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Myopic vitreopathy: Significance in anomalous PVD

and vitreoretinal disorders

Natalie Nguyen,* J. Sebag, MD, FACS, FRCOphth*

Myopia can be defined as a spherical equivalent
refractive error of minus diopters. By this cri-
terion, it has been estimated that the prevalence of
high myopia (greater than -6 diopters) in the gener-
al population is as high as 4%.! Myopia is considered
to be caused by both genetic and environmental fac-
tors.? The genetic effects upon vitreous can be con-
sidered myopic vitreous dystrophy while the effects
of environmental factors are appropriately termed
myopic vitreous degeneration. The combined effects
are best referred to as myopic vitreopathy.

Due to various effects on vitreous and retina,
myopia is one of the leading threats to vision, pri-
marily because it contributes to retinal detachment
(RD). In one study? the risk of rhegmatogenous RD
was increased by fourfold in individuals with a
spherical equivalent refractive error of -1 to -3
diopters. For individuals with greater than -3
diopters of myopia, the risk was tenfold greater than
for nonmyopic controls. The investigators of that
study concluded that nearly 55% of nontraumatic
RD in eyes without previous ocular surgery are due
to myopia. As alarming as these figures seem, they
may be underestimates. As pointed out by Percival,*
it is probably more accurate to define myopia on the
basis of axial length, particularly as it relates to the
posterior segment complications of this condition. In
his study, Percival found that using the definition of
high myopia as greater than -6 diopters yielded a
1.6% incidence of RD following cataract surgery.
However, with the definition of high myopia as an
axial length of greater than 26.5 mm, the incidence of
RD was 4.1%.

Myopia

As stated above, myopia is believed to result
from both genetic and environmental factors.? Vitre-
ous is likely to contribute significantly to this
process due to its role in ocular growth. This could
occur either as a result of primary abnormalities in
the vitreous, or vitreous could play a secondary role,
mediating the effects of a primary abnormality else-

*VMR Institute, Huntington Beach; and 'Doheny Eye
Institute, Keck /USC School of Medicine, Los Angeles, California.

where. It is well-known that vitreous is important in
ocular growth and this was long ago suspected to be
a causative factor in the development of myopia, as
embodied in the ectodermal-mesodermal growth
disparity theory of Vogt. Evidence in support of a
primary role for vitreous in the pathogenesis of
myopia derives from the observation that myopia is
a common feature in patients with diseases resulting
from inborn errors of type II collagen metabolism,
such as Marfan syndrome, Ehlers-Danlos syndrome,
and various other arthro-ophthalmopathies® (i.e.,
Wagner and Stickler syndromes?®), although collagen
type XI is probably more important in Stickler syn-
drome than type II. These systemic metabolic abnor-
malities result in abnormal collagen synthesis and
vitreous structure, termed hereditary vitreopathy.”
What is not widely appreciated is that the corpus
vitreus of a highly myopic eye is not only elongated
in the anteroposterior axis, but enlarged in the hori-
zontal axis and vertically as well (Figure 1).

In 1985, Curtin® revised Vogt’s theory to state
that excess formation of vitreous by retina expands
the sclera in a generalized fashion to produce

