Clinical Ophthalmology

Dovepress
open access to scientific and medical research

Review

Open Access Full Text Article

Clinical Ophthalmology downloaded from https://www.dovepress.com/ by 35.172.233.215 on 14-Aug-2020
For personal use only.

Profile of ocriplasmin and its potential
in the treatment of vitreomacular adhesion
This article was published in the following Dove Press journal:
Clinical Ophthalmology
6 May 2014
Number of times this article has been viewed

Francisco R Stefanini 1–3
Maurício Maia 1
Paulo Falabella 1–3
Marcel Pfister 2,3
Moritz Niemeyer 2
Amir H Kashani 3
Mark S Humayun 3
Michael J Koss 2,3,4
Retina Division, Department of
Ophthalmology and Visual Sciences,
Federal University of Sao Paulo, Sao
Paulo, Brazil; 2Doheny Eye Institute,
Los Angeles, CA, USA; 3Department
of Ophthalmology, Keck School
of Medicine of the University of
Southern California, Los Angeles, CA,
USA; 4Department of Ophthalmology,
Goethe University, Frankfurt/Main,
Germany
1

Abstract: The recent approval by the US Food and Drug Administration of ocriplasmin for the
treatment of symptomatic vitreomacular adhesion (VMA), often associated with vitreomacular
traction (VMT) and macular hole (MH), has brought new attention to the field of pharmacologic
vitreolysis. The need for an enzyme to split the vitreomacular interface, which is formed by
a strong adhesive interaction between the posterior vitreous cortex and the internal limiting
membrane, historically stems from pediatric eye surgery. This review summarizes the different anatomic classifications of posterior vitreous detachment or anomalous posterior vitreous
detachment and puts these in the context of clinical pathologies commonly observed in clinical
practice of the vitreoretinal specialist, such as MH, VMT, age-related macular degeneration,
and diabetic macular edema. We revisit the outcome of the Phase II studies that indicated
ocriplasmin was a safe and effective treatment for selected cases of symptomatic VMA and
MH. Release of VMA at day 28 was achieved by 26.5% of patients in the ocriplasmin group
versus 10.1% in the placebo group (P,0.001). Interestingly, for MHs, the numbers were more
remarkable. Predictive factors for successful ocriplasmin treatment were identified for VMT
(VMA diameter smaller than 1,500 µm) and MH (smaller than 250 µm). In comparison with the
highly predictable outcome after vitrectomy, the general success rate of ocriplasmin not under
clinical trial conditions has not fully met expectations and needs to be proven in real-world
clinical settings. The ocriplasmin data will be compared in the future with observational data
on spontaneous VMA release, will help retina specialists make more accurate predictions, and
will improve outcome rates.
Keywords: ocriplasmin, microplasmin, posterior vitreous detachment, vitreomacular traction,
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The vitreoretinal interface consists of an adhesive interaction between matrix proteins
such as laminin and fibronectin; these proteins act as a kind of glue, attaching the collagen fibrils of the posterior vitreous cortex to the internal limiting membrane (ILM).1,2
In its innocuous form, posterior vitreous detachment (PVD) is an age-related physiologic
change in which the posterior hyaloid progressively and completely separates from the
retinal surface.3 Anomalous PVD (APVD) is thought to occur when vitreoretinal adherence and traction are exerted at this interface without concomitant release of the posterior
hyaloid.4 The remaining vitreomacular adhesion (VMA) may be asymptomatic, or it may
lead to visual changes if there is an associated vitreomacular traction (VMT) or macular
hole (MH).5 The anteroposterior vitreous dynamics of an APVD are associated with
types of age-related macular degeneration (AMD) and diabetic macular edema (DME).6–8
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In cases of a focal or a broad VMT, there is a persistent macular attachment of the full-thickness, unsplit posterior vitreous
cortex to the macula with perifoveal PVD.3
Optical coherence tomography (OCT) has improved significantly our understanding of the vitreomacular interface.
OCT-based interpretation of VMT includes anatomical alterations such as pseudocysts, cystoid macular edema, epiretinal
membrane (ERM), and macular schisis.5,9 The International
Vitreomacular Traction Study Group recently proposed a classification system for VMA, VMT, and MH.5 According to this
system, VMA refers to the stage in which there is perifoveal
vitreous detachment with foveal vitreous adherence (3 mm
radius) and no detectable change in the retinal morphology.
VMT represents the stage in which distortion of the foveal
surface, intraretinal structural changes, and/or elevation of the
fovea occurs in association with macular attachment of the
vitreous, as described for VMA.5 Autopsy studies of human
eyes using scanning electron microscopy have demonstrated
that PVD is associated with vitreous cortex remnants at the
fovea in 44% of eyes.10 When these remnants are a layer or
sheet of posterior vitreous cortex, the term vitreoschisis is
appropriate. The tangential contraction of this layer is associated with macular pucker and MH formation.11,12
The standard treatment for VMT and MH is a three-port
pars plana vitrectomy. Because of the risks and the complexity of vitrectomy versus an injection, surgery is usually
delayed until a significant visual impairment is detected.13
Intravitreous injection of vitreolytic compounds (so-called
pharmacologic vitreolysis) has been studied as an alterna-

