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Background/Aims: To identify pre-, intra-, and postoperative risk factors for developing IOL dislocation that required surgical
intervention for IOL dislocation after an initial planned phacoemulsification cataract surgery.

Methods: A retrospective multicenter clinical database study collected over 12 years from 8 clinical centers in the United Kingdom.
We included all eyes that underwent planned phacoemulsification cataract surgery. We excluded eyes that underwent planned large
incision cataract surgery, were left aphakic during initial surgery and those that underwent retina or other intraocular surgery between
initial cataract surgery and development of IOL dislocation. We used the Poisson model with robust approximation of variance for
multivariable estimations to calculate adjusted relative risk (ARR).

Results: Of 176,572 eyes that underwent planned phacoemulsification cataract surgery, 145 (0.08%) developed IOL dislocation
requiring surgery. Factors that increased the risk for developing IOL dislocation included age between 18 and 40 years (ARR = 4.5
[1.7-12.0]), age between 40 and 60 years (ARR = 2.6 [1.6-4.5]), male sex (ARR = 1.5 [1.1-2.1]), pseudoexfoliation (ARR = 5.7
[3.1-10.5]), zonular dialysis (ARR = 3.3 [1.5-7.1]), posterior capsule rupture (PCR) (ARR = 16.4 [9.7-27.1]), iris damage (ARR =4.2
[1.5-11.6]), combined phacoemulsification-pars plana vitrectomy (ARR = 3.2 [1.7-6.2]), and YAG capsulotomy (ARR = 2.8 [1.5—
5.2]) (p < 0.05 for all).

Conclusion: This large database study quantified the risk factors for IOL dislocation after cataract surgery. This information is
clinically useful for surgeons for preoperative risk stratification and surgical planning.

Keywords: intraocular lens dislocation, phacoemulsification, pseudoexfoliation, posterior capsule rupture, zonular dialysis,
vitrectomy, capsulotomy

Introduction

Phacoemulsification cataract surgery is a widely performed procedure globally with excellent visual outcomes.'~
Although not common, problems with the implanted intraocular lens (IOL) may arise that necessitate additional
surgery.” One of these complications is IOL dislocation, which generally requires surgical IOL repositioning or exchange
if the patient develops visual symptoms or other secondary complications.’ Incidence of IOL subluxation/dislocation
occurs in a bimodal distribution. Early dislocation, defined as occurring within 3 months of cataract surgery, is generally
due to inadequate IOL fixation within a secure capsular bag. Predisposing factors include posterior capsule rupture (PCR)
and zonular dialysis. Late dislocation, defined as occurring 3 or more months after an uncomplicated cataract surgery, is
due to progressive zonular weakness and capsular contraction (ie, anterior capsule phimosis). Reported predisposing
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factors include aging, high myopia, uveitis, trauma, retinitis pigmentosa, diabetes mellitus, atopic dermatitis, connective
tissue disorders, previous vitreoretinal surgery, and previous acute angle closure attack.’

To date, few large studies have analyzed the risk factors of developing IOL dislocation after cataract surgery that
requires additional surgical intervention. Some risk factors identified in previous studies have included ocular co-
morbidities, such as pseudoexfoliation, zonular laxity, high myopia, glaucoma, and uveitis, type of cataract, such as
traumatic or brunescent, and operative factors, such as anterior vitrectomy, iris and ciliary injury, and zonular
dehiscence.* ® However, these studies are limited by choice of exclusion criteria, presence of unaccountable confounders,
and small sample size. The study by Lee et al from Korea was a large population-based study; however, the authors
excluded IOL dislocation events that occurred during the first postoperative week, and their analysis was adjusted only
for age, sex, and preoperative variables® Peuringer et al identified only 16 cases of IOL dislocation from 14,471 cases,
and the study by Dabrowska-Kloda was a nested case—control study of only 123 eyes.>®

The purpose of our study was to identify ocular, intraoperative, and postoperative risk factors for developing IOL
dislocation that required additional surgical intervention after an initial planned phacoemulsification cataract surgery using
a large clinical dataset of 176,954 eyes from 8 clinical centers. Our study is the largest in the Western hemisphere to assess
the risk of IOL dislocation and addresses limitations of other studies by including a large sample size, adjusting for all
analyzed variables, and including all cases of IOL dislocations from the date of initial cataract surgery. We hypothesize that
a range of preoperative, intraoperative, and postoperative factors independently contribute to the risk of IOL dislocation. An
understanding of risk factors has important implications for preoperative risk stratification and surgical planning.

