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Abstract

PURPOSE—To examine the ultrastructural correlates of spectral-domain optical coherence
tomography (SD-OCT) findings in patients with vitreomacular traction (VMT).

DESIGN—Observational case series.

METHODS—Retrospective analysis of six eyes of consecutive patients who underwent vitrectomy
surgery for VMT was performed in this single-center, noncomparative study. One patient had a
concurrent macular hole. Preoperative assessment included SD-OCT examination with 3-
dimensional image reconstruction. During surgery the vitreous cone was dissected from the vitreous
body using scissors, then removed from the surface of the retina with a combination of sharp
dissection and peeling, and subsequently submitted for histologic and transmission electron
microscopic processing.

RESULTS—SD-OCT showed prominent vitreal-foveal adhesion in all six eyes. Each eye had an
epiretinal membrane (ERM) under the detached perifoveal posterior vitreous detachment. In all eyes
this ERM appeared to course up the cone of attached vitreous and along the back surface of the
posterior vitreous face. Ultrastructural analysis showed fibrocellular proliferations in the vitreous
specimens in all six cases, which included retinal pigment epithelium (RPE) cells (five eyes),
fibrocytes (four eyes), and macrophages (three eyes).

CONCLUSIONS—The adhesion between the vitreous and fovea in vitreomacular traction
syndrome is accompanied by fibrocellular proliferation along the exposed surfaces of the inner retina
and the posterior surface of the vitreous. This fibrocellular proliferation may augment the adhesion
between the vitreous and fovea, and may account for the prominent OCT signal seen along the
posterior surface of the vitreous in these cases.

Vitreomacular traction (VMT) syndrome results from persistent vitreoretinal adhesions in the
setting of partial posterior vitreous detachment (PVD). The vitreoretinal adhesions transmit
tractional forces to the retina from the vitreous body, having the potential to cause tensile
deformation, foveal cavitation, cystoid macular edema, limited macular detachment, or
macular hole (MH) formation.1:2 Our understanding of VMT has been enhanced by the
development of optical coherence tomography (OCT), a noninvasive method of imaging
intraocular tissues.3~11
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Idiopathic epiretinal membrane (ERM) proliferation is another vitreoretinal interface
abnormality that is often considered to be distinct from VMT.1 Astrocytes, myofibroblasts,
and fibrocytes predominate in VMTL:11=14 while retinal pigment epithelium (RPE) cells are
commonly found in ERMs.2:15-18 However, a recent study with spectral-domain (SD) OCT
showed similarities between the anatomic features of these two entities.1® In the current study,
we performed preoperative SD-OCT and transmission electron microscopy (TEM) of
surgically excised specimens from patients with VMT to further define the relationship
between imaging and the pathologic findings in this condition.

Six eyes of six consecutive patients who underwent pars plana vitrectomy with membrane
peeling for VMT were included in this retrospective study. All patients were seen at a single,
referral-based retina practice. Each eye underwent complete preoperative ophthalmic
examination including best-corrected Snellen visual acuity (VA), biomicroscopy, color fundus
photography, and SD-OCT analysis (3D OCT 1000 version 2.00; Topcon Corp, Paramus, New
Jersey, USA). This SD-OCT system used in this study employs a superluminescent diode with
a center wavelength of 830 nm and bandwidth of 50 nm as a light source. The system acquires
128 horizontal B-scan images, each containing 512 A-scans, covering a 6 mm horizontal x 6
mm vertical x 1.7 mm axial volume in less than 3.7 seconds. Using this raster scan protocol,
the horizontal pixel spacing was 11 um (6 mm/512) and the vertical spacing was 47 um (6 mm/
128). After the completion of the scan, a color fundus photograph is taken with an integrated
nonmydriatic camera. The B-scan images can be used to form a monochromatic projection
image of the fundus that has point-to-point registration with any A-scan. The B-scans within
the 6 x 6-mm block can be used to construct 3-dimensional (3D) images, which provide
improved visualization of spatial relationships of vitreoretinal structures. The sizes of the
horizontal and vertical axes of the vitreous attachment were measured from the raster scan
protocol centered on the fovea of each patient. The vitreoretinal adhesion was considered focal
if the greatest diameter of vitreoretinal adhesion was less than 1500 microns and broad if greater
than 1500.1°

