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ABSTRACT

Objective: To assess the incidence, risk factors and impact of age on retinal detachment (RD)

following cataract surgery.
Design: Cohort study

Subjects: All patients > 40 years old who underwent a primary cataract surgery in France between

January 2009 and December 2012.

Methods: A Cox proportional-hazard regression model was used to analyze risk factors of RD after

cataract surgery.
Main Outcome Measures: Risk factors of RD after cataract surgery

Results: Over 4 years, 2,680,167 eyes in 1,787,021 patients (59.4% women, mean age 73.9 9.5
years) underwent cataract surgery. A total of 11,424 patients had RD after cataract surgery, with an
estimated risk of 0.99% at 4 years after surgery. The odds ratio associated with increased risk of RD
was 3.87 (95% confidence interval [95% Cl] 3.79 to 3.95) for cataract surgery itself. The multi-
adjusted hazard ratio (HR) associated with increased risk of RD was 5.22 (95% Cl 5.05 to 5.39) for
patients 40-54 years, 3.69 (95% Cl 3.60 to 3.79) for those 55-64 years and 1.98 (95% Cl 1.93 to 2.03)
for those 65 to 74 as compared with those > 75 years old. RD was associated with high myopia (HR
6.12; 95% ClI 5.84 to 6.41), vitrectomy for peri-operative capsular rupture (HR 4.36; 95% Cl 4.07 to
4.68), history of eye trauma (HR 3.98; 95% Cl 3.69 to 4.30), extracapsular extraction (HR 3.11; 95% ClI
2.94 to 3.30), male gender (HR 2.39; 95% Cl 2.35 to 2.44) and history of diabetes (HR 1.18; 95% ClI
1.15 to 1.21). In myopic patients, the multi-adjusted HR associated with increased risk of RD was
25.02 (95% Cl 24.76 to 25.18) for patients 40-54 years old, 20.37 (95% Cl 20.21 to 20.53) for those
55-64 years old and 17.05 (95% Cl 16.85 to 17.25) for those 65 to 74 years old as compared with non-

myopic patients > 75 years old.

Conclusions: We provide a hierarchy of risk factors for RD onset: high myopia, young age, capsular
rupture, history of eye trauma, extracapsular extraction technique, male gender and diabetes. Young

age was an additional risk factor in myopic patients.



Introduction

Cataract surgery is the most commonly performed procedure in people older than 65 years in the
developed world.! Additionally, as the population ages in Western countries, the number of cataract

operations is increasing.2

Retinal detachment (RD) after cataract extraction is a surgical vision-threatening event, with
approximately half of patients not recovering better than 20/40 acuity.? The risk of RD after cataract
surgery has been estimated at 0.7% * and increases up to 20 years after surgery.” As compared with
the rate of 0.0065% to 0.079% for rhegmatogenous RD in the general population,*® cataract surgery
increases the risk of RD at least 4-fold * and the absolute incidence of RD is substantial because of the

large number of cataract surgeries performed.’

Cataract surgery continues to improve, with reduced incision size and multifocal lens technologies.
The surgery is increasingly performed in relatively young patients,” and clear lens extraction for
correction of refractive errors or presbyopia is gaining in popularity.g'9 In previous studies, young age
was suggested to be a risk factor of RD after cataract surgery.* However, we need data on the
accurate rate of RD by age group for complete patient information and consent before cataract

surgery.

In the present study, we aimed to determine the incidence of RD after cataract surgery in France and
potential risk factors. A secondary objective was to estimate the risk reduction of RD by year of delay

in cataract surgery.

Methods
The study protocol was approved by the national health authority in France.
Data source

The data for all patients > 40 years old who underwent cataract surgery in France between January
2009 and December 2012 were collected from the Programme de Médicalisation des Systémes
d'information (PMSI), a national database in France similar to the US Medicare system. Since 2004,
each hospital’'s budget depends on the medical activity described in the PMSI, which compiles
discharge abstracts related to all admissions in the 1,546 French healthcare facilities, public or
private, and each patient included in this study was followed until December 2012 by use of an

identification number. Information in these abstracts covers both medical and administrative data,



including identification number, date of birth, and gender of patients. These data are rendered
anonymous, and discharge abstracts related to a given patient can be linked. Routinely collected
medical data include the principal diagnosis, secondary diagnoses, and procedures performed.
Diagnoses identified during the hospital stay are coded according to the International Classification
of Diseases, Tenth Revision (ICD-10). The PMSI database has provided accurate population-based

data in cataract surgery in France between 2009 and 2012."

