulistyka kliniczna. Elsevier Urban & Partner, Wroctaw 2017: 618-21.

Pecold K (ed). Siatkowka i ciato szkliste, BASICS 12. Elsevier Urban &Partner, Wroctaw 2007: 96-9.

Group TEDC-CS. Risk factors for idiopatic macular holes. Am J Opthalmol. 1994; 118: 754-61.

Inokuchi N, lkeda T, Nakamura K et al. Vitreous estrogen levels in patients with an idiopathic macular hole. Clin Ophthalmol. 2015; 9:
549-552.

Spaeth GL. Chirurgia okulistyczna. Elsevier Urban & Partner, Wroctaw 2006: 747-58.

Aaberg TM, Blair CJ, Gass JDM. Macular holes. Am J Ophthalmol. 1970; 69: 555-62.

Patel AC, Wendel RT. Vitrectomy for Macular Hole. Seminars in Opthalmology. 1994; 9: 47-55.

. Ho AC, Lee HC. Macular Hole. Survey of Opthalmology. 1998; Chapter 21.
. Croll LJ, Croll M. Hole in the macula. Am J Ophthalmol. 1950; 33: 248-53.
. Kornzweig AL, Feldstein M. Studies of the eye in old age II. Hole in the Macula: a clinico-pathologic study. Am J Ophthalmol. 1950; 33:

243-7.

. Lister W. Holes in the retina and their clinical significance. Br J Ophthalmol. 1924; 8(1): i4-20.

. Morgan CM, Schatz H. Idiopatic macular holes. Am J Ophthalmol. 1985; 99: 437-44.

. Morgan CM, Schatz H. Involutional macular thinnig. A premacular hole conditio. Opthalmology. 1986; 93: 153-61.

. Gass JDM. Reappraisal of biomicroscopic classification of stages of development of a macular hole. Am J Ophtalmol. 1995; 119: 752-9.
. Chan A, Duker JS, Schumann JS et al. Stage 0 macular holes: observation by optical coherence tomography. Opthalmology. 2004; 111:

2027-32.

. Theodossiadis G, Petrou P, Eleftheriadou M et al. Focal vitreomacular traction: a prospective study of the evolution to macular hole: the

matematical approach. Eye. 2014; 28: 1452-60.

. La Cour M, Friis J. Macular holes: classification, epidemiology, natural history and treatment. Acta Opthalmologica Scand. 2002; 80: 579-

-87.

Duker JS, Kaiser PK, Binder S et al. The International Vitreomacular Traction Study group Classification of Vitreomacular Adhesion, Trac-
tion, and Macular Hole. Opthalmology. 2013; 120(12): 2611-9.

De Bustros S. Vitrectomy for prevention of macular holes. Results of a randomized multicentre clinical trial. Vitrectomy for Prevention of
Macular Hole Study Group. Ophthalmol. 1994; 101: 1055-9.

Kokame GT, De Bustros S. Visual acuity as a prognostic indicator in stage | macular holes. Vitrectomy for Prevention of Macular Hole
Study Group. Am J Ophthalmol. 1995; 120: 112-4.

Kakehashi A, Schepens CL, Akiba J et al. Spontaneous resolution of foveal detachments and macular breaks. Am J Ophthalmol. 1995;
120:767-75.

Hikichi T, Yoshida A, Akiba J et al. Natural outcomes of stage 1, 2, 3 and 4 idiopathic macular holes. Br J Ophthalmol. 1995; 79: 517-20.
Hikichi T, Yoshida A, Akiba J et al. Prognosis of stage 2 macular holes. Am J Ophthalmol. 1995; 119: 571-5.

Casuso LA, Scott IU, Flynn HW Jr et al. Long-term, follow-up of unoperated macular holes. Opthalmology. 2001; 108: 1150-5.

Guyer DR, De Bustros S, Diener WM et al. Observations on patients with idiopatic macular holes and cysts. Arch Opthalmol. 1992; 110:
1264.

