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Abstract: Enzymatic vitreolysis is currently the focus of attention around the world for treat-

ing vitreomacular traction and full-thickness macular hole. Induction of posterior vitreous 

detachment is an active area of developmental clinical and basic research. Despite exerting an 

incompletely elucidated physiological effect, ocriplasmin (also known as microplasmin) has been 

recognized to serve as a well-tolerated intravitreal injection for the treatment of vitreomacular 

traction and full-thickness macular hole. There are several unexplored areas of intervention where 

enzymatic vitreolysis could potentially be used (ie, diabetic macular edema). Recent promis-

ing studies have included combinations of enzymatic approaches and new synthetic molecules 

that induce complete posterior vitreous detachment as well as antiangiogenesis. Although no 

guidelines have been proposed for the use of ocriplasmin, this review attempts to aid physicians 

in answering the most important question, “Who is the best candidate?”

Keywords: vitreomacular traction, macular hole, enzymatic vitreolysis, ocriplasmin-best 

candidate, diabetic macular edema, future management

Introduction
There are a variety of disorders of the vitreoretinal interface. Over the past 10 years, 

special attention has been paid to vitreomacular traction (VMT), the treatment and man-

agement of which have been constantly modified following the increasing understanding 

of the vitreous’ molecular and anatomical behaviours at the vitreoretinal interface.

In this review, we intend to guide the reader through the beginnings of enzymatic 

vitreolysis, as well as controversies and recent discoveries related to ocriplasmin, with 

a review of the anatomy for further understanding of this review.

Vitreous anatomy and molecular structure
The vitreous humor is composed of mostly water (~98%).1,2 The framework that 

supports the vitreous humor is made of collagen II, IV, V/XI, VI, and IX fibrils,1,3 as 

well as hyaluronic acid (hyaloid meaning glassy), which is negatively charged and 

hydrophilic. Hyaluronic acid is embedded in between the “scaffold-like” configuration 

of the collagen fibrils, thus building up the structure.4

At birth, the vitreous humor is attached only at the ora serrata; later, it migrates to 

form an annular ring straddling the ora.5 The vitreous humor expands to the remain-

ing portions of the retina aided by production of new collagen by retinal cells. This 

collagen either breaks into the inner limiting membrane (ILM) to attach to the cortical 

vitreous collagen or remains in the cellular zone of the ILM.5

The outer vitreous is called the vitreous cortex and is very different from the inner 

vitreous. The vitreous cortex is mainly composed of types II, IX, and V/XI hybrid 

collagen. Although the vitreous cortex runs along the ILM, these structures differ 

significantly in composition. The ILM is mainly composed of collagen IV and is 
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derived from the same embryologic component as Bruch’s 

membrane.4,6 The vitreous is divided into anterior cortex and 

posterior cortex. The anterior attachment of the vitreous is 

firm (vitreous base and ora serrata) while the attachment of 

the posterior vitreous, both to the optic nerve (ON) and to 

the macula, is weaker.2 Strong zones of attachment are found 

in places where the ILM is thin, eg, in lattice degeneration, 

retinal tufts, enclosed ora bays, following retinal vessels, 

and foveola.4,7,8 This may explain why after an incomplete 

posterior vitreous detachment (PVD), the tractional effect is 

generally persistent in zones of #500 µm of vitreofoveolar 

adhesion.8,9 The presence of liquefaction without dehis-

cence of the vitreous, “anomalous PVD”, may predispose 

to persistent attachment of vitreous, causing vitreoschisis, 

a phenomenon that splits the posterior vitreous cortex and 

provides several types of traction (centripetal, centrifugal, 

and tangential).4,7 It is precisely this minimal zone of traction 

that is related to lamellar, micro, or full-thickness macular 

holes (FTMH).8

With time, the vitreous loses its firmness in a process 

known as age-related liquefaction.1 Several molecular and 

histopathological approaches have been undertaken to further 

explain this phenomenon. For instance, it has been shown 

that adults at the age of 40 years predominantly have liquid 

vitreous vs gel vitreous, in comparison to children, who 

have only 20% of vitreous in the form of liquid.1,10 This 

liquefactive change is believed to be secondary to an uneven 

collapse of collagen fibrils mainly in the central vitreous.11 

One of the most studied processes is that of progressive 

degeneration of collagen IX. The half-life for collagen IX is 

11 years, and it has been proven that the loss of these fibrils 

with time allows other collagen fibrils, such as collagen II 

that has a high fusion power,1 to aggregate, changing the 

vitreous anatomy.

