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 SCLERAL IMPLANTS 
As with ACS, the rationale for 

scleral implants is based on the 
accommodation model of Schachar 
and colleagues, who described a 
decrease in the space between the 
ciliary ring and the lens as the cause 
of presbyopia.3 The only scleral 
implant currently with the CE Mark 
is the VisAbility Micro Insert System 
(Refocus Group). This device is limited 
to investigational use in the United 
States. In this procedure, patients are 
placed under monitored anesthesia 
care for approximately 1 hour while 

the device is implanted bilaterally. 
Four PMMA implants are placed 
in four oblique quadrants of each 
eye, 3 to 4 mm from the limbus and 
approximately 0.4 mm deep in the 
sclera (Figure 1).4 

In January, results of a 360-patient 
US FDA clinical trial with the device 
were posted on clinicaltrials.gov.5 
In this trial, patients at 14 sites 
received VisAbility Micro Inserts in 
their first eye, then in their second 
eye no sooner than 14 days later. 
All patients were followed for 
24 months. At that endpoint, patients 
showed improvement in near visual 
acuity. Of patients included in the 
analysis, 84% (289 of 344) had a 
distance-corrected near visual acuity 
(DCNVA) in the primary eye of 
20/40 or better and a gain of at least 
10 letters. 

A randomized substudy of 
60 patients at three sites compared 
the DCNVA of patients who received 
the implants with control patients 
who had their implantations deferred 
for 6 months. A higher percentage of 
patients who received the implants 
(18 of 28, 64%) versus the control 
group (2 of 29, 7%) had DCNVA of 
20/40 or better and a gain of 10 letters 
in their primary eye. These results have 
not been published, and therefore no 
explanation has been proposed for the 
change in the control group. 

The efficacy results with these 
scleral implants are encouraging; 
however, their safety remains under 
investigation. There is risk for 
anterior segment ischemia (ASI) from 
mechanical vascular compression 
of the implants on surrounding 
blood vessels. Earlier versions of 
these implants were also at risk for 
movement or displacement. An 
ongoing 5-year follow-up clinical trial 
investigating the long-term safety of 
the VisAbility Micro Insert System 
will assess safety endpoints including 
ASI, segment exposure from scleral 
or conjunctival erosion, and adverse 
events.6

 LASER SCLERAL MICROPORATION 
The LSM procedure is not 

based on the Schachar theory of 
accommodation. Rather, it is based 
on the VisioDynamics Theory, 
the proposition that age-related 
changes in connective tissue result in 
crosslinking and loss of pliability of 
these tissues in the eye—similar to the 
effects of aging on connective tissue in 
other parts of the body.7,8 In addition 
to the lens, extralenticular factors such 
as the ciliary muscle, zonules, choroid, 
and sclera are affected by increasing 
age and are implicated in influencing 
the progression of presbyopia.9,10 

The LSM procedure is designed 
to reduce ocular rigidity that occurs 
progressively with age by uncrosslinking 
collagen and elastin fibrils in the 
sclera. LSM aims to restore the 
mechanical efficiency of the natural 
accommodative forces by creating 
regions of biomechanical pliability. This 
is accomplished through the creation of 
a micropore matrix in the sclera.11 

Data from an Institutional Review 
Board–registered Taiwan FDA clinical 
trial of LSM were published in 2017.11 
In that trial, a handheld Er:YAG 
laser with a wavelength of 2.94 μm 
(VisioLite, Ace Vision Group) was used 
to create, within a 5 x 5 mm matrix 
in each of four oblique quadrants of 
the sclera overlying the ciliary muscles, 
nine 600-µm pores, 0.5 mm from the 
limbus, to a depth of up to 80% of the 
sclera (Figure 2). 

In the study, 52 eyes of 26 patients 
underwent the LSM procedure. 
Patients demonstrated improvements 
in both intermediate and near visual 
acuity while their distance visual 
acuity remained stable. At 24 months 
postoperative, 83% of patients had 
binocular DCNVA of 20/32 or better. 
Patients also self-reported high 
postoperative satisfaction.

The latest generation of 
the LSM procedure uses a 
semi-automated handheld Er:YAG 
laser with a wavelength of 2.94 μm 

Figure 1. Implantation of the VisAbility Micro Insert.

Figure 2. The LSM procedure performed with the 
VisioLite device. Reprinted with permission from 
Hipsley et al.11

Figure 3. The LSM procedure performed with the 
VisioLite Gen I MP device.

