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Purpose: This study aimed to analyze the incidence and characteristics of intraocular lens (IOL) dislocation after cataract sur-
gery in South Korea.

Methods: We retrospectively analyzed the incidence of I0L dislocation after cataract surgery in patients diagnosed be-
tween 2002 and 2021. Data of all pseudophakic patients who underwent secondary IOL or IOL exchange surgeries due to IOL
dislocation were extracted from the Korean National Health Insurance System database and the Korean Standard Classifica-
tion of Diseases 7th Revision codes. The incidence per 1,000,000 person-years and corresponding 95% confidence intervals
(Cls) were calculated.

Results: Between 2002 and 2021, 39,965 of the 4,848,125 pseudophakic patients (0.82%) were diagnosed with 10L dislo-
cation and surgically treated. The incidence of IOL dislocation requiring surgery in pseudophakic patients was 28,900 per
1,000,000 person-years (95% Cl, 28,431-29,369), comprising 57,800 cases in male (95% Cl, 56,730-58,870) and 10,800 in
female patients (95% Cl, 10,523-11,077), and the mean male to female ratio was 5.35. The incidence rate peaked in younger
age group below 40 years, showing 107,000 per 1,000,000 person-years (95% Cl, 102,900-111,100), and the average age of
IOL dislocation requiring surgery was 68.1 + 10.7 years. The average time lapse from cataract surgery to secondary IOL sur-
gery due to I0OL dislocation was 4.1 + 4.7 years (median, 2.2 years), and the number of secondary I0L surgery due to disloca-
tion of artificial lens rapidly occurred 10 years after cataract surgery among all age groups.

Conclusions: The incidence of IOL dislocation requiring surgery was higher in younger and male patients. Our findings could
be expected to aid establishing future healthcare policies for South Korean populations with an increased risk of 10L disloca-

tion after cataract surgery.
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Cataracts are the leading cause of blindness and visual
impairment worldwide; their prevalence increases as the
world’s population gradually ages [1,2]. Since cataracts are
a relatively easy, safe, and cost-effective treatable cause of
blindness [3], worldwide efforts have been made to in-
crease the number of cataract surgeries performed. Cata-
ract surgery is the most commonly performed surgical
procedure worldwide, with an estimated 19 million surger-
ies performed annually to reduce avoidable blindness
[4—6]. Based on a large population-based data in South
Korea, cataract surgery is the most common surgery; the
overall incidence of cataract surgery increased from 8.54
per 1,000 person-years in 2011 to 9.67 per 1,000 per-
son-years in 2015 [7].

Intraocular lens (IOL) dislocation after cataract surgery
commonly requires secondary intraocular implantation
surgery due to potential complications such as retinal tears,
retinal detachment, vitreous hemorrhage, and bullous ker-
atopathy. This surgery has increased recently as cataract
surgery increases [8,9]. The incidence of late-onset IOL
dislocation varies worldwide from 0.05% to 1.7% [10—14].
Previous studies have reported that the incidence of IOL
dislocation varies among countries, with various study de-
signs and numbers of cases. Only a few studies have re-
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ported the incidence of IOL dislocation in Asia, showing
that 0.7% of pseudophakic patients experienced IOL dislo-
cation in South Korea over 8 years [9]. Previous studies in-
vestigating the incidence of IOL dislocation in Asia were
limited to preliminary studies. Other Asian studies on IOL
dislocation focused on a comparative incidence analysis
based on risk factors or different surgical methods [15-21].
However, there have been reports of IOL dislocation even
10 years after cataract surgery, with a cumulative inci-
dence of 0.1% to 3% over 10 to 25 years [10—14], indicating
the necessity for long-term studies extending beyond 10
years in Asia.

