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Abstract
Proliferative vitreoretinopathy (PVR) is thought to represent an exaggerated and protracted scarring process following
rhegmatogenous retinal detachment (RD) and following RD surgery. Following detachment, a combination of retinal
ischaemia, inflammation and cell proliferation lead to the formation of tractional membranes on the epiretinal and subretinal
surfaces and to marked gliosis within the retina that leads to retinal shortening. Both of these factors convert a
rhegmatogenous RD into a tractional one are a major feature of RD surgery failure. The major cell types that are involved in
PVR are retinal pigment epithelium (RPE), glial cells (principally Muller cells) and inflammatory cells (macrophages and
lymphocytes). These cells interact with numerous growth factors and cytokines derived from the breakdown of the
blood–retinal barrier and from vitreous contact that trigger a cascade of cellular processes, such as epithelial–mesenchymal
transition (EMT), cell migration, chemotaxis, proliferation, elaboration of basement membrane and collagen and cellular
contraction, that lead to overt retinal pathology. This review covers the histopathology of PVR and touches upon the cellular
processes involved in the pathogenesis of PVR.

Introduction

Proliferative vitreoretinopathy (PVR) is a term that was
originally used in a seminal paper published by Retina
Society Terminology Committee in 1983 with further
revisions in 1989 by the Silicone Study Group [1, 2]. It is an
intraocular scarring process that complicates up to 10% of
rhegmatogenous retinal detachment (RD) cases and is one
of the main factors that lead to failed RD surgery [3, 4]. It
comprises the production of epiretinal and subretinal
fibrocellular membranes that contract and convert a rheg-
matogenous RD into a tractional RD. This brief review will
cover the histopathology of subretinal, intraretinal and
epiretinal PVR and will briefly discuss what is currently
known about the cell types involved in this scarring process
and will discuss salient aspects of pathogenesis.

Histopathology of PVR

Epiretinal PVR

Figure 1a, b illustrates very well, the typical histological
appearance of epiretinal PVR. It comprises a band of fairly
dense collagen (Fig. 1a) within, which is embedded spindle
cells (Fig. 1b). This fibrocellular membrane has contractile
activity and distorts the inner limiting membrane of the
retina, which becomes concertinaed (Fig. 1c). Immunohis-
tochemistry clearly demonstrates that most of the spindle
cells are positive for Cytokeratin 7 (CK7,Fig. 1d). This
indicates that these cells are transdifferentiated retinal pig-
ment epithelial (RPE) cells and form the bulk of the cellular
population in epiretinal PVR [5–8]. Other cell types that are
present include myofibroblasts that express alpha-smooth
muscle actin (Fig. 1e) that impart contractile properties to
the fibrocellular membrane, GFAP positive glial cells
(astrocytes Fig. 1f) and some CD68-positive macrophages
(not shown).

Subretinal PVR

Figure 1g shows a fairly typical appearance of subretinal
PVR. The classical appearance is that of bands of basement
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type material that can be positive for Periodic Acid Schiffs
stain (PAS) (Fig. 1g, h), around which are wrapped, tubes of
RPE cells that express CK7 (Fig. 1i). Admixed with these
cells are smooth muscle actin-positive myofibroblasts (not
shown) and CD68-positive macrophages (Fig. 1j). These
membranes form subretinal bands that impede retinal reat-
tachment. They can also contract due to the presence of the
myofibroblastic population [9–12]. In some cases, Muller
glial cells migrate to the subretinal location to constitute the
cellular mix. Another type of subretinal membrane com-
prises diffuse sheets of predominantly migrating Muller
cells and is associated with less retinal morbidity [12].

Intraretinal PVR

This process comprises a gliosis that involves the Muller
cells. This is due to hypertrophy and hyperplasia of
Muller cells that lead to the process of retinal shortening
and distortion that renders the retina difficult to flatten
surgically [13–16]. Figure 1k illustrates a juxtaposition
of fairly normal looking retina with one that is affected
by intraretinal PVR (Fig. 1l). The latter shows dense
GFAP brown staining that indicates the glial cell
pathology, in the context of extensive retinal neuronal
cell loss.

Fig. 1 a Haematoxylin & Eosin (H&E) stained section of retina. The
asterisk indicates a fibrocellular membrane of PVR. b H&E higher
power image of plate A showing spindle cells (arrow) in the col-
lagenous stroma of the PVR membrane. c H&E showing the tractional
effects of the PVR membrane. The arrow shows a concertinaed retinal
inner limiting membrane. d Cytokeratin 7 immunohistochemistry
showing that the spindle cells in the PVR membrane are positive (red
= positive) indicating that they are transdifferentiated retinal pigment
epithelial cells (RPE-arrow). e Smooth muscle actin (SMA) immu-
nohistochemistry showing positivity (brown= positive) of myofibro-
blasts in the PVR membrane (arrow). f Glial Fibrillary Acidic Protein
(GFAP) immunohistochemistry showing glial cells in the PVR
membrane (arrow). g H&E showing typical subretinal PVR, with

bands of pink basement membrane surrounded by pigmented RPE
cells. h Periodic Acid Schiffs (PAS) stain showing the basement
membrane rich (arrow) scaffold of subretinal PVR. i Cytokeratin 7
immunohistochemistry showing that RPE in the subretinal PVR
membrane are positive (red= positive-arrow). j CD68 immunohis-
tochemistry showing positivity (red= positive) of macrophages
(arrow). k GFAP immunohistochemistry of a relatively preserved
stretch of retina showing positivity (brown= positive) within the optic
fibre layer below and streaks of positivity at right angles to the optic
fibre layer, within the Muller cells. The blue dots are retinal neurons.
l GFAP immunohistochemistry within a detached retina, showing pan-
retinal positivity (brown= positive), associated with loss of neuronal
bulk. This is intraretinal PVR (gliosis)
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Cell types involved in PVR