Innovative methods of visualizing the vitreous include 

diffusion-weighted imaging – a form of magnetic resonance 

imaging – which can be used to track the movement of water 

protons. Meral and Birgili12 demonstrated that diffusion tends to 

increase with age, due to a decrease in cellularity and an increase 

in potential spaces in which water molecules can move.

As part of the aging process, PVD may occur. PVD 

refers to detachment of the posterior vitreous, which occurs 

in .27% of people with increased age and in up to 60% of 

patients .60 years of age.13,14 Both vitreous liquefaction and 

vitreoretinal attachment weakening are present in PVD. As 

already mentioned, PVD may be complete or incomplete. 

In a complete detachment, there is no residual adherence to 

the ON or retina, and the posterior vitreous simply moves 

forward to occupy the center of the vitreous cavity.1,14 

Because there is no remaining vitreous contact with the retina, 

PVD has been shown to protect against some vitreoretinal 

pathologies, such as proliferative diabetic retinopathy.15

VMT syndrome
When vitreous development is abnormal, it leads to vitreoreti-

nal pathologies that may affect patients’ vision negatively.

Approximately 3  decades ago, ophthalmologists were 

able to clinically identify three similar vitreoretinal disease 

conditions16: epiretinal membrane (ERM), idiopathic macular 

hole, and impending macular hole.15,16 These conditions were 

clinically described and classified by Gass in 1988,17 but only 

after the application of optical coherence tomography (OCT) 

did the classification become more objective. Even with a 

clear slit-lamp view, fluid-filled pockets can sometimes be 

misinterpreted as “complete detachment”.18

Macular pucker, macular hole (lamellar, full-thickness), 

and VMT share a common etiology in PVD with persistent 

vitreomacular adhesion (VMA).4 Macular pucker can occur 

when traction is directed inward, and macular hole can occur 

when traction is directed outward.6,19 Idiopathic macular 

pucker has been described as a “nonvascularized ERM 

covering and/or distorting macula” without any history of 

surgery, lattice degeneration, or inflammation.20,21 Impend-

ing macular hole is described as a yellowish deep ring in the 

macula related to mild visual loss.17,22

Smiddy et al20 studied vitreomacular diseases and their 

histopathology. All idiopathic macular pucker cases (n=101) 

were found to exhibit previous PVD, although these PVDs 

were not further specified as being complete or incomplete. 

Histologically, the predominant cell type in macular pucker 

was the retinal pigment epithelium (RPE) cell, with some 

cases involving astrocytes and fibrocytes. Additionally, all 

of the VMT cases involved a partial PVD with persistent 

attachment to the macula and ON, with histology showing 

fibrous astrocytes to be the predominant cell type. In the case 

of impending macular hole, collagen fibrils were predominant 

in all cases, with some tissues involving fibrous astrocytes, 

lymphocytes, or macrophages.20 More recently, Schumann et 

al23 retrieved ILM specimens from patients who had vitrecto-

mies with or without prior ocriplasmin injection. Immunohis-

tochemistry revealed that the predominant cells in FMTH and 

VMT were glial cells and myofibroblasts, respectively.