In South Korea, all nationals must enroll in the Korean
National Health Insurance Service (KNHIS); 97% and 3%
of South Koreans are covered by the Medical Assistance
Program and Medical Care for Patriots and Veterans Af-
fairs Scheme, respectively. Thus, nearly all healthcare-re-
lated data are centralized in large databases. This study in-
vestigated the incidence and characteristics of surgically
treated IOL dislocation after cataract surgery according to
age and sex in the entire South Korean population from
2002 to 2021.
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y
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Fig. 1. The process of identifying intraocular lens (IOL) dislocation cases.
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Materials and Methods

Ethics statement

This study was approved by the Institutional Review
Board of National Health Insurance Service Ilsan Hospital
(No. NHIMC 2023-01-031). The requirement for informed
consent was waived due to the retrospective nature of the
study and the deidentification of the database data. The
study used the National Health Insurance Service-National
Health Information Database (NHIS-NHID) data (No.
NHIS-2023-1-222) from the KNHIS.

Data source

In this retrospective population-based study, data of all

patients who underwent secondary IOL implantation or
IOL exchange between January 1, 2002, and December 31,
2021, were retrieved from the NHIS-NHID 2002-2022, re-
leased by the KNHIS. Claims data were accompanied by
data on demographic characteristics, including age, sex,
diagnostic codes, and surgical procedures. Patient health-
care records were not duplicated because all Korean resi-
dents received unique identification numbers at birth,
which prevented data loss. KNHIS uses the Korean Stan-
dard Classification of Diseases 7th Revision codes, which
are similar to the International Classification of Diseases
and Korean electronic data interchange (KEDI) codes. An-
nual population data were obtained from the Population
and Housing Census conducted in 2010 (available from the
Korean Statistical Information Service; https:/kosis.kr/
eng/). This study included data of patients with KEDI

Table 1. Demographic characteristics of South Korean patients at the time of secondary IOL implantation (2002-2021)

Characteristic (ginzglo‘%fggg) I(?k;ii;lg(igztsi;m p-value
Age (yr) 60.6 +£13.2 68.1 +£10.7 <0.001
<40 48,396 (1.0) 2,107 (5.3)
40-49 209,565 (4.4) 6,345 (15.9)
50-59 700,110 (14.6) 9,624 (24.1)
60-69 1,440,184 (30.0) 10,662 (26.7)
70-79 1,800,513 (37.5) 8,745 (21.9)
>80 604,115 (12.6) 2,482 (6.2)
Sex <0.001
Male 1,966,349 (40.9) 25,297 (63.3)
Female 2,836,534 (59.1) 14,668 (36.7)
Household income relative to the median <0.001
Eligible recipients of medical benefits 336,009 (7.0) 2,009 (5.0)
0%—-25% 818,075 (17.0) 6,590 (16.5)
25%-50% 750,616 (15.6) 6,616 (16.6)
50%—75% 1,047,488 (21.8) 9,237 (23.1)
75%—100% 1,850,695 (38.5) 15,513 (38.8)
Residential area <0.001
Capital arca 1,789,579 (37.3) 13,395 (33.5)
Metropolitan city 1,157,852 (24.1) 11,120 (27.8)
Other 1,855,452 (38.6) 15,450 (38.7)
Disability 0.004
No 4,148,665 (86.4) 34,718 (86.9)
Yes 654,218 (13.6) 5,247 (13.1)

Values are presented as mean + standard deviation or number (%). Percentages may not total 100 due to rounding.

IOL = intraocular lens.
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codes S5111 and S5117, S5119 and S5117 from 2002 to 2021.

Data extraction

All patients who underwent cataract surgery in South
Korea between 2002 and 2021 were enrolled in the study.
Pseudophakic patients were defined as individuals with
IOL (KEDI code, Z961) or evidence of surgery by
phacoemulsification (KEDI code, S5119) or intracapsular
cataract extraction (ICCE)/extracapsular cataract ex-
traction (ECCE; KEDI code, S5111) and IOL implantation
(KEDI code, S5117) on the same day. We retrieved the fol-
lowing data of all pseudophakic patients: baseline sociode-
mographic variables, including age, sex, residence, and in-
come level. Residential area was divided into capital area,
metropolitan city, and others according to the administra-
tive unit of Korea. Household income was grouped as 0%-—
25%, 25%—-50%, 50%—75%, and 75%—100% relative to the
median value. Preoperative ocular characteristics, includ-
ing high myopia, retinal detachment, posterior capsular
rupture during cataract surgery, history of ocular surgery,
and ocular trauma, were analyzed.