Methods
Data

We extracted anonymized data pertaining to cataract surgery from eight UK National Health Service centers and pooled
them into a single database. All centers had large ophthalmology departments with a representative mix of patients
undergoing cataract surgery and used the same electronic medical record system (Medisoft Ophthalmology; Medisoft
Limited). The study period spanned 12 years (July 2003 to March 2015).

The standards of care at the study sites and the data extraction process have been described in previous
publications.”® In brief, all sites performed day-case phacoemulsification surgery. Routine postoperative care for each
site included at least one visit conducted by a specialist nurse or an optometrist 4-6 weeks postoperatively. All patients
received a tapering postoperative course of topical steroids and antibiotic drops for 4 weeks. This study was conducted in
accordance with the Declaration of Helsinki. The Institutional Review Board of the University of Arkansas for Medical
Sciences reviewed the study and deemed it not to require ethics approval as the extracted patient information was de-
identified. Neither patients nor the public was involved in the design, conduct, reporting, or dissemination of this study.

Population

Our study included all eyes that underwent planned phacoemulsification cataract surgery. Eyes were grouped in those
requiring second surgery for IOL dislocation and those that did not. We excluded all eyes that underwent planned
intracapsular or non-phacoemulsification extracapsular cataract surgery. We excluded eyes that were left aphakic during
initial surgery and underwent subsequent secondary IOL implantation. We also excluded eyes that underwent retina or
other intraocular surgery in the interval between initial cataract surgery and development of IOL dislocation. Figure 1
details the filtering process that we used to reach the eligible study population.

Outcomes and Covariates

We assessed the risk of requiring second surgery for a post-operative IOL dislocation for various preoperative ocular and
systemic factors, intraoperative findings, and post-operative factors. Preoperative variables included patients’ demo-
graphics, diabetes status, the presence of advanced white or brunescent cataract, pupil size, diabetic retinopathy/diabetic
macular edema, glaucoma, pathological myopia (defined as axial length of 26.5 mm or greater), previous trabeculectomy,
retinal vein occlusion, uveitis, pseudoexfoliation, previous vitrectomy, and previous intravitreal injection.
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Figure | The filtration process to identify cases with intraocular lens dislocation.

Intraoperative factors analyzed included the use of a pupil expansion device (such as pupil rings or iris hooks), use of
a capsular tension ring (CTR), zonular dialysis with or without vitreous loss, posterior capsular rupture (PCR),
conversion to extracapsular extraction, iris damage, combined phacoemulsification-trabeculectomy surgery, and com-
bined phacoemulsification-vitrectomy. Post-operative factors included YAG capsulotomy. Recording of intraoperative
complications in the electronic medical record (EMR) was a compulsory field. The surgeon was mandated to record
whether there were any intraoperative complications to be able to close the operation record.

Statistical Analysis

We reported the outcome variables overall and for each of the study groups. We compared categorical and continuous
variables using the chi-square and analysis of variances tests. We used the Poisson model with robust estimation of
standard error to calculate adjusted relative risks and multivariable linear regression to calculate adjusted differences. We
calculated the relative risk (RR) and the adjusted relative risk (ARR) of developing IOL dislocation for all factors
included in the analysis. We conducted the analyses using the R statistical software package version 4.2.1 (R Foundation
for Statistical Computing, Vienna, Austria. www.R-project.org).