(Continued on page PB)
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Presbyopia affects the large majority 
of people who are 45 years of age 
or older. The longtime mainstays 
of treating this natural, age-related 

condition are spectacles and contact 
lenses. Both of these modalities can be 
inconvenient for patients, and users 
can become intolerant of or develop 
an infection from wearing contact 
lenses. Surgical procedures that treat 
presbyopia include IOL implantation, 
corneal inlays, and laser procedures—
all of which can be invasive and difficult 
to reverse. 

A pharmacologic solution to 
presbyopia is therefore of great interest 
to eye care providers and patients 
alike. Here’s an update on agents in 
development.

 ACCOMMODATIVE ABILITY 
A youthful eye has normal protein 

sulfhydryl groups within the lens fiber 
cells that allow the lens to change 
shape through central displacement 
of cytosol. It has been proposed that, 
in the aging eye, oxidation-induced 
disulfide bonds form between 
crystalline lens proteins, barring the 
movement of cytosol and thus causing 
the lens to stiffen. 

Previously called EV06 ophthalmic 
solution, UNR844 (lipoic acid 
choline ester [LACE] 1.5%, Novartis) 
works directly on the flexibility 
and accommodative ability of the 
crystalline lens. This prodrug is 
designed to penetrate the cornea 
and break down into lipoic acid and 

choline. Lipoic acid is then hydrolyzed 
by esterase in the tear film and cornea 
and subsequently reduced into 
dihydrolipoic acid within the fiber cells 
of the crystalline lens, which causes 
hydrolysis of the disulfide protein 
bonds. Cytosol regains the ability to 
flow freely, and the oxidative process 
may be reversed, thereby restoring the 
lens’ elasticity and accommodative 
amplitude by allowing the lens to 
change shape again (Figure 1).

In a phase 1/2 study evaluating the 
safety and efficacy of EV06 ophthalmic 
solution 1.5%, 50 patients received 
one drop of the drug twice daily 
and 25 patients received a placebo.1 
By day 91, distance-corrected near 
visual acuity (DCNVA) was 20/40 in 
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82% of patients treated with EV06 and 48% of patients who 
received a placebo compared to baseline values of 30% and 
28%, respectively. Moreover, DCNVA was 20/32 in 68% of 
patients treated with EV06 and 28% of patients who received 
a placebo compared to baseline values of 8% for both groups. 
Additionally, 22% of patients experienced an improvement of 
3 lines after 90 consecutive days of twice-daily treatment. 

In a preclinical in vivo study, LACE was instilled 
three times a day in one eye of 8-month-old mice for 
5 weeks. Contralateral eyes served as controls. The 
viscoelasticity of excised treated lenses was 40% greater 
than that of untreated lenses. The investigators observed 
a dose-dependent reduction in lens protein sulfide and a 
concurrent increase in lens softness.2 

A phase 2 study of LACE has been completed, and the 
data are being evaluated. The results should be informative, 
as will be the US FDA’s requirements for approval of this 
new compound. 

 DEPTH OF FIELD 
Other presbyopia-correcting pharmacologic agents in 

development exert a pinhole effect to increase patients’ 

natural depth of field (Figure 2). I consider the five main 
requirements of miotics to be:
•	 Comfort and tolerability on instillation;
•	 Fast onset and sufficient duration of action;
•	 Modulation of the pupil to an efficient size for added 

depth of focus without loss of contrast or nighttime 
visual acuity;

•	 Excellent safety profile; and
•	 No degradation of distance visual acuity.

AGN-1883 
AGN-1883 (Allergan) is a topical drop intended to 

increase depth of focus. It is instilled once daily in both 
eyes or in the nondominant eye alone. Phase 2b studies 
are complete, and phase 3 studies began in late 2018. This 
drug is reportedly well tolerated and has a fast onset of 
action. The company says the agent improves the quality of 
patients’ near visual acuity for several hours after instillation, 
even in mesopic conditions.

Allergan received a provisional patent for pilocarpine at a 
concentration ranging from 1% to 1.5% for the treatment of 
presbyopia. The company expects to be the first to market 
with a presbyopia-correcting drug that has completed US FDA 
trials. It is targeting a US launch date in mid-2021.

PRX-100 
The miotic agent aceclidine is the active ingredient in 

Liquid Vision (PRX-100, Presbyopia Therapies). According 
to the company, Liquid Vision has a 30-minute onset of 
action and a 4-hour duration of effect. The drug would 
be administered to one or, preferably, both eyes. The 
company is positioning Liquid Vision as a complement 
to rather than a replacement for other modes of 
presbyopic correction (eg, spectacles, contact lenses, 
surgery). The idea is to modulate pupillary size without 
increasing accommodation so that distance visual acuity 
is not adversely affected. This is why other products in 

Figure 1. Depiction of why presbyopia occurs in the aging eye. 