Incomplete PVD may appear if liquefaction and dehis-

cence are not balanced, causing vitreopapillary traction as 

well as optic disk and retinal neovascularization.4 VMT often 

extends to up to three disk diameters in the posterior retina24,25 
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and can therefore affect vision outcomes. Symptomatic VMT 

clinically presents as metamorphopsia, micropsia, photopsia, or 

decreased vision26,27 and is seen as a peripheral separation with 

full-thickness attachment of the vitreous cortex, which applies 

traction on the macula in an oblique or axial force. A V-shaped 

pattern of incomplete PVD may have a better visual acuity 

(VA) prognosis when compared to a J-shaped pattern.27–29

Interestingly, similar abnormal retinal traction is seen 

in collagen deficiency syndromes (Stickler, Ehlers–Danlos, 

and Marfan syndromes) wherein there is predominant liq-

uefaction, persistent retinal attachment, and resulting retinal 

detachment and/or tears.30,31

According to the International Vitreomacular Traction 

Study Group,32 VMT is characterized by anomalous PVD 

with distortion of the fovea, including but not limited to the 

following: subretinal fluid (SRF) collection, pseudocysts, 

cystoid macular edema, and schisis. Classification is shown 

in Table 1.

Although some patients may develop spontaneous com-

plete PVD with improvement of foveal structure and VA,33 

most of the patients do not show resolution of symptoms 

without intervention.

Surgery and vitreoretinal interface
Vitrectomy has been a promising solution for VMA, includ-

ing macular pucker and hole, as well as VMT. Vitrectomy 

was initially used for ERM removal with VA improvement 

in ~80% of patients.20,21,34,35 Cataract and ERM formation 

limited the VA outcome.36

Surgical management of macular pucker includes 

peripheral and central core vitrectomy with ILM membrane 

removal to prevent recurrence.37 Although there are no true 

guidelines for surgical intervention, indications for surgery 

include photoreceptor damage demonstrated on OCT, meta-

morphopsia, or progressive vision loss. The normal structure 

of photoreceptor is assessed using OCT by looking at the 

boundary between the inner and outer segments, which some 

have defined as the ellipsoid zone,37 and the interdigitation 

zone, which is the communication area between inner 

segments and RPE.37–43

Intact layer of photoreceptors, good baseline VA, and 

short-term symptoms are prognostic factors for good surgery 

outcomes.18,37 However, surgery may change the retinal 

anatomy even when there is evidence of normal anatomy 

prior to surgery. Interestingly, foveal architecture is less 

correlated with good VA because previous data have demon-

strated that vision recovery after surgery may occur despite 

an abnormal foveal contour.

Similar indications are used to guide intervention for 

pseudoholes and macular holes, and intervention is often 

combined with a mechanical type of repositioning of the 

retinal layers, such as gas tamponade.37 For macular holes, 

the main indicator of prognosis is the base diameter. A mea-

surement of ,500 µm is an indicator of high success rate,44,45 

with ILM removal usually indicated for better outcome.45  

An exception is lamellar macular hole, because visual 

deterioration was found to be related to the amount of 

VMT, macular edema, hole base diameter, and – possibly – 

decreased foveal thickness.6,19,46,47

It is debatable if mechanical gas tamponade is useful 

as a treatment for VMT. However, recent reports showed 

promising results using expansile sulfur hexafluoride (SF6) 

gas injection for the treatment of symptomatic VMT syn-

drome. Day et al48 reported VMT release in five patients 

and resolution of macular hole in two patients after injection 

of 0.3 mL of 100% SF6 gas. Rodrigues et al reported that 

intravitreal injection of expansile perfluoropropane (C3F8) 

for the treatment of VMT achieved 40% release rate 1 month 

after injection (five out of seven patients).49

VMT surgery, on the other hand, has a more well-defined 

indication. Per Figueroa and Contreras,37 surgery should be 

performed not only if metamorphopsia is present, but also 

when patients have VA #20/40.