tive treatment, aiming to cause vitreous liquefaction and a
complete posterior vitreous separation from the retina, as in
a PVD. Recently, ocriplasmin, a vitreolytic agent previously
known as microplasmin, was demonstrated to be effective
and safe, and its use has been approved by the US Food and
Drug Administration.13,14
In this review, we summarize the outcomes of clinical trials that studied the safety and efficacy of intravitreal
ocriplasmin for the management of symptomatic VMA in
specific situations. We also review the initial results of its use
in clinical practice. In addition, it is relevant to address the
expectations for ocriplasmin and pharmacologic vitreolysis
in the future, as well as their possible eventual benefits in the
treatment of pathologies related to VMA.

Methods
Between July and October 2013, we conducted literature
searches in MEDLINE, using PubMed, and in the Cochrane
Library, with no date restrictions. The search strategy used
the following words: ocriplasmin, microplasmin, posterior vitreous detachment, vitreomacular adhesion, VMA,
vitreomacular traction, VMT, macular hole, vitreolysis,
pharmacologic vitreolysis, vitreomacular interface, epiretinal
membrane, diabetic macular edema, diabetic retinopathy,
AMD, and age-related macular degeneration.

Results and discussion
Posterior vitreous detachment is a generally benign physiologic event (Figure 1). However, after perifoveal detachment,

Figure 1 Images of macular region on spectral domain and swept source optical-coherence tomography (A, B, D: Spectralis OCT, Heidelberg Engeneering, Heidelberg, Germany;
C: SS OCT; CArl Zeiss, Oberkochen, Germany).
Notes: (A) Attached posterior hyaloid. (B and C) Partial elevation of the nasal posterior vitreous (partial posterior vitreous detachment) can be seen as a thin layer (arrows)
anterior of the retinal surface. Vitreous is still attached in foveal region. (D) Complete vitreous detachment, an entire separation between the posterior vitreous cortex
(arrows) and the retina surface.
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the hyaloid remains attached to the macula as a foveolar bond.
In the case of abnormal vitreomacular adhesion, pathologic
macular stress may arise from two different traction forces:
static, in which the hyaloid applies an anteriorly directed vector force to the fovea, and dynamic, which is related to vitreous movements during ocular saccades and is more relevant
than static force.3 Kishi et al10 observed residual vitreous in
the retinal surface in 44% of autopsy eyes that supposedly
had PVD. Later, Johnson3 observed that in eyes with focal
vitreomacular adhesion with a diameter less than 500 µm,
a higher traction force per unit area leads more commonly
to focal macular pathologies such as MH (full-thickness or
inner lamellar hole) and VMT (Figure 2), whereas VMA
with a larger diameter (around 1,500 µm) tends to cause
more diffuse changes, characterized by macular thickening
or stretching, such as ERM.
The typical management of asymptomatic VMA and
VMT involves observation. Watchful waiting may be the
choice for handling symptomatic cases, as spontaneous
separation can occur; otherwise, the standard interventional
approach is to surgically release the traction. There is little
evidence regarding the consequences and benefits of observing symptomatic VMA. In one study conducted before OCT
was clinically available, Hikichi et al15 found that only 11%
of their 53 patients developed complete PVD during the
60 months of follow-up. The natural course of VMA was
studied by John et al16 in 2012; their results showed that of
106 symptomatic eyes followed-up for 23 months, 32% experienced spontaneous release of the adhesion. Other studies
indicated that although VMT may resolve spontaneously, the
time for resolution might be lengthy, leading to a progressive
loss of vision even after a successful intervention.17–19
In eyes with full-thickness MH (FTMH), the evidence
indicates more clearly whether treatment is necessary. Kim
et al20 demonstrated that approximately 75% of stage 2 MH
cases progress to stage 3 or 4. Although Ezra21 indicated
that 30% to 50% of stage 1 MH cases tend to close
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spontaneously, the closure rate was 94% in MH present for
less than a year versus 47% in those present for more than
a year, according to Jaycock et al.22 Extended observation,
however, is unreasonable, as the longer the MH is present, the
lower the chance of a successful surgical result, according to
Ryan and Gilbert.23 Pars plana vitrectomy with ILM removal
is the standard surgical treatment for MH, and not only OCT
but also ultrasonography may be useful for following and
indicating surgical intervention in such eyes.24,25

