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A preliminary study on the visual outcomes after LaserACE for
presbyopia
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Background: To investigate the visual outcomes over 1 year after laser anterior ciliary excision (LaserACE)
procedure for presbyopic subjects.

Methods: A prospective, non-randomized, non-comparative study. Eight emmetropic eyes of four patients
with presbyopia were included in this study. All eyes were treated with the LaserACE procedure using the
VisioLite erbium-YAG laser (Ace Vision Group, USA). Subjects were assessed preoperatively and at 1 day, 1
week, 1 month, 3 months, 6 months, and 1 year postoperatively. Outcome measures included questionnaires,
visual acuity, manifest refraction, pupil size, keratometry, reading prescription, and intraocular pressure.
Results: Binocular distance corrected intermediate visual acuity (DCIVA) had improved from 0.33+0.12
logMAR to 0.12+0.12 logMAR after 6 months (P<0.05) and 0.13+0.12 logMAR after 12 months
postoperatively (P<0.01). Binocular distance corrected near visual acuity (DCNVA) improved from
0.41+0.10 logMAR to 0.24+0.12 logMAR after 6 months (P<0.05) and 0.26+0.09 log MAR after 12 months
postoperatively (P<0.05). An average decrease of 0.91+0.28 D in the reading prescription at a 40 cm reading
distance was observed and remained stable over 12 months (P<0.05). There were no significant differences
in manifest refraction, uncorrected distance visual acuity (UDVA), corneal curvature, high order aberrations,
pupil size compared with preoperative and 6 months as well as 12 months postoperative visits (P>0.05).
Conclusions: The LaserACE procedure is shown to be safe and efficient for presbyopia correction
without influencing distance vision or visual quality. However, its mechanism and long-term effects need

further validation.
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Introduction correction have been used, including corneal refractive

Presbyopia is a ubiquitous visual disability of the aging eye.
The presbyopic demographic is large and growing, with a
high level of need for spectacle independence. In the last
few decades, a number of surgical approaches for presbyopia

surgery, intraocular lenses implantation, and scleral surgery.
Each approach has its own benefits and limitations (1-6).
Accommodative approaches attempt to restore the true

dynamic range of the defocusing ability of the eye. In
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contrast, pseudo-accommodative approaches provide
functional near vision from a variety of non-accommodative
factors.

Traditionally, presbyopia has been defined as the
gradual loss of accommodation resulting from the loss of
elasticity of the lens capsule and lens substance. Recent
studies demonstrated that the ciliary body, zonules, anterior
vitreous membrane, peripheral choroid as well as ocular
rigidity may also play a role in presbyopia (7-10). Scleral
surgeries were originally developed to meet the needs of
restoring functional biomechanics in the accommodation
apparatus. In this regard, the Laser Anterior Ciliary
Excision (LaserACE, AceVision Group, USA) and
VisAbility Implant System surgery (Refocus Group, Dallas,
"Texas, USA) have recently been under development (11-14).
Lin began to utilize the erbium-YAG laser as a treatment
for presbyopia, while it did not get developing (15).
The LaserACE procedure is a scleral laser micro-excision
procedure currently available designed to improve
biomechanical mobility and compliance of scleral tissue,
which utilizes the Visiolite erbium-YAG laser to ablate
600 pm laser spots in the sclera (11,12). A more compliant
sclera may allow increased movement of the anterior zonule
and greater accommodation. A clinical report has shown
promising results for improving visual performance for near
and intermediate visual tasks (12,13). In comparison with
refractive approaches, scleral approaches could improve
the near visual function without inducing optical changes
or decreasing contrast sensitivity (16-18). In the current
study, we reported the results of the comprehensive clinical
outcomes after the LaserACE procedure for emmetropic
patients over one year. To our knowledge, this study, for the
first time, reported the result of the LaserACE procedure in
the treatment of presbyopia in Mainland China.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-2141).

