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ABSTRACT

Purpose: To perform a pilot evaluation of a
novel pharmacological therapy for presbyopia
in patients with previous corneal refractive
surgery.
Methods: This interventional study included
130 presbyopic patients. The patients were
divided into three groups: (1) LASIK group,
which included patients with previous LASIK
for myopia or hyperopia; (2) previous presby-
opia surgery group, including patients with
previous monovision or PresbyLASIK (Pres-
byMAX, SCHWIND eye-tech-solutions GmbH,
Kleinostheim, Germany); and (3) control group,

which included presbyopes without any corneal
refractive procedure. The main reason for
dividing them into groups is that we hypothe-
sized that the previous presbyopia surgery group
may have better outcomes as the patients
already have an increased depth of field. The
uncorrected near and distance visual acuity was
measured before and 2 hours after the binocular
instillation of the eye drop (FOV tears), as well
as the objective scatter index (OSI), and pupil
diameter in photopic and scotopic conditions.
Side effects were reported as well.
Results: There was a statistically significant
improvement in the uncorrected near vision in
all groups (p = 0.001). Ninety-one percent of the
patients included in this study gained at least
one line in near vision. All patients in the pre-
vious presbyopia surgery group gained at least
one line in near vision. Six patients (13.9%) in
the LASIK group and five (7.6%) in the control
group did not gain any lines of near vision.
There was no significant difference in the OSI,
there was a significant change in pupil size in
scotopic conditions in all groups (p = 0.001),
and 5.3% of the patients reported having a
headache as a side effect of the therapy.
Conclusions: Topical treatment with this
pharmacological therapy offers a potential for
near vision improvement in patients with pre-
vious corneal refractive surgery, especially in
those with previous presbyopia surgery.
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Department of Ophthalmology, School of Medicine,
Universidad Miguel Hernández, Alicante, Spain

Ophthalmol Ther (2020) 9:1003–1010

https://doi.org/10.1007/s40123-020-00301-6

https://doi.org/10.6084/m9.figshare.12912281
https://doi.org/10.6084/m9.figshare.12912281
https://doi.org/10.6084/m9.figshare.12912281
https://doi.org/10.6084/m9.figshare.12912281
http://crossmark.crossref.org/dialog/?doi=10.1007/s40123-020-00301-6&amp;domain=pdf
https://doi.org/10.1007/s40123-020-00301-6


Keywords: Corneal refractive surgery; Depth of
field; Multifocal cornea; Pharmacological
therapy of presbyopia; Presbyopia; Uncorrected
near vision

Key Summary Points

Why carry out this study?

We decided to carry out this study because
the correction of presbyopia remains a
challenge for the refractive surgeon; to
date, we have not been able to restore
accommodation.

A noninvasive approach (like topical
medication) seems an attractive option
because it is also reversible.

The hypothesis of the study was that the
patients with previous presbyopia surgery
would gain more lines of near vision than
the patients in the control group and
patients with previous hyperopic or
myopic LASIK.

What was learned from the study?

Near vision improved at least one line in
more than 90% of the patients; 11
patients in the previous LASIK and control
group did not gain any lines of near vision
after the binocular instillation of the eye
drop.

What we learned from this study is that
patients with previous presbyopia surgery
benefit the most of the topical therapy as
they all gained lines in near vision, which
corroborated our hypothesis.

DIGITAL FEATURES

To view digital features for this article go to
https://doi.org/10.6084/m9.figshare.12912281.

INTRODUCTION

The loss of accommodation begins early in life
and becomes clinically manifest around age 40
[1], impairing daily life activities like reading. It
has been estimated that by 2020, 1.37 billion
people will be affected by presbyopia [2], so its
correction is necessary as it represents an eco-
nomic burden [3] and has a negative impact on
quality of life [4].