Results
Our study included 176,572 eyes that underwent planned phacoemulsification cataract surgery, 176,427 of which did not develop
IOL dislocation and 145 (0.08%) of which developed IOL dislocation necessitating additional surgery. The ARR for IOL
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Table | Demographic Data of Patients with Intraocular Lens Dislocation

N IOL RR RR Median Time [days] to IOL P-value for Time
Dislocation N (%) Unadjusted Adjusted Surgery (QlI, Q3) to IOL Surgery
Age Group
=80 58,757 38 (0.1) Ref Ref 40.5 (9.3, 225.5)
years
60-80 100,762 75 (0.1) I.1 (0.8-1.7) 1.3 (0.8-1.9) 56.0 (14.0, 118.5)
years
40-60 15,675 27 (0.2) 2.7 (1.64.4) 2.6 (1.64.5) 34.0 (5.0, 362.5)
years
18—40 1378 5(0.4) 5.6 4.5 (1.7-12.0) 57.0 (14.0, 1610.0) 1.0
years (2.2-14.2)
Gender
Female 104,984 66 (45.5) Ref Ref 47.0 (10.0, 115.2)
Male 71,588 79 (54.5) 1.7 (1.3-2.4) 1.5 (1.1-2.1) 56.0 (14.0, 368.5) 0.1
Diabetes
mellitus
No 145,805 120 (0.1) Ref Ref 48.0 (14.0, 285.5)
Yes 30,767 25 (0.1) I (0.7-1.5) I.1 (0.7-1.8) 56.0 (8.0, 113.0) 0.6

Notes: QI = I** quartile, Q3 = 3" quartile.
Abbreviations: |IOL, intraocular lens; RR, relative risk.

dislocation was 4.5 (1.7-12.0) for age between 18 and 40 years and 2.6 (1.6-4.5) between 40 and 60 years. The ARR for IOL
dislocation with age between 60 and 80 years was not statistically significant. Male sex had a statically increased ARR for IOL
dislocation at 1.5 (1.1-2.1). The rate of diabetes mellitus was equal in both groups. Table 1 displays the risk of IOL dislocation by
demographic data. Among the preoperative ocular factors, the ARR of developing an IOL problem for eyes affected by
pseudoexfoliation was significant, with a value of 5.7 (3.1-10.5). Table 2 displays the results for preoperative ocular factors.
Figure 2 displays the rate of IOL dislocation by analyzed preoperative factor.

Among the intraoperative factors, the ARR of developing IOL dislocation for eyes with zonular dialysis, PCR, iris damage,
and those that underwent combined phaco-vitrectomy were statistically significant. The ARR was 3.3 (1.5-7.1) for zonular
dialysis, 16.2 (9.7-27.1) for PCR, 4.2 (1.5-11.6) for iris damage, and 3.2 (1.7-6.2) for combined phaco-vitrectomy. The
postoperative factor we analyzed was YAG capsulotomy. The ARR of 2.8 (1.5-5.2) was also significant. Table 3 displays the
results for intraoperative and postoperative factors. Figure 3 displays the rate of IOL dislocation by analyzed intraoperative and
postoperative factors. Figure 4 displays the ARR of statistically significant risk factors for development of IOL dislocation
requiring surgical intervention.

Among the eyes with IOL dislocation, the average time to surgery was 408.6 days, and the median time to surgery
was 49 days (range: 1-3628 days); 92 eyes (63.4%) had IOL surgery within 90 days of the initial cataract surgery, while
53 eyes (36.6%) had IOL surgery more than 90 days after cataract surgery. The median time to IOL surgery associated
with each analyzed factor is listed in Tables 1-3.

Discussion

This multicenter study analyzed the demographic, preoperative ocular, intraoperative, and post operative risk factors for
developing IOL dislocation requiring a second surgery after initial planned phacoemulsification cataract surgery. Of
176,572 eyes that underwent planned phacoemulsification cataract surgery, 145 (0.08%) required a second surgery for
postoperative IOL dislocation. Identified risk factors included younger age, male sex, pseudoexfoliation, PCR, zonular
dialysis, iris damage, combined phaco-vitrectomy, and YAG capsulotomy.

