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Abstract
Background Since Wiethe first described the clinical
presentation of two optic disc depressions in a 62-year-old
woman in 1882, there have been many studies addressing
what later become known as the “optic disc pit.” The main
complication of this condition, termed optic disc pit
maculopathy, is associated with visual deterioration. Treat-
ment of optic disc pit maculopathy remains challenging.
Methods Here we review the body of literature that docu-
ments the clinical findings, pathophysiology, histology, main
complications, treatment options, special features and pre-
sentations, and differential diagnosis of optic disc pit.
Results The source of the intraretinal fluid in optic disc pit
maculopathy remains controversial. Four possible sources
of this fluid have been proposed: fluid from the vitreous
cavity; cerebrospinal fluid originating from the subarach-
noid space; fluid from leaky blood vessels at the base of the
pit; and fluid from the orbital space surrounding the dura.
Conclusions Optic disc pits are a very rare clinical entity,
affecting approximately one in 11,000 people. Patients with
congenital optic disc pit sometimes remain asymptomatic, but
25% to 75% present with visual deterioration in their 30s or
40s after developing macular schisis and detachment. The
most widely accepted treatment for such patients is a surgical
approach involving pars plana vitrectomy with or without
internal limiting membrane peeling, with or without endolaser
photocoagulation and C3F8 endotamponade.
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Introduction

Since 1882, when Wiethe first reported and described the
clinical presentation of two optic disc depressions in a 62-
year-old woman [1], there have been many reports
concerning what later become known as the “optic disc
pit” (ODP). ODPs can be congenital or acquired. A
congenital ODP is usually a standalone, oval, gray-white
depression that is most commonly located in the infer-
otemporal segment of the optic disc and that is frequently
associated with macular involvement, either as a serous
retinal detachment or as a cystoid retinal edema [2–7].

ODPs are considered extremely rare, with an incidence
of about one in 11,000 people for congenital ODPs [6].
Although ODPs are bilateral in 15% of the affected
individuals, they typically present unilaterally in patients
with larger optic discs [9, 10]. In the majority of cases,
there is one pit per disc, although two or three pits
occasionally occur [11]. ODPs occur equally in women
and men; although they usually appear sporadically, it has
been suggested that unilateral pits may be inherited in an
autosomal dominant fashion [12].

ODP clinical findings

Clinical symptoms

ODPs are usually asymptomatic and diagnosed as inciden-
tal findings during fundus examination. Visual deterioration
occurs only when congenital ODPs are complicated by
macular lesions such as macular edema ,schisis-related
macular detachment, or changes in macular pigment (see
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ODP maculopathy (ODP-M) section). On some occasions,
optic disc pits may result in an arcuate scotoma or an
enlarged blind spot [9].

Clinical appearance

An ODP appears as a localized grey (60%), white/yellow
(30%), or black (10%) round or oval depression in the optic
disc (Figs. 1 and 2). This color variation is attributed to the
presence of glial tissue [9, 13]. ODPs are most commonly
located at the inferotemporal segment of the optic disc, with
20% occurring centrally and 10% located in other regions
of the optic disc. The size of the pit varies from 0.1 to 0.7
disc diameters, and the average depth measures ∼0.3
diopters with a maximum value of 0.5 diopters [14].

ODPs may be associated with other abnormalities, such
as nerve head coloboma and nerve head enlargement.
Atrophy of the pigment epithelium along the temporal edge
of the disc may also occur as a symptom related to the
chronicity of the subretinal fluid [15]. The latter occurs
when the pit is located temporally. Centrally located pits are
associated with temporal disc pallor [16]. In up to 60% of
patients with ODP, one or two cilioretinal arteries can be
seen emerging from the pit base [9]. Unlike optic disc
coloboma, an ODP does not affect the disc margin, and the
physiological optic cup remains distinct.

Pathophysiology of ODP

Although ODP represents a “mature” clinical entity, its
pathophysiological background remains unclear and some-
what controversial. For years, ODPs have been considered
a more benign variant of optic disc coloboma [6, 11, 15, 17,
18]. Specifically, it has been suggested that ODPs occur as
a result of incomplete closure of the optic fissure during
development, due to anomalous differentiation of the
primitive epithelial papilla that allows abnormal microcom-
munication between the subarachnoid space surrounding the

nerve and the pit [14]. In addition, a lack or loss of retinal
nerve fibers has been observed at the site of the ODP [19].

