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Abstract: Vitreous constitutes about 80% of the volume of the human eye. It is an extended extracellular matrix that is
composed of collagen, hyaluronan, and other extracellular matrix molecules, but mostly water. In both health as well as
disease, especially diabetic retinopathy (DR), special attention should be drawn to the posterior vitreous cortex and its relation to the retinal surface. The important role of vitreous in the pathogenesis of proliferative DR has already been demonstrated by several experimental and clinical studies. Thus, vitreoretinal separation by pharmacologic vitreolysis and/or
removal by surgical means are appropriate approaches to interrupt the pathogenic contribution of vitreous and prevent
progression of diabetic retinopathy to more advanced stages. This review describes various aspects of the molecular morphology and structural anatomy of vitreous and the vitreoretinal interface, as well as the role of vitreous in the pathophysiology of DR. Lastly, this treatise provides a comprehensive analysis of novel vitreous modulators for pharmacologic
vitreolysis in the treatment of DR. Microplasmin is currently the most promising approach to treat vitreoretinal traction by
pharmacologic vitreolysis.
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1. MOLECULAR MORPHOLOGY OF VITREOUS
Vitreous is a unique extracellular matrix formed by a
complex macromolecular network. Although it has a gel-like
structure, the transparent gel vitreous is composed primarily
of water (98%). Yet, its viscosity is approximately twice that
of water, mainly due to the presence of glycosaminoglycans
(GAGs), primarily hyaluronan (HA), which interact with
collagen, forming the three dimensional organization of the
vitreous gel [1, 2].
In fact, recent studies showed that although the viscosity
of the vitreous gel is variable, it maintains several times
more viscous than water, balanced salt solution (BSS) or
even aqueous humour. Lee et al. [3] measured the viscosity
of human vitreous gel with 300–2.000 cP, while the viscosity
of water is 1 cP.

protein core. HA plays a pivotal role in stabilizing the vitreous gel and prevents collagen fibrils from aggregating [6-8].
Among sulfated GAGs, the main vitreous constituent is
chondroitin sulfate (CS) which is usually found attached to
core proteins to form proteoglycans (type IX collagen and
versican) in a ladder-like configuration, maintaining collagen
fibril separation. Also, other molecules such as fibrillins,
opticin, and vit1 may play a role in organizing the threedimensional network that achieves the physiologic functions
of media clarity and shock absorption [7, 9, 10]. Of these
minor constituents, Opticin may be the most important since
it is believed to play a role in both HA-collagen interaction
as well as maintenance of vitreo-retinal adhesion [6]. Opticin
may also play an important role in maintaining vitreous
transparency (Fig. (1)) by dint of its ability to inhibit the migration and proliferation of various cells.

At the ultrastructural level, HA and type II collagen are
believed to be the principal components of the vitreous associated with a small amount of sulfated or unsulfated GAGs
[4]. HA was first isolated from bovine vitreous in 1934 by
Meyer and Palmer [5] and is a major macromolecule of vitreous. Its concentration is estimated between 65 and 400
mg/ml and contains an average molecular weight of 3 – 4.5 x
106 Daltons. It is a linear, three-fold helix of a repeating disaccharide (glucuronic acid  (1,3)-N-acetylglucosamine)
moieties and also contains a covalently linked proteoglycan
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Fig. (1). Human vitreous dissected of the sclera, choroid, and retina.
From Sebag J: The Vitreous –Strcuture, Function, and Pathobiology. Springer-Verlag, New York, 1989. Specimen courtesy of New
England Eye Bank.
© 2011 Bentham Science Publishers Ltd.
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Whereas, HA imparts viscoelasticity to vitreous, collagen
is responsible for its structural frame. Collagen concentration
in the vitreous gel is approximately 300 ug/ml, consisting
mostly of type II collagen, but also a hybrid of collagen
types V/XI and type IX at a molar ratio of 75 : 10 : 15 [1, 2] .
These collagen molecules are organized into a triple polypeptide chain folding in its characteristic triple helical configuration and assembled into fibrils with a rope-like structure that have a diameter of 7 - 28 nm [9]. The supramolecular organization of the vitreous gel consists of a meshwork of
collagen fibrils interspersed with arrays of HA molecules [2].
Collagen type V/XI reside in the core, while collagen type II
surrounds the core, and type IX collagen is mainly found on
the surface of the fibrils [9].
1.1. Ultrastructure of the Vitreo-Retinal Interface
Although the exact nature of vitreoretinal adhesion is
unknown, it most probably results from the biophysical
properties of the extracellular matrix molecules found at the
vitreoretinal interface [1, 2, 4, 11]. This interface includes
the inner limiting lamina (ILL) of the retina and the posterior
vitreous cortex, a 100-um thick layer of collagen fibrils running parallel to the retinal surface [12]. The posterior vitreous cortex is an important structure in the human with respect to both normal physiology [1] and several pathologic
conditions of the posterior segment [1, 4] (Fig. (2)).
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The ILL is the trilaminar basal lamina of Müller cells,
consisting of laminin, fibronectin, types I and IV collagen,
proteoglycans, laminin, fibronectin and other glycoconjugates, that are thought to bridge and bind collagen fibers
between the posterior vitreous cortex and the ILL, acting as a
molecular glue between vitreous and retina. Laminin and
fibronectin are thought to play a role in stabilizing vitreoretinal adhesion [13]. In the eye, fibronectin is present in the
ILL and the vitreous, whereas laminin is located only in the
ILL [14]. Fibronectin exists on the surface of most cells and
extracellular matrices as well as basement membranes e.g.
ILL [15]. It has a high affinity for extracellular matrix components such as collagen [16]. Laminin, on the other hand, is
located only on the ILL, where it binds to and promotes the
adhesion of cells to collagen type IV [17-20]. At the vitreous
base there are unbreakable adhesions resulting from vitreous
collagen fibrils passing perpendicular through the ILL and
intertwining with collagen on the retinal side of the interface.
Posterior pole adhesion of the vitreous to the retina, however, is mediated by molecular interactions between the PVC
and the ILL [1, 4, 11, 12, 21].
2. AGING AND POSTERIOR VITREOUS DETACHMENT
In the posterior vitreous cortex, which is responsible for
the retinal pathology that most often requires surgical intervention, the collagen fibers are much more densely packed
and course in a direction roughly parallel to the inner retina.
During aging, vitreo-retinal adhesion weakens, probably
related to typical changes of basal lamina aging and the effects of free radicals, which are generated by incident light
and cell metabolism in the tissues surrounding vitreous [21].
Within the vitreous body there is progressive increase in the
volume of liquefied vitreous (synchysis) [22] leading to ultimate collapse of the vitreous body (syneresis) [23]. Clinically, synchisis is an important phenomenon, because it ultimately results in posterior vitreous detachment (PVD),
which occurs when there is concurrent weakening at the vitreo-retinal interface. In most cases, vitreous syneresis results
in complete and innocuous vitreo-retinal separation, or PVD.
If there is insufficient weakening at the vitreo-retinal interface, anomalous PVD [24] can induce potentially serious
pathologic events at the vitreoretinal interface (e.g. retinal
tears and retinal detachment, intravitreal hemorrhage, or
various vitreo-maculopathies) [22].
3. PATHOPHYSIOLOGY OF DIABETIC VITREOPATHY & RETINOPATHY
3.1. The Role of Vitreous in Diabetic Retinopathy

