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Abstract

Aim: Posterior vitreous detachment (PVD) is a physiological phenomenon due to aging characterized by separation of the vitreous cortex
from the retina and may induce a variety of pathological events at the vitreoretinal junction. The aim of this study is to highlight in vivo
anatomical and functional changes in early stages of PVD allowing the correct treatment. Material and Methods: Non-consecutive case
series; optical coherence tomography (OCT) relies on analyzing the reflectivity of coherent light from different anatomical interfaces within
posterior vitreous and retinal histological layers, thus acquiring transverse sections through vitreoretinal interface, sensory retina, retinal
pigment epithelium and choroid. Modern techniques using Fourier spectral analysis of the reflected light enhance axial resolution to 5-10 um,
almost matching classic histological sections. Integrating these sections, OCT can reconstruct three-dimensional tissue anatomy. Full-field
electroretinogram (ERG) evaluates the function of the entire retina evoked by a flash light. Results: Imaging of the vitreoretinal interface with
OCT allowed staging PVD and correctly diagnosing its secondary pathologies: cystoid macular edema, vitreomacular traction syndrome,
epiretinal membrane, macular pucker, macular hole, macular pseudohole, lamellar macular hole. The cone response of full-field ERG is a
marker of retinal damage in macular pathology due to PVD. Conclusions: Correct understanding of vitreoretinal anatomic and functional

changes due to posterior vitreous detachment is essential for a proper diagnosis and treatment.
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=& Introduction

The vitreous, a highly hydrated transparent extra-
cellular matrix, is the largest structure within the eye,
constituting 80% of the ocular volume [1]. This structure
is composed of two main portions: the central vitreous,
and the cortical vitreous. The vitreous cortex is the outer
lining of the vitreous and is attached to the internal
limiting membrane (ILM) of the retina. The collagen fibers
in the cortical vitreous are packed in a felt like network,
in a direction parallel to the inner surface of the retina.
The vitreous is most firmly attached to the vitreous base,
but it is also strongly fixed to retinal vessels, optic nerve
and macula.

The role of the vitreous in the physiology and patho-
biology of the eye is being increasingly appreciated, but
its anatomy is difficult to delineate in vivo, due to its
invisible nature [1]. Even A. Vogt, thought observations
in the posterior pole of the vitreous illusory rather than
real [2].

Over time, the vitreous structure and anatomy were
meticulously studied. Therefore, during the eighteen and
nineteen centuries, the alveolar, lamellar, radial sector and
fibrillar theories were formulated [3]. In 1814, Martegiani
reported a funnel-shaped gel-free area immediately in
front of the optic disc and this remnant of the primary
hyaloid system [4] was named the space of Martegiani.
In the early nineties, Baumann, Stroemberg & Redslob

considered these studies defective due to the use of tissue
fixatives [3]. Biomicroscopic examination of the posterior
gel was thought to empower clinical investigation, but
it was severely compromised by bright, diffuse light
reflected from the fundus and the low optical density of
vitreous structure [4]. Also, this technique, spawned an
equally varied set of descriptions of the vitreous: mem-
branes, vertical and horizontal fibers arranged in inter-
crossing systems, grill-like pattern [3].

Studies using dark field microscopy and autopsy
eyes dissected of sclera, choroid and retina suspended in
a polymethyl methacrylate (PMMA) or Lucite chamber
containing isotonic saline and sucrose, also brought
various interpretations, ranging from fibrillar structure
of the vitreous to “membranelles” in Eisner’s study [3].
Worst described the “tracts” of Eisner as constituting the
walls of “cisterns” within the vitreous [3].

A larger gel-free “cisterna” located in front of the
macula came to light in the 1970s and was named “bursa
premacularis” [4].