Nonetheless, in their review of 75 cases, Brown et al.
[11] concluded that the lack of inferonasal pits “casts
doubts as to whether the pits are truly colobomas resulting
from incomplete closure of the embryonic fissure.” More-
over, Brodsky et al. [9] argue against this widely accepted
hypothesis of the common pathophysiology between pits
and colobomas as follows. First, the usually unilateral and
sporadic nature of ODPs, as well as the lack of systemic
association, contrast with colobomas, which are as often
unilateral as bilateral, with a strong systemic association
and a commonly autosomal dominant inheritance pattern.
Second, ODPS are rarely found with iris or retinochoroidal
colobomas. Third, ODPs are not usually located near the
optic fissure.

Histology of ODP

An ODP is a herniation of a dysplastic retina into a
collagen-rich excavation that often extends into the sub-
arachnoid space through a defect in the lamina cribrosa
[20]. Moreover, strands of condensed vitreous terminate at
the margin of the pit, and nerve axons enter the optic disc
and cross over the pit [20, 21].

ODP maculopathy (ODP-M)

Although uncomplicated congenital ODPs do not cause
visual deterioration, Halbertsma [22] described the associ-
ation of pits with macular lesions and decreased visual
acuity as early as 1927. Moreover, some years later,
Kranenburg [6] reported that approximately 65% of his
patients demonstrated significant macular changes resulting
in non-reversible central visual field defects and reduced
central visual acuity. These macular changes consisted of
serous detachment, cystic degeneration, and degenerative

Fig. 1 Color fundus photography of the left eye of a patient with
optic disc pit maculopathy. Please note that the pit is located
temporally

Fig. 2 Color fundus photography of an eye of with optic disc pit
maculopathy
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pigment changes (Figs. 1 and 2). Of course, it is possible
that all of these are remnants of longstanding ODP-M [6,
23, 24].

Petersen [25] was the first to report the relationship
between ODPs and serous retinal detachment, which is
usually confined to the macular area and rarely exceeds
1.5 mm in height. Serous macular elevations develop in
approximately 25% to 75% of eyes with pits [6, 11, 24–26].
The great majority of ODP-Ms occur in eyes with temporally
located pits, and they usually become symptomatic in the 3rd
or 4th decade of life [9]. However, there have been some
reports of serous detachments in children [24, 27–30].

Although spontaneous resolution of ODP-M with recov-
ery of excellent visual acuity has been reported [23, 24, 30]
and is estimated to occur in 25% of such cases, the overall
prognosis remains poor, particularly when there is long-
standing serous detachment.

Pathophysiology of ODP-M

There are two aspects of the pathophysiological back-
ground of ODP-M that remain unclear, namely the origin of
the fluid and the mechanism by which the fluid causes
detachment of the sensory retina.

Origin of the fluid

The source of the intraretinal fluid in ODP-M remains
controversial. Four possible sources/mechanisms have been
proposed.

1. The fluid is from the vitreous cavity. This hypothesis is
supported by the work of Brown et al. [31] who
conducted experiments on Collie dogs. Specifically,
India ink injected into the vitreous cavity was later
observed in the subretinal space. However, direct
communication between the liquefied vitreous and the
subretinal space has not been demonstrated conclusive-
ly using optical coherence tomography (OCT). In
addition, the Collie dog study failed to identify any
glycosaminoglycans, which are an important vitreous
component, in the subretinal space [31].

2. The fluid is cerebrospinal fluid (CSF) originating from
the subarachnoid space. In 1996, an OCT-based study
by Krivoy et al. [13] demonstrated that there was direct
communication between the schisis cavity/subretinal
space and the subarachnoid space. The study found no
vitreous cavity–subretinal space communication. More
recently, Kuhn et al. [32] reported intracranial migra-
tion of silicon oil from an eye with an ODP that had
been treated previously with vitrectomy. This is strong
supporting evidence that CSF can move towards the
submacular space via the subarachnoid space.