Pharmacologic vitreolysis
The objective of pharmacologic vitreolysis is to promote
a posterior vitreous detachment by releasing the adhesion
between the vitreous and the internal limiting membrane.26–28
It may be used in conjunction with vitrectomy or as a standalone therapy.29
Pharmacology-assisted vitrectomy aims for vitreous
liquefaction and weaker vitreoretinal adhesion, allowing
for a faster and easier vitreous removal.29–34 It translates
into a shorter surgical time; a more efficient, smaller-gauge
vitrectomy; and a lower aspiration rate, thereby reducing
the risk for iatrogenic tears.29,32,35–38 In theory, it also facilitates vitreoretinal cleavage, avoiding vitreous remnants and
postoperative complications.29,39,40 The safety of the surgical
procedure is improved if the chromovitrectomy technique
is performed, as it enhances identification and removal of the
posterior hyaloid, epiretinal membrane, and ILM.41
Vitreolytic agents can also be employed as a definitive
treatment for active VMA-related diseases, such as earlystage MH, VMT, and tractional cystoid macular edema.4,29,42,43
The use of pharmacologic vitreolysis can also benefit conditions in which PVD is associated with an improved prognosis,
such as DME,8 proliferative diabetic retinopathy,44 retinal
vein occlusion,45–47 and AMD.6,7,29 In these cases, complete
PVD is related to better anatomical and functional outcomes
while reducing the incidence of progressive disease requiring surgery.29,36,38