Methods
Patients

This prospective, non-randomized, non-comparative
study comprised four female patients with a mean age of
58.5+6.0 years (range, 52 to 66 years) at the Eye and ENT
Hospital of Fudan University between April 2014 to August
2016. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
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was approved by the institutional ethics board of Eye and
ENT Hospital of Fudan University (No. ky2012-018) and
informed consent was taken from all the patients after a
complete description of the study. Inclusion criteria were at
least 50 years of age, mean refractive spherical equivalent
refraction (MRSE) of £0.50 D for distance vision with
astigmatism <1.00 D in each eye, uncorrected distance
visual acuity (UDVA) of 20/40 (logMAR 0.30) or better
in each eye, corrected distance visual acuity (CDVA) of
20/25 (logMAR 0.10) or better in each eye, and presbyopia
>1.50 D at 40 cm. Exclusion criteria were a history of ocular
trauma or prior ocular surgery except for corneal refractive
surgery, ocular pathology other than cataract, history
of nuclear sclerosis LOCS III grade 2 or worse or other
cataracts reducing CDVA, and acute or chronic disease or
illness that could increase the operative risk or confound the
study outcomes.

Preoperative assessment

Clinical evaluations included visual acuity questionnaire
assessments with Near Activity Visual Questionnaire (19)
(Table 1); distance corrected near visual acuity (DCNVA)
assessments with the logarithmic visual acuity chart-early
treatment diabetic retinopathy study (ETDRS) 2000 Series
at 40 cm, distance corrected intermediate visual acuity
(DCIVA) assessments with the logarithmic visual acuity
chart-ETDRS 2000 Series at 60 cm, UDVA and CDVA
assessments with the logarithmic visual acuity chart-
ETDRS 2000 Series at 4 m, manifest refraction, and near
addition at 40 cm. The iTrace wavefront analyzer (Tracey
Technologies, Houston, TX) was used to measure wavefront
aberrations. The total higher-order aberrations (HOA), and
spherical aberration (Z4’) were calculated for the central
6-mm zone. The root mean square (RMS) was used to
describe the HOA value. Pupil size was measured under
photopic and mesopic lighting conditions with the NPi-200
pupillometer (Neuroptics, CA, USA). Slit lamp, intraocular
pressure (IOP), and funduscopic examinations were also
performed.

Surgical procedure

The LaserACE procedure was performed bilaterally for all
subjects. All surgeries were performed by the same surgeon
(XZ). The patients received the following medications
30 minutes prior to surgery: topical tobramycin,
dexamethasone, and tetracaine. The patients received 1
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No
difficulty
0
0
0
0
0
0
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N/A
X
X
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Reading labels/ instructions/ ingredients/ prices such as on: medicine bottles, food packaging?
Reading your post/mail, such as: electric bill, greeting cards, bank statements, letters from

friends & family?
Seeing objects close to you and engaging in your hobbies, such as: playing card games,

Reading small print, such as: newspaper articles, items on a menu, telephone directories?
gardening, seeing photographs?

Seeing the display & keyboard on a computer or calculator?
Seeing the display & keyboard on a mobile or fixed telephone?

(IV)  Writing and reading your own writing, such as: greeting cards, notes, letters, filling in forms,
checks, signing your name?

Table 1 The near activity visual questionnaire (NAVQ)

How much difficulty do you have

V)
(V1)
(Vi)

0]
(1
(n
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Seeing objects close to you in poor or dim light?

(VT

(IX)  Maintaining focus for prolonged near work?

X

Conducting near work without spectacles?
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drop of brimonidine 0.15% every 10 minutes for 3 doses
over 30 minutes before surgery. Viscoelastic material
(surgical gel) was placed over the cornea for protection.
A corneal shield was placed on this gel over the cornea to
block that area from any treatment during the procedure.

The LaserACE procedure was performed using the
VisioLite erbium-YAG laser (ACE Vision Group, USA)
at a specific wavelength of 2.94 ym with a laser frequency
of 10-30 Hz, and spot size of 600 pm (12). Ablations were
made in the sclera in three critical anatomic zones: 0.5 mm
distance from the anatomical limbus to 1.1 mm over the
region of the scleral spur and insertion of the ciliary muscle;
1.1 mm distance from the anatomical limbus to 4.9 mm
over the center belly of the ciliary muscle and the thickest
circumference of the sclera; and 4.9 mm distance from the
anatomical limbus to 5.5 mm posterior to the pars plana,
and anterior to the ora serrata over the origin of the ciliary
muscle. Nine excisions were placed in the diamond matrix
pattern in four oblique quadrants for a total of 36 neopores.
The depth of the neopores was about 85-90% depth of the
sclera, to the point that the blue hue of the choroid just
became visible.