Figure 2. Several of the products in development exert a pinhole effect to enhance natural depth of focus. 
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development contain concentrations 
of pilocarpine lower than 2%.

In a phase 2b study, two test 
candidates of PRX met the primary 
safety and efficacy endpoints. According 
to the company, the drug was well 
tolerated, and treated patients achieved 
an improvement in DCNVA of 3 or 
more lines that lasted for several hours. 
Presbyopia Therapies expects to start 
phase 3 trials of the drug this year.

CSF-1 
According to Orasis 

Pharmaceuticals, CSF-1 contains a 
proprietary combination of existing 
and well-studied ingredients, and 

the active ingredient is a low-dose 
pupillary miotic. The product will be 
administered to both eyes. A phase 
2b multicenter, double-masked, 
repeated-administration clinical 
trial evaluated the drug’s safety and 
efficacy in 166 patients. In that study, 
CSF-1 reportedly demonstrated an 
exceptional safety and tolerability 
profile. Treatment achieved a 
statistically significant improvement 
(3 or more lines) in DCNVA. 
Importantly, patients also showed no 
reduction in distance vision, both at 
regular and low luminance (Figure 3). 

The company expects to initiate a 
phase 3 trial soon.

EyeFocus 
EyeFocus (OSRX, an affiliate of 

Ocular Science) is a compounded 
miotic eye drop for the treatment of 
presbyopia that is scheduled for release 
in the second quarter of 2020. The 
product contains low concentrations 
of pilocarpine, phenylephrine, 
pheniramine, and ketorolac. It will be 
available in two strengths, labeled as 
EyeFocus and EyeFocus+.

OSRX developed EyeFocus in 
partnership with Luis Felipe Vejarano, 
MD, who introduced the presbyopia 
medication FOV Tears internationally 
in 2016. According to Dr. Vejarano, 
EyeFocus is similar to his original eye 
drop.3 He therefore expects EyeFocus 
to be similarly effective. Both products 
decrease the size of the pupil and 
improve accommodation at the 
ciliary body.

It is important to note that 
compounded products do not go 
through the regulatory pathway of 
US FDA–approved products, which 
requires adequate and well-controlled 
studies of safety and efficacy that 
evaluate the entire formula as well 
as the therapeutic contribution of 
each active ingredient. It therefore 
may be difficult to determine the 
additive benefits of each ingredient 
in a compounded drug that contains 
multiple active ingredients. 

An initial proof-of-concept study of 
EyeFocus was conducted in April 2019 
on nine presbyopic patients (18 eyes) 
over a 2-day period. Study participants 
ranged in age from 44 to 64 years. They 
received one drop of the medication in 
each eye at hour 1 and again at hour 5. 
The following trends reportedly were 
observed:
•	 DCNVA improved by 3 lines 

(patient average);
•	 At hour 1, reading vision was J3 or 

20/40 in 66% of patients;
•	 During hours 3 to 5, reading vision 

was J3 or 20/40 in 89% of patients and 
J2 or 20/30 in 66% to 71% of patients;

•	 78% of patients maintained J3 
reading vision for 8 hours;

“PUPILLARY MIOTICS WILL BE 
THE FIRST PHARMACOLOGIC 
TREATMENTS FOR PRESBYOPIA TO 
MARKET. ... LENS-SOFTENING DROPS 
ALSO HOLD PROMISE.”

Figure 3. In a phase 2b trial, CSF-1 appears to have achieved what the US FDA is looking for in a daily treatment for 
presbyopia in terms of safety, efficacy, and a 3-line improvement in DCNVA.
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•	 11% of patients reported diminished 
contrast sensitivity for 2 to 3 hours 
after instillation of the drug; and

•	 20% of patients experienced ciliary 
spasm after the initial dose.

 CONCLUSION 
Pupillary miotics will be the first 

pharmacologic treatments for 
presbyopia to market. These agents 
have demonstrated safety, efficacy, and 
ease of use in early studies. It remains 
to be seen which patient populations 
will be best suited to this form of 

treatment, and further research is 
required to demonstrate these agents’ 
long-term tolerability. Results thus far, 
however, suggest that pupillary miotics 
will enable many people to function 
without wearing glasses. Lens-softening 
drops also hold promise for the 
treatment of presbyopia, and the 
results of a phase 2 trial are currently 
being evaluated.  n
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