The vitreous plays important roles for the entire eye,
the main functions being mechanical, developmental, optical
and metabolic. This highly hydrated gelatinous mass
provides support to the retina, coordinates eye growth
and brings metabolic nutrients requirements of the lens
[5]. Nevertheless, the major function is to allow light to
reach the retina, the vitreous transmitting 90% of light
between 300 nm and 1400 nm [3].
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In recent years, in vivo studies on vitreous anatomy
were carried out through investigations such as optical
coherence tomography (OCT) and ultrasonography. OCT
provides an improved anatomic characterization of the
cortical vitreous and vitreoretinal junction, allowing better
insights into the vitreoretinal pathology. High-resolution
OCT techniques, such as spectral or Fourier-domain OCT
(FD-OCT), reveal all the retinal layers, as well as the
vitreous and choroid, presented as a cross-section of the
retina, which appears as a histological slice (Figure 1).

The main tool for assessing the function of the retina
and vitreoretinal interface is the full-field electroretino-
gram (full-field ERG). The most important components
of full-field ERG are the a-wave — representing the hyper-
polarization of the photoreceptors in the outer retina [6],
and the h-wave — reflecting the activity of the bipolar and
Miiller cells [6]. The ISCEV (International Society for
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Clinical Electrophysiology of Vision) Standard ERG
includes the following responses: dark-adapted 0.01 ERG
(response to dim stimulation in dark adaptation, which
evaluates rods response), dark-adapted 3.0 ERG (response
to bright stimulus in dark adaptation, which analyses mixed
rod-cone response), dark-adapted 3.0 oscillatory potentials
ERG, light-adapted 3.0 ERG (response to a bright stimulus
in light adaptation, which shows single flash cone response)
and light-adapted 30 Hz flicker ERG (response to a
flickering stimulus in light adaptation) [7].

One of the most important events in the life of the
human vitreous [4] is the posterior vitreous detachment
(PVD), defined as a dehiscence of the posterior hyaloid
membrane (PHM) from internal limiting membrane (ILM)
[8] in conjunction with vitreous liquefaction. PVD may
induce a variety of pathological events at the vitreoretinal
interface [9].
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¥| Zoom

Figure 1 — Normal structure of the retina, emphasized through spectral-domain optical coherence tomography. A: Anterior;
P: Posterior; T: Temporal; N: Nasal; PH: Posterior hyaloid; NFL: Nerve fiber layer; GCL: Ganglion cell layer; IPL:
Inner plexiform layer; INL: Inner nuclear layer; OPL: Outer plexiform layer; ONL: Outer nuclear layer; ELM:
External limiting membrane; EZ: Ellipsoid zone (inner/outer photoreceptor segment junction); RPE: Retinal pigment

epithelium; C: Choroid.

Recent studies using OCT show that PVD begins in the
perifoveal macula extend into the superior and temporal
midperiphery, and then into the fovea, the inferior mid-
periphery and finally the optic disc margin, resulting in
complete PVD [9].

In OCT assessment, the vitreoretinal separation was
classified in stages. Accordingly to Stanga et al., stage 0
indicated no PVD; stage 1 was characterized by focal peri-
foveal PVD, limited to either the temporal or nasal side of
the fovea, with persistent attachment to the fovea and optic
nerve head; stage 2, focal perifoveal PVD, involving both
the temporal and nasal side of the fovea, with persistent
attachment to the fovea and optic nerve head; stage 3,
PVD over the fovea with persistent attachment to the optic
nerve head; stage 4 complete PVD over the macula and
optic nerve head; stage 5, PVD not gradable [4].

Vitreous separation may go unnoticed by the patient,
and clinically undetected, until separation from the optic
disc margin produces symptoms like floaters and an arc of
golden or white light in the temporal field of vision [10]
and signs of a Weiss ring.

Using imaging methods, like high-resolution optical
coherence tomography, is essential in understanding
pathogenesis, evolution and in detecting complications
of early and late-stage PVD.

The aim of our study is to highlight the anatomic
in vivo and functional changes in early stages of PVD,
using OCT and full-field ERG, allowing in time and
correct treatment.

