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Abstract 
Purpose: To determine the effect of anterior capsule polishing (APC) on the 
rate of posterior capsule opacification (PCO) as assessed by the need for laser 
posterior capsulotomy. Setting: University-based clinical practice, Jules Stein 
Eye Institute, Los Angles, California, USA. Methods: This study involved a 
retrospective review of eyes that underwent phacoemulsification and intra-
ocular lens implantation between September 1991 and June 1999. Lens epi-
thelial cells in the 763 study eyes were mechanically debrided or polished from 
the inside surface of the anterior capsules using a pair of Shepherd-Rentsch 
(Morning STAAR Inc.) capsule polishers. The 484 control eyes that had sur-
gery earlier in the series were not polished. The rate of laser capsulotomy in 
the ACP and the non-ACP groups was compared using a Kaplan-Meier sur-
vival analysis. Multivariate regression was performed to determine if variables 
other than ACP influenced the need for laser posterior capsulotomy. Results: 
We identified 763 eyes that had ACP and 484 that did not. At the 24-month 
follow-up interval, 26.6% of the eyes in the ACP group had received a capsu-
lotomy versus 19.50% in the non-APC. Next, a separate study was done using 
only one eye per patient, taking the patient as the unit of analysis. Again the 
capsulotomy rate was higher in the ACP group compared to the non-ACP 
(1.02 per 100 person-months of follow-up vs. 0.74 per 100 person-months of 
follow-up). Finally, a third Kaplan-Meier analysis was done on 52 patients 
that had one eye treated with the ACP procedure and the other eye with the 
non-ACP procedure. Although the log-rank test showed the statistical signifi-
cant of this analysis to be borderline, the results again favored the non-ACP 
group with a lower capsulotomy rate. Multivariate analysis showed very simi-
lar results to the above univariate studies. The mean time to capsulotomy was 
46 months for the polished group and 70 months for the unpolished group. 
The severity of cataract (p = 0.46) and the type of haptics (p = 0.86) did not 
influence the rate of capsulotomy. Plate haptic IOLS had a higher rate of cap-
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sulotomy than loop haptic IOLS (p = 0.001). Conclusions: Polishing of the an-
terior capsule with Shepherd-Rentsch polishers may unexpectedly increase the 
rate of posterior capsule opacification in eyes with round-edge silicone lenses. 
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Anterior Capsule Polishing, Posterior Capsule Opacification, Laser, Posterior 
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1. Introduction 

Posterior Capsule Opacification (PCO) is the most common late complication 
following phacoemulsification and intraocular lens (IOL) implantation. The 
main cause of PCO is remnant lens epithelial cells (LEC) proliferating and mi-
grating across the posterior lens capsule. 

To prevent postoperative posterior capsule opacification (PCO) caused by re-
sidual lens epithelial cell proliferation, many surgical techniques to facilitate LEC 
removal during cataract surgery have been developed [1]-[7]. Several studies re-
port that LEC removal was associated with reduction or delay in posterior cap-
sule fibrosis and capsular bag contraction [3] [5] [8] and [9]. A study by Nishi 
and Nishi found that mechanical intraoperative anterior capsule polishing 
(ACP) reduces the rate by 7.1% [10]. However, other studies challenge those 
findings and conclude that changes in surgical technique, such as capsule po-
lishing, fail to prevent PCO [11] [12] [13] [14] [15], although a capsulorhexis 
size that lies on the optic diameter appears to be beneficial [16]. Moreover, cap-
sular polishing is reported to exacerbate PCO, as found in the long-term fol-
low-up studies [11] [12] [13]. In recent years, with the development and rising 
popularity of new generation of premium (IOLs) like the multifocal, toric, ac-
commodative, the clinical significance of the LEC removal may become more 
important when a maximum optical zone is required (e.g., multifocal IOLS) [5]. 

Cataract surgeons have renewed concern about capsule opacity and capsule 
contraction due to remnant cell proliferation, which can undermine the effec-
tiveness of IOLs by creating glare, halos and difficulties with night vision [17]. 
Refractive cataract surgery requires an extremely high level of surgical accuracy. 

The purpose of the present study was to determine whether anterior capsule 
polishing to remove LECs after lens substance extraction reduces LEC prolifera-
tion rate of PCO as compared to eyes that were not polished. 

