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ABSTRACT Objective: After cataract surgery, a frequent problem is the
development of posterior capsule opacification (PCO) which can affect the
quality of vision. Our study aims to analyze various eye parameters, such
as refraction, intraocular pressure (IOP), intraocular lens (IOL) position,
lens rise (LR), and anterior chamber parameters using Sirius Topography,
in order to demonstrate the changes that occur after Nd:YAG capsulotomy.
Material and Methods: In this retrospective study, we reviewed the
records of 60 patients post-cataract surgery and Nd:YAG capsulotomy.
Twenty-four patients were selected. The evaluation included corrected dis-
tance visual acuity (CDVA) and IOP measurements with applanation
tonometry. Sirius Topography assessed parameters like anterior chamber
depth (ACD), LR and astigmatism angle. Measurements pre- and post-
Nd:YAG treatment were compared, and patients were followed up after
one week. Results: The study showed a significant negative correlation
(p<0.05) between the change in spherical equivalent and alterations in ACD
and horizontal anterior chamber tilt following the Nd:YAG posterior cap-
sulotomy procedure. CDVA increased significantly (p<0.05) after the pro-
cedure compared to before. LR also showed a significant increase (p<0.05)
compared to pre-procedure measurements. Conclusion: In conclusion, the
study found that Nd: Y AG posterior capsulotomy is an effective way to en-
hance visual acuity. Sirius topography can be used to measure LR easily.
While rare instances of IOL displacement may occur, particularly posteri-
orly but occasionally anteriorly in the axial plane, it holds minimal clinical
significance.

Keywords: Nd:YAG capsulotomy; corneal topography;
lens rise; posterior capsule opacification

OZET Amag: Katarakt cerrahisi sonrast en sik gériilen komplikasyon;
gorme kalitesini olumsuz etkileyen ve gorme keskinligini (GK) azaltan arka
kapsiil opasifikasyonudur (AKO). Calismamizin amact, komplike olmayan
katarakt cerrahisi sonrast AKO gelisen hastalarda Scheimpflug Placido Disk
Topografi cihazi kullamlarak refraksiyon, goz igi basinci (GIB), goz ici lens
(GIL) pozisyonu, lens yiikselmesi (LY) ve 6n kamara parametrelerindeki
degisiklikleri degerlendirmektir. Gereg¢ ve Yontemler: Bu retrospektif ¢a-
lismaya, daha 6nce komplike olmayan katarakt ameliyati ge¢irmis ve son-
rasinda AKO gelisen 60 hastanin 24’ii dahil edildi. Degerlendirmede,
diizeltilmis gérme keskinligi (DGK) ve aplanasyon tonometrisi ile GIB, oto-
refraktometre dlgiimlerine bakildi. Ayrica 6n kamara derinligi (OKD), yatay
6n kamara derinligi, LY, iridokorneal ac1, yatay n kamara tilt (YOKtilt), 6n
kamara hacmi, arka kapsiil agiklig1 Scheimpflug Plasido Disc cihazi kulla-
nilarak degerlendirildi. Olgiimler 1 haftalik takipte Nd:YAG lazer tedavisi
oncesi ve sonrast olarak karsilagtirildi. Bulgular: Islem sonrasi sferik es
degerdeki degisiklik ile islem sonras1 OKD’deki ve YOKtilt’teki degisik-
likler arasinda istatistiksel olarak anlamli (p<0,05) negatif korelasyon bu-
lundu. Islem sonrast DGK islem oncesi degerlere gore anlamli (p<0,05)
artiy gosterdi. Islem sonras1 LY, islem 6ncesi 6lgiimlere kiyasla anlaml
(p<0,05) bir artig gosterdi. Sonug: Nd:YAG lazer arka kapsiilotominin
GKyi iyilestirmek i¢in etkili ve giivenilir bir yaklasim oldugu kanitlan-
mistir. LY Sirius topografisinde otomatik olarak kolayca ol¢iilebilmektedir.
GIL pozisyonundaki degisiklikler genellikle arkaya dogru olsa da klinik
olarak anlaml 6zellik géstermemektedir.

