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ABSTRACT

Introduction: Posterior capsular opacification
(PCO) is the most common complication of
cataract surgery. In this study, we develop a
model to quantitatively predict the probability
of Nd:YAG laser capsulotomy for vision-
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threatening PCO to improve the life quality of
postoperative patients.

Methods: A registry analysis of cataract proce-
dures performed between the years 2010 and
2021. Following the screening of 16,802
patients (25,883 eyes), 9768 patients (eyes) were
enrolled. The cohort was randomly divided into
two groups: training (n = 6838) and validation
(n =2930). To identify relevant risk factors,
univariate, multivariate, and Least Absolute
Shrinkage and Selection Operator (LASSO)
algorithm Cox regression analysis were
employed, and a nomogram was created to
demonstrate the prediction result.

Results: At Syears, the overall cumulative
incidence of Nd:YAG laser capsulotomy was
12.0% (1169/9768). The following variables
were included in the prediction model: sex
[hazard ratio (HR) = 1.53, 95% CI 1.32-1.76],
age (HR =0.71, 95% CI 0.56-0.88), intraocular
lens (IOL) material (HR=2.65, 95% CI
2.17-3.24), high myopia (HR = 2.28, 95% CI
1.90-2.75), and fibrinogen (HR = 0.79, 95% CI
0.72-0.88). In the validation cohort, the area
under the curve (AUC) of 1-, 3-, and S5-year
predictions for Nd:YAG laser capsulotomy were
0.702, 0.691, and 0.688, respectively. For a
subgroup of patients with high myopia, the
protective effect of hydrophobic IOL disap-
peared (HR=0.68, 95% CI 0.51-1.12,
P =0.127).

Conclusion: This model could predict the
probability of Nd:YAG laser capsulotomy for
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vision-threatening PCO after cataract surgery by
taking into account factors such as age, gender,
IOL material, high myopia, and fibrinogen.
Meanwhile, implantation of a hydrophobic IOL
in individuals with high myopia did not
demonstrate a protective impact against vision-
threatening PCO.

Keywords: High myopia; Intraocular lens;
Nd:YAG laser capsulotomy; PCO; Prediction
model; Risk factor; Fibrinogen

Key Summary Points

Our research revealed a marked reduction
in the rates of Nd:YAG laser capsulotomy
for vision-threatening posterior capsular
opacification (PCO) compared with the
results of previous similar studies, and the
majority of laser treatment occurred
within 3 years after cataract surgery.

Deficiency of fibrinogen could increase the
probability of Nd:YAG laser capsulotomy.

It reveals no difference in the protective
impact of vision-threatening PCO
between hydrophobic and hydrophilic
intraocular lens (IOLs) in high myopic
eyes.

By referring to factors such as gender, age,
IOL material, fibrinogen level, and high
myopia, the model could estimate the
probability of Nd:YAG laser capsulotomy
for vision-threatening PCO.

INTRODUCTION

Cataract has long been the primary cause of
blindness worldwide [1, 2]. It has a huge impact
on people’s well-being and productivity, dras-
tically lowering their quality of life and result-
ing in large individual and community
economic costs [3]. Surgical intervention is the
primary method of treating cataracts in modern
clinical practice. Cataract surgery procedures

have advanced significantly, with high success
rates, and the majority of patients recover with
satisfactory visual outcomes and lower prob-
lems [4]. However, the most prevalent cause of
recurrent vision disruption after cataract sur-
gery is posterior capsular opacification (PCO)
[5, 6]. PCO results from the migration and
modification of lens epithelial cells (LECs) along
the posterior capsule, and leads to diminished
visual acuity, impaired contrast sensitivity, and
stray light impairment when the visual axis is
involved [7, 8]. The prevalence of this compli-
cation increases over time and varies from 0.9%
to 50% in different studies [9-11]. Differences
among these stated incidence figures may be
due to different study designs, diagnostic crite-
ria, treatment indications for PCO, intraocular
lens (IOL) properties, and the duration of fol-
low-up.

The standard treatment for PCO is Nd:YAG
laser capsulotomy, and it is utilized as a sec-
ondary measure for vision-threatening PCO in
prior research [12-16]. With identical symp-
toms to cataracts, PCO is debilitating and dis-
tressing for the postoperative individual. With
the invocation of new technologies such as
femtosecond laser, cataract treatment will defi-
nitely become more personalized in the future
[17]. However, we have not yet been able to
provide tailored treatment and long-term fol-
low-up recommendations for patients with
specific conditions. The risk factors for PCO are
often discussed, including perioperative condi-
tions [18, 19], IOL design, surgical technique
[20], and so on, but the quantitative prediction
of the probability of Nd:YAG laser capsulotomy
for vision-threatening PCO has seldom been
examined.

Clinical prediction models use a statistical
approach to integrate multiple clinical factors
into a graph or scale to forecast prognosis
probability and prescribe diagnostic or thera-
peutic measures [21]. These models are now
widely used in clinical and basic medical sci-
ence research [22].

In this study, we anticipated that clinical
features and laboratory data had a significant
role in determining the probability of Nd:YAG
laser capsulotomy therapies in patients with
vision-threatening  PCO.  Therefore, we
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construct and validate a clinical prediction
model and display the results using a
nomogram.