In our study, patients with dislocated artificial IOLs were
defined as individuals who underwent either “secondary
IOL implantation (KEDI code, S5116)” or “IOL exchange
(KEDI code, S5118)” only among whom diagnosed with ei-
ther “IOL dislocation (KEDI code, H27.1)” or “mechanical
complication of IOL (KEDI code, T85.2)” after cataract
surgery. The patients with very early IOL dislocation after
cataract surgery or mild IOL subluxation, which did not
require surgical intervention were excluded from the study.
Patients who underwent IOL dislocation on the same day
after cataract surgery were also excluded. In addition, pa-
tients with congenital diseases such as Marfan syndrome
or congenital anomalies were not included (Fig. 1).

Statistical analysis

Data are presented as number (%) for categorical vari-
ables and mean + standard deviation or median (interquar-
tile range) for continuous variables. The incidence per
1,000 person-years, based on the 2002 census, was estimat-
ed using survival analysis. The annual incidence from
2002 to 2021 and overall incidence were estimated using
95% confidence intervals (CIs). Age- and sex-specific inci-
dence rates were also estimated. The significance level was
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set at p < 0.05. All statistical analyses were performed us-
ing the SAS ver. 9.4 (SAS Institute Inc).

Results

Over the 20-year period, 39,965 of the 4,848,125 pseu-
dophakic patients (0.82%) were diagnosed with IOL dislo-
cation requiring surgical intervention (Fig. 1). The overall
incidence of IOL dislocation with surgery was 28,900 per
1,000,000 person-years. The baseline demographic charac-
teristics of the patients are presented in Table 1. The mean
age of pseudophakic patients without IOL dislocation was
60.6 = 13.2 years, while the mean age of patients with IOL
dislocation requiring surgical intervention was 68.1 + 10.7
years. The number of IOL dislocations with surgery in
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Fig. 2. Cumulative incidence rate (per 1,000,000 person-years) of
intraocular lens dislocation in the pseudophakic cohort in South
Korea from 2002 to 2021 by age group.
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Fig. 3. Cumulative incidence rate (per 1,000,000 person-years) of
intraocular lens dislocation in the pseudophakic cohort in South
Korea from 2002 to 2021 by sex group.



Table 4. Accumulative incidence rate (per 1,000,000 person-years) of intraocular lens dislocation in the pseudophakic cohort in South Korea from 2002 to 2021 by sex

Sex

Total

Female

Male

Incidence

Period

Incidence

No. of
patients

No. of
patients

Incidence

No. of

95% CI

95% CI

95% CI

patients

rate

rate

rate

732-764
1,477-1,523

748
1,500
2,170
2,890

2,131

1,057-1,103

1,080
2,020

2,155
4,011

872-900
1,691-1,729

886
2,487-2,533

1,710

4,286

1 wk

4,257

1,988-2,052
2,951-3,029
4,183-4,277
8,964-9,116

8,268
12,042
16,307
26,450
33,906
38,642
39,965

CI = confidence interval.