3. The fluid source is leaky blood vessels at the base of
the pit [15, 33–35]. Although flourescein angiography
shows early hypofluorescent staining followed in most
cases by late hyperfluorescent staining, pits do not
demonstrate leakage, and there is no extension of
fluorescein into the subretinal space.

4. The fluid originates from the orbital space surrounding
the dura [10, 26, 36].

Mechanism of ODP-M

Until 1988, most investigators believed that all ODP-
associated macular elevations represented serous detach-
ments. In 1988, Lincoff et al. [37] carried out a stereoscopic
imaging study of 15 eyes in conjunction with kinetic
perimetry, which documented the progression of events in
the development of ODP-M. They proposed the following
sequence of events:

1. Initially, fluid from the pit causes an elevation of the
nerve fiber layer leading to a schisis-like inner layer
separation. This produces a mild centrocecal scotoma.

2. An outer layer macular hole develops beneath the inner
layer. This causes a dense central scotoma.

3. Subsequently, an outer layer retinal detachment occurs
around the macular hole, possibly due to the movement
of fluid towards the outer segment. Clinically, this
presents as a retinal pigment epithelium detachment.

4. Finally, the outer layer detachment increases. At this
point, the detachment is indistinguishable from a serous
detachment.

Since ODPs are usually congenital, and ODP-M represents
a late phenomenon, it is reasonable to assume that changes
later in life promote fluid movement from the pit towards the
retina. In order to understand the initial events in the formation
of ODP-Ms, it is important to determine the microanatomy of
the pits and the overlying tissue. Brockhurst [38] noted the
presence of a small hole overlying the pit in two of his cases.
He suggested that this hole might serve as a passage for
fluid. Bonnet [26] and Postel et al. [39] reported similar
observations. In addition, Theodossiadis [40, 41] noted the
disappearance of the membrane overlying the ODPs in
patients that were observed for more than 6 years.

Based on this evidence, Postel et al. [39] proposed that
there may be a pocket of liquefied vitreous over the
abnormally developed optic nerve, and that as tractional
forces develop over the years, a tear or hole might form in
the overlying diaphanous tissue that allows liquefied
vitreous to spread under and/or into the retina. Extending
this hypothesis, Postel et al. supported this rhegmatogenous
element in the triggering mechanism for ODP-M formation.
Moreover, this group suggested that the delayed onset of
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macular detachment, its occasional spontaneous resolution,
and the apparent response to vitrectomy comprise supporting
evidence for this hypothesis. In addition, Doyle et al. proposed
that the membrane spanning the optic disc cup may act as a
protective factor against the development of maculopathy [42].

Irrespective of the fluid origin or the triggering event for
ODP-M, a very recent study of 16 patients with ODP using
high-resolution optical coherence tomography [43] showed
that fluid can move directly from the optic pit to the
subinternal limiting membrane space, ganglion cell layer,
inner and outer nuclear layer, or subretinal space. The outer
nuclear layer was the one most commonly affected.
Interestingly, outer layer holes were not a common finding.

Diagnosis of ODP-M

ODP-M generally presents as visual acuity worse than 20/70
in the affected eye. Of the eyes with ODP-M, 80%will end up
with visual acuity of 20/200 or worse and a generally poor
prognosis [14, 36, 37]. The diagnosis is based mainly on
fundus examination and OCT imaging. Fundus examination
demonstrates an ODP that is usually located temporally (with
or without an overlying diaphanous membrane that may
have small holes) with a coexistent macular elevation (Figs. 1
and 2). In addition, as suggested previously, it may be
possible to observe cystic retinal degeneration or a macular
hole located in the outer retinal layer.

OCT is the most helpful diagnostic tool for ODP-M,
since it reveals the pattern unique to ODP-M (Figs. 3 and
4). Specifically, OCT reveals the dual morphology of the
detachment with a schisis cavity (in the majority of
patients) and with a coexisting outer layer detachment from
the retinal pigment epithelium (Figs. 5 and 6) [13, 44–46].
OCT may also reveal retinal edema in the inner layers, with

cystic degeneration overlying a more central detachment
[14], although the most prominent edema is located in the
outer layers. Also, OCT examination of the ODP reveals a
hypo-reflective area that corresponds to the edge of the pit
where there is communication with the schisis cavity [14].