= Patients, Materials and Methods

This is a retrospective non-consecutive study, conducted
according to the tenets of the Declaration of Helsinki. All
patients were informed about this study and gave their
informed consent to being imaged and for the collected
data to be used for publication.

One hundred patients attending our Clinic for the
spectral-domain OCT were considered for the study. Patients
with diabetic maculopathy, retinal vein occlusion, age-
related macular degeneration, high and medium myopia,
history of retinal detachment and macular edema were
excluded. Therefore, 10 patients who met the inclusion—
exclusion criteria described above were included into
the study.

OCT scans were performed in our Department, using
spectral-domain optical coherence tomography systems
(TOPCON 3D OCT-2000 and OPTOVUE IVUE). These
systems operate at a scanning speed of 40000 A-scans/
second using a wavelength of 850 nm and an axial
resolution of 7 um.
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For each patient, the attached/detached PHM, the
integrity of vitreoretinal interface, the architecture of the
retinal layers, the central macular thickness, the integrity
of inner segment/outer segment (IS/OS) junction were
assessed.

ERGs were recorded using MonPackOne System
(Metrovision, Perenchies, France). Recording electrodes
were HK loop type (“Hawlina—Konec loop”) and the
reference and ground ones were Ag—AgCl cup type.

=& Results

We present 10 non-consecutive cases with vitreoretinal
junction pathology, clinically visible or not, but very well
highlighted through spectral-domain optical coherence
tomography (SD-OCT). The electroretinographic changes
are variable, depending on the degree of retinal damage.

Case No. 1 is a 61-year-old male with a normal aspect
of the fundus. On the OCT image, it can be seen that the
posterior hyaloid membrane is detached in the nasal and
temporal quadrant and attached in the foveal region, with an
empty space in the premacular region, suggesting stage 2
PVD and bursa premacularis (Figure 2).

Case No. 2 is a 78-year-old female patient who clinically
presents a yellow macular ring. OCT shows detachment of
the PHM nasally, in both horizontal and vertical sections,
with tractional effect on the inner layers of the retina,
intraretinal cystoid spaces within the outer nuclear layer,
full thickness macular hole, disruption of IS/OS junction
and normal retinal pigment epithelium (RPE), suggesting
stage 2 PVD and stage 3 macular hole (MH) (Figure 3).

Case No. 3 is a 75-year-old male patient with a clinically
seen yellow ring. OCT shows detachment of the PHM
nasally and temporally, with persisting foveal attachment
seen on the vertical section, full thickness macular hole
(FTMH) with subretinal fluid, disruption of the IS/OS
suggesting stage 2 PVD and stage 3 MH (Figure 4).

Case No. 4 is a 69-year-old female showing abnormal
retinal light reflex with mild retinal thickening and a foveal
dark spot. The SD-OCT shows a complete detachment
of the PHM, a hyper-reflective line above ILM with
retinal folds suggesting epiretinal membrane (ERM) with
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Full-field ERG is normal (compared to a normal subject).

contractile effect. There is also a stage 4 MH with sub-
retinal fluid and disruption of IS/OS (Figure 5).

Case No. 5 is a 69-year-old female with a fundoscopic
aspect of macular dark spot. The SD-OCT shows a com-
pletely detached PHM, a break in the inner fovea with
intact foveal photoreceptors, decreased central macular
thickness, but normal perifoveal retinal thickness. This
aspect is highly suggestive of stage 4 PVD and lamellar
macular hole (Figure 6).

Case No. 6 shows a 79-year-old female patient whose
OCT shows a completely detached PHM, hyper-reflective
layer on the surface of the retina with retinal folds but
globally adherent, intraretinal cyst in the macular region
and normal architecture of the outer layers. The retinal
map reveals increased macular thickness (Figure 7).