Freeman WR, Azen SP, Kim JW et al. Vitrectomy for the treatment of full thickness stage 3 or 4 macular holes. Results of multicentred
randomized clinical trial. Vitrectomy for Macular Hole Study Group. Arch Opthalmol. 1997; 115: 11-21.

Otsuji F, Uemura A, Nakano T et al. Long-Term Observation of the Vitreomacular Relationship in Normal Fellow Eyes of Patients with
Unilateral Idiopathic Macular Holes. Ophthalmologica. 2014; 232: 188-93.

Ezra JE, Wells A, Gray RH et al. Incidence of idiopathic full-thickness macular holes in fellow eyes: A 5-year prospective natural history
study. Ophthalmology. 1998; 105(2): 353-9.

Akiba J, Kakehashi A, Arzabe CW et al. Fellow eyes in idiopathic macular hole cases. Ophthalmic Surg. 1992; 23(9): 594-7.

Ezra E. Idiopathic full thickness macular hole: natural history and pathogenesis. Brit J Ophthalmol. 2001; 85: 102-9.

Oh J, Smiddy WE, Flynn HW Jr et al. Photoreceptor Inner/Outer Segment Defect Imaging by Spectral Domain OCT and Visual Prognosis
after Macular Hole Surgery. Investigative Ophthalmology & Visual Science. 2010; 51: 1651-8.
TengY, Yu M, Wang et al. OCT angiography quantifying choriocapillary circulation in idiopathic macular hole before and after surgery.
Graefes Arch Clin Exp Ophthalmol. 2017; 255: 893.

Nema HV, Nema N. Macular hole in recent advances in ophthalmology. Jaypee Brothers Medical Publishers, 2013: 200-24.

OPHTHATHERAPY Copyright © Medical Education Vol. T1/Nr 2(42)/2024 (s. 119-126)
© Medical Education. For private and non-commercial use only. Downloaded from
https://www.journalsmededu.pl/index.php/ophthatherapy/index: 03.08.2025; 06:07,27



@

diopathic macular hole — literature review

A. Niedzielska-Krycia, K. Krycia, J. Dereri-Szumetda, A. Gdrska, S. Sirek, D. Wygledowska-Promieriska

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Gonvers M, Machemer R. A New Approach to Treating Retinal Detachment with Macular Hole. Am J Ophthalmol. 1982; 94: 468-72.
Kelly E, Wendel R. Vitreous Surgery for Idiopathic Macular Holes Results of a Pilot Study. Arch Ophthalmol. 1991; 109(5): 654-9.
Michalewska Z, Michalewski J, Adelman R et al. Inverted Internal Limiting Membrane Flap Technique for Large Macular Holes. Opthal-
mology. 2010; 117(10): 2018-25.

Rang CS, Won KJ, Hoon JJ et al. The Efficacy of Superior Inverted Internal Limiting Membrane Flap Technique for the Treatment of
Full-Thickness Macular Hole. Retina 2018; 38(1): 192-7.

Michalewska Z, Michalewski J, Dulczewska-Cichecka K et al. Temporal Inverted Internal Limiting Membrane Flap Technique Versus
Classic Inverted Internal Limiting Membrane Flap Technique: a Comparative Study. Retina. 2015; 35(9): 1844-50.

Engelmann K, Sievert U, Holig K et al. Effect of autologous platelet concentrates on the anatomical and functional outcome of late stage
macular hole surgery: A retrospective analysis. Bundesgesundheitsblatt, Gesundheitsforschung, Gesundheitsschutz. 2015; 58(11-12):
1289-98.

Figueroa MS, Govetto A, de Arriba-Palomero P. Short-Term Results of Platelet-Rich Plasma as Adjuvant to 23-G Vitrectomy in the Treat-
ment of High Myopic Macular Holes. Eur J Ophthalmol. 2016; 26(5): 491-6.

