
performed. The mean follow-up was 19.4 mo (standard 
deviation 17 mo). The cumulative probability of capsu-
lotomy was 4% at 1 year, 5% at 2 year, and 9% at 3 
year. Multivariate analysis demonstrated an increased risk 
with younger age (HR = 1.03, CI 1.01-1.05, P = 0.007), 
placement of sulcus IOL (HR = 2.57, CI 1.32-4.99, P  = 
0.005), ocular trauma (HR = 2.34, CI 1.13-4.83, P  = 
0.02), and phacoemulsification by a more experienced 
surgeon (HR = 4.32, CI 1.89-9.87, P = 0.001).

CONCLUSION: Cumulative probability of capsulotomy 
was lower than previously reported. Posterior capsule 
opacification was strongly associated with younger age 
and factors associated with high-risk cataract surgery. 
Surgeon awareness to the risk factors that correlate 
with posterior capsulotomy may allow for more thor-
ough pre-operative disclosure and enhance patient sat-
isfaction.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Posterior capsule opacification (PCO) is a 
known late sequelae of cataract surgery. Our study un-
covers risk of PCO in teaching institutions is associated 
with surgeon experience in that YAG capsulotomy rates 
are higher in patients whose cataract surgery was per-
formed by a more experienced surgeon. Capsulotomy 
rates overall were lower than previously reported. 
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Abstract
AIM: To estimate the cumulative probability of Nd:YAG 
capsulotomy at a teaching institution and evaluate sec-
ondary risk factors.

METHODS: The records of all patients who under-
went phacoemulsification with intraocular lens (IOL) 
placement between 2005-2010 were retrospectively 
reviewed. The cumulative probability of Nd:YAG cap-
sulotomy (capsulotomy) was calculated using Kaplan-
Meier survival analysis and secondary risk factors were 
evaluated using the Cox proportional hazards regres-
sion model. 

RESULTS: One thousand three hundred and fifty four 
charts were reviewed. A total of 70 capsulotomies were 
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INTRODUCTION 
Posterior capsule opacification (PCO) is the most com-
mon late sequelae after cataract surgery. Its definitive 
treatment, Nd:YAG laser posterior capsulotomy poses a 
financial burden on health care systems worldwide and 
causes rare, but serious patient morbidity[1,2]. Identifying 
the incidence and risk factors for PCO is important, not 
only for prevention, but also to provide patients with bet-
ter pre-operative disclosure of  the late changes possible 
after cataract surgery. 

The cumulative probability of  capsulotomy after 
phacoemulsification ranges between 1.95% and 11.8% 
at one year[3-5] and increases to 18.5% to 20.7% at three 
year. Independent and well established risk factors for 
capsulotomy include younger age at the time of  cataract 
extraction and intraocular lens (IOL) properties[6,7]. A 
metaanalysis evaluating 66 prospective randomized con-
trolled clinical trials comparing poly-methylmethacrylate 
(PMMA), hydrogel, hydrophobic acrylic and silicone 
IOLs did not detect a significant influence of  IOL ma-
terial on PCO incidence. In contrast, sharp edged IOL 
optics had a significantly lower incidence of  PCO com-
pared to round edged IOL optics. Haptic design, whether 
one-piece or three-piece IOLs did not bear influence on 
PCO incidence. Johansson et al[8] reported a cumulative 
incidence of  capsulotomy five year after cataract extrac-
tion with IOL placement in the capsular bag of  17% 
with sharp-edged hydrophobic acrylic IOLs, 24% with 
round-edged hydrophobic acrylic IOLs, and 30% with 
sharp-edged hydrophilic acrylic IOLs. Additionally, they 
observed that patients surviving the five year study were 
more likely to have had capsulotomy. Along with modern 
IOL design and evolution in surgical technique, from 
extracapsular cataract extraction to small incision phaco-
emulsification, capsulotomy rates have declined since. 
While it is encouraging that the incidence of  capsulotomy 
appears to be decreasing the reported rates in the litera-
ture cannot be extrapolated to a patient population at a 
teaching institution.

This study sets out to evaluate the influence of  sur-
geon experience on PCO incidence. Prior studies evalu-
ating the influence of  surgical experience on PCO did 
not further differentiate data by year of  training[6]. While 
patients may be stratified at the time of  preoperative 
evaluation to match eyes more prone to intraoperative 
challenges with more experienced surgeons at a teaching 
institution prior trauma is commonplace among veterans 
as most were experienced some trauma during training 
and service. Likewise, intraoperative floppy iris syndrome 
and the ubiquitous intake of  alpha adrenergic for benign 
prostate hyperplasia in the veteran population cannot be 
avoided by a novice surgeon in this population. Given 
the uniform patient population and identical surgical 
technique this study is uniquely positioned to evaluate the 
cumulative incidence of  capsulotomy and associated risk 
factors including any influence of  year of  training. 