METHODS

Patient Selection

The Department of Ophthalmology, the First
Medical Center, Chinese PLA General Hospital
undertook this investigation as a single-center
retrospective cohort study. From January 2010
to December 2021, a total of 16,802 patients
(25,883 eyes) underwent cataract phacoemulsi-
fication and in-the-bag IOL implantation sur-
gery. These patients create a dynamic cohort
with rolling admissions and follow-ups. The
follow-up period was determined by the most
recent record at our center. Subjects with the
following conditions were excluded: eyes that
had undergone combined ophthalmic surgery,
including but not limited to vitrectomy and
trabeculectomy; eyes with traumatic cataract,
complicated cataract, or congenital cataract;
eyes with serious ocular illness affecting ante-
rior structures, such as lens subluxation, ocular
trauma, corneal scar, and active uveitis; and
eyes with a history of retinal vascular disorders
including central retinal vein occlusion
(CRAO), branch retinal vein occlusion (BRVO),
and proliferative diabetic retinopathy (PDR).
Patients whose follow-up data were missing
were also eliminated from this investigation. If
both eyes match the inclusion criteria, the first
operated eye will be registered. The enrollment
process for this study is shown in Fig. 1. Fol-
lowing the exclusions, 9768 patients were
included in our analysis.

This study was carried out following the
principles of the Declaration of Helsinki, and
the study protocol was approved by the Chinese
PLA General Hospital Ethics Committee (no.
S$2022-415-01). Because all data were anon-
ymized and the study was retrospective, no
informed permission was necessary for patient
enrollment.

16802 patients underwent cataract
surgeries from Jan. 2010 to Dec. 2021
(25883 eyes)

Exclude:

- 4780 eyes underwent combined
ophthalmic surgeries;

- 687 eyes with complicated cataract;

- 187 eyes with serious ophthalmic
injury before cataract surgery;

- 79 eyes with history of severe retinal
vascular disorders;

- 4021 eyes with incomplete
clinical data;

- 6361 eyes, for analyzing only one eye
of each subject;

Y

9768 patients were enrolled in our study

v v

6838 patients were 2930 patients were
training cohort (70%) validation cohort (30%)

Fig. 1 Flow chart of the inclusion process for patients
after cataract surgery

Data Collection

Data were gathered through the use of elec-
tronic medical records. Medical information
and procedure descriptions were coded along
with International Classification of Disease-10
(ICD-10) diagnosis codes. Demographics (gen-
der, age at surgery), medical records (history of
hypertension, hyperlipemia, diabetes, and
rheumatic diseases, as well as ocular comor-
bidities, and postoperative record), surgery
record (surgeon grade, IOL material, and intra-
operative complications), laboratory test results,
and Nd:YAG laser capsulotomy event data were
all collected. Hydrophilic IOL included Akreos
AO60 (Bausch&Lomb), Softec HD (Lenstec),
SMART36A (Acritec), and XLSTABI (Zeiss
Optic). ZCBOO (Abbott Medical Optics Johnson
& Johnson Vision) and ACRYSOF IQ were two
hydrophobic IOLs (Alcon Laboratories). The
laboratory examination measurements inclu-
ded red blood cell (RBC) count, white blood cell
(WBC) count, platelet (PLT) count, hemoglobin,
lymphocyte ratio, neutrophil ratio, fasting
blood glucose, creatinine, uric acid, total
cholesterol (TC), triglyceride, fibrinogen, inter-
national normalized ratio (INR), prothrombin
time (PT), and thrombin time (TT). High myo-
pia (more than 6D of myopia), dry eye disease
(DED), history of infectious keratitis (without

I\ Adis



1896

Ophthalmol Ther (2023) 12:1893-1912

Table 1 Clinical characteristics of the training and validation cohort

Characteristics Overall Training cohort Validation cohort P-value
n = 9768 n = 6838 n = 2930

Sex 0.578
Male 4234 (43.3) 2951 (43.2) 1283 (43.8)
Female 5534 (56.7) 3887 (56.8) 1647 (56.2)

Age (years) 1.000
< 60 1327 (13.6) 929 (13.6) 398 (13.6)
60-80 5878 (60.2) 4115 (60.2) 1763 (60.2)
> 80 2563 (26.2) 1794 (26.2) 769 (26.2)

Eye 0.947
Left 4754 (48.7) 3330 (48.7) 1424 (48.6)
Right 5014 (51.3) 3508 (51.3) 1506 (51.4)

IOL material 0.422
Hydrophobic IOL 3430 (35.1) 2419 (354) 1011 (34.5)
Hydrophilic IOL 6338 (64.9) 4419 (64.6) 1919 (65.5)

Surgeon 0.574
Attending 9373 (96.0) 6567 (96.0) 2806 (95.8)
Resident 395 (4.0) 271 (4.0) 124 (4.2)

High myopia 0.292
No 9024 (92.4) 6304 (92.2) 2720 (92.8)
Yes 744 (7.6) 534 (7.8) 210 (7.2)

DED 0.560
No 8215 (84.1) 5761 (84.2) 2454 (83.8)

Yes 1553 (15.9) 1077 (15.8) 476 (16.2)

History of keratoiditis 0.227
No 9600 (98.3) 6728 (98.4) 2872 (98.0)
Yes 168 (1.7) 110 (1.6) 58 (2.0)

Glaucoma 0.901
No 8569 (87.7) 6001 (87.8) 2568 (87.6)
Yes 1199 (12.3) 837 (12.2) 362 (12.4)

History of uveitis 0.282
No 9632 (98.6) 6749 (98.7) 2883 (98.4)
Yes 136 (1.4) 89 (1.3) 47 (1.6)

