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Purpose: The purpose of this study was to evaluate the safety and efficacy across time,
of patients topically treated with Benozzi’s method for presbyopia.

Methods: A nonrandomized case series retrospective study was developed, including
patients with emmetropia with binocular uncorrected distance visual acuity (UDVA) of
25/20 or better, and with uncorrected near visual acuity (UNVA) at least Jaeger 2 or
worse. The study was set in Buenos Aires, Argentina, from January 2011 to June 2018,
with at least 1-year follow-up. Patients were treated with pilocarpine and diclofenac
preservative-free eye drops (Benozzi Method; US 8.524.758 B2, EP1.938.839 B1), and the
main outcomemeasuredwas binocular UNVAat different follow-up times. Other param-
eters, as the UDVA and presence of side effects, were evaluated.

Results: A total of 910 patients were included with a mean age at baseline
of 48.67 ± 3.72 years old (range, 40–59 years). The baseline UNVA was 4.74 ± 1.53 and
at 8 years of follow-up was decreased to 1.36 ± 0.48 (Jaeger scale). The mean binoc-
ular UDVA at baseline was 0.00 ± 0.01 logarithm of the minimum angle of resolution
(logMAR) and after 8 years of follow-upwas 0.03± 0.04 logMAR. All side effects reported
(decrease of light perception, headaches, symptomsof ocular surface dryness, anddizzi-
ness) were spontaneously resolved in patients who continued with the treatment.

Conclusions: The efficacy of the pharmacological treatment of presbyopia to improve
the UNVA without affecting the UDVA is shown. Side effects were well tolerated and
resolved before 1 year of treatment.

Translational Relevance: This is a nonsurgical option for patients with emmetropic
presbyopia who do not wish towear glasses, which is a pharmacological treatment with
eye drops.

Introduction

With aging, the performance of visual functions
decreases.1,2 One of the first signs that mark “the
pass of the time,” is presbyopia, when the progres-
sive loss of accommodation starts to affect visual daily
tasks.1–4 In a short time, people who still feel young,
suffer the need to use spectacles for reading, and any
other kind of visual activities in which near-sightedness
is required. Many people take the “spectacle depen-
dency” for granted and get used to it, but others do
not and it, therefore, deteriorates their quality of life.

For the latter, different surgical options are available,
although not suitable for all cases.5–8

Corneal refractive surgery for presbyopia is
growing, with the aid of new laser procedures and
ablation profiles, but the limitation is the corneal
structure itself, with many different possible complica-
tions, which sometimes causes irreversible effects.9–12
Yet, one “reversible” option is the implantation of
phakic lens, which could be placed in the anterior or
posterior chamber, in a relatively simple surgery.13,14
However, some complications have been described,
principally with the anterior chamber lens, such as
corneal endothelial cell loss, uveitis, glaucoma, or
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pupil deformation.15 In addition, complications could
also occur with posterior chamber lens (glaucoma and
cataract development).16,17 Another option for presby-
opia management are pseudo-phakic procedures, with
the evolution of a wide range of intraocular lens
(IOLs) with multifocal effect.8,18 In young people with
presbyopia and with a low refractive error, performing
clear lens surgery is controversial.19,20 Even though it
is possible to operate on healthy eyes with the intent
to avoid spectacles for reading, it seems to be a risky
medical option, as some major complications may
occur.

The option of nonsurgical management of presby-
opia, with eye drops was developed, studied, patented
(Benozzi Method; US 8.524.758 B2- EP1.938.839
B1), and published by our group in 2012, proposing
a treatment to improve accommodation in patients
with emmetropic presbyopia, through parasympa-
thetic stimulation combined with nonsteroidal anti-
inflammatory drugs (NSAIDs).21 At a later time, more
pharmacological options arose, due to the fact that
there was still a large population with unsatisfied needs,
for whom surgical options were not adequate.22–27
Because of that, the purpose of this work was to
review the efficacy across time of patients topically
treatedwith eye drops for presbyopiawith the Benozzi’s
method.

Methods

Study Design

A nonrandomized case series retrospective study
was developed, including all the patients with presby-
opia treated with eye drops, from January 2011 to
June 2018, with at least 1 year of follow-up. The
study was performed following the tenets of Helsinki,
in a private ophthalmology clinic (Centro de Investi-
gación Avanzada de la Presbicia) in Buenos Aires city,
Argentina. All the patients were previously informed
about the characteristics of the pharmacological eye
drop treatment and their potential side effects, as
itching, burning, foreign body sensation, conjuncti-
val redness, and/or headache. In addition, because the
pupil size decreases during treatment, patients were
advised about a potential light perception decrease.
An informed consent was obtained from every patient
before start the treatment. In that, patients give their
consent to share the “treatment results” to the scien-
tific community by congress and/or publication, always
preserving their anonymity. The present study protocol
was approved by the Ethical Committee of the Argen-
tinian Presbyopia Society 0002/2019.