A recent study [47] showed that OCT can detect vitreous
abnormalities in patients with ODP-M. Specifically, vitre-
omacular traction, vitreous strands over the optic disc, and
complete or partial posterior vitreous detachment were
detected with OCT.

As noted previously, a recent high-resolution optical
coherence tomography study [43] showed that the outer
nuclear layer was the one most commonly affected.
Interestingly, outer layer holes were not a common finding.

Treatment of ODP-M

There is no single ODP-M treatment that is universally
accepted, since none have been shown to be clearly better
than the others. This is partly due to the rarity of this
clinical entity, and partly due to the challenging nature of
the retinal detachment.

Conservative management used to be the initial recom-
mendation, as 25% of ODP-Ms resolve spontaneously.
However, the poor final outcome of the natural course of
these spontaneously-resolved detachments [23, 24, 30] has
made a more aggressive surgical approach the preferred
treatment modality for most of the retinal specialists. The
treatment proposed initially for ODP-M, which included
bed rest with bilateral patching and oral corticosteroids, did
not prove beneficial [14]. Gass [15] used Xenon photoco-
agulation along the temporal disc margin in two patients to
create a chorioretinal adhesion at the disc edge that would
minimize fluid movement from the pit to the subretinal space.

Fig. 3 Time-domain optical co-
herence tomography of the optic
nerve in an eye with an optic
disc pit maculopathy
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The results were not very promising, since the retinal
detachment became worse in the first patient and remained
stable in the other. In 1972, Mustonen [48] reported the use of
Argon laser photocoagulation to treat three patients with ODP-
M. The retina became re-attached after 1 or 2 years in all three
cases, but visual acuity improved in only one patient. In 1975,
Brockhurst [38] reported the results of Argon laser photoco-
agulation along the disc margin in the area of the retinal
detachment in six patients. In five cases, re-attachment of the
retina occurred. Overall, laser treatment remains questionable
given how long it takes for fluid reabsorption [14].

Other proposed therapeutic modalities include intravitreal
gas injection alone [49] and laser therapy in combination with
gas injection [50]. Theodossiadis [41] proposed a novel
technique that used macular buckling surgery as primary
treatment for serous macular detachment. In this technique, a
scleral 7.5×5.5-mm sponge is placed on the area
corresponding to the macula, with no application of additional
gas, laser, or cryotherapy. The results look very promising.

Ten years ago, most of the retinal specialists performed
laser photocoagulation if there was no resolution of the
detachment within 3 months [14]. If the fluid did not
resolve within 3 months of treatment, the treatment of
choice was a pars plana vitrectomy with posterior vitreous
detachment, or gas exchange with or without laser
photocoagulation [14, 51]. In recent years, the release of
traction [either vitreous or internal limiting membrane-
(ILM)-induced] has been considered a very important factor
in the management of patients with ODP-M. Therefore,
several investigators have performed vitrectomy alone or
with ILM-peel, in combination with laser photocoagulation
in the peripapillary area [52–55]. The results have been
very promising both for retinal re-attachment as well as for
visual improvement. Very recently, Georgalas et al. [29, 56]
reported favorable results in three patients with ODP-M

(one case was a 5-year-old boy) treated with vitrectomy,
posterior vitreous detachment (PVD) induction, and ILM
peel so as to completely eliminate vitreoretinal traction in
the macular area and facilitate absorption of intraretinal and
subretinal fluid. Laser photocoagulation was not performed,
firstly to avoid any adverse effects of the laser treatment in
the papillomacular region, and secondly because the
authors thought that the rationale for laser photocoagulation
prevention of fluid transportation within the inner retinal
layers of the macula was weak.

Although Spaide et al. [57] recently proposed a new
technique suggesting surgery of the inner retinal fenestration
as a possible treatment approach for ODP-M, the current
management trend for these cases appear to be a pars plana
vitrectomy with PVD induction, with or without ILM
peeling (although the latter further eliminates traction), with
or without endolaser photocoagulation (although there have
been favorable results for cases without laser application).