Unlike all other refractive errors (myopia,
hyperopia and astigmatism), presbyopia cor-
rection remains a challenge for the refractive
surgeon, as complete restoration of accommo-
dation has not yet been achieved [5]. All surgi-
cal techniques that restore near vision are based
on pseudoaccommodation, including laser
in situ keratomileusis (LASIK) monovision,
PresbyLASIK, corneal inlays, and multifocal or
extended depth of focus intraocular lenses
(IOLs). The improvement in near vision in
pseudoaccommodation is secondary to an
increase in the depth of field [1].

Accommodation is the dioptric change in
optical power of the eye which allows us to
focus from far to near [1]. Accommodation can
be pharmacologically stimulated by the con-
traction of the ciliary muscle. Some topical
treatments have been studied [6–10], reporting
an improvement in near vision with the topical
application of muscarinic cholinergic agonists.
We previously reported our results with a new
pharmacological therapy (FOV tears) for pres-
byopia [8, 9]. The aim of this study is to report
the near visual outcomes and evaluate the
potential of FOV tears in patients with previous
corneal refractive surgery. We hypothesized
that patients with previous presbyopia surgery
would gain more lines in near vision than
patients with previous LASIK or the control
group.

METHODS

This is a single-center prospective, consecutive,
non-randomized, interventional, comparative
series of cases. The study was performed
according to the tenets of the Declaration of
Helsinki of 1964, as revised in 2013 (Fortaleza,
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Brazil). The protocol was reviewed and
approved by the Ethics Committee of Fun-
dación Oftalmológica Vejarano in Popayán,
Colombia. Informed consent was received from
the patients involved in the study.

All participants had a slit-lamp biomi-
croscopy and fundus examination before being
eligible for the study.

Inclusion criteria: patients older than
40 years with previous LASIK, presbyLASIK or
monovision, that were spectacle-dependent for
near vision activities, or were not satisfied with
their near vision after surgery.

Exclusion criteria included patients with
myopia[ 2 diopters (D) and/or astigma-
tism[1.5D, pseudophakia, dry eye, pupil
irregularities, glaucoma, retinal conditions
(especially any susceptibility to retinal detach-
ment) and any known sensitivity to the com-
ponents of the pharmacological compound
(FOV tears).

Patients were divided into three groups: (1)
LASIK group, which included patients with
previous LASIK for myopia and hyperopia; (2)
previous presbyopia surgery group, including
patients with previous presbyLASIK and mono-
vision; and (3) control group, which included
presbyopes without any previous corneal
refractive procedure. This division was based on
the hypothesis that patients in the previous
presbyopia surgery group would have a better
near visual outcome due to the extended depth
of field they already had.

We evaluated the binocular uncorrected
distance and near visual acuity (UDVA, UNVA),
corrected distance visual acuity (CDVA), mani-
fest refraction, intraocular scattering and pupil
size under photopic and scotopic conditions
before and 2 hours (h) after the binocular
instillation of the eye drop.

Distance vision was measured using the Early
Treatment of Diabetic Retinopathy Study
(ETDRS) chart at 4 m. Near vision was measured
at a distance of 40 cm using a handheld
Rosenbaum chart with Jaeger notation which
was converted to a logMAR algorithm. To
maintain the correct reading distance, the
chart had a 40 cm cord attached.

A double-pass instrument (OQAS, Visiomet-
rics SL, Spain) was used to quantify the

magnitude of intraocular scattering (objective
scatter index, OSI). Pupil diameter under pho-
topic and scotopic conditions was measured
using an AL-Scan optical biometer (Nidek Co.,
Ltd., Japan).

The FOV tears contain pilocarpine 0.247%,
phenylephrine 0.78%, polyethylene glycol
0.09%, nepafenac 0.023%, pheniramine
0.034%, and naphazoline 0.003%. The eye drop
was prepared by a qualified pharmacy (notice of
allowance in the USA, number 2951).

The primary outcomes were the UDVA and
UNVA. Secondary outcomes were: CDVA,
manifest refraction, intraocular scattering and
pupil size under photopic and scotopic
conditions.