1 mon

2,142-2,198

6,138

8,084
11,712
13,618
14,478
14,668

2,990

5,904

8,223
14,738
20,288
24,164
25,297

2,510

3 mon
1yr
Syr

2,858-2,922

4,587-4,673
6,271-6,389

8,304-8,496

4230

3,413-3,467
6,370-6,450
10,636-10,764

18,067-18,333

3,440

4,630

9,040
17,500
34,500
57,800

6,410
10,700
18,200
28,900

6,330

17,360-17,640
34,180-34,820

56,730-58,870

10 yr

8,400
10,800

15 yr
20 yr

10,523-11,077

28,431-29,369
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male patients was higher than in female patients during the
20-year period, with 25,297 cases in male and 14,668 cases
in female patients (63.3% vs.36.7%, p < 0.001) (Table 1).
The overall 20-year incidence rate of IOL dislocation
among pseudophakic patients was 28,900 per 1,000,000
person-years (95% CI, 28,431-29,369) (Table 2). The
age-specific incidence was highest in the under 40 years
age group at 107,000 per 1,000,000 person-years and grad-
ually decreased as age increased, reaching the lowest at
5,410 per 1,000,000 person-years for those aged 80 years
and above (Tables 2, 3). However, the age group with the
highest incidence of IOL dislocation was those aged 60—69
years, accounting for 10,662 patients (26.7%) (Table 1).
Between 2002 and 2021, pseudophakic patients experi-
enced a significant increase in the dislocation of intraocu-
lar artificial lens 10 years after cataract surgery, and this
trend appeared consistently regardless of sex and age
(Figs. 2, 3 and Tables 3, 4). The cumulative incidence of
IOL dislocation within 1 year after cataract surgery was
3,440 per 1,000,000 person-years. However, it gradually
increased, reaching 6,410 per 1,000,000 person-years with-
in 5 years, and showed a sharp rise to 10,700 per 1,000,000
person-years after 10 years, marking a significant 3.11-fold
increase (Table 4). The cumulative incidence rate over 20
years was always higher in male patients than in female
patients (Table 4 and Fig. 3).

Discussion

In our study, 0.82% of the patients who underwent cata-
ract surgery were diagnosed with IOL dislocation and then
underwent surgical treatment in South Korea between
2002 and 2021. The overall incidence rate was 28,900 cases
per 1,000,000 person-years, which was notably higher in
male than in female patients (male to female ratio, 5.35).
The highest incidence was seen in those under 40 years,
despite the average age of occurrence being 68.1 + 10.7
years. IOL dislocation occurred with an average duration
of 4.1 + 4.7 years, with a rapid increase of 3.11-fold after 10
years of cataract surgery in all age groups.

Compared with our study, Pueringer et al. [12] showed a
lower incidence rate of 16 of 14,471 patients (0.1%) over a
30-year period in the United States; additionally, 111 of
46,632 patients (0.16%) similarly underwent IOL disloca-
tion in Austria [13]. However, Monestam [22] reported that
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the 10-year cumulative incidence of IOL dislocation was
1% in Northern Sweden, which is higher than our results
in South Korea. The different estimated results between
the two countries might be due to the higher prevalence of
pseudoexfoliation in the Scandinavian population, ranging
between 11% and 42%, which is known as a significant
risk factor for late IOL dislocation [23]. Further studies are
necessary to evaluate the association between the inci-
dence rate of IOL dislocation and other risk factors, such
as the rate of ocular trauma and pseudoexfoliation, in our
country. Recently, Bothun et al. [24] reported 80 cases of
IOL dislocation among 148,201 patients. However, this
study did not suggest whether all patients in the cohort
were pseudophakic.

Moreover, changes in the cataract surgical techniques
may influence the incidence of IOL dislocation. Some pre-
vious studies included phacoemulsification and conven-
tional ECCE [12—14,22]. Therefore, our results were differ-
ent because we evaluated the incidence of IOL dislocation
only after phacoemulsification. Clark et al. [25] reported
that the prevalence of IOL dislocation was only 0.17% be-
tween 1985 and 1989, which is much lower than our results.
This could be due to the shorter study duration and a larg-
er proportion of patients undergoing cataract surgery with
ECCE (36.8%), which is uncommon today compared with
our study. Phacoemulsification and ECCE might have dif-
ferent zonular stresses. Therefore, the current surgical
technique can result in different outcomes of IOL disloca-
tion. Therefore, comparing the incidence rates of cohort
groups prior to 2000 was not appropriate.