Data extraction

For each patient, the cataract surgery was identified by the PMSI code BFGA004 corresponding to a
cataract extraction, performed by phacoemulsification with intraocular lens implantation in a
capsular bag, or by BFGA002, BFGA006, BFGA008 or BFGAO009, corresponding to a manual
extracapsular extraction. The peri-operative vitrectomy procedure used for posterior capsular

rupture was recorded if the code BGFAO08 was associated with the surgical care.

Socio-demographic variables including age and gender were recorded. Eye characteristics, including
high myopia and history of eye trauma, were collected with ICD-10 diagnostic codes H44.2 or H52.1

and S05, respectively.

Post-operative RD was identified with the ICD-10 code H33 or H35.7 associated with medical care
after cataract surgery. Patients with RD recorded before cataract extraction were not included

because the aim of the study was to assess the incidence of pseudophakic RD.

We did not include subjects with a history of vitrectomy (done for all causes) to avoid an

overestimation of the incidence of pseudophakic RD.

The cumulative risk of RD over the 4 year period in the French population was extracted from the

database and compared to the risk of RD after cataract extraction.

Before extraction of the cohort, 0.26% of people were not included because of presumed coding
errors. Excluded people were younger (p<0.01) and were more often men (p<0.01) than in the study

population.

Statistical analysis

Data are described with mean+SD and number (%). Kaplan-Meier analysis was used to assess the

cumulative probability of RD after cataract surgery for the overall population and for patients



without any potential other risk factors’ of RD (patients who underwent phacoemulsification without
a peri-operative complication [capsular lens rupture] or local condition that could increase the risk of
RD [diabetes, history of eye trauma or high myopia]). The risk of cataract extraction itself was
assessed by logistic regression. Cox proportional hazard regression was used to analyze the risk
factors associated with RD, including age, gender, diabetes, high myopia, eye trauma, and anterior
vitrectomy for peri-operative capsular rupture. A crude hazard ratio (HR) was calculated for each
factor, and an adjusted HR was then used to detect the independent relationship between each
factor and the occurrence of RD after cataract surgery. The effect of joint exposure to young age and

myopia was assessed in the Cox model testing age*myopia interaction.

The duration of follow-up after cataract extraction was based on the patient’s last registration in the
database, which was December 2012 for all patients. Differences between age groups were
investigated by the log-rank test. Significance was set at P < 0.01. All analyses involved use of SAS 9.3

(SAS Inst., Cary, NC).

Results

Over the 4 years, 2,680,167 eyes in 1,787,021 patients > 40 years old (59.4% women, mean age 73.9
19.5 years) underwent cataract surgery; 11,424 patients had RD after cataract surgery, for an
estimated risk of 0.99% at 4 years after cataract surgery. The cumulative probability of RD after
cataract surgery increased in a near-linear manner over the study: 0.43%, 0.66%, 0.84%, 0.99%, at 1,
2, 3 and 4 years after cataract surgery, respectively (figure 1, total population). The median

(interquartile range) number of days between cataract surgery and RD onset was 237 (75-738).

In the same period, 2009-2012, among adults > 40 years old, 62,064 underwent RD in France (with or
without a history of cataract surgery), giving a 4 year cumulative risk of RD of 0.19% as compared
with 0.99% in pseudophakic patients (P<0.001). The odds ratio associated with increased risk of RD
was 3.87 (95% confidence interval [95% Cl] 3.79 to 3.95) for cataract surgery itself. Pseudophakic RD
represented 18.4% of the total rate of RD in this 4-year study. The 4 year risk of RD in the French
population was higher for older than younger adults (0.09%, 0.24%, 0.27% and 0.29% for patients 40-
54, 55-64, 65-74 and 275 years old, respectively, p<0.001).