Additionally, when retinal traction is present, it can evolve 

either to a lamellar macular hole or FTMH,29,32 or to other 

sight-threatening complications such as diabetic retinopathy 

Table 1 IVTS study classification

VMA VMT Full-thickness macular hole

Size
Focal (#1,500 µm) or broad 
(.1,500 µm)

Focal (#1,500 µm) or broad 
(.1,500 µm)

Small (#250 µm)
Medium (.250–#400 µm)
Large (.400 µm)

Characteristic
Isolated* or concurrent Isolated or concurrent Status of vitreous: with or without VMT

Cause: primary or secondary

Note: *Without other associated macular abnormalities.
Abbreviations: IVTS, International Vitreomacular Traction Study group; VMA, vitreomacular adhesion; VMT, vitreomacular traction.
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(DR),15 macular edema and cystic changes,20,24,50,51 macular 

detachment,52 retinal vein occlusion,51,53–55 and even age-

related macular degeneration (AMD).55–58 Therefore, when 

present on OCT, retinal traction should be relieved by the 

surgical or enzymatic approach.

Enzymatic vitreolysis
During the past 2  decades, induction of PVD has been 

attempted with the use of molecular (enzymatic) rather than 

mechanical (surgical) means.

Enzymatic vitreolysis has several advantages over surgi-

cal intervention because the former is 1) broader, reaching 

both the posterior pole and the periphery, 2) less traumatic 

for the macula and the eye in general, 3) prophylactic in 

retinal pathologies that include fibrocellular or fibrovascu-

lar proliferation (except for proliferative vitreoretinopathy 

where RPE cells proliferate), 4) protective against retinal 

hypoxia,59–64 ERM formation,36 and nerve fiber layer defects 

occasionally seen after ILM surgery,62 and 5) with less cata-

ract formation.62

First enzymatic agents
The effectiveness of pharmacologic vitreolysis is directly 

related to the successful balance between liquefaction and 

dehiscence.4 Pharmacologic agents previously used for this 

purpose included hyaluronidase, chondroitinase, dispase, 

collagenase, plasmin, tissue plasmininogen activator (tPA), 

and microplasmin/ocriplasmin,4,54 among others.

Hyaluronidase has been used as an enzymatic agent to 

induce vitreolysis.4,65 It has been found to be dose dependent 

and effective in the eyes of rabbits,65,66 rats,67 pigs,68 cows,69 

and humans.65,70 Even when liquefaction was the consistently 

found main effect, it was primarily aimed for vitreous hemor-

rhage management.70

Chondroitinase has been used for vitreolysis in some 

animal models such as pigs,71 bovines,69 and primates,72 with 

no significant effect. Chondroitinase has shown some vitre-

ous fiber detachment only in some human cadaver eyes.72 

To date, this has not been investigated any further.

Dispase is an enzyme that acts against collagen, mainly 

type IV.73 Dispase has been also applied to human and pig 

eyes to induce vitreolysis, and although it is somewhat effec-

tive, it has been shown to cause retinal toxicity.74

Urokinase has been used in a rabbit model along with SF6 

to induce vitreolysis and has been effective in 75% of the 

eyes,75 but it has not been used as a single agent. Urokinase 

shows no retinal toxicity in rabbit eyes.76

Bacterial collagenase activity has been shown to produce 

effective vitreolysis in a different set of animal models77,78 

and to reduce the molecular weight of collagen.79 In a pilot 

human study,80 it has been suggested to be an aid in the 

removal of fibrotic membranes in some patients intraopera-

tively; however, the results do not have statistical significance 

and are inconsistent. In a subsequent study,81 collagenase 

activity in the vitreous has been widely proven to be toxic 

to the retina.

Intravitreal tPA, which converts plasminogen into plas-

min in vivo, has been effective in facilitating vitrectomy 

when given prior to surgery and after cryopexy,82,83 as well 

as inducing PVD even without vitrectomy.84,85 However, 

variable effects have been reported because they depend 

on the amount of endogenous plasminogen present in the 

vitreous.54,83 It has been hypothesized that plasminogen is 

increased in conditions where the blood retinal barrier has 

been violated, such as after cryopexy,83 DR,86 retinal vein 

occlusion,85 etc. Retinal toxicity has also been reported.87–89

Plasmin is a 88 kDa molecule62,90 that has been used 

to induce vitreous dehiscence, for PVD induction (as 

an adjuvant to vitreoretinal surgery), and for macular 

hole treatment in pediatric and adult patients,91–95 as well 

as in animals.90,96,97 In order to be injected in the vitreous 

cavity, the plasmin has to be processed from autologous 

blood: the hazard involved in processing autologous 

plasmin is greater than the actual benefit derived.90,94,98–101 

The effect of plasmin on PVD is dependent on time, 

also demonstrating transient retinal damage as noted by 

electroretinography (ERG).90,97

Current enzymatic agents
Ocriplasmin
In response to the challenge of obtaining autologous 