Case No. 7 is a 66-year-old female with absence of
foveal light reflex and a small foveal red spot. The OCT
reveals a complete detachment of the PHM with a break
in the inner fovea with intact foveal photoreceptors and
near-normal retinal thickness, suggesting stage 4 PVD
and lamellar macular hole (Figure 8).

Case No. 8 is a 63-year-old patient with an abnormal
retinal light reflex, irregular wrinkling of the inner retina
and a foveal red spot on fundoscopy. The SD-OCT shows
hyper-reflective line above the surface of the retina with
retinal folds, intraretinal cyst, dehiscence of inner from
outer retinal layers, macular hole, small neuroepithelium
detachment with intact IS/OS (Figure 9).

Case No. 9 is a 66-year-old patient presenting a trans-
lucent membrane with abnormal retinal light reflex. SD-
OCT shows hyper-reflective layer on the surface of the
retina with underlying corrugation of the retinal surface
and blunting of the foveal contour and normal architecture
of the outer retina. Retinal map shows increased retinal
thickness (Figure 10).

Case No. 10 is a 37-year-old female, post-vitrectomy
after a traumatic posteriorly luxated lens, which clinically
shows irregular pigmentary changes in the central macular
region. SD-OCT reveals attached retina with atrophy of
the foveal layers and a highly decreased retinal thickness
(Figure 11).

Figure 2 — Normal aspect of the fundus while the OCT shows a stage 2 PVD and the presence of bursa premacularis.
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Figure 3 — Red free photo showing macular dark spot and SD-OCT showing stage 2 PVD and stage 3 MH. Full-field
ERG shows decreased and delayed 30 Hz Flicker (compared to a normal subject).
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Figure 4 — Red firee photo showing a macular dark spot. SD-OCT showing stage 2 PVD and stage 3 MH. Full-field
ERG shows decreased and delayed 30 Hz Flicker.

Figure 5 — Red free photo showing a macular translucent membrane with a foveal dark spot. SD-OCT showing stage
4 PVD, stage 4 MH, ERM with tractional retinal effect. Full-field ERG shows decreased LA (low amplitude) 3 b-wave
and decreased and delayed 30 Hz, Flicker.

Figure 6 — Red free photo showing absence of the foveal reflex SD-OCT showing stage 4 PVD and lamellar MH.
Decreased central macular thickness (CMT) and normal perifoveal retinal thickness. Normal full-field ERG.
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Figure 7 — SD-OCT showing foveal pseudocyst (stage 1 MH), stage 4 PVD and ERM. Retinal map shows increased
CMT. Normal full-field ERG.
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Figure 8 — Fundus photo showing absence of foveal light reflex with small foveal red spot. SD-OCT showing stage 4
PVD and lamellar MH. Retinal map showing near-normal retinal thickness. Normal full-field ERG.
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Figure 9 — Fundus photo showing abnormal retinal light reflex with a foveal red spot. SD-OCT showing ERM with
tractional retinal effect, intraretinal split, MH stage, subretinal fluid. Retinal map shows increased thickness. Full-
field ERG shows decreased LA 3 b-wave and decreased and delayed 30 Hz Flicker.
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Figure 10 — Fundus photo showing an epiretinal translucent membrane. SD-OCT showing epiretinal membrane with
tractional retinal effect. Retinal map showing increased CMT. Normal full-field ERG.
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Figure 11 — Fundus photo, red firee photo and OCT in a post-vitrectomy patient. T: Temporal; N: Nasal; S: Superior;

I: Inferior.

& Discussion

The vitreous, the gel which fills the centre of the eye,
occupying 80% of the ocular volume, is a structure that
was very much studied over time. Even so, its anatomy,
morphology and function are not fully elucidated. Its
complex and incompletely understood involvement in the
health of the eye, still is a topic of great interest for both
clinicians and scientists.