Risk factors of RD after cataract surgery

After cataract surgery, the mean age was lower for patients with than without RD (67.1+0.017 vs.
74.0+0.014 years, p<0.001; table 1). The risk of RD after cataract surgery was higher for younger than
older adults (3.64%, 2.20%, 1.06%, and 0.49% for patients 40-54, 55-64, 65-74 and 275 years old,
respectively, p<0.001), men than women (1.59% vs 0.59%, p<0.001) and patients with extracapsular
extraction versus phacoemulsification (3.87% vs 0.96%, p<0.001). The frequency of RD onset was
higher with posterior capsular rupture (6.39%), myopia (9.21%) and a history of eye trauma (7.58%)
or diabetes (1.21%). The cumulative probabilities of each risk factor of RD during the 4 years are in

figures 1 and 2.

The multi-adjusted HR associated with increased risk of RD was 5.22 (95% confidence interval [95%
Cl] 5.05 to 5.39) for patients aged 40-54 years, 3.69 (95% Cl 3.60 to 3.79) for those 55-64 years and
1.98 (95% ClI 1.93 to 2.03) for patients 65 to 74 years as compared with those > 75 years old
(P<0.001) (Table 2). Adjusted HR pairwise comparisons between age groups 40-54 versus 65-74, 55-
64 versus 65-74 and 40-54 versus 55-64 were 2.65 (95% Cl 2.48 to 2.81), 1.89 (95% Cl 1.78 to 1.96)
and 1.41 (95% CI 1.33 to 1.50), respectively.

RD was associated with high myopia (HR 6.12; 95% CI 5.84 to 6.41), vitrectomy for peri-operative
capsular rupture (HR 4.36; 95% Cl 4.07 to 4.68), history of eye trauma (HR 3.98; 95% CI 3.69 to 4.30),
extracapsular extraction (HR 3.11; 95% Cl 2.94 to 3.30), male gender (HR 2.39; 95% CI 2.35 to 2.44)
and a history of diabetes (HR 1.18; 95% Cl 1.15 to 1.21).

Interaction between each risk factors of RD was performed owing to statistical and clinical
significance only between myopia and age groups (p<0.0001). We thus stratified the analysis by age.
In myopic patients, the multi-adjusted HR associated with increased risk of RD was 25.02 (95% ClI
24.76 to 25.18) for patients 40-54 years old, 20.37 (95% CI 20.21 to 20.53) for those 55-64 years old
and 17.05 (95% Cl 16.85 to 17.25) for those 65 to 74 years old as compared with non-myopic patients
2 75 years old. In non-myopic patients, the multi-adjusted HR associated with increased risk of RD
was 5.46 (95% Cl 5.40 to 5.52) for patients aged 40-54 years, 3.76 (95% Cl 3.70 to 3.82) for those 55-
64 years and 1.98 (95% Cl 1.92 to 2.04) for those 65 to 74 years as compared with non-myopic
patients > 75 years old (P<0.001) (Table 3).

Age is a major marker of RD risk after cataract surgery

In the whole population, the younger the patient, the greater the risk of RD after cataract extraction

performed with phacoemulsification (p logrank<.001; figure 1). We also assessed the effect of age on



RD onset in a subgroup of 1,504,637 patients who underwent surgery with phacoemulsification
without any other risk factors of RD such as peri-operative capsular rupture, diabetes, high myopia,

or eye trauma. Young age remained significantly associated with RD (p logrank <.001; figure 1).

Relationship between age and risk of retinal detachment with a previous cataract surgery and in the

French population is presented in figure 3.

Discussion

By using data from the PMSI program, an exhaustive national database from the 1,546 healthcare
facilities in France, public or private, we determined an overall RD risk of 0.99% after cataract surgery
during a recent 4-year period. In this work, including a wide range of risk factors, we provide a
hierarchy of risk factors for RD onset: high myopia, young age, extracapsular extraction technique,

eye trauma, peri-operative capsular rupture, male gender and diabetes.

Incidence of RD

Population-based studies of RD incidence after cataract surgery for patients who underwent surgery
between 1980 and 2004 estimated RD based on sometimes a high proportion of extracapsular
extraction.® Phacoemulsification is now generally used for cataract extraction and continues to
evolve, so recent data of the RD incidence after cataract surgery are of importance. A retrospective
study in Western Australia of 129,982 cataract surgery patients from 46 health facilities over 21 years
found an overall pseudophakic RD rate of 0.7% '* and the rate of RD after cataract surgery decreased
greatly from 1980 to 2001. A recent large retrospective case—control study in Singapore of 24,846
cataract operations performed between 2001 and 2003, with follow-up through 2008, found a
pseudophakic RD rate of 0.16%,"* lower than rates previously found.* The authors included only
cases with RD surgery in the same hospital as the cataract surgery, so the rate could be
underestimated. In this 4-year study among the general population in France, we found an estimated

risk of RD of 0.99%.