Figure 2 Images of macular region on spectral domain optical coherence tomography (SD-OCT; Spectralis OCT, Heidelberg Engeneering, Heidelberg, Germany).
Notes: (A) Vitreomacular traction with focal traction at foveal (arrow) region and intrafoveal pseudocysts. (B) Full-thickness macular hole with vitreomacular traction
(yellow and white arrows, respectively).
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The mechanism of PVD is not yet fully understood,
but over the last 2 decades, many studies have contributed
to a better comprehension of the molecular organization,
structure, and physiology of the vitreous, promoting the
development of pharmacologic vitreolytics.28,29,31 The connection between cortical vitreous collagen with the ILM
surface is believed to be mediated by some form of extracellular matrix “glue,” including the proteins laminin and
fibronectin.1,28,29,48–50 Because of its ability to specifically
cleave laminin and fibronectin, plasmin has been thoroughly
studied in the induction of PVD.28 In vitro models and animal
studies have shown that intravitreal injection of plasmin
alone or injection followed by vitrectomy was sufficient to
produce a clean separation between the vitreous cortex and
the retina and that this was directly influenced by plasmin
concentration and length of exposure.28,49,51–54 Uemura et al50
showed that intravitreous injection of plasmin dramatically
decreased the density of fibronectin and laminin, reducing the
molecules to several fragments of lower molecular weights
at the ILM.
Apart from the cleavage of fibronectin and laminin, plasmin has an additional ability to activate endogenous matrix
metalloproteinases (MMPs); namely, MMP-2 (gelatinase A),
which is normally found in the vitreous. MMP-2 has an
affinity for various collagens, including basement membrane
type IV, and it is thought to play an important role in vitreous liquefaction.28,55–57 This may facilitate vitreous removal,
as corroborated by some studies.37 For instance, Hermel
et al37 described a 27% increase in vitreous removal through
a 25-gauge vitrectomy system in rabbit eyes injected with
plasmin when compared with no preoperative injection.
In humans, autologous intravitreous plasmin has been
used as an adjunct therapy to vitrectomy in a number of clinical studies. In cases of tractional DME, preoperative injection
of plasmin promoted higher incidences of spontaneous PVD
at the time of surgery and required lower aspiration rates to
induce PVD when needed, leading to better visual outcomes
when compared with controls.39,58,59 Another study of patients
with proliferative diabetic retinopathy achieved a significant
reduction in surgical time and showed a decreased risk for
iatrogenic retinal breaks.60 Successful anatomic outcomes
were also described in pediatric patients with stage 5 retinopathy of prematurity, traumatic MH, and complex X-linked
retinoschisis cases.61–63 In the treatment of stage 3 FTMH, the
use of plasmin induced a higher rate of spontaneous intra
operative PVD and reduced total surgical time.33,50,64,65
Autologous plasmin, in contrast, presents important limitations that compromise its routine clinical use. Although it
might be harvested from the patient’s blood, the production
850
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process is usually expensive and time-consuming. Because
the compound is unstable and can be inactivated via autolysis
within a short period of time, it must be prepared immediately
before surgery.28
To overcome these shortcomings while sustaining
the benefits of autologous plasmin, a new recombinant
compound, ocriplasmin, was developed.66,67 Ocriplasmin
(Jetrea®; ThromboGenics NV, Leuven, Belgium) has been
evaluated in several preclinical studies and clinical trials
described herein.