YAG capsulotomy statistically increased the risk for IOL dislocation by almost three-fold. This increased risk
associated with posterior capsulotomy is consistent with previous smaller studies and case series.” '* Contrary to our
study, however, Lee et al found that posterior capsulotomy after cataract surgery reduced the risk of IOL dislocation.
However, the authors excluded IOL dislocation events during the first postoperative week, and their analysis was
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Table 2 Preoperative Risk Factors for Intraocular Lens Dislocation

N 1oL Unadjusted Adjusted Median Time [days] to P-value for Time
Dislocation N (%) RR RR IOL Surgery (Ql, Q3) to IOL Surgery

White/
brunescent
cataract

No 170193 137 (0.1) Ref Ref 49.0 (14.0, 184.0)

Yes 6379 8 (0.1) 1.6 (0.8-3.2) 0.7 (0.3-1.5) 106.5 (10.8, 850.8) 0.8
Small pupil

No 170625 136 (0.1) Ref Ref 48.0 (12.8, 197.8)

Yes 5947 9 (0.2) 1.9 (1.0-3.8) 1.2 (0.6-2.6) 84.0 (28.0, 674.0) 0.5
Diabetic
retinopathy

No 167755 140 (0.1) Ref Ref 46.5 (12.8, 222.5)

Yes 8817 5(0.1) 0.7 (0.3-1.7) 0.4 (0.2-1.1) 85.0 (84.0, 116.0) 0.3
Glaucoma

No 162207 130 (0.1) Ref Ref 46.0 (12.5, 182.0)

Yes 14365 15 (0.1) 1.3 (0.8-2.2) 1.0 (0.6—1.8) 98.0 (39.5, 583.5) 0.2
Pathological
myopia (AL 2
26.5)

No 170668 138 (0.1) Ref Ref 52.0 (12.3, 188.5)

Yes 5904 7 (0.1) 1.5 (0.7-3.2) 1.0 (0.5-2.4) 39.0 (32.0, 1080.0) 0.4
Previous
Trabeculectomy

No 175816 143 (0.1) Ref Ref 49.0 (14.0, 224.0)

Yes 756 2 (0.3) 3.3 (0.8-132) | 2.5(0.5-11.8) 60.0 (30.5, 89.5) 0.5
RVO

No 174814 143 (0.1) Ref Ref 47.0 (13.5, 224.0)

Yes 1758 2 (0.1) 1.4 (0.4-5.7) 1.3 (0.3-5.4) 91.0 (77.0, 105.0) 0.5
Uveitis

No 174513 143 (0.1) Ref Ref 55.0 (14.0, 224.0)

Yes 2059 2 (0.1) 1.2 (0.34.8) 0.6 (0.1-2.6) 85 (7.8,9.3) 0.1
Pseudoexfoliation

No 174522 130 (0.1) Ref Ref 42.0 (12.3, 124.0)

Yes 2050 15 (0.7) 9.9 (5.8-16.9) | 5.7 (3.1-10.5) 190.0 (72.0, 1286.5) 0.0l
Previous PPV

No 173932 138 (0.1) Ref Ref 52.0 (14.0, 225.5)

Yes 2640 7 (0.3) 34 (1.6-7.2) 1.7 (0.74.1) 38.0 (10.0, 73.5) 0.5
Previous
intravitreal
injection

No 175473 143 (0.1) Ref Ref 49.0 (14.0, 224.0)

Yes 1099 2 (0.2) 2.25 (0.6-9.1) 1.6 (0.4-6.6) 42.5 (21.8, 63.3) 0.4

Notes: QI = I** quartile, Q3 = 3" quartile.
Abbreviations: |IOL, intraocular lens; RR, relative risk; AL, axial length; RVO, retinal vein occlusion; PPV, pars plana vitrectomy.

adjusted only for age, sex, and preoperative variables but not intraoperative factors. As demonstrated in our studies,

intraoperative complications such as PCR can significantly affect the results. The increased risk with YAG capsulotomy

may be due to photodisruptive damage to the posterior zonular fibers that are connected to the anterior hyaloid during the

laser procedure.'® For patients with visually significant posterior capsule opacification after cataract surgery, clinicians

should take caution performing YAG capsulotomy in patients predisposed to zonular weakness.
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Figure 2 Rate of IOL dislocation by analyzed preoperative factor.