MATERIALS AND METHODS
After receiving institutional review board approval, the 
medical records of  1354 patients who underwent cata-
ract extraction at the Veteran Affairs Hospital in Miami, 
Florida between 2005 and 2010 were retrospectively 
reviewed. Patients who underwent phacoemulsification 
with IOL placement in the capsular bag, ciliary sulcus, 
or anterior chamber were included in the review. Patients 
with anterior capsule tear, posterior capsule tear, anterior 
or posterior vitrectomy were included. Patients with con-
comitant unrelated surgery (corneal transplant, trabecu-
lectomy, glaucoma drainage device, epiretinal membrane 
peel, endolaser) were included. Eyes that underwent in-
traoperative conversion to manual extracapsular cataract 
extraction were excluded. For patients who underwent 
sequential cataract extraction, only the first eye was in-
cluded in the analysis. 

The following information for each patient was re-
corded: age at surgery; date of  surgery; date of  capsu-
lotomy; date of  last visit; gender; ethnicity; history of  dia-
betes, glaucoma, ocular trauma, and uveitis; intraoperative 
anterior vitrectomy, pars plana vitrectomy, concomitant 
glaucoma surgery, posterior capsule rupture; experience 
level of  primary surgeon; and IOL model (SN60WF 
(hydrophobic acrylic, sharp-edged, 1-piece), MA60AC 
(hydrophobic acrylic, round-edged, 3-piece), SN60T/
SN6AT (hydrophobic acrylic, sharp-edged, 1-piece), and 
MTA (PMMA, convexoplano, 1-piece). 

Surgeries were performed by an ophthalmology team, 
which included an attending surgeon and a second year 
ophthalmology resident [post-graduate year (PGY) 3], 
or a third year ophthalmology resident (PGY4), or by an 
attending surgeon (PGY5 or greater) and assistant sur-
geon in training. Patients were preoperatively stratified 
and patients with a phacodonesis due to ocular trauma, 
prior eye surgery, monocular patients, pseudoexfoliation 
of  the lens, pupil dilation less than 6 mm, corneal opac-
ity, and endothelial guttatae were operated by a PGY4 or 
higher level surgeon. After routine postoperative follow-
up at one day, one week, and one month after surgery 
with their primary surgeon, patients were followed every 
six to twelve months. The indications for capsulotomy 
were driven by patients’ symptoms (decreased visual acu-
ity, decreased contrast sensitivity, or significant glare) with 
objective evidence of  PCO. The final decision for capsu-
lotomy was made by an attending physician.  

The cumulative probability of  capsulotomy was 
calculated by Kaplan-Meier survival analysis. The Cox 
proportional hazards regression model was used to evalu-
ate potential risk factors including: age; gender; ethnic-
ity; diabetes; glaucoma; ocular trauma, uveitis, anterior 
vitrectomy, pars plana vitrectomy, concomitant glaucoma 
surgery; posterior capsular rupture; IOL type, IOL place-
ment; and surgeon experience. 

RESULTS
Table 1 displays the patient’s demographic and clinical 
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information. 1354 cataract extractions with phacoemul-
sification and IOL placement were included in the study 
with a total of  70 capsulotomies performed after a mean 
follow-up of  19.4 mo (SD 17 mo). The cumulative prob-
ability of  capsulotomy in our population was 4% at 1 
year, 5% at 2 year, and 9% at 3 year (Figure 1A).

Table 2 displays the variables found to significantly 
increase the likelihood of  capsolotomy. Younger indi-
viduals were at increased risk for capsulotomy compared 
to older individuals. Sulcus IOL placement portended 
an approximate 2.5 fold increased risk for subsequent 
capsulotomy. Clinical signs of  ocular trauma increased 
the risk of  capsulotomy 2.3 fold. Increasing surgeon ex-
perience increased the risk of  capsulotomy with a 2.39 
fold increased risk for PGY4 surgeons and a 4.32 fold 
increased risk for PGY 5 and above surgeons. The three 
year capsulotomy rate for PGY3/attending teams was 4%, 
for PGY4/attending teams was 13%, and for PGY5/at-
tending teams was 24% (Figure 1B). Factors not found 
to affect the risk of  capsulotomy included patients’, 
ethnicity, and comorbidities such as diabetes, glaucoma, 
concomitant glaucoma surgery, uveitis, intraoperative an-
terior vitrectomy, pars plana vitrectomy, posterior capsule 
rupture, shape or material of  the IOL. 