After the laser procedure, a collagen matrix powder
mixed with a ratio of 1:4 (v/v) sterile saline solution in a
10 mL syringe was applied directly over the scleral ablation
sites with a cannula. A scleral contact lens was routinely
used postoperatively to cover the ablation zones. Patients
received standard postoperative care and used antibiotic eye
drops and dexamethasone four times a day for one week.

Postoperative follow-up examinations were scheduled
for 1 day, 3 days, 1 week, 1, 3, and 6 months, and 1 year
postoperatively. Comprehensive examinations were
performed by the authors.

Statistical analysis

The statistical analyses were performed using the Statistical
Package for Social Sciences software (SPSS, Version 22;
IBM, Armonk, NY, USA). Data were expressed as mean =
standard deviation (SD). Repeated measures analysis was
performed. In all tests, P<0.05 was deemed to indicate
statistical significance.

Results
Patient characteristics

All four patients enrolled in this study completed each
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Table 2 Patients information and visual outcomes

Pationt No. Eye Gonder Age range, SE (D) ADD (D) DCNVA (logMAR) DCIVA (logMAR) UDVA (logMAR)
years Preop 6-month 12-month Preop 6-month 12-month Preop 6-month 12-month A12-month-pre Preop 6-month 12-month A12-month-pre Preop 6-month 12-month
1 ou Female - - - - - - 0.46 0.22 0.28 -0.18 0.34 0.00 0.10 -0.24 0.02 -0.10 -0.08
0os - 0.50 0.50 0.50 2.50 1.25 1.25 0.54 0.28 0.30 -0.24 0.50 0.04 0.10 -0.40 0.04 -0.10 -0.10
oD 60-65 0.50 0.50 0.50 2.50 1.25 1.25 0.56 0.30 0.32 -0.24 0.50 0.14 0.16 -0.34 0.04 -0.06 -0.10
2 Oou Female - - - - - - - 0.32 0.08 0.14 -0.18 0.20 0.10 0.08 -0.12 -0.18 -0.26 -0.18
0os - 0.13 0.13 0.13 2.25 1.25 1.25 0.46 0.30 0.30 -0.16 0.20 0.10 0.12 -0.08 -0.18 -0.24 -0.20
oD 50-55 0.00 0.00 0.00 2.25 1.00 1.00 0.44 0.24 0.38 -0.06 0.20 0.10 0.24 0.04 -0.16 -0.20 -0.20
3 ou Female - - - - - - - 0.34 0.30 0.26 -0.08 0.28 0.08 0.02 -0.26 -0.10 -0.16 -0.18
0os - -0.13 -0.13 -0.13 1.75 1.25 1.25 0.36 0.44 0.48 0.12 0.24 0.12 0.14 -0.10 0.02 0.00 -0.02
oD 55-60 0.13 0.13 0.13 2.25 1.25 1.25 0.42 0.34 0.48 0.06 0.42 0.04 0.08 -0.34 -0.06 -0.08 -0.10
4 Oou Female - - - - - - - 0.52 0.34 0.36 -0.16 0.48 0.28 0.30 -0.18 -0.12 -0.12 -0.10
(O] - 0.50 0.50 0.25 2.00 1.25 1.50 0.56 0.40 0.40 -0.16 0.48 0.32 0.32 -0.16 -0.12 -0.16 -0.14
oD 55-60 0.25 0.25 0.25 2.00 1.25 1.50 0.58 0.36 0.38 -0.20 0.50 0.32 0.42 -0.08 -0.14 -0.14 -0.12

SE, spherical equivalent refraction; ADD, the power of the near addition; DCNVA, distance corrected near visual acuity; DCIVA, distance corrected intermediate visual acuity.
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Figure 1 Slit-lamp photographs of the eyes after the LaserACE procedure. (A) One week, (B) 1 year postoperatively.
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Figure 2 The mean binocular (A) DCNVA and (B) DCIVA improved at 6 and 12 months postoperatively. Error bars represent mean =

standard deviation. DCNVA, distance corrected near visual acuity; DCIVA, distance corrected intermediate visual acuity.

scheduled follow-up examination through 1 year. Table 2
shows the patients’ demographics and preoperative data.