Patients underwent pars plana vitrectomy with membrane removal by a single surgeon (R.F.S.)
using 23-gauge instrumentation (Dutch Ophthalmic USA, Exeter, New Hampshire, USA) and
an Alcon Accurus vitrectomy system (Alcon Laboratories Inc, Fort Worth, Texas, USA).20
After core vitrectomy, the vitreous cone surrounding the area of macular traction was released
from the remainder of the posterior hyaloid face using scissors dissection. The attachment
between the vitreous and fovea was separated by a combination of sharp dissection and peeling.
The specimen was collected by manually aspirating it in through the vitrector tip into a 3 ml
syringe by using a three-way stopcock. The specimen was transferred into a vial of 4%
glutaraldehyde for TEM processing. In one case (Case 6), trypan blue was used to stain a
residual ERM adjacent to the area of VMT that remained after the vitreous cone was removed.
This membrane was peeled, harvested separately, fixed in 4% glutaraldehyde, and processed.
This patient also had a full-thickness MH, so 20% sulfur hexafluoride gas tamponade with
prone positioning was used in this case. The Snellen VA was converted to the logarithm of the
minimal angle of resolution (logMAR) prior to descriptive statistical analysis.

ULTRASTRUCTURAL ANALYSIS

The surgically excised specimens were submitted in 4% glutaraldehyde and processed for
TEM. The specimens were postfixed with 0.1 mol/l of cacodylate buffer and 1% osmium
tetroxide. After standard dehydration, the specimens were embedded in epoxy resin and
semithin (0.1-pum) sections were cut and stained with toluidine blue. Thin sections were then
cut and stained with uranyl acetate—lead citrate. Previously published criteria were used to
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identify specific cell types such as the RPE, vascular endothelium, fibrocytes, myofibroblasts,
glial cells, photoreceptors, macrophages, and lymphocytes and also extracellular components,
including collagen.2

RESULTS

The mean age of the patients was 75.2 years (range, 65 to 82; Table). Two of the patients were
male, four were female. The mean preoperative VA was 20/78 (logMAR 0.59; range, 20/40 to
20/200). There were no intraoperative surgical complications. The mean postoperative VA was
20/54 (logMAR 0.43; range, 20/30 to 20/100) with an average follow-up of 32 weeks (range,
1.5 to 95 weeks).

SPECTRAL-DOMAIN OPTICAL COHERENCE TOMOGRAPHIC FINDINGS

Preoperative SD-OCT demonstrated partial PVD with persistent vitreoretinal adhesions
involving the fovea in all six cases (Figures 1 and 2). VMT was focal in four cases and broad
in two cases. Among those with focal VMT, three had foveal cavitation and one had a full-
thickness MH. Of the two cases with broad-based VMT, one had cystoid macular edema and
one had diffuse retinal thickening without pseudocyst formation. A hyperreflective linear
signal on the surface of the macula, consistent with an ERM, was observed in all patients.
Contiguous with this ERM was a continuation of increased reflectivity that coursed up along
the back surface of the detached posterior vitreous.1® The casing of increased reflectivity on
the vitreous face could be best seen with the 3D reconstructions. The membranous structure
on the vitreous face was about 10 to 20 um thick and continued along the expanding convexity
of the posterior hyaloid face for varying distances. The outer edge of the membranous
thickening along the posterior vitreous face was well defined.

TRANSMISSION ELECTRON MICROSCOPIC FINDINGS

Ultrastructural analysis showed a fibrocellular proliferation in the vitreous specimens in all six
cases. Collagen fibrils that measured between 9 and 12 nanometers in diameter were seen in
all specimens. A variety of cell types were seen in association with the collagen, including RPE
(n =5, Figures 2, 3, 4, and 6), macrophages (n = 3, Figures 3 and 4), myofibroblasts (n = 1),
fibrocytes (n = 3, Figures 2 and 5), and hyalocytes (n = 1). Internal limiting membrane (ILM)
was observed in three specimens, associated in all cases with collagen fibrils. In Case 5,
collagen was interposed between ILM and fibrocytes. In Case 6, the ERM was composed of
RPE cells with a layer of collagen fibrils sandwiched between the ERM and the ILM (Figure
6). There appeared to be a layer of protein deposited under the proliferating cells that may
represent basement membrane and extracellular matrix formation (Figure 2).