30|mm

24\mm

Fig. 1. Histologic cross-section of myopic eye (left) compared to
emmetropic eye (right). In the myopic eye the anteroposterior (AP)
dimension measured 30 mm, the horizontal axis was 26 mm, and the
vertical dimension was 25 mm. In the emmetropic eye the AP length was
24 mm and both the horizontal and vertical dimensions were 23 mm.
This demonstrates an overall enlargement of the myopic eye in all dimen-
sions, not just along the AP axis. Reprinted with permission from:
Spencer WH. Ophthalmic Pathology. Philadelphia: WB Saunders, 1985.
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myopia, or in a focal pattern to produce a posterior
staphyloma in extreme cases. In this context, the pri-
mary abnormality is in the retina. A recent study’
found that non-subtype-specific nicotinic antago-
nists chlorisondamine and mecamylamine each
inhibited the development of form-deprivation
myopia. Moreover, dihydro-beta-erythroidine, a rel-
atively selective competitive inhibitor for nicotinic
receptors, inhibited mainly axial elongation. The
investigators concluded that retinal or retinal pig-
ment epithelium (RPE) nicotinic cholinergic recep-
tors regulate postnatal ocular growth. In another
experimental study'® an indirect cholinomimetic,
diisopropylfluorophosphate (DFP), was demon-
strated to reduce myopia by 58% in DFP-injected
eyes rather than increasing myopia and elongation
of the vitreous chamber as expected. The steady-
state concentrations of acetylcholine and dopamine
were increased by 54% and 36%, respectively, in eyes
injected with DFP. As the combination of dopamine
antagonists and DFP reduced myopia, the authors
hypothesized that reduction is related to DFP effect
on dopamine levels in the retina. Thus, primary
abnormalities in retinal development could cause
abnormal vitreous development, resulting in
myopia, or deficient retinal metabolism in response
to other factors could be the cause. For example,
visual deprivation in monkeys!! induces myopia
that is due to an increase in axial length of the eye.!?
In humans, eyelid hemangiomas that occlude visual
input were found to result in a 50% incidence of
myopia.!?

Normal retinal metabolism and vitreous syn-
thesis may result in axial elongation if the sclera is
abnormal. Recent in vitro studies showed that ovo-
transferrin is synthesized and released from the
chick choroid and exhibits a dose-dependent inhibi-
tion of scleral proteoglycan synthesis by 62%. In this
study ovotransferrin also slowed the rate of axial
elongation in a form-deprivation model of myopia.
Thus, insufficient ovotransferrin synthesis by the
choroid in myopic eyes could result in excess vitre-
ous chamber elongation due to the lack of normal
proteoglycan synthesis in the sclera. That there is a
primary abnormality in scleral physiology and
metabolism is supported by studies’® where mus-
carinic receptor subtype-specific antagonists such as
pirenzepine inhibited chick scleral chondrocytes
synthesis of DNA and glycosaminoglycans, possibly
mediated by the M1 subtype. This prompted anoth-
er group of investigators'® to examine the effect of
the M4-selective antagonist, himbacine, on myopia.
It was shown to have dose-dependent inhibition of
induced myopia in chick eyes, thereby implicating a
role for the M4 receptor.

Vitreous

Structure and Function

Vitreous is composed of water, collagen,
hyaluronan (HA), and various other minor, albeit
important, molecular components. The origin of the
structural macromolecules of the vitreous is not clear-
ly understood. The two leading candidates for syn-
thesis of these macromolecules appear to be retinal
Miiller cells and hyalocytes.””** Thus, any abnormal-
ities including myopia-induced changes in Miiller
cell® or hyalocyte? function could readily result in
abnormal vitreous biochemistry and structure.

During youth, there is a homogeneous distrib-
ution of the major structural components of the cor-
pus vitreus, creating a solid gel that maintains clari-
ty within the eye (Figure 2). Vitreous transparency
depends on spreading apart collagen fibrils by at
least one wavelength of incident light so as to mini-
mize scattering. This is achieved by HA and other
glycosaminoglycans, as well as several unidentified
components of the unique extracellular matrix that
is the corpus vitreus.

Studies have determined that the retina is pri-
marily responsible for ocular growth? and most
likely performs this function by controlling the
degree and rate of enlargement of the corpus vitreus
during development. Almost all of the growth of the
eye after ages 2 or 3 years is due to expansion of the
eye between the region of the ora serrata and the
equator of the globe.”2 Much, if not all, of the force
inducing this expansion derives from the burgeon-

Fig. 2. Whole vitreous from a 9-month-old child. The sclera, choroid, and
retina were dissected, leaving the corpus vitreus attached to the anterior
segment. Because of the solid gel structure, the specimen maintains it
shape while situated on a surgical towel in room air. Specimen courtesy
of the New England Eye Bank. Reprinted with permission from reference
19: Sebag J. The Vitreous—Structure, Function, and Pathobiology. New
York: Springer Verlag, 1989. (See color plate in Appendix.)