Slit lamp microscopy and intraocular pressure

Mild conjunctival injection and edema were noticed in all
eyes on 1 day postoperatively and relieved 1 week after
surgery. The subconjunctival hemorrhage was observed
in one eye (Patient 1) and it recovered after 1 week. At
the 1-year visit, the anterior segment examination showed
visible pores in the sclera covered by conjunctiva in four
oblique quadrants. No evidence of scleral erosions was
present (Figure 1).

The average IOP was 12.54+3.21 mmHg preoperatively,
and 11.35+3.04 mmHg at 6 months, 11.89+2.98 mmHg at
12 months (P>0.05).

© Annals of Translational Medicine. All rights reserved.

Near and intermediate visual acuity

Preoperative and postoperative monocular and binocular
DCNVA and DCIVA are shown in Table 2. All four patients
displayed improved binocular DCNVA and DCIVA. Three
patients (3/4) had improvement in monocular DCNVA and
DCIVA. Patient 3 showed an improvement in monocular
DCIVA, while no improvement in monocular DCNVA
12 months postoperatively. Mean binocular DCNVA
improved from the preoperative value of 0.41+0.10 logMAR
to 0.2420.12 logMAR after 6 months (P<0.05) and was
0.26+0.09 after 12 months (P<0.05) (Table 2, Figure 2).
Mean binocular DCIVA improved from the preoperative
value of 0.33+0.12 logMAR to 0.12+0.12 logMAR
after 6 months (P<0.05) and 0.13+0.12 logMAR after
12 months (P<0.05) (Table 2, Figure 2).
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Figure 3 The power of the near addition reading prescription at a 40-cm reading distance decreased significantly after the LaserACE and

remained stable for 1 year. Error bars represent mean + standard deviation.

Subjective questionnaire

Subjectively, patients reported no need for glasses for near
and intermediate tasks over 6 months after surgery and
were satisfied with the procedure. While at a 1-year follow-
up, one patient (1/4, Patient 3) reported her dependence
on glasses for near tasks such as reading books for a long
time. All patients reported no changes in distance vision.
Questionnaire scores ranged from three indicating extreme
difficulties to zero, no difficulty. The total score was
24.5+3.1 preoperatively, 15.3+3.2 after 6 months, and
17.2+2.9 after 1 year (preoperative vs. 1 year, P<0.05).

Reading prescription

An average decrease of 0.91x0.28 D in the power of the
near addition at a 40-cm reading distance was noticed and
remained stable over 1 year (preoperative vs. 1 year, P<0.05)
(Table 2, Figure 3).

Distance visual acuity, refraction, and stereopsis

The mean binocular UDVA was -0.10+0.08 logMAR
preoperatively, -0.16+0.07 logMAR after 6 months (P>0.05),
and -0.14£0.05 logMAR after 12 months (P>0.05). No
statistical differences in manifest refraction were noted
before and after surgery (P>0.05) (1able 2). No patients lost
their CDVA postoperatively.

All subjects had a stereoacuity of 40.0 sec of arc with the
Titmus test before and after surgery.

Corneal curvature, pupil size, and bigh ovder aberrations

There were no significant differences in corneal curvature

© Annals of Translational Medicine. All rights reserved.

and pupil sizes under photopic and mesopic lighting
conditions between the preoperative and 6 months and
12 months postoperative visits (P>0.05) (7able 3). The high
order aberrations, including spherical aberration, coma, and
trefoil aberration, were not significantly different between
preoperative and postoperative eyes (P>0.05) (1able 4).

Adverse events

There was no significant change in intraocular pressure
after surgery. No obvious complications except for
the subconjunctival hemorrhage in one eye (Patient 1)
were observed during and after surgery. Some patients
experienced mild tearing, which decreased within 24 hours.