Exclusion and Inclusion Criteria, Parameters
to Evaluate, and Statistics

A complete ophthalmic baseline assessment, includ-
ing visual acuity, ocular surface, anterior segment,
intraocular pressure (IOP), and ocular fundus (evalu-
ated by binocular indirect ophthalmoscope), was
performed to evaluate the following inclusion and
exclusion criteria.

1. Refractive errors were measured (auto-refracto-
keratometer; Nidek ARK700K) and patients
were excluded if one of the eyes has a cycloplegic
spherical refraction greater than -0.50 D or 1.0 D
and/or with cylinder refraction higher than 1.0D.

2. The uncorrected distance visual acuity (UDVA)
was measured with Snellen charts and converted
to the logarithm of the minimum angle of resolu-
tion (logMAR) and uncorrected near visual
acuity (UNVA) was measured with reading chart
at 45 cm distance (objectively measured), with
Jaeger (J) standard notation (from J1 to J8). If
binocular UDVA was lower than 25/20, those
patients were also excluded.

3. Only patients with UNVA of at least Jaeger
2 or worse reading performance were included,
baseline age of 40 years or older, and less than
60 years old.

4. Signs of ocular surface disease was evaluated by
slit-lamp, staining, and grading it byOxford scale,
and cases were excluded if grade 3 or higher of
baseline was detected.28

5. Also done by slit-lamp, the lens was graded
according to the Lens Opacities Classification
System III to detect cataract development. In
addition, patients were excluded if at the begin-
ning of the study, NO3-NC3 or higher lens opaci-
ties were detected by slit-lamp, or also if any
kind of corneal disease was detected (severe dry
eye, corneal scares and/or haze, keratoconus, and
previous corneal refractive surgery).29

6. IOPwasmeasured withGoldman tonometry and
patients were excluded if IOP was higher than
21 mm Hg in one or both eyes.

7. Patients with amblyopia, history of any kind of
glaucoma, pseudophakia,macular disease, or any
retinal disorder, were also excluded.

During the retrospective review, cases were
separated according to the total years of follow-up.
Considering that, 8 groups of patients were configured
from 1 to 8 years of follow-up. The main outcome was
binocular UNVA for each group, achieved at the end
of their respective follow-up. Patients were followed
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during the first week, first month, and third month,
and then every 6 months. Meanwhile, patients were
continuously on the treatment. Every year, the same
complete ophthalmic evaluation was performed to
detect and rule-out side effects and/or if some baseline
condition had changed (as cataracts, glaucoma, or
retinal disease appears). In every visit, patients were
asked about the occurrence of general and ocular side
effects, as well as symptoms of any kind of discom-
fort, such as headaches, decrease of light perception
(dimness) and/or ocular surface discomfort symptoms
(dryness, itching, burning, foreign body sensation,
and/or redness). If any of those side effects had
appeared (or any other spontaneously expressed by
patients), it was registered and followed up on to evalu-
ate if it decreased or disappeared without specifically
treating it or if the patient wanted to abandon the treat-
ment. For patients with ocular surface discomfort, any
kind of artificial tears and/or loteprednol etabonate
0.5% was allowed. These data were also analyzed.

Descriptive statistical results and graphics were
analyzed and performed with XLMiner Analysis
ToolPak software (Frontline Systems Inc.) and values
were expressed as mean, SD and range.

Characteristics About the Treatment

The compounds contained in the eye drops were
prepared in a private pharmaceutical laboratory, under
sterile conditions, in 15 mL plastic drop-bottles, and
stored in a specific refrigerated area until it was
delivered to the patient. The use of eye drops was
indicated twice daily, at the beginning of the day (at
waking up), and 6 hours later. Patients were advised
that they should not use spectacles during the treat-

ment. Each patient received one bottle of pilocarpine
and diclofenac preservative-free eye drops (Benozzi
Method; US 8.524.758 B2- EP1.938.839 B1) a month.
Once the bottle content was empty, the patient must
return the bottle to the clinic and it was registered. Each
bottle was numbered and identified with the patient
data, as a traceability step. In addition, it was an
indirect measurement of adherence to the treatment.