All data were registered in a protocol and
analyzed by independent observers (JLA, VV).

Side effects after the instillation of the eye
drop such as burning sensation, redness and
headaches were documented as well.

Statistical Analysis

The statistical analysis was performed using
SPSS software for Windows (version 15.0.1). The
average values and standard deviations were
calculated for every parameter during the fol-
low-up. Normality of all data samples was
evaluated by means of the Kol-
mogorov–Smirnov test. When parametric anal-
ysis was possible, the Student t test for paired
data was performed for all parameter compar-
isons between pre-eye drop and post-eye drop
examinations. When parametric analysis was
not possible, the Wilcoxon test was applied to
assess the significance of differences between
pre-eye drop and post-eye drop data. For all
statistical tests, a p value less than 0.05 was
considered statistically significant.

RESULTS

This study included 130 patients (59 female and
71 male). Forty-three patients were included in
the LASIK group, 22 patients in the previous
presbyopia surgery group and 65 patients in the
control group. Table 1 shows the patient
demographics. A statistically significant
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difference was found in UDVA, UNVA and sco-
topic pupil size in the LASIK group 2 h after the
instillation of the eye drop (see Tables 2 and 3).
Forty-one percent of the patients in this group
gained one line of near vision, and six patients
did not gain any lines of near vision.

Patients in the previous presbyopia surgery
group had a statistically significant difference in
UNVA and photopic pupil size after the instil-
lation of the eye drop (see Tables 4 and 5). All of
the patients in this group gained at least one
line in near vision.

Patients in the control group had a statisti-
cally significant difference in UDVA, UNVA and
pupil size under photopic and scotopic condi-
tions after the instillation of the eye drop (see
Tables 6 and 7). Forty-three percent of the
patients in this group gained two lines of near
vision, and five patients did not gain any lines
of near vision. Figure 1 depicts the lines of near
vision gained in each group.

No statistically significant change in sec-
ondary parameters including intraocular scat-
tering, manifest refraction and photopic pupil

Table 1 Patient demographics

Number of patients Age Gender Lines gained UNVA

Mean – SD Male Female Mean – SD

Control group 65 50.0 ± 5.1 41 24 1.7 ± 0.9

LASIK group

Total 43 51.1 ± 5.6 21 22 1.5 ± 1.0

Hyperopic LASIK 20 53.0 ± 5.9 10 10 1.8 ± 1.1

Myopic LASIK 23 49.4 ± 4.9 11 12 1.2 ± 1.0

Presbyopia surgery group

Total 22 58.0 ± 5.6 9 13 1.9 ± 1.0

Monovision 8 56.1 ± 3.9 4 4 2.0 ± 1.3

PresbyLASIK 14 60.5 ± 5.9 5 9 1.8 ± 0.86

UNVA uncorrected near visual acuity, SD standard deviation

Table 2 Manifest refraction, intraocular scattering and pupil size under photopic and scotopic conditions before and 2 h
after the binocular instillation of the eye drop in the LASIK group

Right p value Left p value

Before
Mean – SD

After
Mean – SD

Before
Mean – SD

After
Mean – SD

Sphere 0.36 ± 0.58 0.36 ± 0.66 1.00 0.42 ± 0.65 0.32 ± 0.60 0.071

Cylinder -0.54 ± 0.30 -0.58 ± 0.37 0.332 -0.58 ± 0.37 -0.62 ± 0.32 0.301

OSI 1.07 ± 0.82 1.07 ± 0.81 0.955 0.95 ± 0.77 1.01 ± 0.97 0.605

Photopic pupil 3.22 ± 0.74 3.10 ± 0.87 0.361 3.07 ± 0.76 3.02 ± 0.70 0.654

Scotopic pupil 4.5 ± 0.78 3.9 ± 0.77 0.001 4.5 ± 0.82 3.9 ± 0.77 0.001

OSI objective scatter index, SD standard deviation
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size were observed in the LASIK or presbyopia
surgery group (Tables 2, 4).