Anahtar Kelimeler: Nd:YAG kapsiilotomi; korneal topografi;
lens yiikselmesi; arka kapsiiler opasifikasyon
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Posterior capsule opacification (PCO), also
known as secondary cataract, is a prevalent late com-
plication that often occurs after cataract surgery.' It
arises due to the excessive growth of residual lens ep-
ithelial cells within the posterior capsule.” As these
cells migrate toward the central region, they can ob-
struct the visual axis and give rise to diverse visual
disturbances known as photic phenomena.? Also, the
opacification of the posterior capsule can result in a
noticeable decline in visual acuity, compromised con-
trast sensitivity, and the occurrence of monocular
diplopia.*®

Nd:YAG laser capsulotomy stands as the fore-
most choice for effectively, commonly, and safely
eliminating PCO.>® This method has garnered favor
from both patients and surgeons alike since the
1980s, aiding in the treatment of PCO and the
restoration of visual acuity.” The Nd:YAG laser op-
erates by emitting pulses lasting 2-3 nanoseconds
with energy at a wavelength of 1,064 nm. This en-
ergy creates a state of elevated pressure and tem-
perature known as plasma, resulting in the
disruption of tissues confined within a limited area.
The expansion of plasma generates a shock wave,
which leads to the incision effect.” While offering
visual improvement, it is important to note that the
procedure can also be associated with potential
complications including sudden intraocular pressure
elevation, pitting of the intraocular lens (IOL),
uveitis, cystoid macular edema, vitreoretinal sepa-
rations, and refractive changes caused by axial
movement of the IOL as well as IOL dislocation.'*-
12Qur study aimed to present findings from patients
who sought treatment at a tertiary care institution
and underwent Nd:YAG laser capsulotomy. While
previous studies have mainly focused on the
changes in the position of IOL and their refractive
status.!:13-1¢ We specifically focused on less fre-
quently mentioned lens rise (LR) changes, providing
insights not extensively covered in previous studies.
LR refers to the vertical measurement between the
highest point of the horizontal cornea-iris angle and
the highest point of the anterior surface of the IOL.!”
This Sirius Tomography & Topographer by CSO is
a reliable tool for accurately quantifying this pa-
rameter.
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I MATERIAL AND METHODS

A retrospective, case-control study, screening was
conducted on a group of sixty patients who experi-
enced symptomatic PCO following uncomplicated
cataract surgery with the implantation of an intra-
bag hydrophobic acrylic IOL. These patients sought
treatment at a tertiary healthcare institution be-
tween March 2022 and March 2023. From this co-
hort, twenty-four patients met the inclusion criteria
and were included in the study. Patients who had a
history of ocular surgeries other than phacoemulsi-
fication and IOL implantation, experienced com-
plications during the operation, and patients with
axial length value <22 mm and >24 mm, had a pos-
terior segment pathology, history of ocular trauma,
had pre-existing iris or corneal pathology, were cur-
rently experiencing active ocular inflammation, had a
diagnosis of glaucoma, or did not comply with regu-
lar follow-up visits were excluded from the study.
The present study received ethical approval from the
review board, adhering to the principles outlined in
the Declaration of Helsinki. All included patients pro-
vided written informed consent after a detailed ex-
planation of the procedure, as well as the potential
benefits and risks associated with participation in the
study. Approval was obtained from the Basaksehir
Cam and Sakura City Hospital Ethics Committee (no:
2023.02.83,27.02.2023).

Baseline assessments were performed before the
procedure, which involved recording uncorrected and
best corrected visual acuity, refraction values, astig-
matism axis using auto-refractometry (RK-F2 Full
Auto Ref-Keratometer by Canon, USA), intraocular
pressure measurements via applanation tonometry
and documentation of the specific IOL model used.
Subsequently, complete pupil dilation was achieved
through the administration of 1% tropicamide eye
drops. The corneal and anterior chamber parameters
were assessed using the Sirius topography device
(SiriustTomography & Topographer by CSO,
Firenze, Italy), which utilizes a combination of
Scheimpflug camera and Placido disc imaging tech-
niques to capture the anterior segment of the eye. Sir-
ius is a rapid and highly reliable non-contact device
that produces a comprehensive image of the area be-
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tween the front corneal surface and the back surface
of the lens. The Scheimpflug camera rotates 180 de-
grees in a short time, evaluating 36,632 points on the
anterior corneal surface and 30,000 points on the pos-
terior surface. This process generates 25 cross-sec-
tional digital images of the entire cornea and anterior
segment at 7-8 degree intervals, accurately repre-
senting the elevation points. Three measurements
were then taken using Sirius topography. Additional
parameters, such as the iridocorneal angle (ICA), an-
terior chamber depth (ACD), horizontal ACD (H-
ACD), anterior chamber volume (ACV), pachymetry,
anterior and posterior corneal keratometric values and
LR, were also recorded using Sirius Scheimpflug to-
mography. Subsequently, the posterior capsulotomy
procedure was carried out using an Nd:YAG laser de-
vice (A.R.C Laser Q-LAS). All laser posterior cap-
sulotomies were performed by a single surgeon (Dag
Y), utilizing the Nd:YAG laser (Figure 1). Once op-
timal pupil dilation was achieved, 0.5% proparacaine
hydrochloride was administered for topical anesthe-
sia. A 2% hypromellose gel was employed as a bond-
ing agent for the contact capsulotomy lens. The
posterior capsulotomy procedure aimed to create a
minimum 4 mm opening in a cruciate pattern. The
average power delivered ranged between 1-4 mJ per
pulse, with the number of pulses recorded between
5-15 on average. One hour following the capsulo-
tomy procedure, intraocular pressure was measured
using applanation tonometry. To aid in the postoper-
ative care, all patients were prescribed topical 1%
prednisolone acetate to be administered four times