DISCUSSION

In this study, we evaluated patients with prominent vitreomacular traction with SD-OCT and
then examined the corresponding vitreous specimen with TEM. By SD-OCT with 3D
reconstruction we found the expected cone of vitreous with persistent attachment to the central
macula. The eyes had findings consistent with ERM formation in areas of PVD. In addition,
the membrane appeared to course up the vitreous cone and formed a hyperreflective
encasement of the posterior portion of the persistent vitreous attachment. Corresponding TEM
of the vitreous specimens identified cells ordinarily found in ERMs proliferating on the
posterior vitreous cortex.

The OCT appearance of the vitreous varies substantially in reflectivity. In 2-dimensional
representations there can be thickening and hyperreflectivity of the posterior vitreous face
adjacent to regions where the reflectivity from the vitreous face is quite low. This variation in
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reflectivity was used to generate a grading system for a pre—MH state known as “stage 0” MHs.
22 The severity of stage 0 MHs was graded as mild, moderate, and severe based on the amount
and distribution of reflectivity from the posterior vitreous immediately adjacent to the site of
vitreoretinal attachment.22 Stage 0 MHs appear to correspond to what we have termed focal
vitreomacular traction,® with the increased reflectivity from the posterior vitreous face
accounted for by cellular proliferation as demonstrated in the present article.

We observed several types of cells not usually present in the vitreous cavity, including RPE
cells, myofibroblasts, and fibrocytes. Most striking was the presence of RPE cells in five of
six vitreous specimens, a typical feature of ERMs.2>~18 This is in contrast to previous histologic
studies of vitreomacular traction that found predominately myofibroblasts, fibrocytes, fibrous
astrocytes, and an absence of RPE cells.11~14 However the previous studies examined
specimens removed from the surface of the retina at the site of vitreoretinal attachment and did
not concentrate on the vitreous cone above the retina as we did.

The ERM and the ILM specimens removed showed native collagen sandwiched between the
ILM and RPE cells. A PVD appears to form by a splitting within the vitreous cortex, leaving
remnants of vitreous on the foveal surface.23 The vitreous cortex remains on the ILM surface
and appears to act as scaffolding for cellular proliferation (Figure 7). The corresponding side
of the split vitreous cortex forms the outer surface of the cone of detached vitreous. This portion
of the vitreous cortex appears to be able to act as scaffolding for the proliferation of cells as
well. The proliferating cells and their associated extracellular matrix may fortify the attachment
strength of the vitreoretinal adhesion to the fovea, helping to prevent the ordinarily expected
complete separation of the vitreous from the macular surface. A wound-healing response may
be the underlying reason for the cellular proliferation.

The origin of the cells comprising ERMs, and in these cases the proliferation along the back
surface of the vitreous cone, is unknown. We and others relied exclusively on morphologic
criteria to identify cell types in the ultrastructural analysis.11=14 A weakness of this approach
is the variation in appearance of the observed cells. One of our patients had a MH, offering a
route of access for the observed RPE cells. However, the other cases had no retinal breaks, but
they still had proliferation of glial and RPE cells. Small mechanical defects in the ILM have
been proposed as the means of access for proliferating cells, but this defect would not seem to
directly explain the presence of RPE cells. It is not known if a mechanical defect of the ILM
is a necessary requisite for the passage of these cells in the first place.

Vinores and associates performed immunocytochemical analysis on idiopathic ERM
specimens and found that cells that had typical morphologic features of RPE cells did not
necessarily express the expected profile of antigens.24 RPE cells have been shown to undergo
epithelial-to-mesenchymal transition in vitro, with changes in epithelial cell markers,2°> which
is one possible explanation for this occurrence. Another interesting possibility involves bone
marrow-derived progenitor cells. Approximately half of the proliferating cells in experimental
choroidal neovascularization are derived from bone marrow—derived progenitor cells.26 Bone
marrow—derived progenitor cells home to corneal alkali injuries and promote wound healing.
27 Following RPE injury bone marrow-derived cells migrate into the eye and adopt RPE
characteristics.28731 This raises the possibility that cells seen proliferating along the surface
of the retina and along the back surface of the vitreous cone may also have originated, in part,
from bone marrow—derived progenitor cells.