AMD 0.672
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Table 1 continued
Characteristics Overall Training cohort Validation cohort P-value
n = 9768 n = 6838 n = 2930
No 9540 (97.7) 6675 (97.6) 2865 (97.8)
Yes 228 (2.3) 163 (2.4) 65 (2.2)
Diabetes 0.907
No 7028 (71.9) 4917 (71.9) 2111 (72.0)
Yes 2740 (28.1) 1921 (28.1) 819 (28.0)
Hyperlipemia 0.552
No 7478 (76.6) 5223 (76.4) 2255 (77.0)
Yes 2290 (23.4) 1615 (23.6) 675 (23.0)
Hypertension 0.630
No 4692 (48.0) 3296 (48.2) 1396 (47.6)
Yes 5076 (52.0) 3542 (51.8) 1534 (52.4)
RD 0.234
No 8895 (91.1) 6211 (90.8) 2684 (91.6)
Yes 873 (8.9) 627 (9.2) 246 (8.4)
Nd:YAG capsulotomy
Overall 1229 (12.6) 866 (12.7) 363 (12.4) 0.732
1 Year 191 (2.0) 135 (2.0) 56 (1.9) 0.899
3 Year 925 (9.5) 665 (9.7) 260 (8.9) 0.201
5 Year 1169 (12.0) 824 (12.1) 345 (11.8) 0.726
RBC (10°/L) 438 [4.07, 4.69] 4.38 [4.06, 4.69] 4.38 [4.08, 4.71] 0.022"
WBC (10°/L) 5.92 [4.96, 6.89] 5.93 [4.97, 6.89] 5.90 [4.94, 6.87] 0.437
PLT (109/L) 210.00 [175.00, 242.00] 211.00 [175.00, 242.00] 209.00 [175.00, 240.00] 0.293
Hemoglobin (g/L) 135.14 [126.00, 144.00]  135.00 [126.00, 144.00]  135.14 [126.00, 144.00]  0.362
Lymphocyte ratio 0.32 [0.27, 0.38] 0.32 [0.27, 0.38] 0.32 [0.27, 0.38] 0.572
Neutrophil ratio 0.58 [0.52, 0.64] 0.58 [0.52, 0.64] 0.58 [0.53, 0.64] 0.377
Glucose (mmol/L) 5.41 [4.87, 5.84] 5.41 [4.86, 5.83] 5.43 [4.88, 5.88] 0.321
Creatinine (ptmol/L) 7650 [63.90, 83.53] 76.60 [63.90, 83.60] 76.30 [64.03, 83.30] 0.839
Uric acid (pmol/L) 314.37 [269.38, 347.33] 314.37 [270.02, 346.98] 314.37 [267.50, 348.45] 0.347
TC (mmol/L) 4.44 [4.07, 4.69] 4.44 [4.08, 4.69] 4.44 [4.04, 4.70] 0.566
Triglyceride (mmol/L) ~ 1.38 [1.03, 1.38] 1.38 [1.02, 1.38] 1.38 [1.04, 1.41] 0.179
Fibrinogen (g/L) 3.16 [2.72, 3.60] 3.17 [2.73, 3.60] 3.15 [2.71, 3.60] 0.280
INR 1.00 [0.95, 1.05] 0.99 [0.94, 1.05] 1.00 [0.95, 1.05] 0.056
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Table 1 continued

Characteristics Overall Training cohort Validation cohort P-value
n = 9768 n = 6838 n = 2930

PT (s) 12.77 [12.20, 13.30] 12.70 [12.20, 13.30] 12.77 [12.20, 13.30] 0.331

TT (s) 16.80 [16.10, 17.60] 16.80 [16.10, 17.60] 16.90 [16.10, 17.60] 0.249

DED dry eye disease, AMD age-related macular degeneration, RD rheumatic disease, RBC red blood cell, WBC white blood
cell, PLT platelet, TC total cholesterol, INR international normalized ratio, PT prothrombin time, 77 thrombin time, JOL

intraocular lens, HR hazard ratio
*P < 0.05

surgical treatment, no serious corneal scars
remained and improvement of disease for more
than 2 years), glaucoma, history of uveitis (im-
provement of disease for more than 2 years),
and age-related macular degeneration (AMD)
were among the ocular co-pathologies.
Rheumatoid arthritis, Raynaud syndrome,
ankylosing spondylitis, sicca syndrome (SS),
vasculitis, and systemic lupus erythematosus
were all diagnosed in rheumatology. Two oph-
thalmologists decided on the diagnosis of PCO
and the need of Nd:YAG laser capsulotomy
based on a two lines decline in corrected dis-
tance visual acuity (BCVA) induced by PCO.

Statistical Analysis

The analyses were carried out using R software
(version 4.2.1), with the primary packages uti-
lized in the study being the Caret package
(version 6.0-93) for data cleaning and the rms
package (version 6.3-0) for predictive model
construction.

Clinical characteristics of the eyes included
in the study were provided as counts and per-
centages for categorical variables, and mean (s-
tandard deviation) or median [interquartile
range (IQR)] for numerical variables. The Kol-
mogorov-Smirnov test or the Shapiro-Wilk test
were utilized to evaluate whether each attribute
had a normal distribution.