ing growth of the corpus vitreus. An alternative
hypothesis for the control of eye growth was first
proposed by Porte et al,® who suggested that the
volume of the embryonic eye is controlled by the
effects of aqueous humor synthesis on intraocular
pressure. Studies by Beebe et al** on ciliary body
synthesis of aqueous humor and vitreous proteins
support this hypothesis. However, early studies by
Coulombre et al® proposed that during develop-
ment, vitreous growth was the major factor influ-
encing intraocular pressure and eye growth. Subse-
quent studies?® showed that vitrectomized eyes with
normal intraocular pressure had less ocular growth
than controls. Recent studies® showed that periph-
eral retinal ablation by cryopexy or laser photocoag-
ulation in rabbits between 2 and 8 weeks of age
caused significant reductions in axial length, equato-
rial diameter, corneal diameter, and total ocular vol-
ume. The investigators hypothesized that these
effects were due to interference with peripheral reti-
nal control of eye growth or destruction of hyalo-
cytes with elimination of their synthesis of vitreous
macromolecules, particularly the structural compo-
nent HA. Studies”” in humans who underwent
peripheral retinal cryoablation for retinopathy of
prematurity confirmed the finding of decreased eye
growth in treated cases. Thus, because vitreous
plays such an important role in eye growth, it may
have an important contribution in the origins of
myopia.

Anomalous Posterior Vitreous Detachment (PVD)

True PVD can be defined as a separation of the
posterior vitreous cortex from the internal limiting
lamina (ILL) of the retina. PVD results from weak-
ening of the vitreous cortex/ILL adhesion, in con-
junction with rheologic changes within the corpus
vitreus that lead to liquefaction. Dissolution of the
vitreous cortex/ILL adhesion at the posterior pole
allows liquid vitreous to enter the retrocortical space
via the prepapillary hole and perhaps the premacu-
lar vitreous cortex as well. There may be biochemi-
cal effects of liquid vitreous upon the vitreoretinal
interface that contribute to weakened adhesion.
With rotational eye movements, liquid vitreous dis-
sects a plane as a wedge between the vitreous cortex
and the ILL, leading to true PVD. This volume dis-
placement from the central vitreous to the preretinal
space causes the observed collapse of the vitreous
body (syneresis). Critical to the development of PVD
without untoward effects is the concurrence of vitre-
ous liquefaction (synchysis) and vitreoretinal dehis-
cence. There must be sufficient weakening at the vit-
reoretinal interface when the gel vitreous is liquefied
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enough to collapse so that the separation of vitreous
away from retina is innocuous.

Autopsy and clinical studies have estimated
that two out of three individuals over the age of 65
have PVD. It is more common in women and indi-
viduals with myopia, occurring 10 years earlier than
in emmetropia and hyperopia. Cataract extraction in
myopic patients introduces additional effects, caus-
ing PVD in even more patients. In a large number of
cases, however, this PVD is not innocuous. Anom-
alous PVD results when there is vitreous liquefac-
tion without concurrent dehiscence at the vitreoreti-
nal interface. The resulting anomalies can be
grouped into one of two categories: disruption of
retina or disruption of vitreous.

Retinal Disruption

Anomalous PVD can injure the retina via vitre-
ous traction, with the resulting pathology differing
based upon where the vitreous is most adherent.
Minimal vitreous hemorrhage occurs in 13 to 19% of
cases with PVD. This finding is generally considered
to be an important risk factor for the presence of a
retinal tear. Retinal tears result from traction upon
foci of firm vitreoretinal adhesion, such as lattice
degeneration and rosettes. In these examples of
anomalous PVD there was sulfficient vitreous lique-
faction to promote collapse of the corpus vitreus, but
insufficient dehiscence at the vitreoretinal interface
overlying blood vessels, in the case of vitreous hem-
orrhage, and in the peripheral fundus, in the case of
retinal tears, to result in an innocuous PVD.