DISCUSSION
We found a cumulative probability of  capsulotomy after 

phacoemulsification of  4% at 1 year, 5% at 2 year, and 
9% at 3 year. The highest level of  evidence describing 
the probability of  capsulotomy after cataract extraction 
is provided in a meta-analysis of  49 studies that reported 
a 20.7% cumulative probability of  capsulotomy at three 
year[9]. While it is encouraging that the capsulotomy rate 
at our institution is much lower at three year, it is impor-
tant to consider that the metaanalysis included patients 
who underwent traditional extracapsular cataract extrac-
tion, a surgical technique known to be associated with a 
higher risk of  PCO formation. However, studies evaluat-
ing PCO incidence after phacoemulsification found simi-
larly high rates of  PCO, at 18.5% cumulative probability 
of  capsulotomy after 3 year[3].

Differences in population demographics and lens 
choice may partially explain differences between pub-
lished capsulotomy rates. The surgical population at the 
Veterans Affairs Hospital was younger with a mean age 
of  69 ± 10 year compared to 76.7 year and 74 year in 
other studies[4,8]. Our data confirms that younger age is an 
independent risk factor for capsulotomy. Female patients 
may carry a higher rate of  capsulotomy[6]. Given that 
97% of  our patients were men our data may be skewed 
towards a lower incidence of  capsulotomy. However, we 
could not confirm prior studies showing an advantage 
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Table 1  Patient demographics and pre-operative and 
operative clinical information

Number eyes (patients) 1354 (1354)
Age at time of cataract surgery, mean ± SD 
(n)

69 ± 10 (1354) range 38-94

Months follow-up,  mean ± SD 19.4 ± 17 mo
Gender, % male (n) 97 (1318)
Ethnicity
  % White, non-Hispanic (n) 63 (315)
  % Black, non-Hispanic 23 (113)
  % White, Hispanic  14 (68)
Diabetes, % yes (n) 35 (477)
Glaucoma, % yes (n) 33 (452)
Ocular trauma, % yes (n) 5 (62)
Uveitis, % yes (n) 4 (57)
Selected lens type, % (n)
  Monofocal, 3-piece (MA60) 29 (389)
  Monofocal and toric, 1-piece (SN60, SN6A) 69 (937)
  Anterior chamber lens (MTA) 1.6 (22)
Surgeon level, % (n)
  PGY2 surgeon 56 (757)
  PGY3 surgeon 33 (437)
  PGY5 or higher (Experienced surgeon) 11 (148)
Sulcus lens placed, % (n) 6.6 (89)
Anterior vitrectomy performed, % (n) 4 (54)
Planned Pars Plana Vitrectomy performed, 
% (n)

4 (51)

Unplanned Pars Plana Vitrectomy 
performed, % (n)

1 (10)

Concomitant glaucoma surgery 2.7 (36)
Posterior capsular rupture 2.9 (39)

Experienced surgeon: Attending.
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Figure 1  Kaplan-Meier analysis. A: Kaplan-Meier analysis of the cumula-
tive probability of capsulotomy; B: Kaplan-Meier analysis of the cumulative 
probability of capsulotomy in eyes operated on by post-graduate year (PGY) 3 
surgeons, PGY4 surgeons, and experienced surgeons (PGY5 and higher).



PCO formation as a primary endpoint and the reliance 
on multiple observers to diagnose the PCO may limit our 
findings. The probability of  capsulotomy has been shown 
to increase steadily until it levels off  at five year after 
phacoemulsification[4,9]. Further follow up will be required 
to assess whether this trend holds in our population. 

Despite its limitations, this study demonstrates that 
the cumulative incidence of  capsulotomy is significantly 
lower than previously reported in this teaching institu-
tion. However, PCO remains a common late sequelae of  
modern cataract surgery. The identification of  patients 
at greater risk of  capsulotomy, such as younger patients 
or those at risk for sulcus-placed IOL will allow for more 
thorough pre-operative disclosure, appropriate follow-up 
care, and enhance patient satisfaction.
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Table 2  Results of cox proportional hazard analysis displaying risk factors found to independently increase the risk of post-operative capsulotomy

Variable Uni-variable Multi-variable

HR (95%CI) P  value HR (95%CI) P  value
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1Younger patients are more likely to undergo YAG capsulotomy than older patients.
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