In addition, younger age and male sex significantly increased risk for IOL dislocation. The risk was highest in the
youngest age group and steadily decreased until no longer significant in older age groups. Age between 18 and 40 years
increased the risk for IOL dislocation nearly five-fold, and age between 40 and 60 years increased the risk by slightly less
at almost three-fold. Male sex increased the risk for IOL dislocation by nearly two-fold. Lee et al also found that IOL
dislocation tended to occur most frequently in young males* We hypothesize that younger males are more likely to
experience trauma causing zonular weakness and, therefore, are more likely to develop postoperative IOL dislocation.
Furthermore, among analyzed preoperative ocular factors, pseudoexfoliation statistically increased the risk of IOL
dislocation nearly six-fold. The increased risk associated with pseudoexfoliation is expected given it is well known to
increase the risk of zonular weakness."?

Multiple intraoperative factors statistically increased the risk for IOL dislocation, the greatest being associated with
PCR. Intraoperative PCR increased the risk for IOL dislocation by about sixteen-fold, the highest among all analyzed
factors in the study. Both zonular dialysis and combined phaco-vitrectomy increased risk by about three-fold, while iris
damage was associated with a four-fold increase in risk. These findings are supported by other studies in the ophthalmic
literature. In their large population-based cohort study, Lee et al found several risk factors for dislocation in Korean
patients, including brunescent cataract, uveitis, anterior vitrectomy, iris and ciliary injury, uveitis, glaucoma surgery, and
retina surgery” It is noteworthy that Lee et al excluded IOL dislocation events occurring within the first postoperative
week and adjusted solely for age, sex, and preoperative variables® In contrast, our study analyzed all postoperative IOL
dislocation events and conducted a comprehensive adjustment for demographic, preoperative ocular, intraoperative, and
postoperative variables. As such, we posit that our findings provide a more accurate depiction of the factors influencing
IOL dislocation. In their nested case—control study of 123 eyes with IOL dislocation, Dabrowska-Kloda et al identified
risk factors for late in-the-bag IOL dislocation Factors associated significantly with increased risk included longer

6 https: Clinical Ophthalmology 2026:20



Karimaghaei et al

Table 3 Intraoperative and Postoperative Risk Factors for Intraocular Lens Dislocation

N 1oL Unadjusted Adjusted Median Time [days] to | P-value for Time
Dislocation N (%) RR RR IOL Surgery (QI, Q3) to IOL Surgery
Pupil expansion
No 175160 138 (0.1) Ref Ref 45.5 (13.3, 124.0)
Yes 1412 7 (0.5) 6.3 (3.0-13.5) 2.2 (0.8-6.4) 1610.0 (374.0, 3391.0) 0.009
CTR
No 176137 140 (0.1) Ref Ref 52.0 (14.0, 197.8)
Yes 435 5(1.1) 14.6 2.4 (0.7-7.9) 39.0 (7.0, 347.0) 0.7
(6.0-35.4)
Zonular dialysis
No 175507 131 (0.1) Ref Ref 47.0 (13.5, 243.0)
Yes 1065 14 (1.3) 17.8 3.3 (1.5-7.1) 87.5 (16.3, 161.8) 1.0
(10.2-30.7)
PCR
No 173282 99 (0.1) Ref Ref 63.0 (21.0, 360.5)
Yes 3290 46 (1.4) 247 16.2 (9.7-27.1) 14.0 (3.3, 83.5) 0.001
(17.4-35.0)
Conversion to
extracapsular
extraction
No 176366 145 0.1) Ref Ref -
Yes 206 0 (0.0 0 0 - -
Iris damage
No 175798 141 (0.1) Ref Ref 49.0 (14.0, 227.0)
Yes 774 4 (0.5) 6.5 (24-17.5) | 4.2 (1.5-11.6) 43.0 (1.0, 119.0) 0.3
Combined phaco-
trabeculectomy
No 175238 143 (0.1) Ref Ref 47.0 (13.5, 187.0)
Yes 1334 2 (0.1) 1.9 (0.5-7.5) 1.1 (0.34.7) 1323.5 (850.8, 1796.2) 0.07
Combined phaco-
PPV
No 173252 127 (0.1) Ref Ref 56.0 (11.0, 306.0)
Yes 3320 18 (0.5) 7.0 (42-11.6) 32 (1.7-6.2) 34.5 (15.8, 80.0) 0.4
YAG capsulotomy
No 170631 132 (0.1) Ref Ref 48.0 (12.8, 222.5)
Yes 5941 13 (0.2) 2.9 (1.6-5.0) 2.8 (1.5-5.2) 57.0 (15.0, 121.0) 1.0