Fig. (2). Scanning electron microscopy of the human vitreo-retinal
interface demonstrates the inner (anterior) aspect of the ILL (top
photo), which is composed primarily of type IV collagen, and the
outer (posterior) aspect of the posterior vitreous cortex (bottom
photo), whose fibrils are primarily composed of type II collagen.
(bar = 10 microns).

Several experimental and clinical studies demonstrated
that the vitreous plays an important role in the pathogenesis
of proliferative diabetic vitreo-retinopathy (PDVR). Retinal
vessels are normally excluded from the vitreous cavity, however in PDVR there are proliferating vessels at the vitreoretinal interface and into the posterior vitreous cortex, suggesting at least a facilitating role if not an active role for vitreous in the angiogenic process [25]. There is also evidence
that the vitreous of patients with DR contains elevated levels
of growth factors synthesized and transported from retinal
cells into the vitreous cavity [26-28]. This may be due to the
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fact that in addition to the ischemia induced by inadequate
retinal blood flow, the abnormalities in vitreous biochemistry
induced by diabetes interferes with the transport of oxygen
from the ciliary body to the inner retina, worsening retinal
ischemia. It is known that the vitreous of humans with
PDVR contains elevated levels of advanced glycation endproducts [29]. Thus, in PDVR intravitreal proteins that normally inhibit angiogenesis may also undergo marked nonenzymatic glycation impeding their ability to inhibit angiogenesis and contributing to the pathogenesis of PDVR [30,
31].
Sebag et al. [29, 31, 32] investigated the effects of diabetes on human vitreous biochemistry as well as the structural
consequences of these biochemical abnormalities, and termed the phenomenon Diabetic Vitreopathy [31]. The findings suggest that elevated levels of glucose in vitreous induce the formation of advanced glycation end-products,
cross-linking of vitreous collagen, and excess liquefaction
which without dehiscence at the vitreo-retinal interface can
place traction upon the retina and any structures at the vitreoretinal interface, such as neovascular membranes. It is
known from the work of Faulborn and Bowald, who studied
the vitreo-retinal interface in humans with PDVR, that new
vessels arising from the optic disc and retina grow into the
posterior vitreous cortex [25]. Thus, in addition to providing
a scaffold for the migration and proliferation of retinal capillary endothelial and other vasoproliferative cells, the posterior vitreous can influence the course of PDVR in two ways:
Firstly, rheologic changes within the gel of a diabetic patient
may induce precocious senescence and syneresis without
concurrent dehiscence at the vitreo-retinal interface. This
will place traction upon the new blood vessels and aggravate
the process of neovascularization by stimulating further
growth. Secondly, the posterior vitreous cortex, which consists of extracellular matrix proteins, mainly fibronectin and
laminin [33], is organized in lamellae which can split, a phenomenon known as vitreoschsis [34]. Studies have shown an
increased incidence of vitreoschsis in patients with PDVR
[35]. The development of vitreoschsis could thus rupture
new vessels that have grown into the posterior vitreous cortex, inducing vitreous hemorrhage. Indeed, the typical ‘boatshaped’ hemorrhage see in these patients is likely hemorrhage into a vitreoschisis cavity (Fig. (3)). Previous clinical
reports indicated that PDVR is rare if the posterior vitreous
is completely detached from the retinal surface, as frequently
found after pan retinal photocoagulation [36] and surgical
vitrectomy, since the scaffold for proliferating cells is destroyed.
Diabetes also induces a breakdown of the blood-retinal
barrier, leading to an accumulation of serum proteins, especially fibronectin (up to 10-fold) at the vitreoretinal interface
[33]. Since fibronectin mediates the adhesion and migration
of proliferating endothelial cells [37], this can promote
neovascualrization. In the advanced stages of DR the vitreous gel contracts, leading to vitreous hemorrhage due to the
rupture of the proliferative vessels, as well as traction retinal
detachment. Shrinkage of the vitreous indicates cross-linking
of collagen fibrils [38]. Angiogenic cells migrate and then
neovascular proliferation arises in this vicious cycle.

Fig. (3). Vitreoschisis in PDVR with vitreous hemorrhage loculated
between the two walls of the vitreoschisis cavity. Courtesy of Ron
Green, MD, University of Southern California.