FIGURE 1: Measurement of capsular opening area in Nd:YAG capsulotomy using
Sirius topography.
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daily. A standardized medical protocol was adminis-
tered to all patients both before and after the proce-
dure. Before the Nd:YAG capsulotomy, patients
received 2 mg/mL brimonidine eye drops, adminis-
tered 30 minutes in advance. One week later, the pa-
tients were scheduled for a follow-up visit, during
which their uncorrected and best-corrected visual
acuity, refraction values, astigmatism axis, and in-
traocular pressure values were recorded once again.
Following a similar procedure, three measurements
were taken using Scheimpflug tomography for fur-
ther evaluation. A free application named (Astig-
MATIC) was used for vector analysis.'® After
evaluating patients for potential complications, the
recorded parameters before and after capsulotomy
were further analyzed and compared for assessment.

STATISTICAL ANALYSIS

The sample size estimation was determined based on
the number of eyes required to achieve 80% power
with a 5% significance level for an increase in spher-
ical equivalence (SE). Consequently, a total of 20
eyes were deemed necessary to complete the study.
Descriptive statistics for the data included the calcu-
lation of mean, standard deviation, median, lowest,
and highest values, as well as frequency and ratio val-
ues. The distribution of variables was assessed using
the Kolmogorov-Smirnov test. The Wilcoxon test
was utilized to analyze dependent quantitative data.
Additionally, Spearman correlation analysis was em-
ployed to examine correlations between variables.
The analysis was conducted using SPSS version 28.0
software (SPSS Inc., Chicago, Illinois, USA).

I RESULTS

Initially, a total of 60 participants were enrolled in
the study. However, during the research, 36 partici-
pants were lost to follow-up, and their data were sub-
sequently excluded from the final analysis. As a
result, the analysis was conducted on the data from
24 participants (12 females and 12 males). In this
study, patients were selected from a group of indi-
viduals who had undergone uneventful phacoemulsi-
fication surgery in the past. Moreover, all of the
selected patients had been implanted with a single
piece of hydrophobic IOL placed in the lens bag. For
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a single point, the average energy utilization was 0.7
mJ, with an average total of 13.4 shots (range: 7-30)
and a total energy level of 11.6 mJ (range: 5.9-27.3
mJ). The time between phacoemulsification and
Nd:YAG laser posterior capsulotomy was 12.71+0.5
months.

The changes in visual acuity, refraction values
based on SE, astigmatism axis, and mean intraocular
pressure before the procedure are presented in Table
1. After the procedure, a significant increase in cor-
rected distance visual acuity (CDVA) was observed
(0.48+0.67 to 0.05+0.85 logMAR, p=0.002). In ad-
dition, there was a minimal improvement in SE re-
fraction values, but this change was not found to be
statistically significant (0.05+1.83 to 0.05%0.97,
p=0.479). Vector analysis was conducted using the
Alpins method. Figure 2 illustrates a vector analysis
of the refractive astigmatism in patients during the
last visit. The vector mean of target-induced astig-
matism (TIA) was 0.55 D at 95°, while surgically in-
duced astigmatism (SIA) was 0.29 D at 105°. The
difference vector (DV), representing the disparity be-
tween TIA and SIA, was measured at 0.30 D at 85°.
The correction index (CI), calculated by dividing SIA

by TIA, was 0.94 (CI<1.0 indicates under-correction,
CI>1.0 indicates overcorrection) (Figure 2). The post-
procedure intraocular pressure showed no significant
difference, although such a difference was noted at
the 1-week follow-up.

