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ABSTRACT

Introduction: To report the outcomes in near
vision, optical quality and pupil diameter of a
new pharmacological therapy (FOV tears) for
presbyopia.
Methods: This was a prospective, consecutive,
interventional, non-comparative clinical study
in which 117 presbyopic patients were given
one drop of the novel therapy (FOV tears) in
each eye, followed 2 h after the instillation of
the eye drop by an evaluation of the binocular
uncorrected near visual acuity (UNVA) and
uncorrected distance visual acuity. The objec-
tive scatter index and pupil diameter under
photopic and scotopic conditions before and
after instillation were also assessed. The patients
were divided into two groups according to their
age, with group 1 patients being 41 and 50 years

old and group 2 patients, between 51 and
65 years old.
Results: The mean age of the patients was
50.2 years. The mean UNVA before the use of
the eye drop was 0.35 LogMAR, which
improved to 0.16 LogMAR at 2 h after the use of
the eye drop (p = 0.000). Nine patients did not
show an improvement in UNVA, but no patient
showed a loss of lines. Fourteen patients
(11.9%) reported headaches as a side effect of
the therapy.
Conclusion: This pharmacological therapy
improved near vision by one or more lines
(mean improvement 0.18 lines) in 92.3% of the
patients at 2 h following the instillation of the
eye drops. The group with the youngest patients
gained more lines than the group with the
oldest patients.

Keywords: Accommodation; Depth of focus;
Near vision; Objective scatter index;
Pharmacological treatment; Presbyopia; Pupil
size; Refractive surgery

INTRODUCTION

Presbyopia is an age-related condition charac-
terized by the progressive loss of accommoda-
tion clinically affecting the near vision
performance. Most importantly, it affects the
quality of life as it creates a dependence on
glasses to perform near vision activities [1].
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Most of the treatments available nowadays
to restore spectacle independence for near
vision activities are surgical and, hence, inva-
sive either at the level of the cornea, lens, or
sclera [2]. Multifocal intraocular lenses have
demonstrated good visual outcomes but require
lens or cataract surgery and are implanted in
patients aged 50 or 55 years or older when the
accommodation is lost completely. The least
invasive surgical treatment of presbyopia is at
the cornea; laser treatment with monovision or
presbyLASIK and some intracorneal implants
have demonstrated good outcomes, although
there may be a loss of distance vision [3].

A non-invasive treatment, such as a topical
one, that would avoid any type of surgery is an
attractive option for both patients and doctors.
We have proposed a novel pharmacological
treatment of presbyopia, the FOV drops, which
consists in the use of eye drops that contain a
parasympathetic, a nonsteroidal anti-inflam-
matory drug, two alpha-agonists, and an anti-
cholinesterase agent to restore near vision. A
previous pilot study conducted by our group [4]
confirmed the positive effect of this pharmaco-
logical combination on near vision
performance.

The aim of this study was to further evaluate
the improvement in near vision in patients
receiving this pharmacological therapy (FOV
tears) in a large-scale clinical study, which also
included an investigation of the impact of this
therapy on pupil size and on the Objective
Scatter Index (OSI). The OSI is based on the
principle of ‘‘double-pass’’ aberrometry and is a
measure of forward-scattered light [5]; its level
has been related with degradation of the quality
of the image on the retina [6, 7].

METHODS

This was a consecutive, non-randomized,
interventional, non-comparative clinical study
in which 117 consecutive presbyopic patients
participated. The mean age of the patients was
50.25 ± 5.1 (range 41–65) years. All patients
aged between 41 and 65 years who were spec-
tacle dependent for near vision and spectacle
independent for far vision (i.e., patients could

not perform near vision activities without the
need of near addition), with binocular 0.0 log-
MAR in far vision, a refractive error of between
1.50 diopters (D) of hyperopia and 0.50 D of
myopia, and astigmatism of\ 1.50 D were
included in the study. Exclusion criteria inclu-
ded previous refractive surgery, pseudophakia,
significant comorbidities (including clinically
relevant dry eye, glaucoma, or any type of reti-
nal problem with a potential to influence the
results of this study, and any known sensitivity
to the components of the FOV tears prepara-
tion. The patients were divided by age into two
groups (group 1: 41–50 years; group 2: 51–65
years) for the purpose of analyzing the out-
comes and determining the eventual relation-
ship of outcome with age.