The total data were randomly divided into a
training cohort (70%) and a validation cohort
(30%). The Wilcoxon-Mann-Whitney test or
Fisher’s exact test was performed to verify the
balance of the distribution of variables between
the training and validation cohorts. To explore

potential risk variables for Nd:YAG laser capsu-
lotomy, wunivariate and multivariate Cox
regression analyses were performed. Statistical
significance was defined as a two-tailed P < 0.05
(*). Risk factors discovered from univariate
analysis (P < 0.20) were included in the multi-
variate analysis. The Least Absolute Shrinkage
and Selection Operator (LASSO) Cox regression
algorithm were used to select the most useful
predictive features from the training cohort
data. Cross-validation was used to determine
the LASSO-Cox regression minimal tuning
parameter (1). The predictive model for Nd:YAG
laser capsulotomy, which includes risk indica-
tors, was displayed as a nomogram and then
verified using an internal validation cohort. A
calibration plot was used to test predictive
accuracy by measuring the correlation between
anticipated probabilities and observed propor-
tions using bootstrapping with 1000 resamples.
The plots included the P value for the Hos-
mer-Lemeshow tests goodness-of-fit. The mod-
el’s overall discriminative capacity was
evaluated using the area under the curve (AUC).
Decision curve analysis (DCA) was used to assess
the model’s utility and net benefit of decision-
making. Lastly, a subgroup analysis was con-
ducted for potential risk factors.

RESULTS

Baseline Variables

This study includes 9768 eyes of equal number
to the individuals who underwent conventional
phacoemulsification combined with IOL
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Table 2 Univariate and multivariate Cox regression analysis of risk factors associated with Nd:YAG laser capsulotomy

Characteristics  Training Nd:YAG No Nd:YAG Univariate log rank Multivariate Cox analysis
cohort analysis
n = 6838 n = 866 n =5972 HR (95% P-value HR (95% CI) P-value
CI)
Sex
Male 2951 (432) 330 (38.1) 2621 (439) 1 1
Female 3887 (56.8) 536 (61.9) 3351 (56.1) 146 <0.001" 1.48 < 0.001"
(1.28-1.68) (1.24-1.78)
Age (years)
<60 929 (13.6) 138 (159) 791 (132) 1 1
60-80 4115 (602)  S08 (587) 3607 (604) 070 <0.001" 079 0.022°
(0.58-0.84) (0.65-0.97)
> 80 1794 (262) 220 (25.4) 1574 (264)  0.61 <0.001" 0.75 0.018
(0.49-0.75) (0.59-0.95)
Eye
Left 3330 (48.7) 416 (48.0) 2914 (488) 1
Right 3508 (51.3) 450 (52.0) 3058 (51.2)  1.00 0.987
(0.87-1.14)
IOL material
Hydrophobic 2419 (35.4) 112 (12.9) 2307 (38.6) 1 1
IOL
Hydrophilic 4419 (64.6) 754 (87.1) 3665 (61.4)  2.69 <0.001" 2.68 < 0.001°
IOL (2.21-3.28) (2.19-3.27)
Surgeon
Attending 6567 (96.0) 840 (97.0) 5727 (95.9) 1 1
Resident 271 (4.0) 26 (3.0) 245 (4.1) 141 0.084 1.36 0.126
(0.96-2.09) (0.92-2.01)
High myopia
No 6304 (92.2) 721 (83.3) 5583 (93.5) 1 1
Yes 534 (7.8) 145 (16.7) 389 (6.5) 2.96 <0.001" 223 < 0.001°
(2.48-3.54) (1.85-2.70)
Dry eye disease
No 5761 (842) 655 (75.6)  S106(855) 1 1
Yes 1077 (15.8) 211 (244) 866 (145)  L12 0.144 128 0.003’
(0.96-1.32) (1.09-1.50)
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Table 2 continued

Characteristics  Training Nd:YAG No Nd:YAG Univariate log rank Multivariate Cox analysis
cohort analysis
n = 6838 n = 866 n = 5972 HR (95% P-value HR (95% CI) P-value
1)
History of
keratoiditis
No 6728 (98.4) 849 (98.0) 5879 (98.4) 1
Yes 110 (1.6) 17 (2.0) 93 (1.6) 0.85 0.503
(0.53-1.37)
Glaucoma
No 6001 (87.8) 752 (86.8) 5249 (87.9) 1
Yes 837 (122) 114 (132) 723 (121) 102 0.858
(0.84-1.24)
History of
uveitis
No 6749 (98.7) 851 (98.3) 5898 (98.8) 1
Yes 89 (1.3) 15 (1.7) 74 (12) 1.17 0.556
(0.70-1.94)
AMD
No 6675 (97.6) 848 (97.9) 5827 (97.6) 1 1
Yes 163 (2.4) 18 (2.1) 145 (2.4) 0.69 0.119 075 0225
(0.43-1.10) (0.46-1.20)
Diabetes
No 4917 (719) 648 (748) 4269 (715) 1 1
Yes 1921 (28.1) 218 (252) 1703 (285)  0.75 <0001 0.94 0.466
(0.65-0.88) (0.79-1.12)
Hyperlipemia
No 5223 (764) 604 (69.7) 4619 (77.3) 1
Yes 1615 (23.6) 262 (303) 1353 (227) 092 0.245
(0.79-1.06)
Hypertension
No 3296 (482) 409 (47.2) 2887 (483) 1 1
Yes 3542 (51.8) 457 (52.8) 3085 (51.7)  0.77 < 0.001" 0.89 0.294
(0.68-0.88) (0.76-1.03)
RD
No 6211 (90.8) 737 (85.1) 5474 (917) 1 1
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Table 2 continued