In order to be able to solely assess the effect of capsule polishing upon PCO, 
we have also examined the possible contributions of age, sex, type of anesthesia, 
incision location (corneal or scleral), cataract severity, and IOL type (loop haptic 
or plate). 

2. Materials and Methods 

We reviewed the medical records of 938 different patients who underwent pha-
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coemulsification and silicone intraocular lens implantation between September 
1991 and June 1999. All patients underwent cataract surgery by Kevin M. Miller, 
M.D., at the Jules Stein Eye Institute in Los Angeles, California. Eyes that had 
other procedures done at the time of cataract surgery (e.g. peripheral corneal re-
laxing incisions, trabeculotomies, stretch synechiolysis, etc.) as well as those cas-
es in which the posterior capsule was torn intraoperative, and those in which 
posterior capsule plaque was identified were excluded from the study. 

In our record review we recorded demographic information, type of anesthe-
sia, the nuclear density of cataract, whether or not the anterior capsule was po-
lished during surgery, the type of silicone IOL implanted, whether or not a cap-
sulotomy was performed, and the interval between cataract surgery and either 
the date of the capsulotomy or the date of the last office visit. 

In total, there were 1247 eyes studied, 763 of which had intraoperative ante-
rior capsule polishing and 484, which did not have any anterior capsule polish-
ing. 

Prior to surgery, all cataracts were graded at the slit lamp on a 0 to 4 scale ac-
cording to the degree of the nuclear sclerosis. In this grading scheme, 0 
represented no cataract, 1 trace cataract, 2 - 3 moderate degrees of cataract, and 
4-advanced cataract. Dense brown cataracts were assigned a score of 4, while 
white cataracts in which the nucleus could not be seen were assigned a score 0f 
2.5. There were less than 20 cases with white cataract. Assessment of the degree 
of nuclear sclerosis was done with the slit lamp beam positioned 45 degrees from 
the pupillary axis. 

Early in the study phacoemulsification was performed through either a 4 mm 
sclerocorneal tunnel incision. Later in the study eyes had surgery through 2.6 - 
3.5 mm clear corneal incision. After injection of viscoelastic into the anterior 
chamber a round capsulorhexis, approximately 5.5 mm in diameter, was fa-
shioned with Utrata forceps. Balanced saline solution was injected beneath the 
anterior capsule to hydrodissect the lens nucleus from the capsule. A phacoe-
mulsification probe was used to take out the nucleus by a divide and conquer 
technique and the cortex was thoroughly removed using an irrigation-aspiration 
probe. The same probe was used to clean the posterior capsule of any debris. In a 
few cases, if a fibrous posterior capsule plaque was identified, the eye was ex-
cluded from the analysis because it automatically qualified for a subsequent 
capsulotomy. Viscoelastic was injected to form the capsular bag and the anterior 
chamber. 

Study group assignment was determined by whether or not the anterior cap-
sule was polished, and this dictated by when each eye had surgery. Eyes in the 
control group had surgery between 1991 and 1996. During these years the 
surgeon had not yet begun performing ACP. Eyes in the study group underwent 
surgery between 1996 and 1999. The anterior capsules of the study group were 
polished using a pair of Shepherd-Rentsch (Morning STAAR Inc.) capsule po-
lisher. One polisher is used to debride LECs to the right of the incision and the 
other to debride LECS to the left of the incision. The procedure is done using 
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visual rather than tactile feedback under slightly higher magnification than the 
rest of the operation. Once LECs are scraped away from the anterior capsule 
they can be seen floating in the viscoelastic. Whenever a pupil was small, the 
ACP was done beneath the iris without the benefit of direct visualization. 

Implanting foldable, round-edge silicone IOL, removing the viscoelastic and 
LECS, and closing the incisions by stromal hydration completed surgery. Square 
edges IOLs were not yet available. 

The follow-up was defined as the interval between cataract surgery and either 
the date of an Nd: YAG laser posterior capsulotomy or the date of most recent 
office visit. At each office visit, patient were examined to determine if a capsu-
lotomy had been performed elsewhere. If a capsulotomy was observed, the date 
of the procedure was ascertained. No patients were called in for examinations in 
this study. 