Each patient received one eye drop of the
FOV tears in each eye. The composition of FOV
tears is pilocarpine (0.247%), phenylephrine
(0.78%), polyethyleneglycol (0.09%), nepafenac
(0.023%), pheniramine (0.034%), and napha-
zoline (0.003%).

Both visual acuities were evaluated before
and 2 h after the instillation of the eye drop by a
certified observer. Distance vision was measured
with the ETDRS charts. Near vision was mea-
sured at a 40-cm distance with the Rosenbaum
chart with Jaeger notation which was then
converted to LogMAR. To maintain the correct
reading distance, the chart had a 40-cm-long
cord attached. Immediately after the measure-
ment of near vision, a double-pass instrument
(OQAS; Visiometrics SL, Cerdanyola del Vallès,
Spain) was used to quantify the magnitude of
intraocular scattering, and pupil diameter was
measured using an AL-Scan optical biometer
(Nidek Co., Ltd., Gamagori, Aichi, Japan), both
before and 2 h after the instillation of the eye
drop into each eye.

The main outcomes were the binocular
uncorrected near visual acuity (UNVA) and
uncorrected distance visual acuity (UDVA). The
secondary outcomes were the pupil diameter
and the OSI.

The ethics committee of Fundación Oftal-
mológica Vejarano in Popayán, Colombia,
approved the study, and each participant pro-
vided written informed consent. The study fol-
lowed the Declaration of Helsinki of 1964, as
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revised in 2013 (Fortaleza, Brazil). The trial was
not registered due to the short follow-up time
(2 h).

Statistical Analysis

The statistical analysis was performed using
SPSS software for Windows (version 15.0.1; IBM
Corp., Armonk, NY, USA). Average values and
standard deviations were calculated for every
parameter during the follow-up. Normality of
all data samples was evaluated by means of the
Kolmogorov–Smirnov test. When parametric
analysis was possible, the Student t test for
paired data was performed for all comparisons
of parameters between the pre-eye drop instil-
lation condition and the post-eye drop instilla-
tion condition. When parametric analysis was
not possible, the Wilcoxon rank sum test was
applied to assess the significance of differences
between the pre-eye drop and post-eye drop
data. For all statistical analyses, a p value of \
0.05 was considered to indicate statistical sig-
nificance. Outliers were not included in the
statistical analyses.

RESULTS

There was a statistically significant improve-
ment in near vision 2 h after instillation of the
eye drops (p = 0.000) in both groups (Table 1).
The difference in UNVA between the two
groups was statistically significant both before
the use of the eye drop (p = 0.037) and 2 h after
instillation of the eye drops (p = 0.022). Of the

117 patients, seven were myopes and the others
were hyperopes.

The mean gain of lines in near vision was 1.8
lines (range 1–5 lines) (Figs. 1, 2). Nine patients

Fig. 1 Number of lines gained in near vision 2 h after
instillation of one eye drop to each eye in all patients

Table 1 Patients data and uncorrected near visual acuity before and after instillation of the eye drop

Study groups Number of patients Sex (n) Age
(years)

UNVA
before
instillation
(LogMAR)

UNVA 2
after
instillation
(LogMAR)

p value

Male Female Mean SD Mean SD Mean SD

All patients 117 73 44 50.2 5.1 0.35 0.15 0.16 0.11 0.000

Group 1 (age 41–50 years) 66 42 24 46.6 2.6 0.31 0.16 0.14 0.10 0.000

Group 2 (age 50–65 years) 51 31 20 55.0 3.2 0.38 0.14 0.19 0.12 0.000

SD Standard deviation, UNVA uncorrected near visual acuity

Fig. 2 Number of lines gained in near vision 2 h after
instillation of one eye drop to each eye according to age
group
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did not show any improvement in UNVA, but
no patient lost lines of near vision. Of all eyes,
the minimum near vision in the study before
instillation of the eye drop was 0.7 logMAR; 2 h
after instillation, the minimum near vision
reported was 0.50 logMAR.

The UDVA remained the same in all patients
after instillation of the eye drop, with the
exception of one patient who had an UDVA of
0.0 logMAR prior to instillation and an UDVA of
0.2 logMAR 2 h after instillation. There was a
slight myopic shift of 0.25 to 0.50 D after the
use of the eye drop, but this shift was not sta-
tistically significant; there was also no statisti-
cally significant difference in the cylinder after
the use of the eye drop (see Tables 2, 3 and 4).