Characteristics ~ Training Nd:YAG No Nd:YAG Univariate log rank Multivariate Cox analysis
cohort analysis
n = 6838 n = 866 n = 5972 HR (95% P-value HR (95% CI) P-value
CI)
Yes 627 (9.2) 129 (14.9) 498 (8.3) 1.14 0.179 1.27 0.020
(0.94-1.37) (1.04-1.55)
RBC (109/L) 4.38 [4.06, 4.37 [4.07, 4.38 [4.06, 1.01 0.851
4.69] 4.70] 4.68] (0.89-1.16)
WBC (10°/L) 593 [497,  572[486,  595[5.00, 093 0.001" 0.96 0.082
6.89] 6.72] 6.92] (0.89-0.97) (0.91-1.01)
PLT (109/L) 211.00 210.00 211.00 1.00 0.014  1.00 0.060
[175.00, [174.00, [175.00, (1.00-1.00) (1.00-1.00)
242.00] 241.75] 242.00]
Hemoglobin (g/ 135.00 135.00 135.00 1.00 0.194 1.00 0.273
L) [126.00, [126.00, [126.00, (0.99-1.00) (1.00-1.01)
144.00] 143.00] 144.00]
Lymphocyte 032 (027, 032028,  032[026, 328 0.003 116 0.906
ratio 0.38] 0.38] 0.38] (1.50-7.19) (0.10-13.53)
Neutrophil ratio  0.58 [0.52, 0.58 [0.52, 0.58 [0.52, 0.38 0.012" 0.84 0.878
0.64] 0.63] 0.64] (0.18-0.81) (0.08-8.31)
Glucose (mmol/ 5.41 [4.86, 5.20 [4.72, 5.45 [4.88, 0.90 <0.001" 095 0.052
L) 5.83] 5.72] 5.86] (0.85-0.95) (0.89-1.00)
Creatinine 76.60 [63.90, 7255 [62.32, 7720 [64.10, 1.00 0.003" 1.00 0.583
(umol/L) 83.60] 82.00] 83.80] (0.99-1.00) (1.00-1.00)
Uric acid 314.37 314.37 314.37 1.00 0.006  1.00 0.522
(tmol/L) [270.02, [261.47, [271.20, (1.00-1.00) (1.00-1.00)
346.98] 350.00] 346.22]
TC (mmol/L) 444 [4.08, 444 [401, 444 [409, 107 0.112 1.04 0381
4.69] 4.84] 4.67] (0.99-1.16) (0.95-1.14)
Triglyceride 1.38 [1.02, 1.38 [0.94, 1.38 [1.04, 0.90 0.061 0.90 0.108
(mmol/L) 1.38] 1.38] 1.38] (0.81-1.00) (0.80-1.02)
Fibrinogen (g/ ~ 3.17 [2.73, 3.10 [2.69, 3.17 [2.74, 0.81 <0.001" 0.83 < 0.001°
L) 3.60] 3.56] 3.61] (0.74-0.89) (0.75-0.92)
INR 0.99 [0.94, 1.00 [0.95, 0.99 [0.94, 1.17 0.581
1.05] 1.06] 1.05] (0.67-2.06)
PT (s) 1270 [12.20, 12.80 [12.30, 1270 [12.20, 0.98 0.502
13.30] 13.30] 13.30] (0.92-1.04)
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Table 2 continued

Characteristics  Training Nd:YAG No Nd:YAG Univariate log rank Multivariate Cox analysis
cohort analysis
n = 6838 n = 866 n = 5972 HR (95% P-value  HR (95% CI) P-value
1)
TT (s) 16.80 [16.10, 1670 [16.00, 16.80 [16.10, 1.00 0.888
17.60] 17.58] 17.60] (0.99-1.01)

DED dry eye discase, AMD age-related macular degeneration, RD rheumatic disease, RBC red blood cell, WBC white blood
cell, PLT platelet, TC total cholesterol, INR international normalized ratio, P7" prothrombin time, 77 thrombin time, I[OL

intraocular lens, HR hazard ratio
*P < 0.05

implantation. The average age at surgery was
73.0 (65.0, 80.0) years, with 56.7% of the
patient being female. The average follow-up
time after surgery was 26 months. The overall
cumulative incidence of Nd:YAG laser capsulo-
tomy was 2.0% (191/9768) at 1 year, 9.5% (925/
9768) at 3years, and 12.0% (1169/9768) at
5years. The baseline clinical features of the
training and validation cohorts are presented in
Table 1, and the statistical test showed balance
in the two randomly divided cohorts.

Risk Factor Selection and the Prediction
Model Development

In the training cohort, univariate log-rank
analysis was performed to analyze the potential
risk factors for Nd:YAG laser capsulotomy, and
then multivariate Cox regression analysis was
used after including 21 wvariables (P < 0.20,
according to the findings of univariate analysis).
The results of the univariate log-rank analysis
and multivariate Cox regression analyses are
disclosed in Table 2. It revealed that the fol-
lowing factors were independent of Nd:YAG
laser capsulotomy: sex (female, HR = 1.48, 95%
CI 1.24-1.78), age (60-80 years, HR = 0.79, 95%
CI 0.65-0.97; > = 80 years, HR = 0.75, 95% CI
0.59-0.95), IOL material (hydrophilic IOL,
HR =2.68, 95% CI 2.19-3.27), high myopia
(HR = 2.23, 95% CI 1.85-2.70), DED (HR = 1.28,
95% CI 1.09-1.50), rheumatic disease (HR =

1.27, 95% CI 1.04-1.55), and fibrinogen (HR =
0.83, 95% CI 0.75-0.92).