Table 2 presents a comprehensive summary of
parameter results derived from anterior segment op-
tical coherence tomography evaluations conducted
both before capsulotomy and one week after the
procedure. Comparisons revealed that ACD and
ACYV did not display any significant differences be-
fore and after the Nd:YAG capsulotomy (p>0.05).
The IOL position showed backward movement in
20 patients and anterior movement in 4 patients.
However, there was a significant increase in LR
in comparison to the pre-procedural measurements
(-1.21£0.46 to -0.68+0.63, p=0.023). Regarding
horizontal anterior chamber distance and ICA,
there were no significant changes after the proce-
dure (p>0.05). In the Spearman correlation test, a
noteworthy positive correlation (p<0.05) was iden-
tified between the capsular opening and the change
in refraction following the ND:YAG laser proce-
dure.

TABLE 1: Pre-Nd:YAG capsulotomy descriptive Sirius topography measurements.
Minimum-Maximum Median X£SD/n-%
Age 52.0-81.0 69.5 69.0+6.9
Gender
Female 12 50.0%
Male 12 50.0%
CDVA (logMAR) 1.0-0.15 0.52 0.48+0.67
SE -3.00-4.75 -0.19 0.05+1.83
Astigmatism Axis 7.0-180.0 86.0 82.0£48.5
ACD (mm) 3.39-5.09 41 4.20+0.51
Lens Rise -2.22--0.48 -1.12 -1.210.46
HACtilt 4.20-8.20 5.15 5.75+1.57
ACV (mL) 168.4-265.8 234.0 229.1+29.3
HACD (mm) 11.10-12.55 12.12 12.07+0.45
Iridocorneal angle (degree) 39.30-65.80 59.15 58.28+6.85
0P (mmHg) 10.00-25.00 14.50 15.17+4.71

CDVA: Corrected distance visual acuity; SE: Spherical equivalent; ACD: Anterior chamber depth; HACHilt: Horizontal anterior chamber tilt; ACV: Anterior chamber volume; HACD: Ho-

rizontal anterior chamber distance; IOP: Intraocular pressure; SD: Standard deviation.
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FIGURE 2: Vector analysis of refractive astigmatism of patients at one week after Nd:YAG capsulotomy. The analysis was including target induced astigmatism (a), surgi-
cally induced astigmatism difference vector (¢) (which is the difference between target induced astigmatism and surgically induced astigmatism), and correction index (d).

TABLE 2: Comparison of Sirius topography measurements before and after Nd:YAG capsulotomy.

CDVA (logMAR)
SE

Astigmatism axis
ACD (mm)

Lens rise

HACtilt

ACV (mL)

HACD (mm)
Iridocorneal angle (degree)
0P (mmHg)
Capsular opening

Pre-capsulotomy

X£SD
0.48+0.67
0.05+1.83

82.00+48.50
4.20£0.51
-1.21+0.46
5.75+1.57
229.1£29.3
12.07£0.45
58.28+6.85
15.17x4.71

Median

0.52
-0.19
86.00
4.1
-1.12
5.15
234.0
12.12
59.15
14.50

Post-capsulotomy

X+SD Median
0.05+0.85 0.02
0.05+0.97 0.00

82.64+49.97 80.00
3.92+0.50 3.95

-0.68+0.63 -0.83
7.40+3.36 7.05

223.4%22.6 218.2
12.05+0.59 12.03
58.83+4.74 59.30
14.00+4.07 13.50
6.81+3.24 5.93

p value
0.002"
0.479"
0.484
0.182"
0.023*
0.074v
0.308"
0.929*
0.556"
0.151"

“Wilcoxon test;

CDVA: Corrected distance viusal acuity; SE: Spherical egiuvalent; ACD: Anterior chamber depth; HACtilt: Horizontal anterior chamber tilt; ACV: Anterior chamber volume; HACD: Ho-
rizontal anterior chamber distance; IOP: Intraocular pressure; SD: Standard deviation.

None of the cases showed any signs of retinal

detachment, cystoid macular edema, IOL damage due

to pit, or glaucoma crisis following ND:YAG laser

capsulotomy. Additionally, there were no instances
of IOL decentralization and tilt in either the vertical
or horizontal plane among any of the cases.
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I DISCUSSION

Decentralization and improper positioning of the IOL
following cataract surgery can lead to reduced visual
quality, heightened high-order aberrations (depend-
ing on the IOL type used), and the occurrence of
photic phenomena.*!*** Changes in the axial position
of the IOL may result in a myopic or hyperopic shift,
depending on the direction of displacement.!%!* In the
literature, various studies have explored the effects
of Nd:YAG laser capsulotomy on intraocular pres-
sure, refraction, and ACD parameters. In a study con-
ducted by Parajuli et al., they demonstrated that the
SE remained stable during the first week and first
month after Nd:YAG laser capsulotomy. However,
the ACD showed a gradual increase over time.?! In
the research conducted by Thornval and Naeser, the
results indicated that the SE and intraocular pressure
remained stable, while the ACD significantly in-
creased. '’ In our study, no significant change was ob-
served in the ACD value. Also, we observed that the
lenses of 20 patients shifted posteriorly, while in 4
patients, the lenses shifted anteriorly.