Evaluation of light scattering with the double
pass technique revealed that there was no sig-
nificant change in the OSI before and after eye
drop instillation (p = 0.772) (Fig. 3 and Table 5).
However, comparison of group 1 and group 2
eyes after the instillation of the eye drop did
reveal a significant difference (p value of 0.001 for
the right eye and p: 0.012 for the left eye).

In all 117 patients the mean pupil size
decreased significantly under photopic condi-
tions (p = 0.001), from 3.3 mm before treatment
to 3.05 mm at 2 h after treatment (Fig. 4). The
mean pupil size also decrease significantly
under scotopic conditions (p = 0.000), from
4.9 mm before treatment to 3.9 mm at 2 after
treatment (Fig. 5). This change was statistically
significant in both group 1 and group 2 patients
under both light conditions (p = 0.000)
(Table 6). The change in pupil size between
photopic and scotopic conditions was not sig-
nificant in (p = 0.591 and 0.389, respectively).

Fourteen patients reported headaches after
instillation of the eye drop and one was intol-
erant to the eye drop.

DISCUSSION

The results of the present study with 117
patients show that the UNVA improved in
almost all of the patients at 2 h post-eye drop
instillation, with only nine patients having the
same UNVA post-eye drop instillation as pre-eye
drop instillation. As such, these results confirm T
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the findings of our previous investigation [4],
showing on a larger scale highly statistically
significant differences in near vision and pupil
diameter after the use of the eye drop prepara-
tion. Presbyopia is an age-related condition, and
we therefore divided the patients into two age
groups (group 1: 41–50 years; group 2:51–65
years); as it was expected, group 1 patients
showed a greater improvement in near vision

than did group 2 patients, although both
groups showed a statistically significant
improvement in near vision after the use of the
eye drop. One possible explanation for this
difference between groups may be that the
younger patients have a greater residual func-
tion of accommodation than the older ones, so
that after the use of the eye drop it was easier for
them (group 1) to gain lines in near vision than
the patients in group 2. Distance vision was not
affected by use of the eye drop, with only a
slightly myopic shift that was not statistically
significant in either group. Pupil size changed
significantly in both groups after the use of the
eye drops, with no significant difference
between groups. Due to the significant change
in pupil size before and after the instillation of
the eye drop, the mechanism of action would
seem to be at least partially related to an
increase in the depth of focus of the eye. Some
accommodation may have been induced
because when we compared patient groups,
group 1 patients had better near visual out-
comes than group 2 patients. Taking into
account that pupil constriction was the same in
both groups, we can speculate that this
improvement in near vision in group 1 may be
explained by a residual function of accommo-
dation, although this has to be confirmed with
an objective measurement.

We did not find any changes in the OSI after
the instillation of the eye drops in all 117
patients, although when we compared group 1
patients with those of group 2 we found a sig-
nificant difference after the use of the eye drops,
with the OSI better in group 1 than in group 2.
This result is due to the normal increase in

Table 3 Sphere and cylinder outcomes according to age group

Sphere/cylinder Right eye Left eye

Before instillation
(D)

After instillation
(D)

p value Before instillation
(D)

After instillation
(D)

p value

Sphere group 1 0.31 ± 0.46 0.22 ± 0.53 0.225 0.32 ± 0.45 0.26 ± 0.54 0.650

Sphere group 2 0.35 ± 0.47 0.31 ± 0.50 0.131 0.31 ± 0.43 0.24 ± 0.49 0.365

Cylinder group 1 - 0.32 ± 0.22 - 0.35 ± 0.30 0.167 - 0.35 ± 0.35 - 0.42 ± 0.33 0.238

Cylinder group 2 - 0.57 ± 0.40 - 0.54 ± 0.33 0.380 - 0.37 ± 0.23 - 0.38 ± 0.19 0.797

Values in table are presented as the mean ± SD

Table 4 Comparison of the sphere and cylinder in both
groups after instillation of eye drops

Sphere/cylinder Right eye p value Left eye p value

Sphere 0.668 0.860

Cylinder 0.207 0.877

Fig. 3 Objective Scatter Index (OSI) results for the right
and left eye before and after the instillation of the eye drop.
There was no statistically significant change in values
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scattering secondary to the changes of the
crystalline lens with aging and pupil miosis [6].
As an adverse effect, headaches were reported by
14 patients; these headaches are likely sec-
ondary to a ciliary spasm due to the use of
pilocarpine. It was noted that the headaches
diminished as the drug lost it effectiveness.
Only one patient was intolerant to the eye drop
preparation.