The same vitreoretinal approach has been reported for
pediatric ODP-M cases. Snead et al. [58] reported a case of a
9-year-old boy with ODP-M successfully treated with
vitrectomy, endolaser, and SF6 tamponade without ILM

Fig. 4 Time-domain optical co-
herence tomography of the
macular area in an eye with
optic disc pit maculopathy.
Please note the intraretinal and
subretinal fluid

Fig. 5 Color fundus photography of the left eye of a patient with an
optic disc pit. Please note that the intraretinal and subretinal fluid is
barely visible
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peeling. Hirakata et al. [59] treated an 8-year-old girl with
vitrectomy and gas, while an unusual posterior hyaloid strand
connected with the ODP was removed with forceps. Laser
photocoagulation followed by vitrectomy, ILM peeling, and
gas tamponade was performed with favorable results by
Ishikawa et al. [60] in a 7-year-old girl with ODP-M.
Recently, Ghosh et al. [55] retrospectively reviewed the
outcome of vitrectomy, laser photocoagulation, and gas
tamponade in seven patients; among them, two were children,
7 and 11 years old. In both patients, the macula was flattened
postoperatively; however, one required further surgery.

Georgalas et al. [29] reported that PVD seemed impossible
intraoperatively in the case of a 5-year-old boy with ODP-M,
and therefore the posterior vitreous was peeled off from the
macular area within the retinal arcades. Air was used as an
endotamponade agent in order to avoid the possible
interactions of the gas bubble with the remaining attached
vitreous. Endolaser photocoagulation was not performed.

Very recently, the use of autologous platelet treatment
has been reported for persistent ODP-related macular
detachment. Specifically, autologous platelets were injected
over the ODP after a three-port pars plana vitrectomy. This
surgical approach demonstrated promising anatomical and
functional results in a 44-year-old woman [61].

Special features and presentations

ODP-M and trauma

A few reports in the literature support the association
between ocular trauma and ODP-M. Specifically, the
conversion from an asymptomatic optic pit to an ODP-M

could occur as a result of antero-posterior vitreous traction
that allowed vitreous fluid to move into the sub- and intra-
retinal space. A different pathophysiological mechanism
has been also postulated: following a closed head trauma,
cerebrospinal fluid could be transmitted into the subretinal
space, causing macular elevation [62–64]. Similarly, the
mechanical stress on the vitreoretinal interface that is
generated during laser emission in a patient subjected to
laser in-situ keratomileusis (LASIK) has been proposed as a
possible etiological factor in the development of ODP-M
[65].

ODP and systemic associations

Basal encephalocele is a rare midline bony defect of the
base of the skull that may allow protrusion of the meninges
and their contents [66]. Optic nerve anomalies, including
ODP as well as coloboma, aplasia, hypoplasia, megalopa-
pilla, and morning glory anomaly, have been associated
with basal encephalocele [67].

In addition, OPDs have been reported in Aicardi
syndrome [14], and Alagille syndrome [68, 69]. The latter
is an autosomal dominant disorder caused by mutations in
the JAG1 gene. The JAG1 gene encodes a ligand for the
Notch receptor, and thus is part of a critical signalling
pathway during development [69]. OPDs have also been
reported to be associated with bilateral renal hypoplasia
[70] and with some cases of midline neurological develop-
mental malformations [71]. An unusual case involving the
coexistence of bilateral keratoconus and ODP has been
reported, although a pathogenetic correlation can not be
established until further investigations confirm this
association [72].

Fig. 6 Spectral domain optical
coherence tomography of the
macular area of a patient with
intraretinal and subretinal fluid
in the macular area
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Accessory evaluation tools

Visual fields

Although the results of visual field tests in patients with
ODP are variable and often do not correspond to the
location of the pit, paracentral arcuate scotoma and an
enlarged blind spot are the most common defects [6, 11].

Fluorescein angiography (FA) and indocyanine green
angiography (ICGA)

FA shows early hypofluorescence of the pit, followed in
many cases by late hyperfluorescent staining [7, 11, 26, 73].
ODPs do not generally leak fluorescein, and there is no
extension of the dye towards the macula (Fig. 7) [36].