Headache was presented as a side effect in
seven patients (5.3%); one of these patients was
intolerant to the eye drop. No other side effects
such as burning sensation or redness were
reported.

DISCUSSION

The results of this study shows that near vision
improved significantly in all groups 2 h after the
instillation of the eye drop. These results cor-
relate with those obtained in our previous
studies [8, 9].

We found a significant difference in pupil
size under scotopic conditions in all groups.
This result is expected, because under scotopic
conditions there is a physiological pupil dila-
tion which could not have happened after the

use of the eye drop due to the constriction of
the pupillary sphincter secondary to the miotic
effect of the pilocarpine [11]. Miosis might be a
problem for those patients who work in dim
light environments [12] due to the reduction in
retinal illuminance [13], but it improves the
depth of field by the pinhole effect [12]. Depth
of field has been described as the range of
viewing distance or dioptric power over which
visual acuity performance is maintained [1]; it is
dependent on pupil size and illumination level:
the larger the pupil diameter, the smaller the
depth of field, and vice versa [14]. Intermediate
vision is also improved with pupillary miosis,
and better image quality is achieved at high
light levels [13].

The myopic shift that patients in the previ-
ous presbyopia surgery group presented is due
to the accommodative myopia induced by
pilocarpine. It has been reported that the
instillation of 2% pilocarpine can induce an
accommodative myopia of 5.84 D in young
patients (20–40 years old) [11]. Hyperopic
patients are the ones that would benefit the
most by this myopic shift.

The magnitude of accommodative response
after a topical treatment depends on intraocular
pharmacokinetics, drug concentration and iris
pigmentation [14, 15]. These could be the rea-
sons that 11 patients (in the LASIK and control
groups) did not gain any lines of near vision.
Wold et al. [15] reported that patients with light
irides had greater accommodative amplitude

Table 4 Manifest refraction, intraocular scattering and pupil size under photopic and scotopic conditions before and 2 h
after the binocular instillation of the eye drop in the previous refractive surgery group

Right p value Left p value

Before
Mean – SD

After
Mean – SD

Before
Mean – SD

After
Mean – SD

Sphere 0.18 ± 0.76 0.01 ± 0.84 0.007 0.25 ± 0.72 0.11 ± 0.81 0.117

Cylinder -0.65 ± 0.34 -0.64 ± 0.39 0.840 -0.68 ± 0.36 -0.64 ± 0.39 0.813

OSI 1.27 ± 1.02 1.23 ± 1.02 0.754 1.59 ± 1.99 1.07 ± 0.95 0.226

Photopic pupil size 3.34 ± 0.83 3.57 ± 0.93 0.334 3.34 ± 0.72 3.38 ± 0.73 0.794

Scotopic pupil size 4.85 ± 0.85 4.09 ± 0.98 0.008 4.81 ± 0.94 3.96 ± 0.88 0.002

OSI objective scatter index, SD standard deviation

Table 3 Uncorrected distance and near visual acuity
before and 2 h after the binocular instillation of the eye
drop in the LASIK group

Before After p value

UDVA 0.06 ± 0.08 0.03 ± 0.05 0.001

UNVA 0.25 ± 0.17 0.10 ± 0.12 0.001

UDVA uncorrected visual acuity, UNVA uncorrected near
visual acuity
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than those with brown irides after the topical
instillation of pilocarpine. This is due to the
increased pigment epithelium in the ciliary
muscle and iris (in patients with dark irides)
which binds topically applied agents, decreas-
ing their bioavailability [14].

Regarding the adverse effects, headache was
the only one reported by the patients. Headache
is a common side effect of pilocarpine and tends
to disappear within several weeks [11].

As we hypothesized, all the patients from the
previous presbyopia surgery group gained lines
in near vision. The myopic shift that these
patients had and the miotic effect of the eye
drop enhanced the near vision by boosting their
depth of field.