Although there was a significant change in
pupil diameter, a dynamic pupil was main-
tained following use of the eye drop, which

means that the pupil was still able to change its
diameter under different light stimuli; this is
referred to as ‘‘dynamic pseudoaccommoda-
tion.’’ One of the limitations of our study was
the lack of information on intraocular pressure,
anterior chamber depth changes, and patient
satisfaction, although we did reported on these
parameters in our previous study [4]. A second
limitation was that we did not assess subjective
symptoms at night that might be experienced
by the patients due to the small pupil diameter
after the instillation of the eye drops.

Table 5 Objective Scatter Index outcomes by age group

Group Right eye Left eye

Before instillation After instillation p value Before instillation After instillation p value

OSI Group 1 0.60 ± 0.67 0.44 ± 0.29 0.612 0.52 ± 0.39 0.43 ± 0.33 0.404

OSI Group 2 0.72 ± 0.43 0.71 ± 0.56 0.760 0.64 ± 0.42 0.64 ± 0.63 0.726

Values in table are presented as the mean ± SD
OSI Objective Scatter Index

Fig. 4 Dot-plot of pupil diameter before and 2 h after the use of the eye drops under photopic light conditions. The change
was significantly different at p = 0.001
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The rationale for the combination of drugs
selected for the FOV tears is as follows. Pilo-
carpine produces ciliary body contraction and
stimulates accommodation, it also induces
miosis, which increases the depth of focus.
Naphazoline intensifies the relaxing effect of
pilocarpine on the dilator pupillae. Nepafenac,
pheniramine, and phenylephrine counteract
ciliary muscle spasm, hyperemia, and excessive
pupil constriction induced by pilocarpine.
Polyethyleneglycol lubricates the eye and stops

the burning sensation caused by all the others
drugs, leveling the pH [4, 8].

There are only a few published scientific
reports on topical treatment for presbyopia
[4, 8–10]. In most of these studies, a miotic was
used to increase the depth of focus and improve
near vision, and in some others, only one eye
was treated [10]. Our treatment was binocularly
instilled; as a result, no monovision was
induced, creating a more physiological effect.

Table 6 Pupil diameter outcomes according to age group

Light condition Group 1 (41–50 years) Group 2 (51–65 years)

Before After Before After

Photopic 3.3 ± 0.54 3.1 ± 0.78 3.5 ± 0.65 3.0 ± 0.79

p = 0.000 p = 0.000

Scotopic 4.8 ± 0.79 4.0 ± 0.81 4.8 ± 0.90 3.9 ± 0.79

p = 0.000 p = 0.000

Values in table are presented as the mean ± SD, in units of millimeters

Fig. 5 Dot-plot of pupil diameter before and 2 h after the use of eye drops under scotopic light conditions. The change was
significantly different at p = 0.000)
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All of the current presbyopia treatments have
their side effects and complications. Monovi-
sion may result in loss of stereopsis [11, 12], and
a good intraocular blur suppression is necessary
[12]. Corneal inlays can also result in monovi-
sion and such complications as corneal haze,
which requires explantation of the inlay, have
been reported [13]. PresbyLASIK has the disad-
vantage of decreasing distance vision [3, 14],
and a multifocal intraocular lens (IOL) cannot
be implanted afterwards. Implantation of an
IOL is an intraocular intervention that can
produce halos and glare [15, 16], and there is
the need for neuroadaptation [16]. It should be
noted that there is a risk of infection in all of the
procedures as they are invasive. With this new
topical treatment, we do not have such side
effects, although the gain of lines in near vision
varies in each patient. The main advantage of
FOV tears is that the effect is only temporary, so
if any adverse effect does occur (e.g., headaches)
they disappear as the drug losses its
effectiveness.

CONCLUSIONS

The outcomes of this study indicate that 2 h
after the instillation of the eye drop the therapy
was effective in improving near vision in 92.3%
of the patients, with a small number of patients
showing intolerance to the use of this topical
compound. This is a step forward toward a non-
invasive treatment of presbyopia. Long-term
follow-up studies are necessary to establish the
long-term efficacy and tolerance of this type of
presbyopic treatment and patient satisfaction
following this new pharmacological approach
for the treatment of presbiopia.
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