Starting with the eighteenth century, multiple techniques
for vitreous study, like: freezing and slowing thawing,
dissection and histological preparation with tissue fixatives,
ex vivo and in vivo slit-lamp biomicroscopy, dark field
microscopy, were used [3]. After dissecting the gel from its
scleral, choroidal and retinal vestments, Sebag & Balazs,
suspended the vitreous in a PMMA chamber and used
slit-beam biomicroscopy to confirm points of structural
weakness in the posterior cortical vitreous [4], bursa pre-
macularis and space of Martegiani.

Over the last 25 years, imaging of the eye has grown
significantly in importance for the ocular disease diagnosis
[11]. Besides techniques such as: scanning laser polari-
metry, scanning laser ophthalmoscopy, optical coherence
tomography has emerged to the forefront of ocular imaging
due to its high resolution and the complex three-dimen-
sional data that is able to gather [11].

The first image of retinal disease were produced in
1995 showing both the foveal contour and optic nerve
head in vivo, using time-domain OCT [12]. However,
there was relatively low imaging speed, motion artifacts
and relatively poor sensitivity and resolution [12].

A major advance was the development of spectral or
Fourier-domain OCT that enables much faster acquisition
times, resulting in a large increase in the amount of data
that can be obtained during a given scan duration [11].
SD-OCT is of particular utility in investigating retinal,
vitreoretinal and vitreous normal and pathological mor-
phology.

At the boundary between physiological and patho-
logical, posterior vitreous detachment is the culmination
of aging changes in the vitreous and may induce a variety

of pathological events at the vitreoretinal interface [9],
such as: epimacular membrane, macular microhole,
idiopathic macular hole, inner lamellar hole, vitreo-
foveolar traction, vitreomacular traction syndrome, retinal
hemorrhage, vitreous hemorrhage, retinal tear, rhegmato-
genous retinal detachment [9]. According to PVD staging,
these complications can be divided into early- and late-
stage complications.

Bursa premacularis

Bursa premacularis, also known as posterior precortical
vitreous pocket (PPVP) [4], was described by Worst, in
1970, and confirmed by Sebag & Balazs, through dark
field microscopy. It is a point of structural vulnerability in
the premacular cortical vitreous, usually seen in individuals
<65 years old [4].

Highlighting bursa premacularis through biomicroscopy
is almost impossible owing to vitreous transparency and
moving. Using SD-OCT, the presence of PPVP can be
well observed and measured (Figure 2). Through the high
scanning speed and axial resolution, a three-dimensional
image of the posterior vitreous and vitreoretinal interface
can be obtained, visualizing anatomical structures, such
as bursa premacularis.

In other studies, Mojana et al. detected the posterior
vitreous in 89% of 202 eyes and the prevalence of bursa
premacularis in 42% of all cases, using SD-OCT [13].
Itakura observed the presence of PPVP in 83.3% of 102
eyes using FD-OCT and in 100% using an even newer
OCT technique — swept-source OCT. Stanga et al. found
a prevalence of bursa premacularis in 57.1% of 238 eyes
(119 patients) [4].

Therefore, bursa premacularis is an anatomical item of
the posterior premacular vitreous, whose existence was
discovered through dark field microscopy and that can
now be highlighted through OCT.

Epiretinal membrane

Epiretinal membrane (ERM) consists of an avascular
layer of cells that form and overly the macula [14]. The
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development of ERM involves glial cells, retinal pigment
epithelium cells, macrophages, fibrocytes and collagen
fibers [15]. Epiretinal membrane can be idiopathic or it
can be associated with posterior vitreous detachment,
retinal breaks, vascular retinopathy, ocular inflammation,
congenital ocular disorders, laser photocoagulation or
retinal detachment surgery [15]. There are several hypo-
theses on epiretinal membrane formation. One of these
supports the fact that vitreoretinal traction during the
development of PVD may cause dehiscence in the inner
limiting membrane through which glial cells can migrate
and proliferate on the inner retinal surface [9]. Another
assumption is that ERM may result from the proliferation
and transdifferentiation of hyalocytes contained within
vitreous cortical remnants left on the retinal surface
after PVD [9].