plasmin, ocriplasmin (formerly called microplasmin) was 

created. Ocriplasmin (Jetrea; ThromboGenics NV, Leuven, 

Belgium) is a recombinant protein created by the Pichia 

pastoris expression system, with intrinsic action on collagen, 

fibronectin, and laminin.1,3 It is a small 27 kDa protein that 

cleaves plasmin and has been shown to cause both vitreous 

liquefaction and PVD.62,63,102–104

Gandorfer et al105 studied the efficacy of ocriplasmin 

in cadaver human eyes and live cats. They studied the 

morphology of both groups along with a control group 

treated with saline solution. Complete PVD was found in 

all human eyes that received 125 µg and in cat eyes that 

received 25 µg intravitreally. In all cases, ILM was normal 

after injection.105

Human studies started ~1 decade ago. Initially, ocriplasmin 

was used to induce PVD and resolve VMT. VMT resolution 

has been reported in at least 50% of patients.106,107
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The Microplasmin for intravitreal injection (MIVI) trial 

I108 studied the adequate dose needed to induce PVD prior to 

vitrectomy and concluded that 125 µg was generally effec-

tive MIVI IIT studied the resolution of VMT after a single 

vs repeated ocriplasmin injections. Successful resolution 

of VMT was seen in 58% of patients after repeated doses 

of ocriplasmin 125  µg up to 28  days from the previous 

injection.109 The MIVI TRUST group110 studied the dose-

related response to ocriplasmin vs placebo in 652 eyes and 

found that ocriplasmin 125 µg was overall more effective 

than placebo in the treatment of symptomatic VMT syndrome 

(26.5% vs 10.1%). Total PVD and VA improvement was 

noted in more ocriplasmin- than placebo (saline)-injected 

eyes after 28 days of injection. Release of VMT may be pres-

ent even after 1 year of initial treatment.111,112 VA generally 

improves after VMT resolution, except for some reported 

exceptions.113,114 The resolution of VMA was seen mainly 

in the central 6 mm of the macula when assessed with OCT 

imaging. Both groups had adverse effects after the intravitreal 

injection, which improved later.115

Ocriplasmin was then applied for nonsurgical closure of 

macular hole. Initial results reported macular hole resolution 

as variable.106 Patients treated with ocriplasmin in the MIVI 

TRUST study110 had more resolution of macular hole when 

compared to placebo (13.4% vs 3.7%). Other studies had 

confirmed effective small and medium FTMH closure116 

with ocriplasmin (40.6% ocriplasmin vs 10.6% control),117 

and the closure of FTMH has been reported despite incom-

plete release of VMT118 and months after ocriplasmin 

injection.111

In addition to VMA resolution, foveal thickness also 

decreases after ocriplasmin injection. In a study of 21 patients, 

the average foveal thickness measured by spectral-domain 

OCT decreased ~80  µm after 4  months of injection and 

remained stable106

Haller et al110 studied the effect of ocriplasmin on VA in 

a subgroup of patients in the MIVI study, assessing whether 

specific end point results continued for 6 months after the 

initial trial. The end points were age of response, subset 

population with better response, etc. The analysis showed 

that the best outcome from start through 6 months was found 

in patients younger than 65 years of age and with absence 

of ERM, occurrence of phakic eyes, VMT ,1,500 μm in 

diameter, and presence of FTMH of ,250  µm diameter. 

The latter group was more likely to achieve full closure 

in 6 months than with FTMH .400 µm diameter (58.3% 

vs 26%) (Table 2). Although patients were followed for 

6 months, the effect in younger patients is unpredictable.119 

Recent work120 has suggested that phakic, young females 

with specific OCT characteristics (small area of adhesion, 

V-shaped VMT with wide angles, etc) were more likely to 

have VMT release after ocriplasmin.