3.2. Clinical Staging of Proliferative Diabetic VitreoRetinopathy
As the vitreous has a defined role in the pathogenesis of
DR, vitreous removal by enzymatic or surgical means is an
appropriate technique to interrupt this process and to prevent
progression to advanced stages. Various studies have demonstrated that vitrectomy earlier in the course of the disease
prevents the onset of severe complications [39, 40]. However, a good postoperative visual outcome is difficult to predict even though various factors like preoperative visual acuity, short duration of visual loss, absence of iris neovascularization, a clear lens and partial panretinal photocoagulation are known [39]. Therefore a classification of proliferative diabetic vitreoretinopathy (PDVR) including the status
of the retina and the vitreous was established by Kroll et al
[41]. Since the posterior vitreous cortex is mainly responsible for this disease entity, the term PDR has been changed to
PDVR in analogy to the term proliferative vitreoretinopathy
[31, 41, 42]. Stage A is characterized by proliferative
changes on the retinal surface throughout the retina, however
the retina is totally attached. Stage B consists of circumscribed tractional retinal detachment around the optic disc
and at the temporal arcades, as a result of shrinkage of the
vitreoretinal interface. However, the macula is attached, so
good visual acuity is still present. Stage C is characterized by
tractional retinal detachment involving the macula. Due to
macular detachment visual function is always reduced (Fig.
(4)). This classification has an important impact as a prognostic value regarding postoperative visual outcome [43].
In addition, there may be strong adhesions at the margin
of the optic disc resulting in vitreopapillary traction. The
posterior vitreous cortex is particularly adherent to the optic
disc and can exert significant force resulting in vitreopapillary traction. Recent studies [44] have shown that 87.5% of
patients with a macular hole have vitreo-papillary adhesion,
in contrast to macular pucker, where only 17.9% had vitreopapillary adhesion (P < 0.00005). Vitreopapillary traction
has been proposed as a possible cause of temporary or
chronic functional impairment. Tractional forces may elon-

Novel Vitreous Modulators for Pharmacologic Vitreolysis in the Treatment

Current Pharmaceutical Biotechnology, 2011, Vol. 12, No. 3

413

Fig. (4). Classification of proliferative diabetic vitreoretinopathy (PDVR). Stage A –with proliferative changes on the retinal surface
throughout the retina; Stage B - circumscribed tractional retinal detachment around the optic disc and at the temporal arcades without macular detachment; Stage C - tractional retinal detachment involving the macula.

gate the optic nerve fiber bundles, which may consecutively
lead to their thinning. The distortion of normal anatomy
could interfere with axoplasmatic transport leading to a reduction of axolemmal transmission, which manifests in abnormal VEP [45]. Additionally, vitreopapillary traction may
reduce the diameter of the blood vessels nourishing the optic
nerve head, causing ischemia of the papilla. Both, decreased
axoplasmatic transport in the optic nerve fibers (neurogenic)
as well as a mechanical restriction of blood flow (vasogenic)
seem to be reversible after release of vitreous traction by
vitrectomy [45-48].
3.3. The Role of Vitreous in Diabetic Macular Edema
The posterior vitreous cortex is also believed to play a
role in the pathogenesis of diabetic macular edema (DME)
[49-51]. In Boston, Nasrallah and associates [52] determined a significantly higher incidence of an attached posterior
vitreous in eyes with DME than in eyes without DME. These
findings suggest an important role of the posterior vitreous in
DME. A complete PVD, occurring in the majority of healthy
individuals during aging, may also have a protective effect
against more advanced stages of diabetic retinopathy in diabetic patients. However, some diabetic cases may develop
liquefaction with insufficient dehiscence of the posterior
vitreous cortex from the retina, thus preventing a complete
separation from the retinal surface also known as “Anomalous PVD” [24]. The sequelae of anomalous PVD vary, depending on whether the firmly adherent posterior vitreous
cortex that remains full or in partial thickness on the retina,
known as vitreoschisis [34], a common phenomenon in
macular holes and macular pucker [53]. Hikichi and associates [54] investigated the natural course of DME associated
with the vitreomacular traction (VMT), presumably in an
antero-posterior direction. They observed spontaneous resolution of the edema in 55% in eyes with vitreomacular separation, compared to 25% in eyes with persistent VMT. A taut
posterior vitreous cortex may also exert tangential traction
thereby inducing DME [55].

3.3.1. Mechanisms of Vitreo-Maculopathy in Diabetic
Macular Edema
a) Mechanical Release Theory
Breakdown of the blood-retinal–barrier (BRB) accumulates a high concentration of intravitreal serum-derived
chemoattractants, stimulating cellular migration on the attached posterior vitreous cortex. Contraction of these cells
may induce tangential traction and exacerbation of DME
[56]. Sebag and associates suggested that the abnormal
cross-linking induced by non-enzymatic glycation might
affect the collagen architecture structure in diabetic vitreous,
inducing vitreomacular traction (VMT) [32, 57, 58]. Steffanson [15] explained the effects of VMT on retinal edema in
the light of the Newton’s third law [59]. It is known that to
any action (force) there is always an opposite and equal reaction (counter-force), thus a vitreomacular traction (VMT)
will always met by an force in the opposite direction in the
retinal tissue causing a reduced pressure in the tissue of the
retina. This lower tissue pressure may changes the difference
between the hydrostatic pressure in the blood vessels and the
tissue itself leading to macular edema. Since 1896 we know
by Starling law: “there is always a balance between the hydrostatic pressure in the blood of the affected capillaries and
the osmotic attraction the corresponding adjacent fluids. A
release of the traction will therefore change equilibrium increasing the pressure in the tissue, thus lowering the hydrostatic pressure gradient and reduce which will reduce the flux
of water from the blood capllaries into neuroretinal tissue
and edema formation (see Starling’s law below).
b) Chemical Release Theory
Ischemia in retinal tissue and a breakdown of the bloodretinal barrier elevates the concentration of numerous angiogenic growth factors in the retina and the premacular posterior vitreous cortex exacerbating DME. A removal of the
posterior vitreous cortex and gel by vitrectomy may release
and wash out these preretinal growth factors, as well as enhance the diffusion of all molecules to and from the retina.
Molecules that are produced in the retina, such as vascular
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endothelial growth factor (VEGF) may be cleared at a higher
rate in the fluid vitreous cavity leading to a reduced VEGFconcentration. Oxygen is normally transported by diffusion
and convection from the anterior chamber (where the PO2 is
normally higher than at the retina) to the posterior segment,
resulting in anterior segment and iris hypoxia. However, in
the vitrectomized–lensectomized eye there is the oxygen
transport between the anterior and posterior segments of the
eye were increased compared to the intact eye [60, 61]. The
consecutive clearance of VEGF and additional cytokines
may help to prevent macular edema and retinal neovascularization in ischemic retinopathies. Conversely, growth factors
such as VEGF could be transported more readily from the
retina to the iris.
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duce zonules disruption during intracapsular cataract surgery. In vitreous, hyaluronidase was employed as early as
1949 [65] and collagenase in 1973 [66]. Experimentally, if
HA is enzymatically removed, the gel will shrink but its
structure is not destroyed. On the other hand, if collagen is
removed, the remaining HA persists as a viscous solution.
Thus, the ideal approach to crafting pharmacologic means to
manipulate the gel state of the vitreous and its attachment to
the retina would be to first definitively characterize the molecular nature of these phenomena and to then design precise
methods to alter these states [24].

