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Purpose: To evaluate the effect of neodymium-doped yttrium aluminum garnet (Nd:YAG) laser capsulotomy on intraocular lens
(IOL) position and anterior segment parameters with a new swept-source anterior segment optical coherence tomography (AS-OCT)
device (Anterion®, Heidelberg Engineering GmbH).

Patients and Methods: A total of 50 eyes from 50 consecutive patients were included. All patients had visually significant posterior
capsular opacification (PCO) after uneventful phacoemulsification surgery with manual capsulorhexis and single-piece C-loop acrylic
IOL implantation (AcrySof® SA60AT) and were treated with Nd:YAG laser. Anterior segment images were captured with Anterion™
in non-dilated conditions before and one month after the procedure. In the “Metrics App”, we collected data of the anterior chamber
angle (ACA) 3 and 9 o’clock, the anterior chamber depth (ACD), the anterior chamber volume (ACV), and the central corneal
thickness (CCT). We also collected demographic and clinical data [age, gender, months from surgery to Nd: YAG capsulotomy, pre-
and post-capsulotomy corrected distance visual acuity (CDVA) and spherical equivalent, and axial length].

Results: We did not find a statistically significant difference in ACD after the Nd:YAG capsulotomy (3.96 = 0.55 vs 3.97 + 0.55 mm,
p =0.10). In 28 patients, we noted a backward movement of the IOL; in the remaining 22, the IOL moved forward or did not change at
all. We did not observe significant changes in ACA at the 3 and 9 o’clock reference points, ACV, or CCT. There was an improvement
in CDVA after the procedure (0.37 = 0.21 vs 0.12 + 0.27 logMAR, p = 0.015), without statistically significant differences in SE (-0.15
+ 0.84 vs —0.25 + 0,93, p = 0.42). Axial length was not correlated with ACD variations after the procedure (p = 0.67).
Conclusion: Our results show that Nd:YAG laser capsulotomy does not change the axial position of a single-piece C-loop acrylic IOL
inside the capsular bag, as well as other anterior chamber parameters.

Keywords: neodymium-doped yttrium aluminum garnet laser, capsulotomy, posterior capsular opacification, intraocular lens, swept-
source anterior segment optical coherence tomography

Introduction

Neodymium-doped yttrium aluminum garnet (Nd:YAG) laser capsulotomy is the gold-standard technique for treating
posterior capsular opacification (PCO) in pseudophakic patients, which still represents the most common long-term
postoperative complication after cataract surgery." Nonetheless, PCO overall incidence has decreased from 50% in the
1980s to up to 10-20% today.>> Despite having a success rate of more than 95%, Nd:YAG capsulotomy is also
associated with multiple complications, such as intraocular pressure (IOP) spikes, corneal damage, uveitis, anterior

hyaloid disruption, cystoid macular edema, intraocular lens (IOL) damage, movement, or dislocation, and refractive

4,5
changes.
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Findl et al® reported a posterior IOL displacement after the procedure, which caused a visually significant
hyperopic shift, especially in those with larger capsulotomies. Previous studies have addressed the change in IOL
position and anterior chamber parameters following Nd:YAG treatment, with mixed results.” ' However, most of
these studies present relevant limitations. Some studies included a mixed group of patients submitted to phacoemul-
sification surgery or extracapsular cataract extraction, while others included eyes that had been implanted with
different IOLs.

In this study, we evaluated the effective lens position and anterior chamber parameters before and after Nd:YAG
capsulotomy in patients with PCO after uneventful phacoemulsification cataract surgery and single-piece C-loop IOL
implantation. All parameters were obtained with a novel high-resolution swept-source anterior segment optical coherence
tomography (AS-OCT) device (Anterion®, Heidelberg Engineering GmbH, Heidelberg, Germany).

Materials and Methods

This prospective study conformed to the tenets of the Declaration of Helsinki. Full ethical approval from the Ethical
Commission of Hospital de Braga was obtained. All patients signed an informed consent after a careful explanation of the
procedure and before the interventions were performed. 50 eyes from 50 consecutive patients were included. All patients had
visually significant PCO after uneventful phacoemulsification surgery with manual capsulorhexis and single-piece acrylic
IOL implantation (AcrySof® SA60AT, Alcon, Texas, United States of America). We excluded patients with intraoperative
(eg, posterior capsule rupture, zonolysis) or postoperative (eg, posterior synechia, bag-IOL subluxation) complications,
previous ocular surgery (besides phacoemulsification surgery), history of corneal pathology, glaucoma, pseudoexfoliation
syndrome, uveitis, posterior segment pathology, history of ocular trauma, and a dilated pupil diameter <5.0 mm.