Our SD-OCT and TEM data demonstrate ERM formation in the setting of VMT. Our
ultrastructural analysis suggests that these eyes have a fibrocellular proliferation on the
posterior vitreous surface with composition similar to idiopathic ERM on the retinal surface.
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The fibrocellular proliferation along the retinal and vitreal interfaces in VMT may both
contribute to the tenacity of vitreoretinal adhesion in seen in this condition.
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FIGURE 1.

Patient 6 with vitreomacular traction (VMT) with associated epiretinal membrane (ERM) and
macular hole. Preoperative 3-dimensional (3D) spectral-domain optical coherence tomography
(SD-OCT) shows cone-shaped vitreoretinal adhesion (arrow, Top left) and a prominent ERM
on retinal surface (Top right) with apparent continuation of this proliferation on the detached
posterior hyaloid face (Top right and Bottom left). Note the clear distinction between the
hyperreflective proliferation and the adjacent normal posterior hyaloid face. The proliferation
on the posterior hyaloid was clearly visible intraoperatively (Bottom right). Arrowheads in Top
right, Bottom left, and Bottom right panels mark identical location on the proliferation on the
posterior vitreous.
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FIGURE 2.

Ultrastructural analysis of ERM in vitreous cone of Patient 6 with vitreous (10 to 12 nm)
collagen (asterisk), which is sandwiched between retinal pigment epithelium (RPE) with
surface mircovilli (arrowheads) and internal limiting membrane (ILM, Top). Higher
magnification of RPE cells shows microvillous processes (arrowheads) forming tubuloacinar
structures with lumens (x) and overlying posterior hyaloid 10- to 12-nanometer collagen fibrils
(asterisk).
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FIGURE 3.

Ultrastructural analysis of the specimen from Patient 4 with VMT. Transmission electron
microscopy (TEM) of the membrane on the posterior vitreous with RPE cell forming acinar
structures with lumens (x), vitreous collagen fibrils (asterisk), and a macrophage [M] (arrow).

Am J Ophthalmol. Author manuscript; available in PMC 2010 November 18.



1duasnuely Joyiny Vd-HIN 1duosnuey JoyIny vd-HIN

1duasnuely Joyiny vd-HIN

CHANG et al.

Page 10

FIGURE 4.
TEM analysis of fibrocellular proliferation in Patient 5 showing an RPE cell (arrows) on
collagen fibrils (asterisk) with an overlying M.
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FIGURE 5.
ERM associated with VMT in Patient 5 consisting of a layer of 10-nm collagen fibrils (between
arrowheads), which is interposed between the ILM and a layer of fibrocytes (arrow).
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FIGURE 6.

SD-OCT and TEM findings in Patient 3 with VMT and ERM. Preoperative SD-OCT shows
broad vitreomacular adhesion with retinal distortion and macular detachment (Top left and
Top right). Note thickening and hyperreflectivity of the posterior hyaloid face. Skip areas in
this hyperreflectivity (arrows, Top right) suggest that this signal represents abnormal
fibrocellular proliferation on the posterior vitreous face, since the posterior hyaloid should be
intact and continuous. TEM analysis of the surgical specimen from this same patient showed
the membrane on the posterior hyaloid containing a fibrocyte (arrow) with abundant
intracytoplasmic rough endoplasmic reticulum and cortical vitreous collagen fibrils (asterisk,
Bottom left) and RPE cell with surface microvillus processes (arrowhead) and collagen fibrils
(asterisk, Bottom right). Material between collagen fibrils and cellular elements likely
represents extracellular matrix elaborated by neighboring cells.
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FIGURE 7.
Proposed mechanism of ERM proliferation in VMT syndrome. After partial posterior vitreous

detachment with persistent vitreofoveal attachment, vitreous collagen remaining on the retina
acts as a scaffolding for ERM formation (arrows). Fibrocellular proliferation continues past
the vitreo-retinal interface onto the detached posterior hyaloid face (large arrow).
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