4. SURGICAL INDUCTION OF POSTERIOR VITREOUS DETACHMENT
Previous investigations reported a salubrious impact of
pars plana vitrectomy (PPV) on DME [49-52, 54]. Vitrectomy with removal of the premacular posterior vitreous cortex may resolve DME and improve vision in patients who
previously failed to respond to conventional laser treatment.
It is not known whether this would also be the case in comparison to intravitreal anti-VEGF injections. The most relevant mechanism for the improvement of the edema is the
relief of vitreomacular traction (Fig. (5)). Nevertheless, both
trans-vitreal oxygenation and improved growth factor diffusion away from the macula have been suggested as potentially beneficial effects. Also, other systemic and local factors including duration of edema, extent of ischemia and
exudation, and extent of laser may result in permanent photoreceptor and capillary damage, which precludes anatomic
or visual benefit. Most of the studies on the subject of vitrectomy for DME are retrospective and uncontrolled but
strongly suggest a benefit in terms of improved acuity and
reduced macular thickness following vitrectomy. The proportion of eyes that improved more than two lines in these
studies ranged from 50 to 78% [62]. Yamamoto and associates [63] reported an improvement of 60% in visual acuity
after the vitrectomy in patients with DME, PVD and epiretinal membranes. Notwithstanding, less consistent results were
found in prospective studies as reported by DRCR.net group
(Diabetic Retinopathy Clinical Research Network 2009) [64]
which analyzed 87 eyes with at least moderate vision loss
(20/63 – 20/400) and vitreomacular traction. After 6 months
of follow-up, 38% eyes improved 10 letters and 22% had
worsened 10 letters in the ETDRS chart. A few randomized
controlled trials did not suggest either a clear benefit from
surgery [64].
Patient selection for surgery on the basis of partial vitreomacular separation on OCT or clinical signs of traction
such as an epiretinal membrane or taut thickened posterior
vitreous cortex has been reported to be associated with a
modest improvement in prospective studies but this has not
been subjected to controlled study [62].
5. PHARMACOLOGIC VITREOLYSIS AND THE INDUCTION OF PVD
The use of enzymes in ophthalmology has a long history.
Chymotryprsin was one of the first enzymes applied to pro-

Fig. (5). Vitreomacular traction on high resolution optical coherence tomography (OCT) shows the convex elevation of the neuroretina leading to visual distortion and reduced visual acuity in a
patient with DME.

With the idea of pharmacologic manipulation of the vitreous gel and its attachment to the retina, a variety of approaches have been attempted to date. In order to prevent an
anomalous PVD, during pharmacologic vitreolysis the first
step should be to induce the vitreoretinal dehiscence to create
a cleavage plane between the retinal surface and the posterior
vitreous cortex, and then induce collapse (syneresis) via liquefaction (synchisis) inducing PVD more safely and completely than can currently be achieved by mechanical means
[11, 55, 67, 68]. Induction of liquefaction without adequate
dehiscence at the vitreo-retinal interface might actually cause
anomalous PVD and worsen the clinical state.
Pharmacologic vitreolysis refers to the use of agents that
can liquefy the gel structure of the vitreous (synchisis) and
weaken the adherence of the posterior vitreous cortex to the
ILL of the retina [67]. The goal of pharmacologic vitreolysis
is to manipulate the vitreous macromolecules to induce both
liquefaction, as well as dehiscence at the vitreyretinal interface. Enzymes have been employed for more than 60 years.
A purified preparation of the former agent has failed
Phase III FDA clinical trials of its efficacy to clear vitreous
hemorrhage without vitrectomy.
5.1. Pharmacologic Vitreolysis as Adjunct to Surgery
There are several reasons to pursue enzymatic-assisted
vitreoretinal surgery. First, some retinal diseases, which are
currently treated with mechanical manipulation of the vitreo-
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retinal interface, may be managed more safely by pharmacologic vitreolysis [69]. Second, pharmacologic vitreolysis
may achieve better anatomic and therefore possibly better
functional results by creating a cleaner cleavage plane between the posterior vitreous cortex and the retina than is
conventionally achieved by surgery [55, 69]. This is of particular importance in eyes with incomplete removal of the
cortical vitreous from the retinal surface, or in eyes with vitreoschisis, especiallly diabetic eyes [70]. Third, as incomplete PVD has been shown to be associated with both development of aggressive fibrovascular proliferation and macular
edema, pharmacologic induction of complete PVD may prevent progression of DR if given before advanced stages of
diabetic eye disease [55, 71]. Furthermore, pharmacologic
vitreolysis may improve physiology by improved transport
of molecules in the vitreous cavity. Several enzymes have
been suggested as adjunctive therapy to vitreoretinal surgery,
including chondroitinase, hyaluronidase, dispase, and plasmin enzyme (Table 1). Of note is that hyaluronidase and
dispase were of limited success due to insufficient vitreoretinal separation or digestion of inner retinal structures leading
to retinal edema [72-78].
5.2. Terminology and Classification of Pharmacologic
Vitreolysis
The term “enzymatic vitreolysis” was originally proposed since initial attempts predominantly used enzymes as
adjuncts to surgery [79,80]. Later the term “pharmacologic
vitreolysis” was proposed [67], since vitreolysis agents were
classified in “enzymatic” or “nonenzymatic” mechanisms
according to their properties and action. At that time Sebag
proposed that these agents could be further characterized as
either nonspecific or substrate-specific agents. The former
included tissue plasminogen activator [81], plasmin [82, 83],
microplasmin [84, 85] and nattokinase [86]; while substratespecific agents included chondroitinase [87], dispase [76, 88]
and hyaluronidase [75, 89].
Recently, Sebag has proposed an alternative classification based upon the biologic effects of the different agents, in
particular whether they induce liquefaction (“liquefactants”)
or whether they induce dehiscence at the vitreoretinal interface (“interfactants”). Table 1 lists the different pharmacologic vitreolysis agents currently in development [90].
Table 1.