In 1979, Maumenee® characterized several dis-
orders of inborn errors in type II collagen metabo-
lism with autosomal dominant inheritance and iden-
tified them as single-gene diseases with dysplastic
connective tissues resulting in joint laxity and vari-
ous other skeletal abnormalities. Marfan, Ehlers-
Danlos, and Stickler are the best known of these syn-
dromes. Advanced vitreous liquefaction at a young
age is typical in these patients. Since there is no con-
comitant dehiscence at the vitreoretinal interface,
anomalous PVD results and there is a high incidence
of RD due to large, posterior tears. Myopic vitreous
dystrophy is likely to be similar to these conditions,
which often have excess axial elongation as well.

Vitreous Disruption

A frequently unrecognized form of vitreoreti-
nal separation that can mimic true PVD is known as
vitreoschisis (Figure 3). This condition is character-
ized by forward displacement of the anterior portion
of the posterior vitreous cortex leaving part or all of
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Fig. 3. B-scan ultrasonography of posterior vitreoschisis. Splitting of the
posterior vitreous cortex (white arrow) can mimic posterior vitreous
detachment. The tissue that remains attached to the macula (P) can
induce macular pucker or macular holes (I = inner wall of vitreoschisis
cavity; P = outer wall). Reprinted with permission from: Green RL, Byrne
SF. Clinical ultrasonography. In: Ryan SJ, ed. Retina. St. Louis: Mosby,
1989,

the posterior aspect of the vitreous cortex still
attached to the retina.

Posterior vitreoschisis has recently been found
in proliferative diabetic vitreoretinopathy,® and may

play an important role in the pathophysiology of
this condition.?? Cases of premacular membranes
with macular pucker and cases of macular holes
may also result from persistent attachment of part or
all of the posterior vitreous. These manifestations of
anomalous PVD may be more frequent and particu-
larly severe in highly myopic eyes.

Posterior Segment Effects of Myopia

Vitreous

In myopia, the corpus vitreus is liquefied and
contains filaments with localized nodules.® Bio-
chemical studies* in myopic humans found
decreased collagen content and concentration in the
central vitreous. Hexosamine concentration, an
index of HA, was not only decreased in the central
vitreous but in the posterior vitreous cortex as well.
Confirmatory studies® in experimental models of
myopia found a decrease in vitreous protein concen-
tration. Other studies® determined that the decrease
in protein concentration in the liquid vitreous was
concurrent with an increase in the protein concen-
tration of the gel vitreous. More recent studies®? of
both the volumes of the gel and liquid compart-
ments of the corpus vitreus as well as the protein
content in these compartments found that although
overall vitreous volume increased in experimental
myopia, the volume of gel vitreous remained the
same, and there was a marked increase in liquid vit-
reous volume. Comparing the liquid and gel vitre-
ous of myopic eyes to controls with respect to pro-
tein content as well as the spectrum of proteins
resolvable by polyacrylamide gel electrophoresis
showed that whereas the protein profiles of the gel
and liquid vitreous were similar on the day of hatch-
ing, they differed by day 14 after hatching. The
investigators concluded that the accumulation of lig-
uid vitreous in the myopic eye is not a dilution phe-
nomenon, but rather the result of active synthesis of
liquid vitreous. This is different from the degenera-
tive liquefaction seen in aging in which the increase
in liquid vitreous volume occurs in synchrony with
a decrease in gel volume.””" Abundant synthesis of
liquid vitreous could be the source of increased
intraocular pressure, or perhaps more importantly,
an increase in the pressure gradient differential
between the corpus vitreus and the suprachoroidal
space® that results in elongation of the eye and
myopia. Another important consideration is that
because the corpus vitreus in myopia is far more lig-
uid than in an emmetropic eye, the different physi-
cal characteristics inherent to such a composition
may interfere with the feedback regulatory signals
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that would normally modulate the process of vitre-
ous synthesis and thereby limit the forces that influ-
ence growth of the eye. Such altered feedback regu-
lation may be an important component in the patho-
genesis of myopia.