To decrease the influence of collinearity
among variables and to simplify the structure of
the prediction model, the LASSO Cox regression
algorithm was performed to select the most
important variables. Thirty clinical factors were
used in the LASSO Cox regression for 1000
bootstrap iterations, and finally, five features
were selected for the model with a minimum
lambda value of 0.0023 (Fig.2). This model
finally included five factors: sex (female, HR =

1.53, 95% CI 1.32-1.76), age (60-80 years,
HR =0.75, 95% CI 0.62-0.91; > = 80 years,
HR =0.71, 95% CI 0.56-0.88), IOL material
(hydrophilic IOL, HR=2.65 95% CI
2.17-3.24), high myopia (HR = 2.28, 95% CI
1.90-2.75), and fibrinogen (HR = 0.79, 95% CI
0.72-0.88). The results of the final multivariate
Cox model are displayed in Table 3. We then
used a nomogram (Fig. 3) to depict the predic-
tion result for 1-, 3-, and S5-year treatment
probability of Nd:YAG laser capsulotomy based
on the analytical results.

Internal Validation of the Nd:YAG Laser
Capsulotomy Prediction Model

The performance of the prediction model was
evaluated by discrimination and calibration. In
the training cohort, the AUC of 1-, 3-, and
S-year predictions of the Nd:YAG laser capsu-
lotomy were 0.650, 0.683, and 0.678,
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Fig. 2 Screening of risk factors employing the LASSO
Cox Regression. A The penalty process of the LASSO Cox
regression. B The change process of the best penalty
coefficient | in the LASSO Cox regression model

respectively (Fig. 4A). In the validation cohort,
the AUC of 1-, 3-, and 5-year were 0.702, 0.691,
and 0.688, respectively (Fig.4B). In both
cohorts, the 1-, 3-, and S-year calibration plots
for predicting the probability of Nd:YAG laser
capsulotomy  showed good  agreement
(P> 0.05) (Fig.5). The DCA shows that the
prediction model provides a net benefit within
the reasonable threshold range of 5-30%

(Fig. 6).

Subgroup Analysis of the Influence of IOL
material

We used a forest plot to demonstrate the
impacts of the IOL material among subgroups
(Fig. 7). For the probability of Nd:YAG laser

capsulotomy, the protective effect of
hydrophobic material IOL implantation is not
affected by age, gender, the diagnoses of DED,
glaucoma, diabetes, hyperlipemia, hyperten-
sion, or RD (P < 0.01). However, for subgroups
with ocular comorbidities such as with history
of Kkeratoiditis (HR = 0.31, 95% CI 0.09-1.03,
P =0.057), AMD (HR = 0.81, 95% CI 0.28-2.34,
P = 0.700), history of uveitis (HR = 0.50, 95% CI
0.15-1.67, P =0.259), and high myopia (HR =
0.68, 95% CI 0.51-1.12, P =0.127), this pro-
tective effect disappeared. The P-value of inter-
action between IOL material and high myopia
was 0.021.

DISCUSSION

The goal of our study was to develop a predic-
tion model for future Nd:YAG laser capsulo-
tomy treatment in patients with vision-
threatening PCO. With the advancements in
PCO prevention, such as the use of novel IOLs
and femtosecond laser-assisted primary poste-
rior capsulotomy, the management of PCO is
generally evolving. This predictive information
can help doctors make informed decisions
about patient management and preventive
interventions in the early postoperative period,
lowering the probability of vision-threatening
PCO in the long-term postoperative period.
The incidence of Nd:YAG laser capsulotomy
was similar to that described in recent years by
Lindholm et al. [13] (13.2% at 5-year, 2019) and
Hecht etal. [23] (10.2% at 4-year, 2020), but
significantly lower than that reported much
earlier by Baratzc etal. [24] (33.0% at 5-year,
2001) and Ando etal. [25] (32.7% at S-year,
2003). This reduction can be ascribed to
advancements in surgical techniques and IOL
design and materials. Considering the trend in
vision-threatening PCO development, we dis-
covered an increased likelihood of Nd:YAG laser
capsulotomy within 3 years after surgery. To the
best of our knowledge, early PCO development
is caused by flaws in the capsule fusion process.
This may result in a delayed or partial creation
of the capsular bend at the posterior IOL edge.
Thus, LECs can migrate to the gap between the
IOL optic and the posterior capsule [26]. Within
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Table 3 Multivariable Cox regression analysis of variables predicting the probability of Nd: YAG laser capsulotomy

Variables Regression coefficient HR (95% CI) Wald statistic P-value
Sex

Male - 1 -

Female 0.422 1.53(1.32-1.76) 5.809 < 0.001°
Age (years)

< 60 - 1 -

60-80 —0.284 0.75 (0.62-0.91) —2.891 0.004

> =80 —0.350 0.71 (0.56-0.88) —3.098 0.002"
IOL material

Hydrophobic IOL 1 - -

Hydrophilic IOL 0.976 2.65 (2.17-3.24) 9.549 < 0.001°

High myopia

No - 1 -

Yes 0.827 2.28 (1.90-2.75) —8.720 < 0.001
Fibrinogen (g/L) —0.231 0.79 (0.72-0.88) —4.590 < 0.001°

IOL intraocular lens, HR hazard ratio
*P < 0.05

3-5 years after surgery, just a small minority of
patients develop new cases of vision-threaten-
ing PCO. The existing migratory LECs beneath
the IOL edge provide a tight barrier, inhibiting
LECs migration toward the central visual axis
[27-29].

We then created a nomogram for individu-
alized prediction of Nd:YAG laser capsulotomy
in patients with a probability of developing
vision-threatening PCO. The model perfor-
mance, as reflected by the AUC of 5-year pre-
diction, was 0.678 in the training cohort and
0.688 in the validation cohort. The goodness-of-
fit test results demonstrate a good calibration of
the model (P > 0.05). By reference to several
preoperative clinical factors, we could specify
the possibility of Nd:YAG laser capsulotomy
treatment for individual patients. Apart from
fibrinogen, the prediction model incorporates
five items: sex, age, IOL material, fibrinogen,
and high myopia, all of which have previously

been described as risk factors for PCO. This
identification would not add to the burden of
cataract patients, but it would allow for earlier
management in those at high risk. Although
these parameters cannot be directly regulated,
understanding their impact on PCO risk can
help guide the selection of IOL and the decision
of intraoperative management such as fem-
tosecond laser-assisted primary posterior
capsulotomy.