A Nd: YAG posterior capsulotomy was performed by this office whenever a 
patients snellen best corrected visual acuity (BCVA) was reduced as a result of 
PCO under standard lighting or glare conditions, or when PCO limited the view 
of the ocular fundus. In the cases of 20/20 or better BCVA, subjective complaints 
such as glare, starbursts, halos, ghost images, multiplopia, or loss of contrast 
were considered. 

Three set of Kaplan-Meier analysis were performed using time to capsulotomy 
as independent variable and whether or not ACP was performed as the inde-
pendent variable. In the first analysis all eyes were combined, including two eyes 
of the same patient if both eyes had surgery during the study interval. In the 
second analysis only one eye per patient was included in the analysis. The first 
eye to have cataract surgery was chosen. In the third analysis the left and right 
eyes of a small subset of patients who had bilateral cataract surgery were com-
pared. One eye of each patient had ACP while the other eye did not. 

The long –rank test was performed to establish the statistical significance of 
the data, and to determine the influence of the gender, type of the anesthesia 
(injection vs. topical), cataract density, and IOL type (loop haptic vs. plate hap-
tic) on the need for capsulotomy. 

3. Results 

1247 eyes from 938 patients met the inclusion criteria of these 55% of eyes were 
female and 45% were male, the median age at the time of cataract surgery was 74 
years (19 to 94) and the mean age was 71.0 ± 12 (SD) years. Median follow up 
was 30.7 months (0 to 220.4) and the mean follow up was 44.0 ± 43.5 months. 

There were 763 eyes in the study group, all had ACP during cataract surgery, 
and there were 484 eyes in the control group none of which had ACP done dur-
ing cataract surgery. The overall patient demographics and surgical information 
showed that in general, the two procedure groups are similar in gender, eye, type 
of anesthesia, cataract severity and the age (Table 1 and Table 2). 

However the ACP study group had median follow up range 28.1 months (0.0 
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to 164.7), while the non- ACP control group had a median follow up interval of 
35.4 months (0.3 to 220.4) p = 0.009. 

Overall, there were 499 eyes had capsulotomy. The median time from pha-
coemulsification until capsulotomy was 48.5 months based on a Kaplan-Meier  

 
Table 1. Descriptive statistics for all 1247 eyes (938 patients). 

Characteristics N (%) 

Sex  

Female 687 (55.1%) 

Male 560 (44.9%) 

Eye  

Left 617 (49.5%) 

Right 630 (50.5%) 

Procedure  

IOL without ACP 484 (38.8%) 

IOL with ACP 763 (61.2%) 

Anesthesia  

General 14 (1.1%) 

Injection 723 (58.0%) 

Topical 509 (40.8%) 

Cataract severity score  

0 136 (10.9%) 

1, 1.5 265 (21.3%) 

2, 2.5 429 (34.4%) 

3, 3.5, 4 417 (33.4%) 

Intraocular lens type  

Loop haptic 325 (26.1%) 

Plate haptic 922 (73.9%) 

Intraocular lens  

AA 913 (73.2%) 

MA 149 (11.9%) 

SI 97 (7.8%) 

Other 88 (7.1%) 

Age (years)  

Mean ± SD 71.0 ± 12.1 

Median (range) 74 (19 to 94) 

Duration of follow-up (months)  

Mean ± SD 44.0 ± 43.5 

Median (range) 30.7 (0 to 220.4) 
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Table 2. Descriptive statistics for all 1247 eyes (938 patients) by whether anterior capsule 
polishing (ACP) was performed. 

Characteristics 
IOL without ACP 

n = 484 
IOL with ACP 

n = 763 
P-value* 

Sex   0.86 

Female 265 (54.8%) 422 (55.3%)  

Male 219 (45.2%) 341 (44.7%)  

Eye   0.30 

Left 230 (47.5%) 387 (50.7%)  

Right 254 (52.5%) 376 (49.3%)  

Anesthesia   0.044 

General 1 (0.2%) 13 (1.7%)  

Injection 287 (59.3%) 436 (57.1%)  

Topical 196 (40.5%) 313 (41.0%)  

Cataract severity score   0.020 

0 66 (13.6%) 70 (9.2%)  

1, 1.5 111 (22.9%) 154 (20.2%)  

2, 2.5 148 (30.6%) 281 (36.8%)  

3, 3.5, 4 159 (32.9%) 258 (33.8%)  

Intraocular lens type   <0.0001 

Loop haptic 177 (36.6%) 148 (19.4%)  

Plate haptic 307 (63.4%) 615 (80.6%)  