Results

A total of 910 patients were found (427/483
women/men relation) with a mean age at baseline of
48.67 ± 3.72 years old (range, 40–59 years old). Of
them, 26 (2.8%) abandoned the treatment for differ-
ent reasons not related to the pharmacology treatment
itself (passed away, cataract surgery, did not complete
the appointment established, and changed their place
of residence). Figure 1 shows the number of patients
separated by their age when the treatment began.

From the 910 included patients, their mean SE
for the right eyes was 0.43 ± 0.39 D (range, -1.0 to
1.375) and 0.42 ± 0.41 (range, -0.75 to 1.5) for the
left eyes. Table 1 shows the information for the eight
different follow-up groups (from 1–8 years), including
the age at baseline and at the end of the study, and
the UNVA achieved with treatment, and the percent-
age of patients who had achieved UNVA between J1
and J2. Figure 2 shows the UNVA achieved for each
follow-up group, before and after treatment. The mean
binocular UDVA at baseline was 0.00 ± 0.01 logMAR
(0.00–0.10) and after 8 years of follow-up was 0.03 ±
0.04 logMAR (0.00–0.10). Figure 3 shows the mean
age from different groups of patients according their

Figure 1. Patient groups according by their age when the treatment began.
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Table 1. Uncorrected Near Visual Acuity (UNVA) for Each Group of Follow-Up Time, in Patients With Pharmaco-
logical Treatment for Presbyopia

Age (years) UNVA (Jaeger) UNVA: J1 vs. J2, %

Years of
Follow-up

Number of
patients by

Group Baseline Last Year Follow-up Baseline
Last Year
Follow-up

UNVA
Improvement, % J1 J2

8 144 47.18 ± 3.66 55.18 ± 3.66 4.72 ± 1.52 1.36 ± 0.48 71.18 63.4 36.6
(40 to 52) (48 to 60) (2 to 7) (1 to 2)

7 175 47.96 ± 3.13 54.97 ± 3.13 4.51 ± 1.25 1.42 ± 0.49 68.51 57.2 42.8
(41 to 54) (48 to 61) (2 to 7) (1 to 2)

6 136 48.01 ± 4.47 54.01 ± 4.84 4.80 ± 1.42 1.24 ± 0.46 74.16 75.4 24.6
(40 to 54) (46 to 60) (2 to 7) (1 to 2)

5 128 48.91 ± 3.78 53.91 ± 3.78 4.50 ± 1.39 1.28 ± 0.43 71.55 75.2 24.8
(40 to 55) (45 to 60) (2 to 7) (1 to 2)

4 76 49.55 ± 3.73 53.55 ± 3.73 4.75 ± 1.44 1.22 ± 0.42 74.31 77.9 22.1
(41 to 57) (45 to 61) (2 to 7) (1 to 2)

3 77 48.97 ± 3.90 51.97 ± 3.90 4.35 ± 1.48 1.14 ± 0.35 73.79 84.6 15.4
(42 to 57) (45 to 60) (2 to 7) (1 to 2)

2 78 50.27 ± 3.91 52.27 ± 3.91 4.47 ± 1.35 1.12 ± 0.34 74.94 87.2 12.8
(43 to 58) (45 to 60) (2 to 7) (1 to 2)

1 96 48.31 ± 5.39 53.35 ± 5.75 4.42 ± 1.31 1.18 ± 0.39 73.30 94.8 5.2
(43 to 59) (44 to 60) (2 to 7) (1 to 2)

Figure 2. Uncorrected distance visual acuity (UNVA) achieved for each follow up group, before and after treatment.

years of treatment and the mean UDVA achieved at
each time point.

This table shows the number of participants for each
group, age, andUNVA, at baseline and at the end of the
study. It is also presented as the percentage of UNVA
improvement after treatment, the difference between
“before and after” treatment in Jaeger (J) scale, and
the last column shows the percentage of the popula-
tion achieving J1 or J2. Data were expressed as mean,
SD, and range.

