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Purpose: To describe the histopathologic findings of an eye bank specimen containing an optic
nerve pit with associated serous elevation of the macula and cavernous atrophy of the optic nerve.

Methods: An eye bank specimen found to have an optic nerve pit with serous elevation of the
macula was grossly examined and photographed. The globe was processed for both light and
scanning electron microscopy.

Results: The scanning electron microscopic study of this eye with an optic nerve pit revealed
holes in the diaphanous membrane overlying the nerve at the edge of the optic pit. Serial his-
topathology sections revealed a connection between the holes overlying the optic pit and the
subretinal space via a schisis-like cavity in the retina.

Conclusion: The discovery of an optic nerve pit with coexisting serous detachment of the
macula in an eye bank eye and subsequent pathological evaluation provides support for current
theories into the mechanism of the visual loss in this condition. Our finding supports syneretic
vitreous to be the source of the subretinal fluid.
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Introduction

Optic nerve pits are a rare deformity of the optic nerve head originally described
by Wiethe in 1882.! These congenital excavations of the optic nerve head appear as
localized grey-white to black pits that do not involve the margin of the disc. Optic
nerve pits are most commonly located at the temporal side of the disc; however,
additional locations within the disc have been described.? They are typically less than
one half the width of the disc in size and vary in depth from one to several diopters.?
Optic nerve pits have a prevalence of 1 in 11,000 patients as estimated by Reis in
1908, and they occur almost equally in men and women.* Clinically, optic disc pits
are most often asymptomatic. Excluding enlarged blind spots, about 60% of eyes with
optic pits still have visual field deficits by perimetry.’ Optic pits most often become
symptomatic when they are complicated by localized serous macular detachment.
An association between temporally located optic disc pits and serous maculopathy
was originally proposed by Reis and furthered by Peterson in 1958.° Serous macular
detachment and subsequent visual sequela typically develop in adulthood in approxi-
mately 25% to 75% of eyes with optic nerve pits.>¢® Interestingly, optic nerve pits
that are located centrally have not been associated with serous maculopathy.” Due
to the overall poor visual prognosis of optic pit-associated maculopathy, a complete
understanding into the source of the subretinal fluid and the mechanism of macular
detachment is essential.
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The pathophysiology of optic pit-associated maculopa-
thy has been debated. Central to the debate is the source
of subretinal fluid and the pathway by which it arrives at
this location. The two leading hypotheses posit that the
source of the subretinal fluid is either the vitreous cavity or
the subarachnoid space. At present, few histopathological
studies have correlated what has been observed clinically.
Previous histopathological studies investigating optic disc
pits have utilized standard light microscopy (LM).5%10
Optical coherence tomography (OCT) has provided sig-
nificant insight into the mechanism by which optic disc
pit-associated maculopathy occurs.!'"* This paper presents
a histological analysis of an eye bank specimen with optic
disc pit-associated maculopathy utilizing light microscopy
and scanning electron microscopy (SEM). Our examination
of this eye specimen gives further histological insight into
the mechanism of optic pit-associated maculopathy.

Materials and methods

The eye bank specimen was that of a right eye obtained
by the Central Ohio Lions Eye Bank 3 hours postmortem.
It was from a 79-year-old white male with a known previous
history of serous detachment of the macula who died of
myocardial infarction. The eye was opened with a razor blade
at the equator and examined with a dissecting microscope.
An optic nerve pit with serous detachment of the macula was
identified, as was an area of chorioretinal atrophy superior
to the nerve. Photographs were taken of the gross specimen
with a Canon AE-1 camera.

The eye was prefixed for three hours in P-G solution (2%
paraformaldehyde, 2.5% glutaraldehyde) in a 0.1M phosphate
buffer. Two specimens were obtained by sectioning through
the inferior border of the optic nerve pit. The superior sec-
tion was prepared for SEM, while the inferior section was
prepared for LM. The SEM sample was washed with a buffer
solution and then postfixed for 1 hour in a buffered 1% OsO,
solution. Tissue blocks were dehydrated in a graded ethanol
series, and the dehydrated samples were then critical point
dried in a Tousimis 601 Samdri (Tousimis, Rockville, MD).
The dried blocks were mounted to Kent-Cambridge-type
stubs (13 mm) with Avery Spot-O-Glue (ElectronMicroscopy
Sciences catalog #76700, Hatfield, PA) and coated with 100 A
gold palladium in a Polaron SEM coater E5100 (Quorum
Technologies, East Sussex, UK). A Hitachi S570 scanning
electron microscope (Hitachi, Tokyo, Japan) was used to
view samples for SEM. Routine embedding and sectioning
techniques were used for LM. The sample was fixed in P-G
solution, dehydrated, infiltrated, and embedded in paraffin

and sectioned at 6 microns. Routine hematoxylin and eosin
staining was done, and the specimen was examined with
a Zeiss Photomicroscope 3 (Carl Zeiss Microimaging,
Thornwood, NY).