Pharmacologic Vitreolysis Classification Based on
Biologic Activity [90]

Liquefactants (Agents that Liquefy the Gel vitreous)
Nonspecific

Substrate specific

tPA, plasmin, microplasmin, nattokinase, vitreosolve*
chondroitinase, hyaluronidase

Interfactants (Agents that alter the Vitreoretinal Interface)
Nonspecific

Substrate specific

tPA, plasmin, microplasmin, nattokinase, vitreosolve*
dispase, chondroitinase, RGD-peptides*

* denotes non-enzymatic agents.
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5.3. Pharmacologic Vitreolysis Agents
5.3.1. Enzymatic
a) Streptokinase
Streptokinase (SK), a protein secreted by several species
of streptococci, can bind and activate human plasminogen.
SK is used as an effective and inexpensive clot-dissolving
medication in some cases of myocardial infarction [91] and
pulmonary embolism [92]. Streptokinase belongs to a group
of medications known as fibrinolytics, and complexes of
streptokinase with human plasminogen can hydrolytically
activate other unbound plasminogen through bond cleavage
to produce plasmin. It is supplied as a lyophilized white
powder containing 25 mg cross-linked gelatin polypeptides,
25 mg sodium L-glutamate, sodium hydroxide to adjust pH,
and 100 mg Albumin (Human) per vial or infusion bottle as
stabilizers and is stored below 25°C until administered.
Cherfan et al. [93] were the first to describe the intraocular use of streptokinase, as a fibrinolytic agent to dissolve
fibrinous exudates after pars plana vitrectomy. They reported
no clinically detectable adverse effects following an intraocular injection of 1,000 IU of purified streptokinase. Furthermore, Baha and associates [94] evaluated the possibility
of using SK to induce PVD in rabbit’s eyes and its toxicity.
In their study, SK, in a dose of 1,500 IU/mL, was able to
induce PVD in rabbits with minimal toxic effects on the retina.
Streptokinase may also bind to plasmin and form the
streptokinase-plasmin complex. This complex may generate
free plasmin catalytically by hydrolysis of plasminogen and
may also be converted to a streptokinase–plasmin complex
with fibrinolytic activity. Plasmin has been suggested as a
means to modulate vitreoretinal adhesion in animal models
[81, 82, 95, 96], but only streptokinase–plasmin has been
tested in a pilot human case series so far. In these studies,
intravitreal injections of 0.4 activity units (AU) followed by
vitrectomy did not elicit any toxic effects [71, 97-99]. Hermel et al. [100] assessed the safety range of intravitreal human streptokinase-plasmin in rabbits. Enzyme doses from
0.1–7 activity units (AU, in 0.1 ml) were injected into the
vitreous cavity of 35 eyes; six control eyes were injected
with balanced salt solution (BSS, 0.1 ml). Thirty minutes
after injection, a two-port vitrectomy was performed. Doses
up to 3 AU were found to be safe. There may be applicability
of SK use in humans should further studies prove this approach safe and effective.
b) Hyaluronidase
Hyaluronidases degrade hyaluronan by cleaving glycosidic bonds of hyaluronan and, to a variable degree, some
other GAGs. Hyaluronidase may lower the viscosity of
vitreous, thereby mimicking liquefaction. It was hypothesized that this may increases the diffusion rate of erythrocytes and phagocytes through the vitreous and facilitates red
blood cell lysis and phagocytosis [101, 102] in subjects with
vitreous hemorrhage. However, this eventually was proven
not to work in phase III FDA trials.
Hyaluronidase is commercially available in different
forms. A bovine testicular protein enzyme less purified with
thimerosal as a preservative (Wydase®) has been widely used
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in ophthalmology for approximately 40 years as a spreading
or diffusing agent, most commonly to enhance the effect of
injectable local anesthetics. Even though, this bovine
hyaluronidase/thimerosal formulation was designed as a
spreading agent and not for intravitreous injection, the first
reports of hyaluronidase intraocular use performed with the
bovine form. Studies by Bishop et al. [87] found a significant depolymerisation of the vitreous hyaluronan in both
bovine and rabbits [103]. Whether, hyaluronidase actually
can induce PVD is controversial. Harooni et al. [104]. found
PVD biomicroscopically and histologically in rabbits nine
weeks after administration of 10 to 20 U hyaluronidase.
Hikichi et al. [75] on the contrary found no PVD on scanning electron microscopy in rabbits 6 months after administration of 20U hyaluronidase. Safety studies on intravitreal
bovine hyaluronidase have shown significant signs of retinal
toxicity. Gottlieb and colleagues [103] reported retinal necrosis 7 days after treatment with 150U in rabbit eyes and
Heegaard et al. [105] described a disarray of the retinal fibrillary network after administration of hyaluronidase on
monkey retina.
Recently, a purified preparation of ovine hyaluronidase
(Vitrase, ISTA Pharmaceuticals, Inc., Irvine, USA) failed to
clear vitreous hemorrhage without vitrectomy in a phase III
FDA trial. A common ocular adverse event to hyaluronidase
was iritis, reaching 62.1% of the 75 IU group and retinal
detachments were present in 9.5% of eyes [74]. While this
agent has been proposed to induce PVD, there is little theoretical basis for this approach, because hyaluronidase alone
will not likely degrade the molecules responsible for vitreoretinal adhesion. Indeed, experimental trials of hyaluronidase
in rabbits failed to achieve PVD [75].
c) Nattokinase (Subtilisin NAT)
Nattokinase is a serine protease composed of 275 amino
acids produced by fermentation of the Bacillus subtilis
(natto) [106]. It has fibrinolytic activity when administered
orally and is widely available in processed and health foods
containing natto (fermented soybean) extracts. Besides its
potent fibrinolytic activity, enhancing plasminogen activators and inactivating a plasminogen activator inhibitor, Nattokinase also hydrolyzes collagen fibers [107, 108]. Based
on this propriety, Takano and associates [86] investigated
the liquefying efficacy when injected into the vitreous cavity.
Different doses of nattokinase (1, 0.1, or 0.01 fibrindegradation units (FU)) were injected into the vitreous of rabbits.
Scanning electron microscopy showed smooth retinal surfaces, indicating the occurrence of PVD at 30 minutes after
intervention in all the experimental eyes injected with 0.1 or
1.0 FU nattokinase. However, with the higher dose (1 FU) of
nattokinase toxicity in the form of preretinal hemorrhage and
ERG changes was noted. Further study of the optimal concentration of nattokinase and the mechanism of its adverse
effects should be conducted.
d) Chondroitinase (Chondroitin ABC Lyase)
Chondroitinase is an enzyme which degrades chondroitin
sulphate. Bishop and colleagues [87] studied the mode of
action chondroitin ABC-lyase in bovine vitreous gel and
found it similar to hyaluronidase. They reported a depolymerization of hyaluronan as well as the CS without destroying
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the vitreous structure, resulting in a slight reduction in the
gel wet weight. In porcine cadaver eyes, chondroitinase also
proved to facilitate vitreous mass removal after 1-3 hour of
incubation [109]. In vivo, however, Hermel and Schrage
[110] could not demonstrate an enhanced frequency of PVD
after 60 minutes of treatment with 1 IU chondroitinase in the
pig. This is probably because the dose was too low. Indeed,
experiments in monkeys were performed using higher doses
(20 – 10.000 IU) and proved the efficacy of this enzyme in
separating vitreous from retina without damaging the ILL,
just 5 to 15 minutes after injection. Chondroitinase has also
been utilized to detach epiretinal membranes in four monkeys, without evidence of toxicity [72]. Further investigations into the mode of action and efficacy of chondroitinase
are necessary to establish its possible role as an aid to vitrectomy. On theoretical grounds, this agent is very attractive
since it is both a liquefactant and interfactant.
e) Plasmin
Plasmin is a non-specific serine protease mediating the
fibrinolytic process, and acting on a variety of glycoproteins
including laminin and fibronectin, which are present between
vitreous the collagen fibrils of the posterior vitreous cortex
and the internal limiting lamina at the retina [14, 33]. In a
landmark paper published in 1993, Verstraeten and colleagues induced PVD in rabbit eyes by intravitreal injection
of this enzyme followed by vitrectomy [82]. In 1999, Hikichi
and co-workers [95] confirmed complete PVD after injection
of 1U plasmin and 0.5 ml SF6 gas in the rabbit model, without evidence of retinal toxicity. In an electron microscopic
study, the vitreoretinal interface in postmortem human eyes
showed complete vitreous separation with sparse collagen
fibrils after the injection of plasmin [111]. There are various
approaches to obtaining plasmin for clinical use (Fig. (6)).