In a retrospective, histopathologic study* of
308 eyes with pathologic myopia, nonspecific
degenerative changes of the vitreous were detected
in 35.1%. These investigators likely were describing
a prominence of liquid vitreous, erroneously liken-
ing this finding to the degeneration seen in aging.
Stirpe and Heimann® found that in 10% of 496 high-
ly myopic eyes, there was extensive vitreous lique-
faction and condensation of the vitreous base, result-
ing in giant retinal tears in 70% of these patients.
There were 87 eyes (17.5%) with a prominent poste-
rior vitreous lacuna; i.e., a large pocket of liquid vit-
reous. These eyes had more prominent posterior
staphylomata and a thin posterior vitreous cortex
that was firmly adherent to the ILL of the retina. Pos-
terior retinal breaks, including macular holes, were
present in 56% of these cases.

Anomalous Posterior Vitreous Detachment in Myopia

In myopia, the accumulation of liquid vitreous
that induces the increase in vitreous size and elon-
gates the eye also markedly destabilizes the corpus
vitreus and threatens the retina, as this vitreous lig-
uefaction does not occur concurrently with sufficient
dehiscence at the vitreoretinal interface. It is
known® that in youth there is strong adhesion of the
posterior vitreous cortex to the ILL of the retina.
Consequently, the finding¥ that the incidence of vit-
reous liquefaction and PVD is greater in people with
high myopia (greater than —6 diopters) and that this
occurs 5 to 10 years earlier than in emmetropic
eyes® portends risk. Given the discordance
between the processes of vitreous liquefaction and
dehiscence at the vitreoretinal interface that exists in
cases with anomalous PVD, the occurrence of PVD
in a myopic eye at a relatively young age is a dan-
gerous event. Furthermore, there are frequently dis-
tinct peripheral retinal lesions in myopia that make
PVD in the myopic eye particularly ominous.

Retina

In a study® based on preoperative evaluation
of 165 eyes with pathologic myopia undergoing
cataract extraction, lattice degeneration was found
in 9.7%, and retinal holes and tears in 3.6%.
Histopathologic evaluation® of 308 eyes with patho-
logic myopia revealed peripheral retinal degenera-
tion in 30.6%, with cobblestone degeneration in
14.3% and, somewhat surprisingly, lattice degenera-

tion in only 4.9%. However, a variant of this type of
degeneration was present in an additional 11.4%,
bringing the total closer to the prevalence of 16.5%
found in a clinical study*! of 436 eyes with myopia
>-6 diopters. Interestingly, this clinical study found
the highest prevalence of lattice degeneration in eyes
with -6 to -8.7 diopters (63 /154 eyes; 40.9%) with an
axial length of 26 to 26.9 mm, and the lowest preva-
lence (5/71; 7%) in eyes with more than —24 diopters
(axial length 232 mm). The authors suggest that this
may explain why RD following cataract surgery is
seen more commonly in patients with moderate
myopia than those with severe myopia. Contradic-
tory results were obtained in a recent study*? involv-
ing a random sample of 200 eyes where the highest
frequency of lattice degeneration was in myopic
patients with axial length between 29 and 30 mm
(greater than 15 diopters) and those with 25 to 27
mm (between 3 and 10 diopters). The reasons for
these disparate findings are not clear.

Retinal Detachment

The incidence of RD in the general population
ranges between 0.005 and 0.01%.%* RD occurs far
more frequently in patients with myopia. The Eye
Disease Case-Control Study Group?® found that sub-
jects with a spherical equivalent refractive error of -1
to -3 diopters had a fourfold greater risk of RD than
a nonmyopic individual. For refractive errors greater
than -3 diopters, the risk was tenfold greater. Anoth-
er study* retrospectively compared 1166 eyes with
RD to 11,671 eyes without RD. Myopia was present
in 82.2% of RD patients as compared to 34.4% of con-
trols. There was a relative frequency of RD equal to
0.83 in patients with myopia in the range of -0.75 to
—2.75 diopters. This is likely due to myopic vitreous
dystrophy (as described), younger age at onset of
PVD in myopic individuals, relatively high inci-
dence of peripheral retinal pathology, and abun-
dance of liquid vitreous available to access the sub-
retinal space and detach the retina. A variety of fac-
tors related to cataract surgery can further increase
the risk of RD (Table 1).