Results

The photo of the specimen (Figure 1) provides an overall
view of the fundus revealing serous elevation of the macula
extending to the edge of the optic nerve. The optic nerve
pit is seen in the infratemporal quadrant of the disc (arrow)
with chorioretinal atrophy superior to the optic nerve.
Figure 2A and B define the surface structure of the optic pit
using SEM. There are multiple irregularly shaped defects in
the membrane overlying the optic pit. Most of the holes are
ovals of varying sizes, many with septae. They seem to be
of varying depths with the deepest located on the temporal
margin of the pit (Figure 2B). There were no visible overlying
vitreous attachments in this specimen.

The LM section (Figure 3A and B) is located just inferior
to the SEM section described above, and demonstrates schisis
within the neurosensory retina. Serial sections reveal a con-
nection between the retinoschisis and the subretinal space
(Figure 3C and D). Extensive cavernous atrophy of the optic
nerve is seen in Figure 3B (large arrow) with obliteration of
the lamina cribrosa. The subarachnoid space is surrounded
by an intact vaginal sheath, and meningeal cells can be seen
within the subarachnoid space (arrow).

Figure 3C and D are serial sections demonstrating the
connection between the optic nerve pit and the subretinal
space (see diagram, Figure 4). Figure 3C reveals a schisis-like
cavity in the inner retina and, further temporally, Figure 3D
shows an opening into the subretinal space with loss of nor-
mal retinal architecture in this area.

Figure | Fundus photo with a temporally located optic disc pit (arrow) and associated
macular detachment. There is chorioretinal atrophy superior to the nerve.
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Figure 2 SEM of the optic disc pit with defects in the overlying diaphanous membrane. (A) SEM of the optic disc pit with defects in the overlying diaphanous membrane
(arrows). (B) higher magnification allows visualization of the base of the optic pit through these membranous defects.

Abbreviation: SEM, scanning electron microscope.

Figure SA and B are SEM photomicrographs of the
region just temporal to the optic nerve pit. The prominent
feature of Figure 5A is the cavernous atrophy of the optic
nerve with large cystic spaces between the glial septae. The
region corresponding to the schisis cavity in the inner sensory
retina is located at the top of the photomicrograph (arrow).
Figure 5B is the same area that has been magnified, revealing
extensive atrophy of the inner retinal layers.

Discussion
The pathogenesis of optic disc pit-associated maculopa-
thy has long been debated. In 1988, Lincoff et al reported

15 eyes with optic disc pit maculopathy utilizing stereoscopic
imaging. They proposed a mechanism of localized macular
detachment whereby fluid from the optic nerve pit causes an
initial schisis-like separation of the retinal nerve fiber layer.
An outer retinal lamellar hole then allows for fluid from the
inner retinal schisis to gain access to the subretinal space
resulting in a serous macular detachment.?® To the author’s
awareness, no histological studies have been published since
that time to support their theory. Initial OCT analysis by
Krivoy'! and Rutledge' lends support to the concept of a
bilaminar retinal morphology with initial inner layer schisis
and a secondary outer layer detachment.

Figure 3 Serial sections through the optic disc pit and adjacent retina. (A) note the schisis cavity and atrophy of the temporal retina adjacent to the optic disc. In this
specimen, only ILM remained as a roof of the cavity (arrow). (B) unique to this specimen is extensive cavernous atrophy of the optic nerve (long arrow). Note the intact
subarachnoid space (short arrow) without communication to the subretinal space in this section. (C) retinal atrophy has created a schisis cavity adjacent to the optic pit.
(D) a lamellar defect below the schisis cavity has resulted in a communication into the subretinal space.

Abbreviation: ILM, internal limiting membrane.
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Figure 4 Artist’s depiction of our specimen showing the communication between
the vitreous cavity to the subretinal space.

The presence of a thin membrane spanning the optic nerve
pit has previously been described.'®?'*> Doyle et al, utilizing
high resolution OCT, described the characteristics of these
membranes.!” These membranes were found to originate from
the edges of the optic nerve cup and to follow the concave
contour of the pit. Using OCT, a hyporeflective separation
was visualized between the base of the pit and the membrane,
with fine trabecula spanning vertically from the roof to the

floor of the pit. In a histological study using LM of seven
cases with optic disc pit, Ferry described a membrane of glial
tissue following the pit, but the author does not detect any
defects in its structure.'® Previous reports by Brockhurst® and
Bonnet® reported the presence of holes in the roof of the optic
disc pit. Small hyporeflective defects have been visualized
utilizing OCT.>* In our specimen under SEM, Figure 2A
and B clearly shows defects in the membrane overlying the
optic nerve pit. At increased magnification (Figure 2B), the
base of the pit can be seen through the membranous defects.
Notably, the holes in the roof of the pit appear to be most
numerous at its temporal margin. Overlying vitreous bands
with resultant traction to this membrane have been reported
by OCT; however, this finding was inconsistent.?> We did not
observe any vitreous bands or vitreous traction to the overly-
ing membranous defects in our histological specimen.