Discussion

In this prospective study, we evaluated the efficacy and
safety of the LaserACE procedure for the treatment of
presbyopia. After the LaserACE surgery, all patients
showed an improvement in binocular near and intermediate
visual acuity over the 12-month follow-up period. These
patients achieved a decrease of 0.15 logMAR in DCNVA
and 0.20 logMAR in DCIVA at the 12-month visit.
Moreover, by measuring the reading prescription at a
40 cm reading distance, an average decrease of 0.91+0.28 D
in the power of near addition was noticed. This result was
comparable to those reported by Hipsley (12). In Hipsley’s
study, binocular DCNVA improved from +0.21+0.17
logMAR preoperatively, to +0.11+£0.12 logMAR at
24 months postoperatively. It is worth noting that DCNVA
had a trend of a peak at 6 months postoperatively, and then
a slight drop off between 6 and 12 months postoperatively.

Ann Transl Med 2020;8(19):1224 | http://dx.doi.org/10.21037/atm-20-2141
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Table 3 Corneal topography and pupil size at 1-year follow-up
Patient Eye K1 (D) K2 (D) AK (D) PS1 (mm) PS2 (mm)
No. Preop 12-month Preop 12-month Preop 12-month Preop 12-month Preop  12-month
1 oS 43.45 43.22 42.96 42.81 0.49 0.41 4 3.9 4.8 5
1 oD 43.47 43.24 43.16 43.01 0.31 0.23 3 3.1 5.2 5.3
2 0s 42.69 42.85 41.83 42.09 0.86 0.76 2.7 2.7 5.2 5.2
2 oD 42.73 42.93 41.64 41.86 1.09 1.07 2.8 2.9 5.4 5.4
3 (O] 42.48 42.38 41.20 41.50 1.28 0.88 3.7 3.7 6.4 6.5
3 oD 41.63 42.50 40.79 41.26 0.84 1.24 3.5 3.6 6.5 6.6
4 (O] 38.96 38.90 38.67 38.53 0.29 0.37 3.2 3.2 5 5.2
4 oD 39.23 39.10 38.43 38.3 0.80 0.80 3.1 3.3 5.1 4.9

K1, steep keratometry; K2, flat keratometry; AK, K1 — K2; PS1, pupil size under photopic lighting conditions; PS2, pupil size under

mesopic lighting conditions.

Table 4 Wavefront Aberrations at 1-year follow-up

HOA Spherical Coma Trefoil
Patient No. Eye
Preop 12-month Preop 12-month Preop 12-month Preop 12-month

1 oS 0.203 0.188 0.02 0.024 0.12 0.138 0.094 0.104
1 oD 0.093 0.11 0.019 0.041 0.058 0.061 0.033 0.048
2 oS 0.154 0.265 0.099 0.112 0.102 0.195 0.107 0.123
2 oD 0.41 0.367 0.103 0.104 0.372 0.318 0.122 0.119
3 oS 0.292 0.584 -0.007 -0.013 0.263 0.513 0.047 0.193
3 oD 0.329 0.598 0.03 0.023 0.272 0.521 0.144 0.218
4 oS 0.204 0.212 0.091 0.101 0.232 0.21 0.122 0.074
4 oD 0.124 0.103 0.087 0.098 0.143 0.152 0.102 0.114

HOA, high order aberrations.

As for subjective satisfaction, while less than one diopter
was afforded after surgery, the results of the questionnaires
demonstrated that all the patients had improvement
in their ability to perform near tasks without glasses.
Nevertheless, one patient required glasses again 12 months
postoperatively. In this regard, long-term efficacy merits
observation.