All patients were treated with Nd:YAG (Ultra Q®, Ellex, Minneapolis, United States of America) capsulotomy.
The laser was posterior offset by 200 pm to prevent IOL optic damage. A 4.0-4.5 mm diameter circle was cleared
using a standard contact lens. We used energy levels starting from 0.8 to 2.4 mJ, which was necessary to disrupt the
capsule. All patients received a standard medical procedure before (2 mg/mL brimonidine eye drops, 30 minutes
before the Nd:YAG capsulotomy) and after (0.3 mg/mL Bromfenac eye drops, twice daily for 15 days) the procedure.

Anterior segment images were captured with a swept-source AS-OCT imaging device (Anterion®, Heidelberg
Engineering GmbH, Heidelberg, Germany) in non-dilated conditions before and one month after the procedure. In
addition to anterior segment imaging, this device also allows for axial length measurement, ocular biometry, and IOL
calculation. This AS-OCT uses a 1300 nm wavelength light source and a scan speed of 50,000 A-scans per second,
which offers an axial resolution of less than 10 pm, a transverse resolution inferior to 30 um, a scan depth of 14 +
0.5 mm, and a maximum scan width of 16.5 mm. This technology delivers detailed high-resolution images of the
anterior segment along with accurate and reliable measurements of the anterior segment. In the “Metrics App”, the
device printout details the anterior chamber angle (ACA), the scleral spur angle, the angle opening distance, the
trabecular-iris space area, the lens thickness, the lens vault, the anterior chamber depth (ACD), the anterior chamber
volume (ACV), the angle-to-angle distance, the spur-to-spur distance, the central corneal thickness (CCT), the white-
to-white, the pupil diameter, and the kappa angle. Figure 1 demonstrates a pre-procedure printout with all the
evaluated AS-OCT parameters. We also collected demographic and clinical data, namely age, gender, months from
surgery to Nd:YAG capsulotomy, pre- and post-capsulotomy corrected distance visual acuity (CDVA) and spherical
equivalent, and axial length. The primary study outcome was to compare the ACD before and after the procedure.
The secondary outcomes were to access other AS-OCT parameters (ACA at 3 and 9 o’clock, ACV, and CCT) before
and after the Nd:YAG capsulotomy. We also analyzed clinical data (CDVA and SE) and investigated if the axial
length was correlated with changes in IOL positioning after the procedure. All AS-OCT measurements were obtained
by the same experienced technician. We performed three consecutive measurements to eliminate potential acquisition
errors. No complications were noted one month after the Nd:YAG capsulotomy.

Statistical analysis was performed using IBM SPSS Statistics 27 (SPSS Inc, IBM). Data normality was calculated
with Kolmogorov—Smirnov test; parametric and non-parametric tests were used accordingly. P-values <0.05 were
considered to be statistically significant.
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Figure | Pre-procedure Anterion® printout showing cornea, anterior chamber, lens, and pupil parameters.

Results

50 eyes from 50 consecutive patients (32 females and 18 males) were included. The mean age was 71.41 + 15.02 years
(range 23-93). All patients were previously submitted to uneventful phacoemulsification surgery and single-piece C-loop
AcrySof® SAGOAT IOL implantation. The surgery was performed 33.42 + 22.82 months before the Nd:YAG
capsulotomy.

Table 1 summarizes the AS-OCT evaluated parameters results obtained before capsulotomy and one month after
the procedure. We did not find a statistically significant difference between the IOL position before and after the Nd:
YAG capsulotomy (3.96 + 0.55 vs 3.97 £ 0.55 mm, p = 0.10). In 28 patients, we noted a backward movement of the
IOL; in the remaining 22, the IOL moved forward or did not change at all. In addition, no significant change was
observed in ACA at the 3 and 9 o’clock reference points, ACV, or CCT. Figure 2 demonstrates the parameter
values’ distribution.

Table 2 shows our visual and refractive results. There was an improvement in CDVA (0.37 £ 0.21 vs 0.12 £
0.27 logMAR, p = 0.015), without statistically significant differences in SE (—0.15 + 0.84 vs —0.25 + 0.93,
p = 0.42). Axial length was not correlated with ACD variations after the procedure (p = 0.67). Figure 3 evidences
this result.

Table | Anterior Segment Optical Coherence Tomography Parameters Comparison Before and One Month After Nd:YAG Laser
Posterior Capsulotomy

Parameters Before Capsulotomy One Month After Capsulotomy P-value
Anterior chamber depth (mm) 3.96+0.55 3.97+0.55 0.10
Anterior chamber angle 3 o’clock (°) 49.23+12.34 47.8119.92 0.809
Anterior chamber angle 9 o’clock (°) 47.55%11.23 46.43£10.55 0.667
Anterior chamber volume (mm?®) 198.09+43.43 201.31+46.27 0.09
Central corneal thickness (um) 552.79£39.90 553.26+41.42 0615
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Figure 2 Box plots of anterior segment optical coherence tomography parameters before and after Nd:YAG posterior capsulotomy.