In the present study, cataract surgery itself increased the risk of RD by 3-fold. This finding was close
to the study by Bjerrum et al., who reported a 4-fold increase in risk associated with cataract surgery

itself.®



Delay of RD onset

The study from Moorfields Eye Hospital found 75% of RD within the first 2 postoperative years,
whereas Sheu et al.* found that the mean time between cataract surgery to diagnosis was 40
months.”® In the present study, the median time for RD onset after cataract surgery was 237
(interquartile range 75-738) days and the risk of RD after cataract extraction increased in a nearly
linear manner over time in the overall cohort. Regarding the shape of the slopes of RD after cataract
surgery, in patients with vitrectomy for peri-operative capsular rupture a history of high myopia, or

eye trauma, the RD incidence reached 4.5% to 5.2% during the first year.

Risk factors of RD dafter cataract surgery

Intraoperative posterior capsular rupture is one of the most significant risk factors for pseudophakic
RD, leading to poor final visual acuity in most cases. The anterior movement of the vitreous due to
posterior capsular rupture results in dynamic traction on the vitreous, with consequent retinal tear.
In a case—control study performed in Sweden in 2003, among 324 patients with posterior capsular
rupture, the risk of RD after cataract surgery was 10-fold increased in patients with capsule
complications.’® In the present study, the risk of RD after cataract surgery was 4-fold increased with
posterior capsular rupture. However, our HR was adjusted for multiple factors to take into account

many other potential other risk factors of RD.

A study of patients who had undergone cataract surgery from 1980 through 2004 in Olmsted County,
Minnesota, USA, found no difference in probability of RD with extracapsular extraction and
phacoemulsification.> We found extracapsular extraction as a major risk factor for RD after cataract
extraction, with 3-fold increased risk of RD. This finding may be due to the progress in the technique
of cataract surgery, which is now less traumatic than extracapsular extraction. Another hypothesis

could be that patients undergoing extracapsular extraction had denser and harder crystalline lens.

A study from Moorefields Eye Hospital found a male predominance with pseudophakic RD: 67.5%
males with RD versus 38.2% of controls.” We found an estimated Cox proportion risk of 2.39 for men
as compared with women. This increased risk of RD in men is not entirely understood. Sheu et al.

hypothesized an increased and underreported history of trauma in men versus women.* However,



this suggestion has not been verified and in our analysis, we included a history of eye trauma in the

multivariate analysis.

Myopic eyes have a much higher risk of RD, whether pseudophakic or phakic. High myopia, defined
as axial length > 26 mm, is also an established risk factor of pseudophakic RD.* The retrospective
series by Sheu et al. ™ found an adjusted relative risk of 4.19 with high myopia as compared with
axial length £ 23 mm. In the present study, the 4-year probability of RD after cataract surgery was

9.21% with high myopia, and the multi-adjusted HR was 6.12.

The retrospective study by Alio JL. et al. of patients with high myopia and a mean follow-up of 61.5 +
29.6 months found a higher risk of pseudohakic RD in myopic patients < 50 than > 50 years old
(4.46% vs. 2.96%, respectively).’” Young age and high myopia were found as risk factors of RD. Thus,
cataract surgery or refractive lens exchange in patients with high myopia appears to be associated
with high risk of RD, and surgical indications may be carefully discussed.’® In the present analysis,
young age was also a risk factor in myopic patients. Among myopic patients, the risk of RD increased
by 25 in age group 40-54 years and by 20 in age group 55-64 years as compared with non-myopic 2
75 years old.