The LaserACE procedure aimed to improve near and
intermediate visual acuity in presbyopes by changing the
rigidity of the sclera overlying the ciliary body. Ocular
rigidity has been found to have an effect on age-related
dysfunction of the eye (10). Hipsley proposed three critical
zones of anatomical and physiological significance. After
creating micropores on the sclera over these critical zones,

© Annals of Translational Medicine. All rights reserved.

the accommodative function can be improved. However,
there remains controversy about the efficacy of scleral
surgery in restoring accommodation. The most significant
change contributing to presbyopia is the stiffening of
the lens. Approaches targeting other accommodative
structures will depend on how much restoration relies on
these structures. Several studies have suggested that sclera
expansion can not and does not restore accommodation
(2,20-23). In comparison, Hipsley reported restoration
of 1.25-1.75 D of objective accommodation after the
LaserACE (11), there is little evidence so far. In a recent
study, three subjects treated with LaserACE procedure
up to 13 years postoperatively were studied (13). The
patients displayed 0.5 D of restored accommodation and a

Ann Transl Med 2020;8(19):1224 | http://dx.doi.org/10.21037/atm-20-2141
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corresponding increase in UNVA in that study, indicating
a true restoration of accommodation after LaserACE. In
our study, we did not analyze the objective accommodation
because of the instability of the measured data. Evaluations
in objective accommodation should be undertaken in future
studies.

We need to consider several factors when it comes
to the improvements in visual acuity and subjective
accommodation after the LaserACE surgery. Firstly, the
impact on accommodation is likely to be age-dependent, as
dynamic methods generally attempt to make use of at least
some of the still-active elements of the accommodation
system. Thus, the procedure may show greater benefits for
younger presbyopic patients. Secondly, those optical factors
considered as pseudo-accommodation that contribute to
functional near vision are important. The increase of depth
of field can improve the functional near vision, including
multifocality, small pupils, induced spherical aberration
or astigmatism, and so on. In this study, we did not find
significant changes in pupil size, spherical aberration, or
corneal curvature after surgery. Therefore, these optical
factors can not explain the improvement of visual function
after surgery. Nonetheless, the pupil size is of value in
increasing the depth of field and then improving near vision.
We noticed that subject No. 3 had no improvement of
DCNVA in each eye at one year follow up, whose pupil size
was larger than that of the other subjects. Thirdly, improved
blur interpretation, memorization, and encouragement
could be partial explanations for improvements in subjective
accommodation after scleral expansion surgery (21). In this
concern, we eliminated the chances of memorization and
controlled levels of encouragement. However, we could not
completely avoid these effects.

During the 1-year visit, none of the patients showed
a loss of CDVA. Changes in spherical equivalence and
binocular UDVA were not statistically significant. We did
not notice any complications during the one-year visit
after surgery. The LaserACE can, therefore, be considered
a safe procedure for the treatment of presbyopia in
the emmetropic patient. Compared with other sclera
approaches such as scleral implant surgery, LaserACE is
less invasive and has no risk of implant erode or extrude.
We also measured the wavefront aberrations before
and after surgery and found no significant variations in
spherical aberration and HOAs. As the cornea or the visual
axis were not affected, the advantages of a scleral approach
include no changes to distance vision and no glare, halo, or
other optical aberrations. For this reason, it may be a safe

© Annals of Translational Medicine. All rights reserved.
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and viable choice for emmetropic patients. Emmetropic
presbyopic patients often have high expectations because
they already have good distance vision and are not used
to wearing glasses. Therefore, surgical outcomes both in
terms of visual acuity and quality of vision are paramount
in these patients.

The limitation of the study was a small sample size.
As a scleral approach of presbyopic correction, the
LaserACE procedure is not so widely applied and still
under development. In addition, this study enrolled in
emmetropic presbyopic patients. They had good distance
vision and were not used to wearing glasses. These subjects
often had higher expectations but less will of the surgery.
Thus, we have not enrolled in a large sample of subjects.
More suitable subjects will be enrolled in further studies. In
statistical terms, a sample size that is too small may reduce
the power of the study. Whether or not a small sample size
is an important issue depends ultimately on the strength
of the effect studied. Despite the small sample size, our
findings provided meaningful results. Finally, the long-term
stability merits further study.

Conclusions

Our findings demonstrate that the LaserACE procedure has
the potential to offer a safe treatment option for presbyopia,
based on the 1-year follow-up results after surgery. The
mechanism and long-term effect of the procedure merit
investigation. The surgical correction of presbyopia remains
a significant challenge for refractive surgeons.
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