We believe that the membranous defects visualized on
SEM provide access for vitreous fluid into the adjacent neu-
rosensory retina. It has previously been suggested that the
presence of an intact membrane spanning the optic nerve pit is
protective against maculopathy, whereas patients with defects
or collapsed membranes as visualized on OCT may have an
associated serous macular detachment.!” Multiple published
reports show evidence of a functional pathway between
these diaphanous membrane defects and the subretinal

Figure 5 SEM showing extensive cavernous atrophy of the optic nerve. (A) SEM showing extensive cavernous atrophy of the optic nerve with an intact subarachnoid space.
(B) higher magnification SEM of cavernous atrophy of the optic nerve with a wall of intact glial tissue surrounding this area (upper portion of image).

Abbreviation: SEM, scanning electron microscope.
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space. Bonnet described a case where intravitreal gas was
visualized traversing these defects overlying the optic pit
into the subretinal space following macular gas tamponade.®
Johnson and Johnson ?! and Postel et al*? described successful
drainage of subretinal fluid through the membranous defects
overlying the pit.

The origin of subretinal fluid associated with the optic
nerve pit continues to be a source of controversy. It should
be noted that despite cavernous atrophy of our specimen’s
optic nerve, the subarachnoid space had an intact meningeal
sheath, and no connection to the pit or the subretinal space
was visualized. In 1979, Brown et al postulated that liquid
vitreous was the source of the subretinal fluid.*® After inject-
ing India ink into the vitreous of a collie dog with an optic
pit, they observed the ink flowing through the pit into the
subretinal space. Kuhn et al reported a case of intracranial
migration of silicon oil from a post-vitrectomized eye with
optic disc split maculopathy.?” The authors demonstrated
that in some cases, a direct pathway between the vitreous
and the subarachnoid space may exist. Further evidence of
a vitreous source of the fluid lies in the promising results of
vitrectomy and gas tamponade.®*

As stated previously, an internal schisis-like cavity
develops adjacent to the optic nerve pit in eyes with associ-
ated maculopathy. Our specimen demonstrates two areas
of separation within the retina. First, there is inner retinal
atrophy that has progressed to a schisis (Figure 3A—C and
Figure 5B). Multiple OCT studies have reported this com-
mon finding.'™!® Serial sections through this schisis cavity
reveal a connection between the inner layer schisis cavity
and outer layer detachment (Figure 3C and D). Although the
presence of artifactual retinal detachment in this histological
slide cannot be completely excluded, subretinal debris can be
seen clearly in Figure 3D, presumably representing degener-
ated portions of photoreceptor outer segments. Furthermore,
the patient had a known clinical history of a serous macular
detachment associated with the optic nerve pit.

To our knowledge, this is the first histological specimen
to demonstrate the presence of a lamellar hole connecting
these two cavities. The presence of a lamellar hole was visu-
alized stereoscopically by Lincoff et al,?® and has recently
been well visualized with OCT.!>!8 It should be noted that a
lamellar hole is not a prerequisite for fluid to gain access to
the submacular space. In a series of 16 eyes with optic disc
pits studied with high-resolution OCT, Imamura et al reported
that a lamellar hole may not be necessary for the associated
maculopathy. Although lamellar holes were visualized in
some patients, in other cases fluid from the optic pit may

gain direct access to all layers of the retina resulting in dif-
fuse retinal edema similar to that found in retinal vein occlu-
sions.' Certainly in cases where a lamellar hole exists, the
mechanism proposed by Lincoff is validated. In another study
investigating the mechanism of macular detachment associ-
ated with optic nerve pit, Theodossiadis and Theodossiadis
show that in the architectural distortion following macular
buckling, subretinal fluid resolves only after resolution of
the schisis cavity and likely centripetal displacement of an
adjacent lamellar hole.' At least in our specimen’s case, it is
likely that this lamellar hole provided access for fluid to pass
from the inner layer schisis to the subretinal space.

In conclusion, our histopathologic analysis of a
postmortem human eye with optic disc pit-associated
maculopathy provides support that syneretic vitreous fluid
gains access to the subretinal space. The presence of defects
in the diaphanous membrane overlying the pit seen with
SEM may provide access for vitreous fluid to enter into the
adjacent neurosensory retina. The lamellar connection that
is seen between the area of retinoschisis and the subretinal
space may provide the avenue for liquefied vitreous to gain
access into the subretinal space.
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