In a study of 17 patients with ODP-M, absolute
hypofluorescence of the ODP was noted in all eyes using
ICGA [73]. In addition, all 17 eyes showed a delineated late
hyperfluorescence that corresponded to the area of macular
elevation using both ICGA and FA [73].

Infrared (IR) and fundus autofluorescence (FAF) imaging

In a very recent retrospective study analyzing the IR and
FAF features of eyes with ODP-M, the areas of serous
retinal detachment and inner retinal schisis were dark but
changed to brighter images following re-attachment after
vitrectomy. Moreover, there was an increase in the granular

hyperfluorescence in the FAF images that was accompanied
by an increase in the number of subretinal precipitates [74].

Differential diagnosis

Acquired ODP (AODP) and glaucoma

Glaucoma may present with various patterns of progressive
optic nerve damage. An AODP is an acquired focal
structural abnormality with a distinct type of progressive
glaucomatous optic nerve defect. This clinical entity was
first described in the late 1970s by Smith [75] and by
Lichter et al. [76] in patients without glaucoma. Further
reports followed that described a similar type of damage in
glaucoma patients [77–79].

AODPs may not be morphologically distinguishable
from congenital ODPs. They are more frequent in women
than in men, with the ratio ranging from 3:1 to 2:1, and
higher percentages of inferior location have been reported
compared to congenital ODPs [80, 81]. In addition, AODPs
have been reported to present bilaterally in 21% [81] to
48% [8] of cases, and are associated with deep, sharply
demarcated scotomas [75–81]. The prevalence of AODP
has been reported to be higher in patients with low-tension
glaucoma (74%) than in those with high-tension glaucoma
(15%) [8, 79]. In one study [8], the frequency of disk
hemorrhage was 40% in patients with AODPs, which was
significantly higher than in those without (8%). In addition,

Fig. 7 Color fundus photogra-
phy and fluorescein angiography
of an eye with an optic disc pit

Table 1 Optic disc pit (ODP) and other congenital anomalies of the optic nerve head (ONH) differential diagnosis

ODP ONH hypoplasia Megalopapilla Morning glory Coloboma

ONH size Normal Small Enlarged Enlarged Enlarged

Color Gray or white/yellowish
or black

Gray or pale disc Pale neuroretinal rim White White

Location Unilateral (usually) Unilateral or
bilateral

Bilateral (usually) Unilateral (usually) Unilateral/bilateral

Defining
feature

Round or oval depression Abnormally small
ONH

Large ONH, large C/
D ratio

Funnel-shaped excavation Bowl-shaped inferior
excavation

Special
features

ODP maculopathy "Double ring" sign Horizontally
elongated cup

Increased number of disc
vessels

Iris/ciliary and choroidal
colobomas
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disc progression and glaucomatous visual field loss were
more frequent in patients with AODPs [8]. A 2007
population-based study that included 3,654 participants
[82] concluded that ODPs were primarily associated with
glaucoma and some of its features (disc hemorrhage and
peripapillary atrophy). Interestingly, classic temporal ODP
was the rarest subtype in the studied population; thus, the
association with low-tension glaucoma may represent
acquisition bias [82].

Usually ODP-M is not a complication of AODP,
although one report suggested that in cases with untreated
glaucoma, progression of glaucomatous optic disc damage
with subsequent asymmetrical increase in the cup depth and
width might result in a localized defect of the rim that
would allow leakage from the choroid into the subretinal
space [83].

ODP and other congenital anomalies of the optic disc

The main features of the differential diagnosis of ODP from
other congenital anomalies of the optic nerve head are
presented in Table 1 [36, 84, 85].

Conclusion

ODPs are a very rare clinical entity, affecting approximately
one in 11,000 people. Patients with congenital ODP
sometimes remain asymptomatic, but 25% to 75% present
with visual deterioration in their 30s or 40s after developing
macular schisis and detachment. The most widely accepted
treatment for such patients is a surgical approach involving
pars plana vitrectomy with or without internal limiting
membrane peeling, with or without endolaser photocoagu-
lation and C3F8 endotamponade
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