All the patients returned their treatment bottles,
and none of them reported the necessity of use
spectacles. The most frequent adverse effect was a
decrease of light perception, which was subjectively

reported by 241 patients (26%), followed by 119
patients reporting headaches (12.9%), 86 cases feeling
ocular surface burning (9.3%), and 2 patients with
dizziness. In their annual ophthalmic evaluation, no
eyes were detected with IOP higher than 21 and
none of the patients developed glaucoma, cataracts,
and/or retinal disease. No ocular surface disease was
detected in the annual control evaluated by the Oxford
scale, however, the symptom of “burning” could be
interpreted as some grade of dry eye disease. Other
systemic side effects or symptoms were not detected
and no patients abandoned the treatment due to
side effects or discomfort. All the data are shown in
Table 2.
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Figure 3. The mean age from different groups of patients according their years of treatment and the mean uncorrected distance visual
acuity (UDVA) achieved at each time point.

Table 2. Side Effects of Pharmacological Treatment of Presbyopia

Amount of Cases Occurred Resolved

Headaches 119 Day 1 Day 7
Dimness 241 Day 1 Month 12
Ocular surface symptoms 86 Day 1 Month 6
Other: dizziness 2 Day 1 Day 3

This table shows the presented side effects and the time they were resolved.

Discussion

The present study, reviewing the result of presby-
opia management with eye drops with 8 years of
follow-up, shows excellent results without severe
adverse effects. This pharmacological treatment,
self-administered twice a day, seems to be sufficient
to give spectacle independence for near visual tasks,
in people with emmetropia with presbyopia and is an
efficient treatment for patients in their 40s until their
60s.

Surgical options, as corneal refractive procedures,
phakic, and pseudophakic IOLs, are improving
and increasing patient’s ability to avoid spectacles.
However, limitations exist to recommend some of
those procedures for patients with presbyopia, with
low refractive error without cataracts. So, there is a
wide active population over the world, aged from the
40s to the 60s, with an unsatisfied need, due to the
decrease of their physiological accommodation due to
aging, because spectacle dependency after 40 could,
in a different manner, affect their quality of life.30,31
For this group of people, presbyopia management
with nonsurgical options utilizing pharmacological eye
drops is growing.

The first publication proposing a new potential
pharmacological treatment for presbyopia manage-
ment was from our group, in 2012.21 Previous exper-
imental animal studies have shown how the effects
of the parasympathetic stimulation with pilocarpine
generates the ciliary muscle spasmodic contraction and
enhancement of lens thickness, which increases the
focal depth.32,33 However, near vision improvement
decreased distance vision because the lens cannot
change its thickness or position.34,35 However, by
combining NSAIDs with parasympathetic agonists,
the intensity of the contraction of the pupil and the
ciliary muscle was decreased, allowing the lens to
change shape and position increasing vision perfor-
mance at all distances.36 This can explain why our
patients reached good near and distance vision. This
effect is achieved by the change of the shape and
position of the lens, which consequently provokes
accommodative capacity related to the parasympa-
thetic activity. However, more studies will be necessary
to show the mechanism of action, as anterior chamber
measurements with ultrasound biomicroscopy,
performed before, during, and after treatment. In
that study, our group showed preliminary results in
100 subjects, which were followed during 5 years,
treated with parasympathetic stimulation combined
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with NSAIDs using drops composed of pilocarpine
and diclofenac. Treatment was indicated 3 times daily,
and 20 patients presented ocular burning and discom-
fort right after drop instillation, but only one of them
abandoned treatment due to that cause. The age of the
patients was between 45 and 50 years old during the
treatment, and all of them had good near and distance
vision, without systemic diseases or complications.

While our group continued to study different
pharmacological concentrations, formulations, and
instillation indications, and moving forward with
regulatory issues and patent activities, other studies
were published. An interesting review about pharma-
cological treatments of presbyopia was published by
Renna et al. in 2017.37 They only found four papers:
ourwork from 2012, thework of Crawford et al. (2014),
Abdelkader et al. in 2015, and one work from their
group (Renna et al; 2016).22,23,25 With similar pharma-
cological principles, the difference remains principally
in the drug formulations, instillations protocols, and
side effects. However, to our knowledge, until the
present, no treatment was approved by any regulatory
agency in any country. In addition, the present study is
the first presenting results with a large population (910
patients) with the longest follow-up, showing remark-
able results with pharmacological eye drops for presby-
opia management without affecting distance vision.