Young age is known to increase the risk of RD after cataract surgery. In a large retrospective case—
control series of 63,298 cataracts between 1994 and 2003 at Moorfields Eye Hospital, young age was
a significant risk factor for RD after surgery.”” The mean age with pseudophakic RD was 63.5 years
and 71.9 years for controls. The odds ratio was 3.1 for patients < 64 than > 64 years old > A series
from Taiwan found 8-year RD rates of 6.65%, 2.57%, and 2.01% for patients < 50, 50-60 and > 60
years old, respectively.* Our 4-year RD risk estimates were 3.6%, 2.2%, 1.1, and 0.5% for patients 40-
54, 55-64, 65-74 and 275 years old, respectively. The incidence of RD was not significantly affected
after adjusting for other risk factors (gender, history of diabetes, high myopia, eye trauma, and
anterior vitrectomy for peri-operative capsular rupture and surgical technique) but was increased by
5-fold for patients 40-54 years old, 4-fold for those 55-64 and 2-fold for those 65-74 as compared
with those > 75. Of interest, the 4 year risk of RD (with or without a history of cataract extraction) in

the French population was higher for older than younger adults.

The pathophysiology of increased risk of RD after cataract surgery in young patients remains

speculative. In our study, the main causes of early cataract, such as diabetes, high myopia and a



history of eye trauma, were included in the multivariate analyses and the effect of age remained
statistically significant. Another possible reason may be the status of the vitreous at the time of
cataract extraction. Cataract extraction increases the risk of posterior vitreous detachment,**?° and
pseudophakic eyes have alterations in the vitreous humor structure that are not seen in phakic
eyes.”! Changes in the vitreous induced by removal of the crystalline lens may underlie an increased
risk of RD.?? The presence of a posterior vitreous detachment in older patients before cataract
extraction may protect against subsequent RD by limiting the force to the retina produced during
cataract surgery. Consequently, cataract extraction in relatively young patients without previous
posterior vitreous detachment may alter the microenvironment of the vitreous and retina, thereby
increasing the risk of retinal break and RD.” An alternative explanation is that eyes in some young
patients are abnormal in their tendency to develop cataracts, which may predispose to pseudophakic

RD.

Also people < 65 years old who require cataract surgery may represent those with another pathology
that could affect their risk of RD. Among these factors, we could include a history of diabetes, high
myopia or ocular trauma. To assess the specific effect of age on the risk of pseudophakic RD, we
performed a Kaplan-Meier analysis for a subgroup of patients without any history of diabetes, high
myopia, or eye trauma (Figure 1). We also included these 3 covariates in the multivariate Cox model

(Table 2). Young age remained significantly associated with RD in both analyses.

Optimal timing for cataract surgery

The optimal timing for cataract surgery is important for public health policies. In Western countries
cataract surgery has achieved marked improvements in vision-related activity limitations ** and may
not be delayed beyond 20/40 or 20/50 of visual acuity so that older adults can maintain

autonomy.”*®

Cataract surgery on eyes with poor preoperative visual acuity is related to surgical
complications, and cataract surgery on eyes with excellent preoperative visual acuity is related to
adverse visual results, including RD.? As surgical techniques have improved, the demand for surgery
at an early stage has increased. The observed strong association between age and pseudophakic RD
may have implications when considering clear lens extraction as a refractive procedure in young

patients. If refractive lens exchange becomes more commonly accepted, this procedure may add to

the potential RD burden in younger eyes.

However, for young subjects with cataract associated with substantial vision loss, cataract surgery

cannot be delayed. In both situations of refractive lens exchange or early cataract, we recommend



accurate screening for symptomatic flap tears and prophylactic laser treatment before the cataract

extraction, and a close follow-up of the fundus in the weeks and months after surgery.®

Strengths and limitations

Strengths of the study are the population size, the national recruitment, the importance of its
findings and potential impact on public health. Given the reliance on PMSI codes for the selection of
patients and the ascertainment of outcomes, there was a potential for misclassification- or

underdetection-related biases. However, this situation may have only a minor impact on the findings.

One possible reason for the increased risk of RD after cataract surgery in young patients may be the
status of the posterior vitreous detachment at the time of cataract extraction. However, the
administrative database did not include this information, so we could not assess its impact on the
risk of pseudophakic RD. We could not exclude patients undergoing any other surgery that of
vitrectomy (for example a trabeculectomy), which could have slightly increased the estimation of the

risk of pseudophakic RD.