RD After Cataract Surgery in Myopia

Vitreous undergoes considerable molecular
and structural changes following cataract surgery.*
These abnormalities add to the risk for developing
RD already in effect as a result of myopia. Conse-
quently, a study*® comparing 291 patients with RD
with 870 matched controls found that the odds ratio
of RD increased by 0.92 for each diopter of myopia
and by 1.21 for each mm of axial length greater than
emmetropia. This again demonstrates the underesti-
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Table 1. Incidence of retinal detachment (RD) in certain
patient groups

Patient group Incidence of RD (%)

General population*? 0.01

ICCE*® 1.74

ECCE® 0.62

ECCE and YAG® Four- to fivefold increase
over ECCE

Myopia (-1 to -3 diopters)®  0.04

Myopia (>-3 diopters)? 0.1

Myopia + ICCE* 11.11

Myopia + ECCE*° 55

Myopia + ECCE + YAG*® 11

ICCE = intracapsular cataract extraction; ECCE = extracapsular
cataract extraction; YAG = Nd:YAG laser capsulotomy.

mate that results when defining myopia in terms of
refractive error as opposed to axial length.* Jaffe et
al¥ noted that after intracapsular cataract extraction
in high myopia, the rate of RD is ninefold greater
than after extracapsular surgery. Performing extra-
capsular cataract extraction in high myopia without
implanting an intraocular lens doubles the incidence
of postoperative RD.* The incidence of postopera-
tive RD in high myopia also doubles after YAG laser
capsulotomy (Table 1).

In recent years, there has been an increasing
trend of extracting clear lenses as therapy for high
myopia. The foregoing observations and considera-
tions seem to suggest that this approach may be
fraught with hazards. A 7-year follow-up study*

reveals that the incidence of RD after clear lens.

extraction (CLE) for high myopia (greater than —12
diopters) was 8.1% (4/49 eyes), almost double the
estimation for those with myopia greater than -10
diopters who do not undergo CLE. Furthermore,
PVD occurred in 16.3% of the studied eyes. These
results are even more striking when one takes into
consideration that prior to surgery, photocoagula-
tion was performed on patients with lattice degener-
ation and retinal breaks.

RD After LASIK Surgery for Myopia

As laser in situ keratomileusis (LASIK) has
increasingly been performed for the correction of
myopia, its effects on the vitreous and subsequent
RD have to be considered. In a clinical study™® of 100
eyes, 50 with low myopia (<4 diopters) and 50 with
high myopia (>7 diopters), partial or total PVD was
discovered in 4% of the former and 24% of the latter
group. This suggests that vitreoretinal changes fol-
lowing LASIK mainly occur in patients with high
myopia. In a study® consisting of 31,739 myopic

eyes, thegmatogenous RD occurred in 20 eyes after
LASIK, a frequency of 0.06%. The mean preoperative
myopia in these eyes was -7.02 diopters. The
authors concluded that rhegmatogenous RD follow-
ing LASIK for correcting myopia is infrequent. Sim-
ilarly, another study> involving 38,823 myopic eyes
that underwent surgical correction found that rheg-
matogenous RD developed in 33 eyes (frequency of
0.08%) postoperatively. The pre-LASIK myopia in
these eyes was a mean of -8.75 diopters.