Ocriplasmin
Ocriplasmin, formerly known as microplasmin, was recently
approved for the management of symptomatic VMA in the
European Union and in the United States.14,68 This bioengineered, recombinant, stable, truncated form of plasmin,
a human serine protease, consists of only the catalytic
domain from plasmin but has practically the same functional
proteolytic activity against fibronectin and laminin.66,67,69
Ocriplasmin has several advantages over plasmin; most notably, ocriplasmin is considerably more stable than plasmin.
Ocriplasmin is also smaller than plasmin (27 KDa versus
83 KDa), supposedly resulting in increased penetration of the
tissues. In addition, ocriplasmin is generated by recombinant
techniques, which ensures its sterility.29,67,68
Ocriplasmin may induce vitreous liquefaction and vitreoretinal separation. Several preclinical studies investigated
its pharmacodynamic properties after intravitreal injection.
Gandorfer et al70 initially reported that ocriplasmin resulted
in a time- and dose-dependent induction of PVD in felines
without adverse effects. These researchers showed the same
results in cadaveric eyes, injecting 125 or 188 µg intravitreously; complete PVD was induced after 30 minutes, leaving
an essentially smooth and clean ILM. Later, Sakuma et al,71
using rabbit eyes, and De Smet et al,72 using porcine eyes,
demonstrated the same satisfactory outcomes of safety and
complete induction of PVD. The minimal effective dose
appeared to be 125 µg.
Intravitreal ocriplasmin pharmacokinetics was studied in
a nonrandomized Phase II trial, the Microplasmin Intravitreal
Injection (MIVI)-10. A single injection of 125 µg ocriplasmin was given before pars plana vitrectomy.73 Thirty-eight
eyes were enrolled, receiving the treatment at different
times before surgery: group 1, 5–30 minutes; group 2,
31–60 minutes; group 3, 2–4 hours; group 4, 24 hours; and
group 5, 7 days. Participants in group 6 (control) did not
receive the ocriplasmin injection. Mean ocriplasmin activity
levels in the vitreous were measured, and the results were as
follows: group 1, 12 µg/mL; group 2, 8.1 µg/mL; group 3,
Clinical Ophthalmology 2014:8
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Clinical trials and recent results
The MIVI trials, sponsored by ThromboGenics, were a
series of clinical trials conducted to investigate the effect of
microplasmin in humans. The Phase II MIVI-10 study cited
earlier is a part of these trials.
MIVI-I, a Phase I/IIa study, as well as MIVI-IIT and
MIVI-III, two randomized controlled Phase II clinical trials,
evaluated dose response along with the safety and effectiveness of ocriplasmin. The 125 µg dose was considered safe and
was associated with optimal efficacy, as patients receiving
125 µg of ocriplasmin were more likely to present PVD than
controls. The results from MIVI-IIT and MIVI-III indicated
the potential of ocriplasmin as a nonsurgical alternative for
the treatment of VMT.26,35,74
These encouraging results from Phase II trials increased
expectations regarding a Phase III study. The MIVI-TRUST
program (Microplasmin for Intravitreal Injection – Traction
Release Without Surgical Treatment) consists of two
Phase III clinical trials evaluating ocriplasmin for the treatment of symptomatic VMA. MIVI-006, conducted in the
United States, and MIVI-007, conducted in both the United
States and Europe, were practically identical multicenter,
randomized, double-masked, placebo-controlled studies
designed to test the efficacy and safety of a single dose of
125 µg ocriplasmin injected intravitreously.13 ThromboGenics sponsored, coordinated, and designed both studies.
The inclusion criteria were diagnosis of symptomatic
focal VMA seen on OCT and confirmed by a central reading
center and a best-corrected visual acuity (BCVA) of 20/25
or worse. It is noteworthy that including patients with good
visual acuity might lead to a ceiling effect, meaning that
fewer patients had visual acuity poor enough to have a more
significant gain. Exclusion criteria included high myopia,
prior vitrectomy, prior macular photocoagulation, MH greater
than 400 µm, and other retinal pathologies that could affect
visual function. Patients with ERM were not excluded.13
In total, 652 patients were enrolled: 464 patients were
randomly assigned to receive a 0.10 mL intravitreal injection
of a solution containing 125 µg ocriplasmin and 188 patients
were randomly assigned to receive a 0.10 mL intravitreal
injection of a placebo solution containing the identical
drug vehicle diluted with saline. The primary endpoint was
nonsurgical VMA resolution at day 28, as determined by OCT
at a formal reading center. The main secondary endpoint was
total posterior vitreous detachment at day 28, as determined
by standardized B-scan ultrasonograms performed by the
Clinical Ophthalmology 2014:8
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investigator. Nonsurgical closure of FTMH, BCVA improvement of three lines or more, change from baseline in BCVA, need
for vitrectomy, and visual function questionnaire assessment at
6 months were also considered secondary endpoints.13
Considering data from both trials, the primary endpoint
of pharmacologic VMA release was achieved in 26.5% of
patients in the ocriplasmin group versus 10.1% of patients
in the placebo group (P,0.001). The VMA resolution rate
was higher when VMA diameter was 1,500 µm or less
(37.4% versus [vs] 14.6%; P,0.001) than in those with
VMA diameter greater than 1,500 µm. In patients with ERM,
ocriplasmin injection did not have such positive results (8.7%
vs 1.5%; P,0.046) compared with VMA without ERM
(37.4% vs 14.3%; P,0.001). In those patients with pure
VMT at baseline, without ERM or MH, there was a success