Lee et al. [9] reported that the cumulative probability of
IOL dislocation was 2.73% per person in our country,
which is higher compared with our result (0.82%). The in-
cidence rate of IOL dislocation was higher than that in our
study because a wide spectrum of cases of IOL dislocation,
such as very early dislocation and insignificant IOL sub-
luxation not requiring surgical intervention, were included.
Despite the lower number of cases , the incidence rate in
the current study was higher indicating 28,900 per
1,000,000 person-years for 20 years. These discrepancies
possibly arise from differences in patient demographics
and observation periods. First, our study spanned nearly
three times longer compared with that study (20 years vs.
8 years). Given that IOL dislocation is a recognized long-
term complication of cataract surgery, the extended dura-
tion of our study likely contributed to a higher cumulative
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incidence rate observed over time. Specifically, in our
study, we found cumulative rates of 6,410 per 1,000,000
person-years over 5 years and 10,700 per 1,000,000 per-
son-years over 10 years (Table 4), which is comparable to
the results in the previous study (7,671 per 1,000,000 per-
son-years for 8 years), indicating a substantial increase
with prolonged follow-up. Second, Lee et al. [9] excluded
individuals under 40 years of age from their study popula-
tion, whereas we included this age group. This inclusion is
significant as the incidence rate among those under 40 was
the highest in the current study (107,000 per 1,000,000 per-
son-years), explaining the higher cumulative incidence rate
observed in our comprehensive analysis.

In our study, the age-specific incidence rate of IOL dislo-
cation among the pseudophakic population was the highest
in those under 40 years of age in both male and female pa-
tients (130,100 and 47,600 per 10,000,000 person-years, re-
spectively), which was lower than that in another Korean
population-based study reporting an age range of 50—54
years in male patients and 40—44 years in female patients
[9]. However, Lee et al. [9] reported that the incidence rate
of IOL dislocation for the 8 years of the study in the pseu-
dophakic population aged 40 years or older was 7,671 per
1,000,000 person-years (95% CI, 7,616-7,727). This dispari-
ty in results of our study resulted from the exclusion of
nonsurgery-requiring cases, leading to a lower number of
IOL dislocation cases compared with the previous study.
Pershing et al. [23] reported that the rate of procedure-re-
lated revisits after cataract surgery was highest in those in
their 20s and 30s and lowest in those in their 70s. They
also explained that younger patients are more likely to
have other ophthalmologic causes leading to cataracts at
an early age, such as ocular trauma or other ocular surger-
ies, leading to more complicated surgeries with more
chances of IOL dislocation.

With an increase in the aging population and advances
in surgical devices, the incidence of cataract surgery has
increased worldwide, including South Korea [7,26-28]. As
the number of cataract surgeries increases with age world-
wide, the possibility of postoperative complications, in-
cluding IOL dislocation, may increase. Previous studies
have shown an increased incidence of IOL dislocation due
to increased cataract surgery [12,14]. However, our results
showed that the rate of IOL dislocation peaked at <40
years of age with male dominance among pseudophakic
patients. Hence, the increasing number of cataract surger-



ies does not simply influence IOL dislocation. Another
study reported that the increasing incidence of this compli-
cation cannot be explained by the growing pseudophakic
population only [14], but by a longer duration of pseu-
dophakia in Sweden, which was also found in the present
study.

In addition, male patients had a higher incidence of IOL
dislocation than the female patients in all age groups
among the pseudophakic population (Table 2); in contrast,
cataract surgery was more common in female than male
patients (Table 1) [14]. This surprising finding is similar to
that of other previous studies showing that male sex is a
predisposing factor for readmission after cataract surgery
[17,22,23]. As shown in previous studies, there were multi-
ple predisposing factors of IOL dislocation including ag-
ing, high myopia, uveitis, trauma, previous vitreoretinal
surgery although 90% of cases show zonular weakness
[29-32]. Other complications, including postoperative en-
dophthalmitis and retinal detachment after cataract sur-
gery, occurred more frequently in men, as shown in our
previous studies [33,34], and these results could be associ-
ated the cause of our male dominant result. Another expla-
nation may be that male patients have more tendency to
ocular trauma that might have happened a long time ago
and was forgotten at the time of cataract surgery so that
they might have a history of underreported trauma [22,35].
In another study, some investigators suggested that there
may be a sex-related difference that results in weaker
zonule in men with pseudoexfoliation (PEX) leading to
more prevalent IOL dislocation in spite of higher incidence
of PEX in female patients [29]. Further studies on the bio-
logical differences such as the different extent of zonular
weakness between men and women after cataract surgery
need to be more precisely conducted.