In recent clinical practice, both hydrophobic
and hydrophilic acrylic IOLs are widely used.
Various research has summarized that IOLs
made of hydrophobic substances were overall
superior to hydrophilic acrylic IOL in decreas-
ing the PCO score and Nd:YAG capsulotomy
rate [11, 30, 31]. This might be because the
hydrophobic acrylic material has an adhesive
surface to the collagen membrane, resulting in
quick and tight opposition of the lens in cap-
sular bag and raised adhesion through

A\ Adis



Ophthalmol Ther (2023) 12:1893-1912

1905

Points ? | 20 . 4 . % . 80 . o0
Female
Sex r !
Male
60~80
Age at Operation (years —,—
g P (years) 2o
. Hydrophilic IOL
Material of IOL — i
Hydrophobic IOL
Fibrinogen (g/L) 5 T T T T I T T T 1 T 7 T ]
. . Ye
High Myopia T iy
No
Total Points [ T T T T T T T T 1
0 40 80 120 160 200 240
1-Year Treatment Probability —
0.95 0.9
3-Year Treatment Probability r T T T d
0.95 0.8 0.7 0.6 0.5
5-Year Treatment Probability I r T T T 1
0.95 0.9 0.8 0.7 0.6 0.5

Fig. 3 Nomogram to estimate the probability of Nd:YAG laser treatment for vision-threatening PCO at 1, 3, and 5 years

following cataract surgery

fibronectin [19, 29]. In addition, it has been
demonstrated that the hydrophilic surface
qualities create an optimum matrix for LECs
growth and migration toward the center of the
visual axis [32]. Utilizing scanning electron
microscopy, the posterior edge profiles of the
hydrophobic IOL revealed a sharper square edge
than the hydrophilic IOL, which is critical for
the prevention of PCO [33].

Consistent with these prior findings, high
myopia is also revealed to be a risk factor for
vision-threatening PCO in our research. This
may, at least in part, be because high myopic
eyes have not only a longer axial length but also
a larger capsular bag [34]. The specific biometric
characteristics may elevate the risk of PCO for-
mation. Pupil dilation in myopic eyes may
cause an inadvertently large capsulorhexis
[23, 35], which then results in partial anterior
capsule overlap, elevating the risk of PCO
[36-38]. Large capsular bags could cause weak
posterior capsule adhesion to the IOL in high
myopic eyes, alongside several types of capsular
bending [39]. The classical no space no cell
theory highlights the “barrier effect” of the IOL

contact on the posterior capsule [40]. Further-
more, cataract surgery in high myopic eyes is
generally linked to lower-diopter IOL implan-
tation, which has thinner optics and less pos-
terior convexity [34]. The weaker
biomechanical effects of thinner optics could
result in delayed bend types and a higher rate of
incomplete capsular contractures. Aside from
the above analyses, higher levels of TGF-p pre-
sent in the aqueous humor of pathologically
myopic eyes have been proposed to affect the
development of PCO [41]. The most obvious
outcome from our subgroup analysis is that
there is no difference in the protective effect of
vision-threatening PCO between hydrophobic
and hydrophilic IOLs in high myopic eyes. To
our knowledge, the present study is the first to
focus on the influence of IOL material to PCO
development in high myopic eyes.

A surprising variable observed to be signifi-
cantly linked to the probability of Nd:YAG laser
capsulotomy in our model was fibrinogen. Fib-
rinogen is a glycoprotein synthesized in hepa-
tocytes and is normally present in human blood
plasma [42]. Fibrinogen and fibrin function
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A 1 Year ROC Curve of Training Cohort
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Fig. 4 ROC curves of the training and validation cohorts.
A In the training cohort, the AUC of 1-, 3-, and 5-year
predictions of the Nd:YAG laser capsulotomy were 0.650,
0.683, 0.678, respectively. B In the validation cohort, the

primarily in multiple biological processes
besides hemostasis and thrombosis, namely
wound healing, inflammation, infection, cell
migration, cell-cell interactions, angiogenesis,
tumor growth, and metastasis [43-45]. The
quantitative disorders of fibrinogen are mainly
caused by chain-encoding gene mutations or
liver disease [46, 47]. Cataract surgery, as a dis-
ruption of ocular integrity, instigates a wound-
healing response [48]. ] A RemijnIn etal. [49]
examined that the absence of fibrinogen results
in large but loosely packed thrombi and
thrombotic complications. Similarly, in mice
studies, fibrinogen deficiency could change the
pattern of epithelial cell migration and increase
epithelial hyperplasia [45]. These factors may
explain the association between fibrinogen and
Nd:YAG laser capsulotomy. Alternatively, fib-
rinogen deficiency may influence the mechan-
ical stability of the newly formed tissue,
provoking a persistent local inflammatory
response, which functions crucially in lens-

050
1 - specificity

0.75 1.00 0.00 0.25 0.75 1.00

050
1 - specificity

AUC of 1-, 3-, and 5-year predictions of the Nd:YAG laser
capsulotomy were 0.702, 0.691, 0.688, respectively

associated fibrotic post-cataract surgery. Owing
to the intraoperative disturbance, the breaching
blood-aqueous barrier permits several blood
proteins to enter the ocular environment. These
blood factors might aid the promoting effect of
epithelial cell proliferation in residual LECs.
Concerning fibrinogen, although related treat-
ments are not standard in ophthalmic care, our
outcomes imply a potential avenue for further
research and clinical investigation. The molec-
ular and cellular reasons for the correlation
between fibrinogen and vision-threatening PCO
are yet to be understood. We suggest a com-
prehensive review based on more reliable study
designs.