rate of 29.8% in the group treated with ocriplasmin versus
7.7% in the placebo. Considering FTMH, the closure rate in
the ocriplasmin group was of 40.6% at day 28 and remained
as high at the end of the study at 6 months, whereas the placebo group had a 10.6% (P,0.001) closure rate at day 28 and
17% at 6 months (P=0.004). Closure rates varied according
to the FTMH width at baseline.13,67
Regarding improvement of the BCVA, the outcomes were
also positive in favor of ocriplasmin, although only a modest
mean change was shown, likely because of the previously
mentioned ceiling effect. The PVD rate was significantly
higher in the ocriplasmin group as well. Patients with ERM
and VMA greater than 1,500 µm in diameter did not appear
to benefit from ocriplasmin injection. Regarding the safety
profile, ocriplasmin had a higher rate of ocular adverse
effects. Vitreous floaters, photopsia, and conjunctival hemorrhage occurred in 68.4% of the ocriplasmin group compared
with 53.5% of the placebo group, a statistically significant
difference (P,0.001), with many of them related to VMA
release and PVD. Blurred vision, mostly transient, occurred
more in the ocriplasmin group, which might be a result of the
worsening of VMT before release of VMA. The incidence of
serious ocular adverse events such as retinal tear or retinal
detachment was similar in the two groups (P=0.11).13
Summarizing the outcomes from the Phase III trials,
a single injection of 125 µg ocriplasmin was shown to be
safe and to significantly increase the rates of VMA resolution
and FTMH closure when compared with placebo. However,
the magnitude of clinical benefit was lower than expected,
considering that this is an expensive and invasive procedure, as only approximately one-quarter of the included
patients achieved the primary endpoint. In contrast, it is
relevant to note that the success rate appears higher for
focal VMA less than 1,500 µm in diameter and small MH.
submit your manuscript | www.dovepress.com
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A post hoc subgroup analysis suggested that FTMH smaller
than 250 µm had higher closure rates compared with MH
between 250 and 400 µm (58% vs 37%; unpublished data,
ThromboGenics [2013]). Not only is the absence of ERM an
important indicator of success, but its presence is a predictor
of failure of treatment with ocriplasmin. In this regard, the
ongoing trial Ocriplasmin for Treatment of Symptomatic
Vitreomacular Adhesion Including Macular Hole (OASIS)
intends to assess whether a more specific case selection can
increase the success rates.13,75,76
A relevant drawback of this Phase III study was the use of
time-domain OCT, whereas spectral-domain OCT was used
only when available. The presence or absence of ERM was
earlier shown to be significant for success of treatment with
ocriplasmin. Hence, if spectral-domain OCT had been used
exclusively, the results might be different, as the assessment
of ERM is more profound with spectral-domain OCT.77
It is important to consider that data from a controlled
clinical trial evaluating a premarket drug profile may be
significantly different from the results that would be observed
in clinical practice. For example, in the Phase III studies, the
ocriplasmin group was superior to placebo with regard to
having complete PVD at day 28. These results were confirmed
by B-scan ultrasonograms, and investigators were trained in
and followed a strict protocol to obtain reliable, standardized
data. Such a protocol is unsuitable for a real-world setting;
therefore, the complete PVD rate might be substantially different than the trial outcomes.
Kim et al78 recently published their initial outcomes on
the use of intravitreal ocriplasmin in clinical practice. In a
retrospective review of 19 patients with symptomatic VMA
treated with ocriplasmin, they found a resolution of the VMA
in 42.1% of nonsurgical cases. Patients with ERM at baseline had a lower success rate of VMA resolution (25%) than
patients without baseline ERM (45.5%), which is comparable
to what was observed in the clinical trials. The evident limitations of this study do not allow additional conclusions related
to the efficacy and safety of ocriplasmin. However, these initial
results are encouraging and meet the expectations. Data from
clinical experience provide the real profile of ocriplasmin
for the treatment of symptomatic VMA, and such data will
determine how beneficial this agent is in daily practice.
Conversely, since ocriplasmin has been available for
practical use, safety concerns have been raised from reports
on visual disturbances after intravitreal injection of the drug.
Transient profound vision loss and darkening of vision were
recently observed in patients treated with ocriplasmin.98
Such relevant adverse events, added to the potential of lens
subluxation, dyschromatopsia and other unfavorable events
852
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observed in the clinical trial, should arouse the attention of
ophthalmologists.99
Retinal detachment and retinal tear did not appear to be
a concerning factor with regard to ocriplasmin injection, not
only in this retrospective review but also in clinical trials.
The rate of retinal detachment was not statistically different between ocriplasmin and placebo in the MIVI-TRUST.
Considering that ocriplasmin may induce acute PVD, patients
with high myopia and lattice degeneration with atrophic
holes could be at higher risk for a retinal tear or detachment.
Although there is no evidence up to now of a higher risk for
retinal detachment after injection of ocriplasmin, this relevant
implication of enzymatic vitreolysis needs to be clarified in
future studies, as the (controversial) role of prophylactic laser
in selected cases may change.