Although the mean timing of artificial IOL dislocation
requiring surgical treatment is approximately 4.1 + 4.7
years, with a rapid increase of 3.11-fold from 1 year to 10
years after cataract surgery in all patients (Fig. 3 and Table
4). The fact that a dramatic increase in this unwanted com-
plication occurred 10 years after cataract surgery is of par-
ticular concern. Although a few previous studies investi-
gated a study duration of more than 10 years, different
cataract surgery techniques were used, including ECCE,
ICCE, and phacoemulsification, which may have different
impacts on the incidence of IOL dislocation. However, our
findings emphasize the importance of long-term follow-up
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care after cataract surgery, even in cases where the initial
postoperative results seem satisfactory. Additionally,
time-dependent increase of IOL dislocation after cataract
surgery can be explained based on biological changes after
surgery. Zonules become more friable with aging, particu-
larly in eyes with PEX, which have more severe epithelial
atrophy compared to non-PEX eyes of patients of the same
age [32]. Another biological change after cataract surgery
is contraction of capsular bag which happens as early as
three months following phacoemulsification. Although not
all capsular bag contractions lead to significant IOL dis-
placement, some contraction results in additional stress on
potentially weak zonules leading to IOL dislocation [17].
Due to sphincter effect of fibrosis around an intact contin-
uous curvilinear capsulorhexis, especially if the diameter
is very small, the progressive weakening of already com-
promised zonules may make them vulnerable to continu-
ous centripetal forces and cause their rupture resulting in
IOL dislocation [10].

However, this study has some limitations. First, com-
pared with data reviewed and obtained from medical
charts, the extraction of patients relied solely on health
claims, which could be inaccurate and excluded patients
without diagnostic codes despite experiencing IOL disloca-
tion after cataract surgery. Patients who did not seek treat-
ment at a hospital were also excluded, leading to underesti-
mating the results. Second, determining whether a surgical
procedure could be necessary because of the lack of clini-
cal data is difficult, including patients’ medical history,
corneal endothelial status, visual acuity, and extent of IOL
dislocation. Third, our study focused only on the residents
in South Korea; therefore, our findings cannot be general-
ized to other ethnicities. Additionally, IOL dislocation
could occur as early as less than 3 months or later, and
these two types have quite different pathogenesis. Early
IOL dislocation can be induced due to tearing of posterior
capsule or rupture of equatorial syndrome usually hap-
pened during intraoperative or preoperative zonulopathy.
Our results only suggested the mean time of IOL disloca-
tion after cataract surgery regardless of cause of IOL dislo-
cation so that a further study should be conducted.

The strengths of our study include the large sample size
using a national database covering nearly the entire Kore-
an general population for the long term and the multifacet-
ed implications of our study. Only a few studies have ana-
lyzed IOL dislocation, focusing on Asian risk factors
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[17,36,37]. We targeted the entire population of our country
to establish representativeness of the analysis. First, this
study will raise awareness among ophthalmologists about
the potential for IOL dislocation. In addition, our study
highlights the need for long-term monitoring of pseu-
dophakic patients beyond the immediate stable postopera-
tive period. Additionally, it can help identify patients with
a higher risk of IOL dislocation, leading to the develop-
ment of more personalized postoperative care plans.

In conclusion, the incidence rate of IOL dislocation re-
quiring surgery was 0.82% in South Korea, with higher re-
currence among younger age groups and in male patients.
Although its incidence is relatively low, IOL dislocation is
a vision-threatening complication. Given the sharp in-
crease (more than twofold) in the incidence rate of IOL
dislocation occurring over 10 years after cataract surgery,
long-term follow-up is necessary in high-risk patients.

This study aimed to analyze the frequency of IOL dislo-
cation and patterns of secondary IOL implantation surgery
among patients who underwent cataract surgery in South
Korea based on large retrospective data of the general pop-
ulation provided by the KNHIS. These findings are expect-
ed to serve as an important reference source for predicting
complications that can cause severe visual loss, such as
dislocation of the intraocular artificial lens following cata-
ract surgery, the most common surgical procedure in South
Korea, and assessing associated risk factors.
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