Prophylaxis of Retinal Detachment

There have been various attempts to decrease
the inherent risks in surgical approaches to myopia.
In one study® of 49 eyes in 28 patients with high
myopia of -12 diopters or more, prophylactic
peripheral retinal laser photocoagulation was per-
formed before cataract extraction with intraocular
lens implantation. After 4 years of follow-up, the
incidence of RD was only 1.9%. However, in anoth-
er study™ of 41 eyes in 39 patients with high myopia
of -14 diopters or more who had undergone CLE
and developed postoperative RD, 26 (63%) had
undergone prophylactic laser photocoagulation
therapy before lens surgery. Such observations have
prompted one group of authors® to state that CLE is
contraindicated in the young, in eyes with axial
lengths greater than 29 mm, and in eyes with periph-
eral chorioretinal degeneration. Another author®
stated that “the possible optical benefits of clear lens
extraction in axial myopia are usually outweighed
by the severity of the risks and by the availability of
safer alternatives.” Future developments in the field
of refractive surgery may provide additional thera-
peutic options to substantiate this position further.
Alternatively, refractive surgery could be combined
with vitreous therapy to make the surgery safer.

Pharmacologic Vitreolysis

Coined® in 1998, this term refers to the use of
exogenous (to the vitreous) agents to alter the bio-
chemical and biophysical states of the macromole-
cules responsible for maintaining vitreous structure
and vitreoretinal adhesion. The goals of pharmaco-
logic vitreolysis are thus to induce liquefaction of the
gel and promote dehiscence of the vitreous from the
retina. It is important to note that the success of
pharmacologic vitreolysis depends upon inducing
these two events simultaneously, or at least insuring
that liquefaction does not progress without suffi-
cient vitreoretinal dehiscence. Uncoupling these two
processes, particularly by inducing liquefaction
without weakening vitreoretinal adherence, may
worsen matters significantly by provoking, rather
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than preventing or ameliorating, anomalous PVD
and its untoward sequelae: vitreopapillopathies, vit-
reomaculopathies, and peripheral retinal traction.

There have been a variety of approaches
attempted to date. Albeit unsuccessfully,
hyaluronidase was employed as early as 1949 and
collagenase in 1973. Table 2 outlines the approaches
that are currently being developed. The different
pharmacologic agents can be broadly grouped as
enzymatic and nonenzymatic. Within the enzymatic
group there are substrate-specific agents and non-
specific agents.

Early observations of the effects of blood on
vitreous laid the groundwork for approaches based
upon extracting active agents from blood for phar-
macologic vitreolysis. Plasmin is a nonspecific pro-
tease that can be isolated from the patient’s own
serum for use at surgery. It has been tested in rabbits
and several small series of pediatric and adult
patients undergoing vitrectomy by Trese and col-
leagues.® This agent is primarily advocated as an
adjunct to vitreoretinal surgery. A phase II clinical
trial of autologous plasmin agent is currently being
organized in the United States. There are also other,
so-called exogenous, sources of plasmin. Studies®
have shown that effective intravitreal levels of plas-
min can be generated by injecting tissue plasmino-
gen activator and breaking down the blood-retinal
barrier with cryopexy or laser photocoagulation.
Other studies® have used combinations of human
recombinant plasminogen and urokinase. Recently,
a human recombinant fragment of plasmin, called
microplasmin, has been shown to induce PVD in
porcine eyes.®!

Another relatively nonspecific protease cur-
rently under investigation is Dispase. The first inves-
tigations®? used Dispase to induce PVD in enucleat-
ed porcine and human cadaver eyes, noting no unto-

Table 2. Pharmacologic vitreolysis

|. Enzymatic vitreolysis
A. Nonspecific
1. Plasmin
a. Autologous (patient's blood)
b. Tissue plasminogen activator (tPA + blood-retinal
barrier breakdown)

c. Plasminogen-urokinase (combine in patient's eye)
d. Microplasmin (human recombinant)

2. Dispase

B. Substrate-specific
1. Chondroitinase
2. Hyaluronidase
3. Collagenase

Il. Nonenzymatic vitreolysis

ward effects upon retinal histology and ultrastruc-
ture. Subsequent studies® were successful in using
this agent in vivo to remove cortical vitreous during
vitreous surgery in the pig. Since Dispase has prote-
olytic activity against type IV collagen and
fibronectin, there is some concern that the ILL of the
retina might be adversely affected by this agent. Yet
the histologic studies®? in porcine and human cadav-
er eyes found that only the lamina rara externa of the
ILL was affected, with lesser effects upon the lamina
densa. Although subsequent animal studies found
that this agent did not alter the electroretinogram in
vivo, and no neuroretinal ultrastructural abnormali-
ties were detected postmortem,*® other studies® in
rabbits and humans detected retinal toxicity.