Our results correlate with the ones obtained
with other topical therapies [6, 7, 10].

Abdelkader [6] reported a four-line mean
improvement in UNVA 1 h after instilling
monocularly carbachol 2.25% with

brimonidine 0.2%. The UNVA was measured
with the Jaeger scale, and all the treated subjects
abandoned the use of near glasses. He also
compared the monocular instillation of 3%
carbachol and 0.2% brimonidine in combined
and separate forms, demonstrating a significant
improvement in mean near visual acuity in the
combined solution group [7]. Benozzi et al. [10]
reported that 100% of patients achieved near
vision of J1 after the topical instillation of
pilocarpine 1% and 0.1% diclofenac.

One of the limitations of this study is its
design as a pilot investigation. It was performed
as a feasibility study, and the effects were eval-
uated over a short term. In a previous study [8],
we evaluated the effects of the eye drop up to 1
month. We found no significant changes in tear
film quality or endothelial cell count, and the
patients tolerated the use of the eye drop. A
longer follow-up that includes an objective
measurement of accommodation to clarify

Table 5 Uncorrected distance and near visual acuity
before and 2 h after the binocular instillation of the eye
drop in the previous refractive surgery group

Before After p value

UDVA 0.07 ± 0.09 0.05 ± 0.08 0.213

UNVA 0.32 ± 0.17 0.13 ± 0.13 0.001

UDVA uncorrected visual acuity, UNVA uncorrected near
visual acuity

Table 6 Manifest refraction, intraocular scattering and pupil size under photopic and scotopic conditions before and 2 h
after the binocular instillation of the eye drop in the control group

Right p value Left p value

Before
Mean – SD

After
Mean – SD

Before
Mean – SD

After
Mean – SD

Sphere 0.36 ± 0.44 0.29 ± 0.51 0.125 0.36 ± 0.45 0.31 ± 0.53 0.370

Cylinder -0.40 ± 0.32 -0.44 ± 0.30 0.312 -0.36 ± 0.45 -0.40 ± 0.28 0.256

OSI 0.76 ± 0.71 0.92 ± 0.92 0.243 0.60 ± 0.38 0.79 ± 0.87 0.073

Photopic pupil size 3.3 ± 0.56 2.8 ± 1.0 0.001 3.2 ± 0.56 2.7 ± 1.0 0.001

Scotopic pupil size 4.9 ± 0.95 3.8 ± 0.83 0.001 5.0 ± 0.87 3.9 ± 0.96 0.001

OSI objective scatter index, SD standard deviation

Table 7 Uncorrected distance and near visual acuity
before and 2 h after the binocular instillation of the eye
drop in the control group

Before After p value

UDVA 0.02 ± 0.04 0.00 ± 0.03 0.001

UNVA 0.36 ± 0.15 0.18 ± 0.11 0.001

UDVA uncorrected visual acuity, UNVA uncorrected near
visual acuity
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whether the eye drop has an accommodative or
pseudoacommodative effect is necessary. We
did not perform any subjective measurements
of accommodation because they tend to over-
estimate the optical change in power of the eye
[1, 14]. There is also the need to perform a sur-
vey with a validated questionnaire to evaluate
whether there is any improvement in the
patients’ quality of life and whether they are
satisfied with their near vision.

Dr. Vejarano prescribes the eye drop twice a
day to all his patients for daily use, and up to
91% of them are satisfied with their near vision
(personal communication).

To our knowledge, this is the first study to
report the potential of this therapy, showing for
the first time short-term outcomes of a topical
pharmacological compound medication for the
treatment of presbyopia in patients with previ-
ous corneal refractive surgery.

CONCLUSIONS

In conclusion, 91.5% of the patients included in
this study improved at least one line of UNVA.
Given that this is a reversible and noninvasive
therapy, it would be an ideal treatment for
presbyopia.
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