Our analysis had several strengths. First, this
study formed a large postoperative cohort with
a sufficient length of follow-up time. Second,
based on the superior cohort, we comprehen-
sively integrated multiple clinical factors into a
prediction model and employed LASSO Cox
regression to lower the influence of
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Fig. 5 Calibration plots of the training and validation
cohorts The 1-, 3-, and 5-year calibration curves for
predicting Nd:YAG laser capsulotomy revealed good
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Fig. 6 Deccision curve analysis for the prediction model.
Decision curve analysis shows that the prediction model
offers a net benefit within a reasonable threshold range of
5-30%

multicollinearity among them. For the first
time, we determined fibrinogen as an indepen-
dent risk factor and developed a model to

Predicted 3 Year Probability
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agreement with the actual observations in both cohorts
(P > 0.05). P -value for Hosmer—Lemeshow test

estimate the probability of Nd:YAG laser cap-
sulotomy for vision-threatening PCO. The sim-
ple model showed decent discrimination and
calibration, and may be beneficial for clinical
application.

Nonetheless, some limitations of our study
should be noted. First, owing to the retrospec-
tive study design, we were unable to obtain all
the factors that may affect the results, such as
postoperative inflammation, energies used, the
substances employed during the surgery, and so
on. We could enroll only homogeneous
patients to minimize the effect of these factors.
Second, the single-center nature of the study
may limit the generalizability of our results in
guiding future clinical decisions. To address this
limitation, we recommend performing multi-
center studies in future research. Third, the
inclusion of additional clinical variables could
improve the model’s discriminative ability. The
application of novel method such as deep
learning, pattern recognition, and natural
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Subgroup Hydrophilic IOL  Hydrophobic IOL Hazard Ratio (95%CIl) P value
overall 1082(17.07) 147(429) - 0.340.29-0.41)  <0.001*
Age (years) 0.755°
<60 166(20.37) 30(5.86) b 0.34(0.23-0.50) <0.001*
60~80 628(16.73) 95(4.47) = 0.33(0.27-0.41) <0.001*
>=80 288(16.28) 22(2.77) o 0.30(0.20-0.47) <0.001*
Sex 0.811=
Male 405(14.59) 50(3.43) - 0.34(0.26-0.46) <0.001*
Female 677(19.00) 97(4.92) » 0.33(0.27-0.41) <0.001*
High Myopia 0.021>*
Yes 174(30.91) 19(10.50) —e—H 0.68(0.41-1.12) 0.127
NO 908(15.72) 128(3.94) o 0.34(0.28-0.41) <0.001*
Dry Eye Disease 0.828°
Yes 258(26.25) 35(6.14) b4 0.35(0.25-0.50) <0.001*
NO 824(15.39) 112(3.92) - 0.34(0.28-0.41) <0.001*
History of Keratoiditis 0.8742
Yes 23(19.33) 3(6.12) o—— 0.31(0.09-1.03) 0.057
NO 1059(17.03) 144(4.26) m 0.34(0.29-0.41) <0.001*
Glaucoma 0.309°
Yes 146(17.34) 21(5.88) bo—t 0.42(0.27-0.67) <0.001*
NO 936(17.03) 126(4.10) - 0.33(0.27-0.40) <0.001*
History of Uveitis 0.5462
Yes 21(22.34) 3(7.14) ——t— 0.50(0.15-1.67) 0.259
NO 1061(16.99) 144(4.25) ™ 0.34(0.28-0.40) <0.001*
AMD 0.113°
Yes 26(16.15) 4(5.97) ——— 0.81(0.28-2.34) 0.700
NO 1056(17.10) 143(4.25) m 0.33(0.28-0.40) <0.001*
Diabetes 0.610°
Yes 269(14.63) 33(3.66) o 0.36(0.25-0.52) <0.001*
NO 813(18.07) 114(4.51) ™ 0.33(0.27-0.40) <0.001*
Hyperlipemia 0.9232
Yes 326(22.47) 43(5.13) o4 0.35(0.25-0.48) <0.001*
NO 756(15.47) 104(4.01) = 0.34(0.28-0.41) <0.001*
Hypertension 0.4452
Yes 587(17.70) 77(4.38) 1 0.36(0.28-0.46) <0.001*
NO 495(16.39) 70(4.19) o 0.31(0.24-0.40) <0.001*
RD 0.1592
Yes 151(25.29) 19(6.88) b 0.46(0.29-0.74) 0.001*
NO 931(16.22) 128(4.06) S 0.33(0.27-0.39) <0.001*
T 1
0 1 2 25

Hazard Ratio
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<«Fig. 7 Subgroup analysis forest plot. *P < 0.05; a, P-value
for the interaction test

language processing, is required for developing
more precise predictive models in subsequent
investigations.

CONCLUSION

The model is capable of predicting the proba-
bility of Nd:YAG laser capsulotomy for vision-
threatening PCO after cataract surgery by con-
sidering variables such as age, sex, IOL material,
high myopia, and fibrinogen levels. In addition,
the subgroup analysis demonstrated no differ-
ence in the protective effect against vision-
threatening PCO between hydrophobic and
hydrophilic IOLs in patients with high myopia.
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