Epiretinal membrane can be asymptomatic or it can
contract leading to metamorphopsia, distorted and blurred
central vision. Regarding the diagnosis, ERM can be detected
on clinical fundus examination, but the certainty diagnosis,
the characteristics of the membrane and also the surgical
indication and postoperative visual outcome are assessed
through optical coherence tomography.

OCT features of epiretinal membrane are: hyper-
reflective line above ILM with or without retinal folds
showing the contractile or non-contractile effect on retina,
increased central macular thickness (CMT), macular edema,
effect on IS/OS junction. Macular edema and IS/OS
junction defect are associated with long-term disease and
thus increase damage to photoreceptor cells and worsened
functionality [15].

In our study, four patients were found with PVD and
ERM. In large clinical studies, PVD was found in 80%
to 100% of eyes with ERM, showing a high correlation
between these two entities [9]. It is considered that eyes
previously reported as having no PVD, actually had early
stages of PVD that could not be discerned clinically [9].

Idiopathic or full thickness macular hole

Idiopathic or full thickness macular hole (FTMH) is
characterized by a full thickness neuroretinal break or
defect of the macula, affecting the inner and outer retinal
layer and leads to visual impairment [16]. In many cases,
is related to posterior vitreous detachment and is mainly
seen in elderly [17].

The pathogenesis of macular hole’ formation is still
unclear, but it is broadly believed to have a strong rela-
tionship with the vitreous traction exerted on the fovea
[17]. Therefore, anatomical changes such as intraretinal
split, foveal pseudocyst and foveolar detachment have been
described as the primary findings in the macular hole’
development. The presence of intraretinal cysts may be an
indicator of ILM traction, which may activate Miiller cells
and cause accumulation of extracellular fluid in the retina
[18].

It has been generally accepted that anteroposterior
vitreous traction on the foveola exerted by a posterior
hyaloid membrane results in fovea splits or pseudo cysts
formation and rarely fovea detachment [19-21]. Pseudo-
cysts formation has extended posterior, disrupting the
outer photoreceptor layer and vitreous traction has led to
the opening of the inner roof of the cyst, with development
of a full thickness MH [19-22].

A fovea pseudocyst must be one of the next stages
of inner fovea splits in the process that may be a part of
the continuum of full thickness MH formation [21]. In
some cases, a fovea pseudocyst opens without disruption
of the outer retinal layer, resulting in a partial thickness
MH or lamellar hole that may not progress to a full
thickness MH [21, 23, 24].

The features of the MH are very important for the
surgical indications, and especially for postoperatory
visual outcome. The diameter of the MH and the base
diameter, which can only be measured by OCT, seem to
represent prognostic factors, as it reflects the real size of
the retinal lesion [23].

Spectral-domain OCT provides in vivo high-resolution
cross-sectional images of the microstructure of retinal
tissue. It has been used to characterize idiopathic macular
hole in order to understand its morphology, staging and
pathogenesis.

Total retinal function, explored through full-field ERG,
has been evaluated in a few studies on patients with
macular hole. In a study on 19 patients, Andréasson &
Ghosh found a delayed cone implicit time, showing that
the entire retinal function is affected [25]. They also made
a correlation between the full-field ERG and the visual
outcome after macular hole’ surgery, demonstrating a
change in the cone response 18 months after surgery
[25].

In our study, we found four patients with FTMH. All
four patients presented changes in full-field ERG, the
most sensitive being the 30 Hz Flicker.

& Conclusions

OCT imaging of the foveal anatomy and vitreoretinal
interface refined our understanding of the natural history of
PVD and improved etiological diagnosis in several related
conditions: cystoid macular edema, vitreomacular traction
syndrome, epimacular membrane, macular hole, macular
pseudohole, macular lamellar hole, etc. In macular patho-
logy, cone response of full-field ERG may be of great
interest in evaluating the retinal function.
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