Was the “anatomic” resolution of the above clinically 

significant for the patients? The answer to this question 

was first addressed by the MIVI TRUST study.110 On aver-

age, patients spent 10 minutes answering a visual function 

questionnaire (VFQ-25) designed by The National Eye 

Institute,110,121,122 which assessed global vision rating, diffi-

culty with near and far vision, limitations in social function-

ing due to vision – including dependence on others due to 

low vision, driving difficulties, etc. In general, patients who 

received ocriplasmin had improvement in best-corrected VA 

and quality of life.

Contraindications
Relative contraindications for ocriplasmin use include 

previous vitrectomy, laser/surgery 3  months earlier, 

intravitreal injection within 6  months, fibrocellular pro-

liferation at the level of the ILM (including proliferative 

vitreoretinopathy) and ERM,112 history of rhegmatogenous 

detachment, myopia .5  D (diopters), proliferative vit-

reoretinopathy, FTMH  .400  µm, and severe peripheral 

retinal degeneration. In the MIVI study,108,109 patients with 

DR, glaucoma, uncontrolled systemic hypertension, ocular 

inflammation, or trauma were excluded from ocriplasmin 

injection. Currently, ocriplasmin is being applied in patients 

even with normal VA at baseline.

Complications
Some of the reported adverse effects of ocriplasmin are 

transient decrease in VA, which generally improves after 

injection, photopsias (sparkles, flashes, lines), pupillary 

Table 2 Proposed indication for ocriplasmin

Best candidates for ocriplasmin injection

1 Phakic eyes
2 Age #65 years
3 No previous surgeries
4 No diabetic retinopathy
5 No ERM
6 VMA ,1,500 µm
7 No macular pucker 
8 FTMH ,250 µm
Relative Indications:
FTMH .250 µm but ,400 µm
Females
Specific OCT characteristics (small area of adhesion,“V-shaped” VMT 
with wide angles)

Abbreviations: ERM, epiretinal membrane; FTMH, full-thickness macular hole;  
OCT, optical coherence tomography; VMA, vitreomacular adhesion; VMT, vitreo
macular traction.
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abnormalities/impaired reflex,123 zonular dehiscence,124 and 

lens subluxation.125–127 Willekens et al104 observed a change 

in the cup-to-disk ratio in patients after ocriplasmin injection. 

There was a decrease in the cup-to-disk ratio in those with 

persistent VMT after injection. However, mean retinal nerve 

fiber layer thickness was higher in all patients regardless of 

injection. This may be of clinical importance in patients who 

are being monitored for glaucoma. This anatomical change 

in the ON was statistically significant; however, the power 

of this study was low.104

One case of sterile endophthalmitis presumed to be 

caused by ocriplasmin injection was found in the literature.128 

A 67-year-old gentleman presented with symptoms of acute 

endophthalmitis within 24 hours after ocriplasmin injection; 

he was treated with topical steroids and cycloplegics, improv-

ing most of his symptoms. There was no tap and inject; 

therefore, no culture was performed.