Notes: QI = I** quartile, Q3 = 3" quartile.
Abbreviations: IOL, intraocular lens; RR, relative risk; CTR, capsular tension ring; PCR, posterior capsule rupture; phaco-PPV, phacoemulsification-PPV.

duration of psuedophakia, long phacoemulsification time during surgery, pseudoexfoliation, zonular dehiscence, pseu-
dophakodenesis, and increased axial length.® Of note, notable preoperative factors that did not increase the risk of IOL
dislocation included white/brunescent cataracts, small pupil, diabetes mellitus, high axial length, prior PPV, and prior
intravitreal injections. Notable intraoperative factors that did not increase risk of IOL dislocation included a combined
phaco-trabeculectomy and use of a PED or CTR. Use of CTR was not associated with increased risk, but zonular dialysis
was identified as a risk factor. This inconsistency may be because not all cases of zonular dialysis received a CTR
intraoperatively. Therefore, the cohort with CTR insertion had overall more stable [OL-capsular bag complexes than the
broader zonular dialysis cohort.

The majority of eyes in our study (63.4%) had second surgery for IOL dislocation within 90 days of cataract surgery,
with the earliest occurring 1 day postoperatively. It is unclear if the wide range of time-to-surgery could be due to outliers
or mistakes in the data and was the justification for reporting median time-to-surgery rather than averages. IOL
dislocation most commonly manifests in the early postoperative period because of inadequate capsular support.

Clinical Ophthalmology 2026:20 heeps: 7
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However, late IOL dislocation can occur months to years after uncomplicated cataract surgery due to progressive zonular
weakness.'? In a series of 284 eyes that underwent surgery for dislocated IOL, IOL dislocation occurred within 1 month
of cataract surgery in 37% of eyes, between 1 month to 1 year in 18% of eyes, and after 1 year in 44% of eyes. Twenty-
five percent of eyes had dislocation within 1 day of cataract surgery.'* The higher prevalence of early dislocation <90
days after cataract surgery in our series stems from the fact that the most common factor to affect eyes with IOL
dislocation was PCR, affecting 46 of 145 eyes (31.7%). Progressive zonular weakness and/or capsular phimosis were
likely contributing factors to dislocations occurring >90 days after initial cataract surgery.

The retrospective, non-randomized design of this study is a limiting factor that may have introduced bias.
Additionally, the extent or severity of zonular dialysis and iris damage encountered during initial surgery was not
documented, which can have implications on the risk of IOL dislocation. Additionally, we based the rates of IOL
dislocation in our study on the numbers of cases requiring surgery for IOL dislocation, rather than a clinical diagnosis of
IOL dislocation. Although this method may miss cases with minor IOL dislocation and cannot derive the true incidence
of IOL dislocation, it should give an accurate estimation of the burden of IOL dislocations in a certain volume of cataract
operations, and thus may be a more useful statistic in the real-world setting. In addition, specific data regarding surgical
technique and IOL type used among centers was unavailable and, thus, possible confounding factors that we were unable
to account for. The large sample size and multicenter design of this study are important strengths of our study and
increase the generalizability of our findings. Additionally, there was standardized data collection across the study sites
using the same EMR system that enforced complete and accurate capture of intraoperative complications. Large
prospective studies assessing risk of IOL dislocation would provide additional clinically useful information for cataract
surgeons while avoiding biases inherent to retrospective studies.

In summary, this multicenter study defined several risk factors for developing an IOL dislocation necessitating second
surgery after initial phacoemulsification cataract surgery. Risk factors included younger age, male sex, pseudoexfoliation,
zonular dialysis, combined phaco-vitrectomy, and YAG capsulotomy, with PCR constituting the highest risk. Cataract
surgeons should take these risk factors into account to conduct appropriate preoperative risk stratification and adopt
preventative strategies to reduce morbidity from IOL dislocation. Use of capsular support devices and conservative YAG
capsulotomy in high-risk patients, particularly those with pseudoexfoliation of intraoperative complications, such as PCR
or zonular dialysis, may reduce the risk of IOL dislocation after cataract surgery.
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