It has been shown repeatedly from animal models and
human retina biopsies that the main cellular constituent of
PVR is the RPE [17]. Under normal circumstances, quies-
cent RPE sits on Bruch’s membrane with a very low turn-
over rate. The latter is due to contact inhibitory influences
[18, 19]. When a rhegmatogenous RD occurs, there is
damage to the blood–retinal barrier. This exposes the
quiescent RPE to vitreous and blood-derived cytokines and
growth factors that cause the RPE cells to initially detach
from Bruch’s membrane [18, 19]. The RPE cells, under the
influence of these cytokines and growth factors undergo a
critical process called epithelial–mesenchymal transition
(EMT), which converts a static polarised epithelial cell into
a proliferative migratory spindle cell [18]. The latter ela-
borates basement membrane and collagen. These transdif-
ferentiated spindle cells can migrate along the subretinal
plane and assume an epiretinal location by migrating
through retinal breaks, leading to the pathology illustrated
in Fig. 1.

In rhegmatogenous RD, ischaemia is present within the
detached retina, leading to neuronal cell death. The space
left by this becomes occupied by Muller cells that undergo
hypertrophy and hyperplasia (gliosis) [13–16, 20] The
gliosis appears to be a double-edged sword as on one hand,
it is thought to be offer protection to further neuronal loss,
but on the other hand, the Muller cells can release cytokines
that lead to further cell loss [21]. The Muller cells are a rich
source of cytokines that contribute to processes, such as cell
proliferation, cell migration, chemo-attraction inflammation
and fibrosis.

Macrophages occupy the subretinal space and vitreous
after rhegmatogenous RD and are present in subretinal and
epiretinal PVR. They are a rich source of cytokines that can
mediate a variety of cellular processes similar to the cyto-
kines released by Muller glial cells [22].

Cytokines and molecular mechanisms involved in
PVR pathogenesis

One of the key steps in PVR is RPE EMT. Under normal
resting conditions, the RPE cells are bound together by
desmosomes and adherens junctions and attached to
Bruch’s membrane by hemidesmosomes. The cells express
proteins, such as E-cadherin, epithelial cell adhesion
molecule, occludins, claudins that all go to maintaining
cellular polarity in RPE. In response to RD, exposure to
vitreous and plasma products and inflammatory cytokines,
the RPE cells undergo EMT, characterised by the expres-
sion of transcription factors (such as TWIST, SNAIL and
ZEB) that activate various genes (N-cadherin, vimentin,
beta 1 and 3 integrins, matrix metalloproteinases) that

induce a mesenchymal state and repress the genes that are
involved in epithelial polarity. The mesenchymal state
confers the RPE cells with motility and invasive properties
[23].

TGF-beta is present in high concentrations in eyes with
PVR (there are three isoforms, TGF-Beta 1, 2 and 3) and
induces EMT and type I collagen and extracellular matrix
production in RPE cells via the Smad intracellular signal-
ling cascade. It is also involved in contraction of epiretinal
PVR invoking macrophages and RPE-derived TGF-Beta 2,
which induces myofibroblast differentiation from fibroblasts
[24–30].

Some studies have shown an association between
platelet-derived growth factor (PDGF) and the development
of PVR. PDGF is a dimeric growth factor with many iso-
forms (PDGF-AA, AB, BB, CC, DD) that bind to its
receptor causing dimerisation. The receptor subunits can be
αα, αβ or ββ. Analysis of PVR membranes from humans
has shown high expression of the ligand and receptors in
RPE cells and Muller cells and acts as a mitogen for these
cells as well as promoting migration and cellular contraction
[31–35].

Tumour necrosis alpha has been implicated in PVR by
the identification of genetic polymorphism of the TNF locus
that predisposes some to PVR development [36].

Several chemokines are implicated in PVR including IL-
6, IFN-gamma. IL-6 is derived from macrophages and
T cells and leads to proliferation of fibroblasts (and collagen
synthesis) and glial cells. High levels of IL-6 have been
identified in the vitreous of eyeballs exhibiting PVR
[37, 38]. IFN-gamma is also elevated in globes affected by
PVR and activates macrophages [28, 39]. Other intracellular
signalling pathways thought to be involved in the patho-
genesis of PVR include the Jagged/Notch pathway and
Wnt/β-catenin signalling pathway [39]. Components of the
Jagged/Notch pathway increase in RPE cells undergoing
EMT from TGF-β stimulation [39]. The Wnt/β-catenin
signalling pathway is also implicated in aspects of EMT
[39].

Summary

An interplay of retinal ischaemia, inflammation and cell
proliferation all conspire to lead to PVR. The main cell
types implicated are RPE, glial cells and inflammatory cells.
RPE cells undergo EMT that leads to their proliferation and
migration, followed by the production of contractile fibro-
cellular membranes at epiretinal and subretinal locations.
Intraretinal Muller cell gliosis consequent to ischaemia
induced neuronal loss leads to intraretinal PVR and retinal
shortening. A combination of the RPE/fibrocellular mem-
brane pathology and the intraretinal PVR Muller cell
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alterations results in a retina that is difficult to flatten.
Numerous cytokines, growth factors and signalling cas-
cades orchestrate the interactions between the various cell
types implicated in PVR and trigger EMT, cell migration,
chemotaxis, proliferation, extracellular matrix deposition
and collagen production. A detailed understanding of these
pathways should permit novel strategies to overcome this
dreaded complication of rhegmatogenous RD and RD
surgery.
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