Blumenkranz MS, Ohana E, Shaikh S et al. Adjuvant Methods in Macular Hole Surgery: Intraoperative Plasma-Thrombin Mixture and
Postoperative Fluid-Gas Exchange. Ophthalmic Surgery, Lasers and Imaging Retina. 2001; 32(3): 198-207.

Purtskhvanidze K, Friihsorger B, Bartsch S et al. Persistent Full-Thickness Idiopathic Macular Hole: Anatomical and Functional Outcome
of Revitrectomy with Autologous Platelet Concentrate or Autologous Whole Blood. Ophthalmologica. 2018; 239: 19-26.

Thompson JT, Smiddy WE, Williams GA et al. Comparison of recombinant transforming growth factor-beta-2 and placebo as an adjunc-
tive agent for macular hole surgery. Opthalmology. 1998; 105(4): 700-6.

Minihan M, Goggin M, Cleary PE. Surgical management of macular holes: results using gas tamponade alone, or in combination with
autologous platelet concentrate, or transforming growth factor 2. Brit J Ophthalmol. 1997; 81: 1073-9.

Banker AS, Freeman WR, Azen SP et al. A Multicentered Clinical Study of Serum as Adjuvant Therapy for Surgical Treatment of Macular
Holes. Arch Ophthalmol. 1999; 117(11): 1499-502.

Ezra E, Gregor ZJ. Moorfields Macular Hole Study Group. Surgery for Idiopathic Full-Thickness Macular Hole Two-Year Results of a Ran-
domized Clinical Trial Comparing NaturalHistory, Vitrectomy, and Vitrectomy Plus Autologous Serum: Moorfields MacularHole Study
Group Report No. 1. Arch Ophthalmol. 2004; 122(2): 224-36.

Zhao X, Ma W, Lian P et al. Three-year outcomes of macular buckling for macular holes and foveoschisis in highly myopic eyes. Acta
Ophthalmol. 2020; 98(4): e470-8.

Caporossi T, Pacini B, De Angelis L et al. Human amniotic membrane to close recurrent, high myopic macular holes in pathologic myopia
with axial length of >30 mm. Retina. 2020; 40(10): 1946-54.

Hu Z, Xie P, Ding Y et al. Face-down or no face-down posturing following macular hole surgery: a meta-analysis. Acta Ophthalmol. 2016;
94(4):326-33.

Flaxel CJ, Adelman RA, Bailey ST et al. Idiopathic Macular Hole Preferred Practice Pattern. Ophthalmology. 2020; 127(2): P184-P222.
EVRS MH Study 2013. Online: https://www.evrs.eu/mh-study-connect/.

Chan CK, Mein CE, Crosson JN. Pneumatic vitreolysis for management of symptomatic focal vitreomacular traction. J Ophthalmic Vis

Res.2017; 12(4): 419-23.

Chatziralli |, Theodossiadis G, Xanthopoulou P et al. Ocriplasmin use for vitreomacular traction and macular hole: A meta-analysis and
comprehensive review on predictive factors for vitreous release and potential complications. Graefes Arch Clin Exp Ophthalmol. 2016;
254:1247-56.

Authors’ contributions:

Agata Niedzielska-Krycia - wrote the manuscript with input from all authors; Karol
Krycia - wrote the article; Joanna Dereri-Szumetda - preparation of the published
work; Aleksandra Gorska - wrote the article; Sebastian Sirek - literature analysis; Dorota
Wygledowska-Promieriska - supervised the project.

Conflict of interest:
The authors declare no conflict of interest.

Financial support:

None.

Ethics:

The content presented in the article complies with the principles of the Helsinki
Declaration, EU directives and harmonized requirements for biomedical journals.

OPHTHATHERAPY Copyright © Medical Education Vol. 11/Nr 2(42)/2024 (s. 119-126)
© Medical Education. For private and non-commercial use only. Downloaded from
https://www.journalsmededu.pl/index.php/ophthatherapy/index: 03.08.2025; 06:07,27


http://www.tcpdf.org