Fig. (6). Plasminogen system. As an enzyme, tPA catalyses the
conversion of plasminogen to plasmin and mediating the degradation of extracellular matrix proteins.

•

Tissue plasminogen activator (tPA)

tPA is a serine protease found on endothelial cells that is
responsible for catalyzing the conversion of plasminogen to
plasmin, the major enzyme responsible for clot breakdown
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[112]. Because it works as fibrinolytic agent, tPA is used to
treat embolic or thrombolytic stroke [113]. tPA has also been
injected into vitreous in an attempt to generate plasmin by
activation of endogenous plasminogen [114]. However, in
order to allow plasminogen to enter the vitreous, a breakdown of the blood-retinal-barrier (BRB) proved to be necessary.
Hesse et al. [114] were the first report success in using
intravitreal injection of tPA to induce PVD. Several other
studies [95,97,115] have since described the mechanism of
PVD induction by tPA, in particular plasmin activation increasing the degradation of extracellular matrix proteins. In
the rabbit, a complete PVD was observed in all eyes treated
with 25 μg tPA. Case series and retrospective studies also
observed PVD after intravitreal injection of tPA [116, 117].
Although, PVD was carefully confirmed by the OCT findings and the observation Weiss’s (glial) ring, this might not
be sufficient to determine the presence of PVD. Furthermore,
a prospective, randomized, double-blind study designed by
Le Mer et al. in patients with PDVR did not suggest benefit
in the 25ug tPA treatment group [118]. They divided 56 patients undergoing surgery for complications of DR into two
groups: one receiving 25ug tPA 15 minutes before vitrectomy and the other receiving just buffered salt solution
(BSS). The major criteria for comparison were the number of
perioperative iatrogenic tears, the gain in visual acuity, and
the reattachment rate of tractional retinal detachments. The
authors attributed the failure of tPA to the short delay between TPA injection and beginning of surgery, an insufficient dose, or an insufficient quantity of plasminogen in the
vitreous at the beginning of the intervention.
Nonetheless, tPA has a role in vitreoretinal surgery as
adjuvant therapy for the treatment of postvitrectomy fibrin
formation and submacular hemorrhage. Another therapeutic
effect of intravitreal tPA was described by Chung et al. [119]
in diabetic patients with massive premacular hemorrhage. It
is likely that these patients have blood into a vitreoschisis
cavity. A Nd:YAG laser membranotomy was performed on
the anterior was of the vitreoschisis cavity and tPA (25 microg/0.1 mL) was injected into the vitreous cavity of seven
eyes, along with 0.2 mL. After the combined therapy, the
patients recovered vision within 4 weeks and the hemorrhages were completely absorbed within 8 weeks. There
were no associated ophthalmic complications.
• Autologous Plasmin Enzyme (APE)
APE is generally obtained by a long and expensive procedure that requires the collaboration of a blood unit. First,
the plasminogen is isolated from human plasma by affinity
chromatography. Then it is concentrated and activated by the
addition of streptokinase. Finally, it is sterilized by filtration.
Although the use of plasmin obtained by chromatography
has been found to be safe and efficient, the production of the
plasmin enzyme is technically and logistically difficult and
expensive. Hence, other alternative method has been proposed to facilitate the production of the APE for vitreoretinal
surgery; 1 hour before surgery a sample of the patient’s
blood is centrifuged and incubated with streptokinase [120].
Using this method, Rizzo and coauthors reported the presence of PVD in 85% of the eyes which received the APE
solution intravitreally [120].
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Pharmacologic vitreolysis by intravitreal injection of
APE has been proposed by several researchers. In a pilot
study, Williams et al. [71] assessed the use of the APE as an
adjuvant to vitreous surgery in eyes with advanced diabetic
retinopathy. A beneficial surgical result was also reported in
cases of pediatric macular [98, 121] and idiopathic macular
holes in adults [122]. There is evidence of a favorable effect
of plasmin on the ultrastructure of the ILL and its separation
from the vitreous, as reported by Asami et al. [97]. However,
the efficacy and toxicity of intravitreal APE is dosedependent. Intravitreal injection of 0.4 IU of plasmin has
been demonstrated to be sufficient to separate the posterior
vitreous cortex from the ILL, without resulting in retinal
toxicity, up to the maximal tested concentration of 3–4
IU/mL. Gandorfer and colleagues [123] also found a direct
correlation between the exposure time of plasmin and the
degree of vitreoretinal separation in pigs’ eyes. They
achieved a complete vitreous detachment in eyes exposed to
2 IU plasmin for 60 min.
Recently, Diaz-Llopis et al. [124] evaluated the efficacy
of an intravitreal injection of 0.2ml of APE without a vitrectomy to treat refractory diffuse diabetic macular edema. Sixteen patients with bilateral DME who had not responded to
prior laser photocoagulation, received an injection in one
eye, while the fellow eye served as a control. Intravitreal
APE injection effectively reduced macular thickening and
improved visual acuity in a 1-month follow-up. Further prospective and randomized studies with a more representative
number of patients are needed to determine more accurately
which patients could benefit most from this treatment, and