Ocriplasmin: boundaries and future
Positive results from trials have made ocriplasmin a promising pharmacologic agent for the treatment of symptomatic
VMA. Its indication, however, is limited to selected specific
cases. Ongoing studies and investigations that should be
launched soon will certainly help improve those results by
specifying the indications, and perhaps broadening them
as well. Also, safety issues should be clarified in further
investigations.
The cost of treatment represents a significant barrier for
ocriplasmin to become the standard of care for VMT in the
future. The UK National Institute for Health and Care Excellence (NICE) considered its use for treating VMT without ERM
to be cost-effective relative to the “wait and watch” option.
Nevertheless, it is noteworthy that results derived from the
clinical trial indicated that less than one-third of cases achieved
VMT release after ocriplasmin injection. Considering that it is
an expensive treatment, ocriplasmin should also be compared
with vitrectomy with regard to cost-effectiveness.79
As a new approach, this agent has the potential for
expanded use and benefits. Considering its ability to induce
PVD, other ophthalmic conditions and pathologies related to
VMA might benefit from ocriplasmin intravitreal injection.

Vitreoretinal surgery
Complete posterior hyaloid removal from the retinal surface
during vitreoretinal surgery is sometimes a challenging procedure, as in cases with tractional retinal detachment secondary
to proliferative diabetic retinopathy, for example. Likewise,
vitreoretinal adhesion is stronger in patients aged 9 months
to 20 years than in those aged 21 years or older, according to
Sebag,80 thus making surgical hyaloid detachment more difficult in patients younger than 21 years. Whether ocriplasmin
Clinical Ophthalmology 2014:8
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would be useful as an adjuvant to vitrectomy in these cases is
a matter to be clarified. In retinopathy of prematurity and other
advanced pediatric vitreoretinopathies in particular, surgical
success depends on the complete removal of the vitreous and
remaining epiretinal membranes. Wong and Capone81 recently
reviewed the current evidence supporting the potential role of
ocriplasmin as an adjuvant for these cases. They assessed studies on autologous plasmin enzyme as adjunct to vitrectomy
for retinopathy of prematurity, in which the reattachment rates
were higher when autologous plamin enzime-assisted vitrectomy was performed.62,82 In light of the positive results from
clinical trials on symptomatic VMA, these results increased
expectations with respect to ocriplasmin as an adjuvant and
its effect on pediatric vitreoretinal surgical treatment, given
its advantages over plasmin.81
A Phase II, randomized, placebo-controlled clinical
trial of intravitreal ocriplasmin in infants and children
up to 16 years of age is ongoing in a single center in the
United States. Twenty-four patients who were scheduled for
vitrectomy were enrolled to receive either 175 mg of ocriplasmin or placebo intravitreal injection 30–60 minutes before
their surgical procedures. There are no published results of
this efficacy/safety study to date.83

DME
Clinical studies have implicated abnormal VMA as a contributory factor for DME, and eyes with DME were found less likely
to have PVD.8,84 Laidlaw’s85 review on this subject found that
although most studies indicate that PVD is associated with a
reduction of central macular thickness and improvement of
vision, other relevant studies found no such benefits. A systematic review and meta-analysis recently concluded that there
is no sufficient evidence to assess the prevalence of VMA in
DME.86 Although no benefit of PVD has been proven in DME,
vitreomacular adhesion with VMT could worsen the edema,
sustain it, and/or reduce treatment success.86
The MIVI-II, another study sponsored by ThromboGenics,
is a multicenter, randomized, double-masked, sham-injection
controlled clinical trial started in 2006 to investigate PVD
induction after intravitreal injection of ocriplasmin in
patients with DME. Doses of 25, 75, and 125 µg ocriplasmin were compared with sham injection. Fifty-one patients
were enrolled, and data collection was completed in 2010.
Although no definite results have been published yet, the
outcomes provided to date are not encouraging.87