Intraocular lens   <0.0001 

AA 299 (61.8%) 614 (80.5%)  

MA 59 (12.2%) 90 (11.8%)  

SI 93 (19.2%) 4 (0.5%)  

Other 33 (6.8%) 55 (7.2%)  

Age (years)   0.062 

Mean ± SD 70.4 ± 12.4 71.3 ± 12.0  

Median (range) 72.5 (19 to 94) 74 (21 to 93)  

Duration of follow-up (months)   0.009 

Mean ± SD 48.5 ± 46.7 41.2 ± 41.1  

Median (range) 35.4 (0.3 to 220.4) 28.1 (0.0 to 164.7)  

 
survival analysis. 

Next, a univariate analysis was done o generate and compare the Kap-
lan-Meier curves for time until capsulotomy in the ACP treated group and the 
non-ACP group (Figure 1(a) & Figure 1(b)), the curves showed that over the 
time, the ACP treatment group does worse than the non-ACP group. 

Among 484 unpolished eyes, 173 (35.7%) cases had capsulotomy, resulted in a  
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Figure 1. (a) Kaplan Meier survival curve of capsulotomy after cataract surgery. All 1247 
eyes were included and viewed as independent in the analysis although there were 938 
patients. (b) Kaplan Meier survival curves of capsulotomy after cataract surgery by type of 
procedure (polished vs. unpolished). All 1247 eyes were included and viewed as indepen-
dent in the analysis although there were 938 patients. 

 
crude rate of 0.74 per person per 100 person-months. Among 763 polished eyes, 
326 eyes had capsulotomy, resulted in a crude rate of 1.04 per 100 person-months. 
The polished group had statistical significant higher rate of capsulotomy (long 
rank test p = 0.0002). At 24 months of follow up, 26.6% had capsulotomy in the 
polished group and 19.5 had capsulotomy in the unpolished group. 

Univariate analysis was also done to look for other possible factors that may 
affect the time to capsulotomy. The long rank test showed that there is no statis-
tically significant in time until capsulotomy between eyes with loop and plate 
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type p = 0.86. Next, we looked at cataract severity as a possible predictor of time 
until capsulotomy. The cases were categorized into two group, severity ≤ 2 and 
≥2. Again, the long rank test showed that there is no statistically significant in 
time to capsulotomy between the two group p = 0.46. Next looked at type of 
anesthesia as a possible factor that may affect the time to capsulotomy. The long 
rank test showed there is no statistically significant p = 0.36. 

We then performed a multivariate cox proportional hazard regression model 
including procedure (ACP vs. non-ACP), gender (male vs. female), IOL type 
(loop vs. plate) and anesthesia (injection vs. topical), excluding eyes with general 
anesthesia, procedure was statistically significant with hazard ratio of 1.41 (95% 
confidence interval (CI) = 1.17 - 1.70; p = 0.0004. Gender had borderline signif-
icant (p = 0.048), and IOL type (p = 0.91) and anesthesia (p = 0.44) were not re-
lated to time until capsulotomy. 

Next, instead of treating all 1247 eyes as independent units of observation, we 
looked at the data by taking each patient as the unit of analysis. If the patient had 
phacoemulsification and IOL implantation performed on both eyes, only the 
first eye was selected. This gives us a total of 938 eyes to study. We did a univa-
riate analysis, comparing the Kaplan-Meier curves in the ACP group and the 
non-ACP group (Figure 2(a) & Figure 2(b)). 

The results were very similar to those found using all 1247 eyes. The crude cap-
sulotomy rate for the non-ACP treated patients was 0.74 per 100 person per months 
of follow up, and in the ACP treated patients, the rate was 1.02 person month of the 
follow up. The polished group had statistically significant higher rate of capsuloto-
my (long-rank test p = 0.0006). At 24 months of follow up, 25.3% had capsulotomy 
in the polished group and 19.1 had capsulotomy in the non-ACP group. 

Similar result from a multivariate cox proportional hazard regression model 
including procedure (ACP vs. non-ACP), gender (male vs. female), IOL type 
(loop vs. plate) and anesthesia (injection vs. topical) excluding eye with general, 
were found as those found when all 1247 eyes were used, again the procedure 
was statistically significant with hazard ratio of 1.43 (95% CI = 1.16 - 1.77, p = 
0.001). Gender (p = 0.095), IOL type (p = 0.82) and anesthesia (p = 0.82) were 
not related to time until capsulotomy. 