how often and at what concentration the autologous plasmin
should be administered.
• Microplasmin
Microplasmin is a recombinant protein, representing the
truncated form of the human plasmin with retained protease
activity [84]. The molecular weight of microplasmin is 28
kDa, which is lower than the molecular weight of human
plasmin (88 kDa). Theoretically, this should enable microplasmin to penetrate epiretinal tissue more effectively
than plasmin. Tests conducted in pig, cat, and human eyes
have confirmed that it can produce posterior vitreous separation, leaving a smooth retinal surface at doses of approximately 125 ug [84, 115, 125]. Histologic and ERG analyses,
in rabbit’s eyes revealed no evidence of toxicity [82, 115]
except for a transient decrease in a- and b-wave amplitudes
which was seen in eyes that received higher doses of microplasmin even 90 days after injection. In another study,
only increasing doses from 0.01 U to 0.03 U injected into rats
eyes to induce PVD showed degradation of photoreceptors
and the outer retina [126].
Microplasmin (ThromboGenics, Leuven, Belgium) activity and safety was also evaluated in human patients. The
MIVI trial [127], was a prospective uncontrolled and nonrandomized trial to investigate the effect of 4 doses (25, 50,
75 or 125 ug in 100 uL) of microplasmin given 1 h, 1 day,
and 1 week before vitrectomy in patients with vitreomacular
traction. Even at the lower doses, with increasing time, a
higher proportion of patients achieved posterior vitreous
detachment. Only one retinal detachment developed shortly
after administration of microplasmin and two developed after
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surgery, confirming the safety of this approach. It was noted
at surgery that with a 125 ug dose, patients had a discontinuous layer of vitreous present on the retinal surface resulting
from the induction of a PVD and vitreoschisis.
Even more recently a phase 2, multicenter, placebocontrolled, double-masked, parallel-group, dose-ranging
clinical MIVI trial [70] evaluated the safety and efficacy of a
preoperative intravitreous injection of microplasmin in 125
patients scheduled for vitreous surgery for either vitreomacular traction or macular hole. Intravitreous injection of either
microplasmin at 1 of 3 doses (25 ug, 75 ug, or 125 ug) or
placebo was administered 7 days before PPV. Rates of total
PVD at the time of surgery were 10%, 14%, 18%, and 31%
in the placebo group, 25 ug, 75 ug and 125 ug microplasmin
groups, respectively. In terms of resolution of vitreomacular
interface abnormality precluding the need for vitrectomy at
the 35-day was observed at rates of 3%, 10%, 15%, and 31%
in the placebo, and the 25 ug, the 75 ug and the 125 ug microplasmin groups, respectively. At the 180-day time point,
the equivalent rates were 3%, 7%, 15%, and 28%, respectively. Resolution of anomalous PVD may also be associated
with this result. Thus microplasmin is currently the most
promising approach to treat vitreoretinal traction by pharmacologic vitreolysis.
f) Dispase
Dispase, also called neutral protease, has the capability to
hydrolyze several proteins including collagen type IV and
fibronectin, which are present at the vitreoretinal interface
and support attachment of the vitreous cortex to the ILl [77,
138]. Application of dispase in porcine eyes induced a PVD
[76, 77]. However, dispase appeared to be toxic to the retina
at the different doses and time courses. Intravitreal dispase
caused substantial damage including preretinal hemorrhage
and vitreous inflammation after 15 minutes. Longer exposure
(7 days) to a higher dose of dispase (0.1 U) can induce n.
irreversible cataract, as well as ERM formation [78]. Because dispase derives usually from Bacillus polymyxa, containing endotoxin, it may not be optimal for intraocular application.
5.3.2. Non-Enzymatic Agents
a) RGD-Peptides
RGD-peptides administered into the vitreous cavity
might also weaken vitreoretinal adhesion by a non-enzymatic
mechanism of action. The extracellular matrix (ECM) proteins at the RGD-containing binding side cross-compete with
RGD-peptides applied to the vitreous [129]. As previously
explained, the ILL is predominantly composed by proteins
including fibronectin, laminin and collagen types I and IV.
These ECM components are critical in the mediation of cellcell and cell-matrix interactions such as vitreomacular adhesion. Adhesions and signals of the ECM are normally transmitted to cellular tissue via receptors on the cell surface,
called integrins. The primary connection of these integrins to
the ECM involves the Arg-Gly-Asp (RGD) binding sequences. The integrins are heavily linked to fibronectin and
laminin at this cellular side, which are the major adhesive
glycoproteins of the ILM in the eye especially in DR. Several integrins bind through the RGD binding site with other
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ECM proteins, such as fibronectin, vitronectin, laminin and
collagen. Most importantly, the analogs of synthetic peptides
of RGD such as Gly-Arg-Asp-Thr-Pro (GRGDTP) are
known to compete for the RGD motif of ECM proteins to
disrupt integrin-ECM-interactions and therefore loosen the
attachments. Evidence suggests that these adhesions are defined, at least in part, by collagen fibrils of the cortical vitreous anchored in the ILM adjacent to Müller cell pedicles on
the inner surface of the retina [129]. Previous research in
pharmacologic vitreolysis has concentrated on using enzymes to promote digestion of the ECM, consequently producing a non-specific destruction of adjacent tissue and
sometimes unwanted side effects.
®