Retinal toxicity after ocriplasmin injection has variable 

manifestations.129 Reported structural changes include vas-

cular constriction,130 ellipsoid layer abnormalities (thinning, 

disruption, irregularity),107,123,130–136 decreased reflectivity that 

persisted for 2 months after treatment,137 abnormal autofluor- 

escence,106,126,127,138 SRF collection,106,107,139,140 temporary sepa-

ration of retina from RPE,138 macular hole enlargement,23,130 

and macular detachment.129 Interestingly, central serous 

chorioretinopathy, a type of SRF collection, has been noted 

up to 17 months after injection of ocriplasmin, and despite 

FTMH resolution.141 In some instances, there has been 

resolution of post-ocriplasmin SRF104 and ellipsoid layer 

abnormalities107,116,131–133 after ~1 year from injection. Most 

patients had a good VA outcome.116,131

Functionally, the retina has shown decreased (sometimes, 

flat) ERG107,133,137,140 responses, with progressive nyctalopia,106 

light adaptation difficulties,142 progressive photopsias141 and 

visual field defects.137 Some of these complications have 

also been seen in animal models.143 ERG depression and 

abnormalities has also improved with time.107,133

Kaiser et al127 recently published a simultaneous safety 

evaluation of 465 ocriplasmin vs 187 placebo eyes for VMT 

with or without FTMH. Some of the serious adverse effects 

were as follows: worsened or new FTMH (5.2% vs 8.6%), 

nonresolution of VMT (1.1% vs 0.5%), retinal detachment 

(0.4% vs 1.6%), and decreased VA (0.6% vs 0.5%). Of note, 

almost half of the patients with decreased VA had complete 

resolution of VMT and there was only one patient in the 

ocriplasmin group whose etiology for decreased vision 

remained unknown. Safety profile evaluations had reported 

ocriplasmin as a “well-tolerated” treatment.106,126,127

Enlargement of FTMH144–146 has been seen after ocriplas-

min injection. New-onset lamellar hole has also been reported 

anytime from 28 days to 7 months128,145,147 after ocriplasmin 

injection. Chatziralli et al145 described a new-onset lamel-

lar hole accompanied by an interesting transient macular 

“remodeling”, which resolved with time. It is hypothesized 

however, that these new-onset macular holes are simply 

related to intravitreal injection.115,145 The combined data of 

MIVI TRUST study115 revealed that macular holes were noted 

in both placebo and treatment groups (8.6% vs 5.2%). Similar 

data were reported for retinal detachments.102 Additionally, 

FMTH reopening has been seen 2 years after initial resolu-

tion of macular hole and improvement of vision from VA 

20/100 to VA 20/25.148 There is a subset of patients that have 

no response to ocriplasmin.149

The physiological effect of this enzyme in the eye tis-

sues has been studied but has still not been fully elucidated. 

It has been hypothesized that it not only attacks laminin 

and fibrillin but may also attack other normal layers of the 

retina and vitreous.110,119,123,129 However, the ILM does not 

show specific signs of toxicity at the histology level when 

exposed to ocriplasmin.23

Are these adverse reactions genotype specific? Does the 

presence of glial cells in VMT or ERM dictate the failure of 

ocriplasmin treatment?23 To date, this remains an enigma.150

Ocriplasmin in other pathologies
Enzymatic vitreolysis has been shown to facilitate vitrectomy 

in different entities.103 In the pediatric population, a higher 

dose of 175 µm has been used as an adjunct to vitrectomy151 in 

patients with variable conditions (retinopathy of prematurity, 

macular hole, proliferative retinopathy, etc). During surgery, 

it was observed that ocriplasmin induced weakening of the 

vitreoretinal junction. This study was merely observatory 

because VMT release was not confirmed with OCT or any 

other imaging method.

An unexplored area of enzymatic intervention is diabetic 

macular edema (DME) triggered by VMT.50,152,153 Rodrigues 

et al49 used C3F8 gas to treat six patients with VMT related 

to DME and only two patients showed VMT release when 

assessed with OCT.

Surgical intervention to remove posterior hyaloid has 

been effective in decreasing the risk for DME. Macular 

edema may develop when unstable vitreal collagen leads to 

increased permeability and possible relocation of cells to the 

posterior hyaloid.152 Once the cells migrate, they may lead to 

traction in the macula. Complete vitreous liquefaction and 

detachment is related to less risk for DME.
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Can ocriplasmin serve as an aid to induce complete 

PVD and vitreous liquefaction to prevent DME? Results 

from MIVI-II-DME, a multicenter, double-masked, ran-

domized, and sham-controlled trial, have already been 

collected. Response to different doses (25 µg, 75 µg, and 

125 µg) was evaluated in selected patients. Results are not 

yet published.154

Another area of interest is AMD, in which vitreoretinal 

adhesions have been related to less response to anti-vascular 

endothelial growth factor therapy. Novack et al112 studied 

AMD patients of at least 50 years of age with active primary 

or recurrent choroidal neovascularization, presence of focal 

VMA, and with a vision 20/32 to 20/200. Results revealed 

that ocriplasmin has a safe profile and the majority of patients 

treated with ocriplasmin achieved full PVD with VMA. 