Discussion

In our current practice, accurate and stable IOL positioning after cataract surgery is becoming more important than ever
before. Every year, new multifocal and extended depths of focus IOLs are released, widening our variety of options and
ability to offer the best solution to our increasingly demanding patients. However, these IOLs are extremely sensitive to
movement and decentration,13 which results in increased higher-order aberrations, coma, photic phenomena, and visual

14,15

quality degradation, especially in near activities.'® Even though IOL positioning seems to greatly influence multi-

focal IOL performance, monofocal IOLs decentration has also been studied and shown to decrease vision quality.'”

Table 2 Visual and Refractive Results Before and One Month After Nd:YAG Laser Posterior Capsulotomy

Parameters Before Capsulotomy One Month After Capsulotomy P-value

Spherical equivalent (diopters) —0.15+0.84 —0.25+0.93 0.42

Distance corrected visual acuity (logMAR) 0.37+0.21 0.12+0.27 0.015
156 https: Clinical Ophthalmology 2022:16
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Figure 3 Scatter plot showing the anterior chamber depth variation after the Nd:YAG posterior capsulotomy according to axial length.

Therefore, movement of the IOL after Nd:YAG capsulotomy in the treatment of PCO could potentially cause refractive
changes and visual quality degradation.

We accessed IOL movement through a comparison of ACD (distance from the anterior surface of the IOL to the
corneal endothelium) before and one month after the capsulotomy, using a novel swept-source AS-OCT. Using this
device, we were able to correctly and accurately determine the ACD. In some cases, we observed interfering signals on
the anterior IOL surface; therefore, each image was carefully observed and manually corrected, if necessary. By using
this high-resolution technology, we were able to demonstrate that the axial position of this single-piece C-loop IOL did
not change significantly after a 4—4.5 mm Nd:YAG capsulotomy when controlling for used energy (even though more
energy was used in patients with thicker PCO). This result is also supported by the fact that there was no difference in SE
after the procedure. This finding contradicts the results from a previous study of our group.” This might be because that,
in that study, our group did not measure the capsulotomy size. It has been reported that a backward movement of the IOL
and, therefore, a hyperopic shift may be caused by a larger capsulotomy size.>'?

Findl et al® reported a posterior axial shift in IOL positioning after Nd:YAG capsulotomy. Three different IOLs were
included [single-piece poly(methyl methacrylate) IOL, a three-piece foldable IOL, and a plate-haptic IOL] and dual-beam
partial coherence interferometry was used. However, in Findl’s study, the IOL position was evaluated immediately after the Nd:
YAG capsulotomy was performed; also, all patients were evaluated after pupil dilation, which could potentially alter the IOL
position. Khambhiphant et al'' reported no significant difference in ACD three months after the procedure with a slightly larger
capsulotomy size of 5 mm in a cohort of 47 pseudophakic patients. Other studies also found similar conclusions.®'® However,
Oztas et al'® observed a decrease in ACD after Nd:YAG capsulotomy, as well as a temporary increase in ACA, despite an
unaltered ACV. Only patients with an angulated hydrophobic acrylic three-piece intraocular lens (Sensar®, Advanced Medical
Optics, California, United States of America) were evaluated. Vitreous pressure can explain the anterior displacement of this
specific IOL. The ACA variations found in this study can be explained by the temporary obstruction of the trabecular meshwork
following Nd:YAG capsulotomy; as stated by the authors, the ACA returned to the baseline values one month after the
procedure. Parajuli et al'® reported an increase in ACD one hour after the procedure, which continued to increase at the one-
month follow-up evaluation. However, the authors included patients who had undergone manual small incision cataract surgery
and phacoemulsification and omit which IOLs were included in the study; also, they did not offer any explanation for the ACD
increase. Our study included a homogeneous sample, which allows for simple and straightforward conclusions.

Our study presents some limitations. All measurements were obtained under non-dilated conditions.
Pseudoaccomodation could be a confounding factor. In addition, we did not take into consideration PCO severity,
which can alter IOL position. We only included pseudophakic patients with a single-piece C-loop acrylic IOL (AcrySof®™
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SAG60AT); our conclusions do not apply to other IOL designs and further studies are necessary to determine the effect of
Nd:YAG capsulotomy on the position of these IOLs. We did not measure IOL tilt and decentration, which can induce
astigmatism and higher-order aberrations. Studies evaluating the three-dimensional position of the IOL, supported by
a wavefront aberrometer and a quality of vision questionnaire might provide further insight on the subject.

Conclusion
In conclusion, our data demonstrate that Nd:YAG laser posterior capsulotomy does not alter the axial position of a single-
piece C-loop acrylic IOL inside the capsular bag, as well as other anterior chamber parameters. All parameters were
obtained using a novel swept-source AS-OCT imaging device, which provides accurate and reliable measurements of the
anterior segment.

Disclosure
The authors report no conflicts of interest in this work.
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