AMD
AMD has also been related to VMA. In 1996, using B-scan
ultrasound tomography, Weber-Krause and Eckardt 88
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reported that a posterior vitreous detachment is very rare
in eyes with AMD. More recently, Ondes et al have shown
that a spontaneous detachment of the vitreous resulted in
the natural regression of choroidal neovascularization.88,89
Their data demonstrate that only one-third of patients with
either wet or dry AMD have a complete PVD compared with
half of the patients in a control group. Several other authors
have confirmed that a partial or total vitreous adhesion to
the retina is associated with a higher risk of AMD, wet and
atrophic.6,7,89–93
In 2007, Krebs et al6 assessed the posterior vitreous with
B-scan ultrasonography and OCT to examine the status of
163 eyes in patients with wet AMD, dry AMD, or controls.
A PVD was present in only 31% (17/54) of eyes with wet
AMD compared with 72% (41/57) of eyes with dry AMD and
61% (34/56) of controls. In addition, OCT revealed VMA in
36% (18/50) of eyes with wet AMD, which was significantly
higher than in eyes with dry AMD (7%, 4/57) and control
(11%, 6/56) eyes.6 Mojana et al92 used spectral-domain OCT,
combined with simultaneous scanning laser ophthalmoscopy,
to examine the vitreomacular interface in wet and dry AMD.
They found a higher rate of VMA in patients with wet AMD
compared with a control group (28% vs 16%). Importantly,
they also observed that patients with combined wet AMD and
VMA had higher rates of VMT (59%) compared with the dry
AMD/VMA (13%) and control/VMA (12%) groups.
Recent observational studies have confirmed the general
relationship of attached vitreous and microtraction on the
retinal surface, which might confound a decreased retinal
perfusion in consequence. It may also be possible that local
inflammatory reactions in the pathophysiology of AMD
might strengthen the adhesion between the ILM and the
posterior vitreous membrane, leading to increased rates
of VMA in wet AMD.94,95 Although none of these reports
is fully conclusive, VMA seems to be associated with a
higher risk for development or progression of choroidal
neovascularization.6,7,90,92
A multicenter, randomized, double-masked, shaminjection controlled Phase II study was conducted to assess
the safety and efficacy of intravitreal ocriplasmin for the
treatment of focal VMA in patients with AMD. The MIVI-5
trial, also sponsored by ThromboGenics, included subjects
with exudative AMD who received at least three and no
more than nine antiangiogenic intravitreal injections and
had focal VMA confirmed on OCT. Primary outcome was
the proportion of subjects with focal VMA resolution by
day 28. Secondary endpoints included BCVA, mean change
of macular thickness, size, fluorescein leakage, and number
of anti-VEGF injections required during study. One hunsubmit your manuscript | www.dovepress.com
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dred patients were randomized to receive either intravitreal
injection of 125 µg ocriplasmin or sham injection. Although
a greater proportion of patients had VMA resolution at day
28 (24.3%) and primary outcome was met in only 12.0% of
eyes in the sham group, the difference was not statistically
significant (P=0.262). Nor was the difference between groups
significant for secondary endpoints. This study demonstrated
no additional benefit of ocriplasmin for the treatment of VMA
in patients with exudative AMD.96,97

Conclusion
Pharmacologic vitreolysis has been studied in recent years as an
alternative or as an adjuvant to vitrectomy. Ocriplasmin became
a promising agent because of its ability to induce PVD by lysing
fibronectin, laminin, and other components of the vitreoretinal
interface and, ultimately, to its more stable structure compared
with plasmin. Recently, Phase III clinical trials demonstrated
the efficacy and the safety of ocriplasmin for the management
of symptomatic VMA. Real-world settings are considerably
different from standards that are set in clinical trials, which
used combined ultrasound and OCT examinations. On clinical
examination for instance, the inner wall of a vitreoschisis may
be clinically confused with a PVD, when the posterior layer
of the split vitreous cortex remains attached to the ILM. The
therapeutic success rate has thus not fully met expectations,
especially considering the high cost of treatment.
Future studies, as well as upcoming results from using
ocriplasmin in clinical practice, should provide data that will
help clarify the indications and improve outcomes. Further
investigations should also address safety concerns. Regarding
pathologies such as DME and AMD, it is imperative that the
use of an intraocular enzyme is safe and beneficial, as well
as affordable for patients.
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