However, there was no VA improvement despite the use of 

less anti-vascular endothelial growth factor injections in the 

ocriplasmin group.112 Some patients had resolution of sub-

foveal drusenoid deposits after ocriplasmin injection and the 

previous diagnosis of AMD had to be modified.104 The effect 

of ocriplasmin in AMD has been previously studied,112 but 

there is no specific mention of drusen changes. This finding 

certainly deserves further clarification because a diagnosis of 

AMD is a life-changing occurrence for some patients.

Retinoschisis has also improved after ocriplasmin 

injection. A young 27-year-old male with X-linked retino-

schisis was treated effectively with ocriplasmin. The patient 

in this case showed no adverse effects or decreased vision. 

However, resolution of the schisis cavity recurred 1 month 

after injection.155

What is for the future?
For ocriplasmin, there are several trials that are in progress156 

to better understand the effect of ocriplasmin in real human 

practice.

The ORBIT trial (Ocriplasmin Research to Better Inform 

Treatment)157 is an observational, prospective, and multi-

center study that is currently on and is expected to recruit 

1,500 patients by April 2016.

The OZONE trial158 by ThromboGenics®, completed in 

May 2015, will provide valuable information on adverse 

effects of ocriplasmin in the eye, as previously discussed 

in this review (including ellipsoid zone disruption with 

and without resolution, SRF collection, new-onset FTMH, 

impaired pupillary reflex, vascular changes, ERG changes, 

lens changes, quality of vision, etc).158

The OASIS trial159 will further investigate the effects of 

ocriplasmin injection using ERG and microperimetry results 

in 220 patients $18 years of age during a 2-year period in 

25 different retina centers in the USA. Most of the subjects 

were reported to be female (67.3%) and White (89.5%). All 

subjects had VMA and partial PVD, with 76% presenting 

also with FTMH.159,160

Recent promising studies have included a combination 

of enzymatic approaches. Wang et al161 showed positive 

outcomes when plasmin was combined with hyaluronidase 

in rabbits. Zhi-Liang et al67 studied the effect of this com-

bination in diabetic and nondiabetic rats, and their results 

indicated that the latter group achieved complete PVD 100% 

of the times. The overall outcome with this combination is to 

both liquefy vitreous and induce PVD. Future trials to attempt 

this combination in humans are yet to be designed.

Additionally, a synthetic molecule ALG-1001 

(Luminate®; Allegro Ophthalmics, San Juan Capistrano, 

CA, USA), intended to treat wet AMD and DME, showed 

additional induction of complete PVD in six of eleven 

patients, probably secondary to its blocking effect on integ-

rin α3β1 receptors that bind retina with vitreous extracellular 

matrix. Clinical data reported a safe profile.162 ALG-1001, a 

Phase II, prospective, randomized, double-masked, placebo-

controlled clinical trial concluded in July 2015163 and showed 

resolution of VMT and VMA in 65% of eyes treated with 

3.2 mg, the higher dose in the study. Luminate will probably 

be approved by the US Food and Drug Administration for 

VMT treatment earlier than for wet AMD or DME because 

the regulatory process is less extensive.164 It is yet to be 

determined if the cost–benefit balance will lean favorably 

toward the patients.

Conclusion
Ocriplasmin remains the focus of attention around the world 

for treating VMT and FTMH. The efficacy of ocriplasmin in 

treating other entities such as DME or AMD remains unclear. 

It is yet to be decided by physician experts whether ocriplas-

min will become the standard of care for VMT and FTMH 

in future ophthalmology practice. With the herein-presented 

review, we have provided evidence-based data that will help 

physicians in deciding the best candidate. In the meantime, 

new data are explored step by step to fully understand the 

behavior of this renowned enzyme.
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