Lens epithelial cells persisting post-cataract sur-
gery undergo proliferation and generate microfila-
ment aggregates, exhibiting characteristics of
myofibroblastic cells. This process leads to fibrosis,
opacification, and the development of a membrane
and capsular striae. Tensile forces within the posterior
capsule arise from the contractile nature of microfil-
aments and metaplastic lens epithelial cells.!"® These
morphological alterations may account for the poste-
rior displacement of the IOL implanted in the bag ob-
served after YAG laser capsulotomy. Theoretically,
as the posterior displacement of the IOL may induce
a hyperopic shift, the negative correlation between
horizontal anterior chamber tilt and the SE, as found
in our study, approaching the emmetropic value, can
be elucidated. However, we did not identify any sig-
nificant change in SE. Additionally, the study demon-
strated that the hyperopic shift varied depending on
the size of the capsular opening.?” The extent of pos-
terior displacement of the lens is influenced by fac-
tors such as the material and structure of the IOL and
the size of the capsulotomy. Previous observations
indicate that the posterior orientation and ACD in-
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creased is more pronounced in single-piece and 3-
piece lenses compared to plate haptics.’>?* Even
though the IOL material used in our study was simi-
lar, no significant change was observed in IOL tilt pa-
rameters. In our study, no significant correlation was
identified between the size of the capsulotomy and
the posterior orientation of the lens. However, it is
crucial to perform an appropriately sized capsulo-
tomy based on the optic axis and pupil size. Avoiding
capsulotomies that are too small or too large is es-
sential for optimal outcomes.

Upon reviewing the literature, no study investi-
gating LR in patients who underwent Nd:YAG cap-
sulotomy could be located. Previous studies assessing
LR have typically focused on the crystalline lens and
often involved patients with implantable collamer
lenses.?*?* Consistent with the definition provided
here, the LR involves measuring the vertical separa-
tion between the apex of the horizontal ICA and the
apex of the anterior surface of the IOL (Figure 3).!7 A
negative value means that the crystalline lens is above

%6 Tt is a parameter automati-

the iridocorneal plane.
cally measured by the Sirius tomography device as
standard. The term post-capsulotomy “IOL rise”” was
assigned to refer to crystalline LR. The study demon-
strates that, as the IOL approaches positive values, it
undergoes displacement from the horizontal plane to-
wards the posterior. In our investigation, the poste-
rior displacement of the IOL following capsulotomy
supports the reduction in the negative value of LR.
An IOL rise parameter can also be measured in pa-
tients with an IOL implanted after cataract surgery,

without the need for any manual measurement. Un-

FIGURE 3: Lens rise was defined as the anteroposterior distance between the an-
terior-lens surface and the angle recess to angle recess line (green line). The solid
yellow line is anterior chamber depth, the solid blue line is lens rise, and the das-
hed blue line is anterior surface of intraocular lens.
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like manual measurement using devices like optical
coherence tomography, Sirius topography provides
direct measurements of the IOL rise.

Our study has some limitations. Firstly, patients
in our sample received single-piece IOLs from dif-
ferent brands, potentially introducing variability in
pre- and post-Nd:YAG capsulotomy measurements.
Although all IOLs had a hydrophobic acrylic struc-
ture, differences in their propensity for PCO and po-
sitioning within the bag may exist. Additionally, the
reported increase in ACD after Nd:YAG laser, ob-
served in previous studies, did not reach significance
in our study, likely due to the small number of pa-
tients. The absence of a control group and another
methods in the study limits the comparison of
changes in IOL tilt and LR, necessitating exploration
with a larger patient cohort.

I CONCLUSION

In conclusion, our findings revealed no alteration in
the SE following Nd:YAG laser posterior capsulo-
tomy. However, we did observe changes in the axial
position of the IOL and the measured LR value using
anterior segment topography. This non-invasive,

user-friendly, and effective measurement method can
be employed to determine the presence and extent of
IOL tilt after Nd:YAG capsulotomy.
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