Finally, we identified 52 patients who had bilateral sequential surgery with 
ACP in one eye and without ACP in the other eye. In each of the procedure 
groups 16 capsulotomy were performed. 

Kaplan-Meier curves were generated to compare the two groups (Figure 3). 
The crude capsulotomy rate was 0.89 per 100 person-months of follow up in the 
ACP group and 0.49 per 100 person–months of follow p in the non-ACP group. 
Again the polished group had slightly higher rate of capsulotomy (long-rank test 
p = 0.063) and the shorter follow-up (Wilcoxon signed rank test p < 0.0001). 

4. Discussion 

Our study consisted of a total of 1247 eyes from 938 different patients that  
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Figure 2. (a) Kaplan Meier survival curve of capsulotomy after cataract surgery. One eye 
per patient (938 eyes) was included in the analysis. (b) Kaplan Meier survival curve of 
capsulotomy after cataract surgery by type of procedure (polished vs. unpolished). One 
eye per patient (938 eyes) was included in the analysis. 

 
underwent phacoemulsification and silicone lens implantation. It was found that 
the crude capsulotomy rate in the 763 eyes that received the ACP treatment was 
actually higher than in the 484 eyes, which did not have any ACP during cataract 
surgery (1.04 per 100 person-months of follow-up vs. 0.74 per 100 person-months 
of follow-up). The polished group had statistically significant higher rate of capsu-
lotomy (long rank test p = 0.0002). Further analysis showed that cataract severity, 
and type of anesthesia are not significant variables in predicting PCO and the 
significance of gender and IOL type was only borderline. Age was also excluded 
as a possible confounder since the ACP treated group and the non-ACP treated 
group approximate median ages of 74 and 73 respectively (Table 1 & Table 2). 
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Figure 3. Kaplan Meier survival curve of capsulotomy after cataract surgery by type of 
procedure (polished vs. unpolished). Only 52 patients who had one eye treated with ACP 
and the other eye treated without ACP were included in the analysis (total of 104 eyes). 

 
Our findings contradict Nishi’s study that showed intraoperative anterior 

capsule polishing reduces the rate of PCO by 7.1% [10]. This difference in results 
could be due to the difference in the technique used to remove the capsular epi-
thelial cells. In our study, a Shepherd-Rentsch capsule polisher was used while 
Nishi used an ultrasound irrigation/aspiration (I/A) tip to remove the epithelial 
cells. It has been previously shown that only the ultrasound I/A system gives sa-
tisfactory results in removing all of the epithelial cells [7] [18]. Thus, a possible 
explanation for our results could be that our polishing technique was not suc-
cessful in removing all of the epithelial cells, However this finding agrees with 
findings in other studies (Mena-pace et al.) found that anterior capsule polishing 
with round-edged optic silicone IOLs resulted in an increased Nd:YAG laser 
capsulotomy [11]. 

It can be seen in the Kaplan-Meier curves that the ACP procedure was suc-
cessful in slowing down PCO in the first few months after surgery (Figure 1(b) 
& Figure 2(b)). This is because initially after the ACP procedure there are fewer 
epithelial cells. However, PCO occurs at a faster rate in the ACP group as more 
time goes by. This could go to show that by disturbing the epithelial cells with-
out their complete removal, we are causing them to proliferate and migrate at a 
faster rate with less contact inhibition. Thus, it is apparent that better techniques 
of epithelial cell removal are necessary in order to avoid adverse effects. 

The necessity for a more complete method of removing or halting the prolife-
ration of epithelial cells has led other researchers to look for chemical means 
such as Mitomycin [19] [20], immunotoxin [21] [22], heparin eye drops [23], 
and the inactivation of the integrin molecule with EDTA to halt epithelial cell 
migration [24] [25]. All these methods have been shown to be promising in re-
ducing PCO. However, our study shows that until a method can be found to 
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completely remove or halt the migration of epithelial cells, less extensive meas-
ures are not only insufficient but could also show adverse effects in the long 
term. 

5. Conclusion 

Polishing the anterior capsule with Shepherd-Rentsch capsule polishers may 
unexpectedly increase the rate of posterior capsule opacification in eyes with 
round-edge silicone lenses. 
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