A substrate-specific enzyme that has been in
development for a number of years by Drs. Greg
Hageman and Steve Russell is chondroitinase. This
agent lyses chondroitin sulfate, a molecule that may
be important in the maintenance of both the gel state
of vitreous® and vitreoretinal adhesion; hence, there
has been considerable interest in the use of this agent.
Indeed, studies® have purportedly shown that when
used as an adjunct to vitreous surgery, chondroiti-
nase facilitates the removal of premacular mem-
branes. Several years ago, a phase I trial using this
agent during vitreous surgery in patients was com-
pleted in the United States, yet the results still await
publication. In this trial, patients with macular holes
and others with proliferative diabetic vitreoretinopa-
thy were treated with chondroitinase during vitreous
surgery, with no untoward effects. Phase II studies of
efficacy have yet to be undertaken.

In addition to facilitating vitreoretinal surgery
as currently performed, pharmacologic vitreolysis
could possibly replace vitrectomy, as was proposed
with hyaluronidase to clear vitreous hemorrhage
without vitrectomy. However, in the phase III Food
and Drug Administration trial undertaken in the
United States, this drug was not found to be effec-
tive. This may be due to the fact that the trial includ-
ed patients with both type I and type II diabetes. In
the former group the patients are younger and more
likely to have an attached vitreous without a weak-
ened vitreoretinal interface. Thus, although the
enzyme may have decreased the viscosity of vitre-
ous gel and facilitated the outflow of red blood cells,
the persistent attachment of the posterior vitreous
cortex to the retina and to any neovascular complex-
es arising from the retina and optic disk would cause
recurrent vitreous hemorrhage, and possibly RD.
Indeed, there has been some discussion of using this
agent to induce PVD in patients with nonprolifera-
tive diabetic retinopathy, since liquefaction of the
vitreous body and detachment of the posterior vitre-
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ous cortex away from the retina prior to the onset of
new vessel growth into the vitreoretinal interface
(see below) will have a far better prognosis than if
the vitreous were still attached. However,
hyaluronidase is not likely to induce vitreoretinal
separation and PVD, at least on theoretical grounds.
Indeed, studies” in experimental animal models
have shown contradictory results in this regard,
with the most recent studies® finding no such effect.
On the other hand, combining hyaluronidase with
SF, has purportedly induced PVD in the rabbit.® It
is plausible that the expanding gas, and not the
enzyme, is responsible for these effects, since many
years ago Lincoff and Machemer reported similar
effects with expanding gas alone.

Ideal Solutions for Pharmacologic Vitreolysis

It is important to note that in the Dispase
studies, there was no evidence of vitreous liquefac-
tion. With hyaluronidase there is no vitreo-retinal
separation. This underscores the concept that few,
if any, single agents alone can achieve both of the
desired components of effective pharmacologic vit-
reolysis: liquefaction of the gel and vitreoretinal
dehiscence. Dispase causes dehiscence but not lig-
uefaction. Hyaluronidase liquefies vitreous gel but
without gas probably does not induce PVD. Chon-
droitinase may do both but the depolymerization
of HA and chondroitin sulfate only results in a
reduction of vitreous gel wet weight and not gel
destruction.”® Collagenases would probably be
needed to achieve such effects. Indeed, vitreous
molecular morphology is so complex and there are
so many different changes that occur with aging
and various diseases that the future will probably
see the use of a mixture of agents whose relative
concentrations will need to be adjusted in consider-
ation of the patient’s age, disease, and the desired
effect. Ideally this would begin by inducing vitreo-
retinal dehiscence, and then be followed by lique-
faction of the gel vitreous.
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