The last published work regarding pharmacological
treatment for presbyopia, as of the time this report was
sent to be reviewed,was a prospective consecutive inter-
ventional study, performed by Vargas et al., evaluating
optical quality and pupil diameter in 117 patients with
presbyopia, aged between 41 and 65 years old.27 They
were treated with a novel therapy with drops composed
by pilocarpine 0.247% phenylephrine 0.78%, polyethy-
lene glycol 0.09%, nepafenac 0,023%, pheniramine
0.034%, and naphazoline 0.003%. The study has a
very short follow-up time (2 hours), where the authors
found that treatment had a promising effect, improv-
ing near vision in 92.3% of patients. Interestingly, they
found that the pupil diameter outcomes changed signif-
icantly according to the age group, where pupil diame-
ter, was able to change under different light stimu-
lus maintaining a dynamic pupil (dynamic pseudo-
accommodation). This phenomenon was not specifi-
cally evaluated by our group and it will be interest-
ing to measure with our pharmacological composition.
Nevertheless, it is necessary to remark that it is indeed
the ciliary muscle contraction that allows us to improve
near vision and not the stenopeic effect secondary to
the pupil contraction.

Vargas et al. does not assess subjective symptoms
secondary to the small pupil size diameter. In our
experience, some patients suffer from that, referring to

it as a decrease of light perception (dimness), which
was worse at night. In our study, it was reported in
26% of cases.27 This symptom was reported at the
beginning of treatment and was resolved and not
reported after month 12 of follow-up. Patients perceiv-
ing that discomfort continued the treatment because
they appreciate spectacle independence. Pupil size was
not objectively measured, but a pupil size decrease
was expected, due to the pharmacological effect of
pilocarpine. In addition, all the patients were advised
that their pupil size would be decreased while under
treatment.

There are still more aspects to resolve (i.e. headaches
were described by different groups and this was
the second most frequent side-effect found in the
present series). It was described as tolerable and
patients expressed that it spontaneously resolved
15 to 20minutes after dropswere instilled, secondary to
the parasympathetic stimulation.Moreover, headaches
were not reported after day 7 of follow-up. Pharma-
cological interactions with other ophthalmological
chronic topical treatments, such as glaucoma, or ocular
surface disease (dry eye), must be specifically studied.

Ocular surface disease in this studywas not relevant,
and burning was presented in 9.3% of patients, which
was resolved with the appropriate treatment of the
ocular surface disease. Nevertheless, patients tolerated
the treatment well and none dropped from the study.
Moreover, our group developed and published, in 2018,
results from a prospective study, evaluating the ocular
surface with the Schirmer test, tear film break up
time test, staining evaluation, and cytology impression,
suggesting that the proposed pharmacological treat-
ment for presbyopia showed no changes in tear produc-
tion and even could produce some ocular surface stain-
ing amelioration, after 1 year of follow-up.38

Baseline assessment of intraocular pressure was
part of the annual routine ophthalmic evaluation. In
the presented series, none of the large number of
patients developed IOP higher than 21 mm Hg. Scien-
tific evidence presented in this work and the known
pharmacological activity from the principal compound
used in the eye drops (pilocarpine and diclofenac),
should not increase the IOP, it even could decrease it.39
However, it would be interestingly to perform a case
control study to evaluate if this treatment in patients
with different kinds of glaucoma could have a “neutral
or beneficial” interaction related to the aqueous humor
drainage.

Finally, new image technologies will improve
our knowledge about the accommodation changes,
presented across time, during the proposed pharmaco-
logical treatment of presbyopia. In addition, it would
be of interest to measure the visual field and quality
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of vision (as aberrometry, contrast sensitivity, and
glare evaluations) to determine if this treatment was
able to modify it or not. However, all of the patients
with the proposed pharmacological treatment for
presbyopia have achieved and maintained for the full
8 years an UNVA between Jaeger 1 and 2. The Jaeger
values improved between 68.5% and 74.9% for differ-
ent groups. A slight change occurred between 6 and
8 years of follow-up in the mean UDVA (from 0.01
to 0.03, respectively), with a range at 8 eight years
from 0 to 0.10 logMAR (equivalent to 20/20 - 20/25 in
Snellen scale). This change could be associated with
the normal aging process and not secondary to the
effect of the treatment. Moreover, patients still have
enough distance vision to avoid spectacles not only for
distance, but also for near vision.

Conclusion

Until the present, this work represents the first scien-
tific evidence that presbyopia could be efficiently and
safely managed without spectacles or surgeries. It was
obtained with a specific pharmacological treatment,
instilling drops twice a day, in a group of patients
with emmetropia with 8 years of follow-up without
relevant side effects. All the patients achieved remark-
able improvements of UNVA andUDVAwas not clini-
cally affected.

New lines of studies, including potential focus on
the emmetropic population, are ongoing by our group
in a prospective manner, with a multicentric study
being proposed soon, to verify our positive results.
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