b) Vitreosolve

Vitreosolve® is another non-enzymatic agent for pharmacologic vitreolysis that has been evaluated in Phase III clinical trials conducted at multiple sites in the United States,
India, and Mexico. This agent is comprise of urea which
‘unravels’ collagen fibers and purportedly induces both liquefaction and vitreo-retinal dehiscence, making it both a
liquefactant and interfactant. The objective of these clinical
trials was to evaluate the safety and efficacy of intravitreal
injections of Vitreosolve® to induce a PVD (as determined
by ultrasound) in patients with non-proliferative diabetic
retinopathy (NPDR). This prospective, randomized, doublemasked, placebo-controlled study enrolled approximately
400 patients with NPDR in the United States and India, and
150 in Mexico. The study design involved monthly intravitreal injections for 3 months. The results showed that
while Vitreosolve® did induce a PVD in 50% of cases, PVD
also occurred in 36% of controls (V. Karageozian, MD –
personal communication). This difference was not statistically significant and all clinical research with Vitreosolve®
has been terminated.
While this is disappointing, there may be valuable lessons to be learned. It is important that clinical trials be designed with sufficiently large subject groups to assure statistically-significant results. Thus, while the Vitreosolve® trials
involved over 500 subjects, these were apparently not sufficiently large numbers. Secondly, no pre-clinical studies were
done with Vitreosolve® in diabetic animals or patients. Studies have previously shown that the vitreous gel and vitreoretinal interface in diabetic patients is quite different from
normals [29, 31, 32]. Thus, investigators are well-advised to
research the effects of agents for pharmacologic vitreolysis
in appropriate models of the ultimate disease application
[90], in this case to induce PVD in subjects with diabetic
vitreopathy [29, 31, 32] and vitreo-retinopathy [42]. This
shortcoming was also a factor in the failure of Vitrase® (a
hyaluronidase) to induce beneficial effects in diabetic patients. That pharmacologic vitreolysis liquefactant also failed
to obtain FDA approval for pharmacologic vitreolysis and is
also not currently in clinical use.
6. FUTURE PERSPECTIVES
It has long been known that vitrectomy surgery can aid in
the treatment of diabetic retinopathy [130]. This phenomenon has been hypothesized to be linked with a PVD-induced
relief of hypoxia in ischemic regions of the diabetic inner
retina as a result of increased movement of O2 from O2-rich
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to O2-poor areas of the vitreoretinal surface [50, 131, 132].
Barbazetto et al. [133] recently demonstrated an increase in
pO2 levels in the vitreous following vitrectomy surgery in
humans. Thus, achieving a clean enzymatic separation between the ILL of the retina and the posterior vitreous cortex
by pharmacologic means could be an effective treatment for
ischemic retinal diseases by increasing vitreo-retinal O2 exchange. It has been shown that PVD formation leads to elevated levels of O2 in the lens nucleus. This finding may have
implication with regard to the occurrence of age-related PVD
in the human and a possible acceleration of maturity-onset
nuclear cataract. In addition, the demonstration that an enzymatic creation of a PVD significantly increased the rate of
O2 exchange within the vitreous may have potential application for treatment of retinal ischemic disease. The ability of
several agents to induce a PVD and increase O2 exchange in
vitreous may have clinical applications regarding treatment
of retinal ischemia.

[6]

In the future, pharmacologic vitreolysis research should
be performed on eyes with abnormal vitreous, see conditions
identified in (Fig. 4) as well as systemic condition such as
diabetes [90]. It is known, for example, that diabetes induces
significant biochemical and structural effects on vitreous,
resulting in diabetic vitreopathy [31]. The diabetic vitreous is
so significantly different from normal vitreous, studies on
the effects of pharmacologic vitreolysis on normal vitreous
may fail to result in effective implementation of this therapy
in pathologic conditions. This consideration might partly
explain why hyaluronidase failed in Phase III FDA clinical
trials for treating vitreous hemorrhage in diabetic retinopathy
[74]. Although this agent did clear vitreous hemorrhage in
32.9% of cases, the saline control also cleared the blood in
25.5% of cases [39].. Another explanation for the failure of
Vitrase relates to the fact that hyaluronidase is not an interfactant, only a liquefactant (Table 1). Thus, although
hyaluronidase will liquefy gel vitreous, it will not induce
vitreoretinal dehiscence.

[14]

The recent studies findings with microplasmin (125 ug
dose [127]), tPA and APE hold promise for inducing PVD
without morphologic alteration of the retina. This approach,
is effective in approximately 30% of cases reducing the need
for surgery. It is possible, that more than one agent may be
needed simultaneously to increase the efficacy rates [11].
Future research should explore this approach as well as investigate new and more potent agents for innocuous pharmacologic vitreolysis. This will be necessary before pharmacologic vitreolysis can be used as prophylaxis for advanced
diabetic vitreo-retinopathy on a widespread basis.
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