Conclusions

RD is one of the most serious complications following cataract surgery, with an overall risk of 0.99%
in our 4-year study in the general population in France. We provide a hierarchy of risk factors for RD
onset: high myopia, young age, vitrectomy for peri-operative capsular rupture, history of eye trauma,
extracapsular extraction technique, male gender and diabetes. Screening and treatment for
symptomatic flap tears before cataract surgery in young patients may help reduce the rate of RD
after cataract surgery. Optimal timing of cataract surgery is an important issue for public health
policies to obtain the best balance between maintaining autonomy in older adults and avoiding

serious adverse events such as RD.
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Figures legends

Figure 1. Effect of age on the cumulative probability of retinal detachment after cataract extraction
for all patients in France and those undergoing only phacoemulsification (dashed lines) without
any other risk factors (high myopia, diabetes, history of eye trauma, or peri-operative capsular
rupture). P <.001, log-rank between each age group with or without other risk factors.
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Figure 2. Cumulative probability of retinal detachment after cataract extraction in sub-groups of
risk including high myopia, history of eye trauma, vitrectomy for peri-operative capsular rupture or
history of diabetes.
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Figure 3. Relationship between age and risk of retinal detachment with a previous cataract surgery
and in the French population.
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Table 1. Characteristics and estimated 4-year risk of retinal detachment (RD) among 1,787,021
patients who underwent cataract extraction in France between 2009 and 2012

N=1,787,021 Estimated 4-year logrank
risk of RD !:)y P value
Characteristics Kaplan Meier
No RD RD analysis
n=1,775,597 n=11,424
Age, years, meantSD 74.0+0.014 67.1+0.019 P <0.0001
40-54 (%) 64,374 1,493 3.64%
55-64 (%) 228,034 3,151 2.20%
65-74 (%) 527,859 3,596 1.06%
275 (%) 955,330 3,184 0.49%
Gender (%) P <0.0001
Men 718,822 7,404 1.59%
Women 1,056,775 4,020 0.59%
History of diabetes 255,438 2,101 1.21% P <0.0001
Eye characteristics P <0.0001
High myopia 7,311 507 9.21%
Eye trauma 3,269 203 7.58%
Surgical technique P <0.0001
2 1 phacoemulsification 1 759,588 10,812 0.96%
2 1 extracapsular extraction 15,948 373 3.87%
Vitrectomy for peri-operative 5,095 279 6.39% P <0.0001

capsular rupture




Table 2. Crude and adjusted hazard ratio (HR) of retinal detachment after cataract extraction

Crude HR 95% ClI Adjusted HR* 95% CI

Age, years
>75 1.00
65-74 2.09 2.04,2.14 1.98 1.93,2.03
55-64 4.28 4.17,4.39 3.69 3.60, 3.79
40-54 7.06 6.84,7.28 5.22 5.05, 5.39
Gender

Women 1.0 1.0

Men 2.73 2.68,2.79 2.39 2.35,2.44
History of diabetes 1.29 1.26,1.32 1.18 1.15,1.21
Eye characteristics

High myopia 10.46 9.99, 10.95 6.12 5.84,6.41
Eye trauma 9.65 8.98, 10.36 3.98 3.69, 4.30
Anterior vitrectomy for peri- 8.57 8.03,9.13 4.36 4.07, 4.68
operative capsular rupture
Surgical technique 5.46 5.18,5.76 3.11 2.94,3.30

> 1 extracapsular extraction

Abbreviations: 95% Cl, 95% confidence interval

* Adjusted for age, gender, history of diabetes, high myopia, eye trauma, and anterior vitrectomy for

peri-operative capsular rupture and surgical technique (extra capsular cataract extraction vs.

phacoemulsification).



Table 3. Multi-adjusted hazard ratio (HR) of retinal detachment after cataract extraction among
myopic and non-myopic patients.

Myopic patients Non-myopic patients
Adjusted HR* 95% Cl Adjusted HR* 95% Cl
Age, years
>75 1.00
65-74 1.19 0.87,1.51 1.98 1.92,2.04
55-64 1.37 1.07, 1.67 3.76 3.70, 3.82
40-54 1.72 1.42,2.02 5.46 5.40,5.52

Abbreviations: 95% Cl, 95% confidence interval

* Adjusted for age, gender, history of diabetes, eye trauma, and anterior vitrectomy for peri-
operative capsular rupture and surgical technique (extra capsular cataract extraction vs.
phacoemulsification).



