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A B S T R A C T

Background

Posterior capsule opacification (PCO) is a clouding of the posterior part of the lens capsule, a skin-like transparent structure, which
surrounds the crystalline lens in the human eye. PCO is the most common postoperative complication following modern cataract surgery
with implantation of a posterior chamber intraocular lens (IOL). The main symptoms of PCO are a decrease in visual acuity, 'cloudy', blurred
vision and reduced contrast sensitivity. PCO is treated with a neodymium:YAG (Nd:YAG) laser to create a small opening in the opaque
capsule and regain a clear central visual axis. This capsulotomy might cause further ocular complications, such as raised intraocular
pressure or swelling of the central retina (macular oedema). This procedure is also a significant financial burden for health care systems
worldwide. In recent decades, there have been advances in the selection of IOL materials and optimisation of IOL designs to help prevent
PCO formation a&er cataract surgery. These include changes to the side structures holding the lens in the centre of the lens capsule bag,
called IOL haptics, and IOL optic edge designs.

Objectives

To compare the eHects of diHerent IOL optic edge designs on PCO a&er cataract surgery.

Search methods

We searched CENTRAL, Ovid MEDLINE, Ovid Embase, Latin American and Caribbean Health Sciences Literature Database (LILACS), the
ISRCTN registry, ClinicalTrials.gov and the World Health Organization (WHO) International Clinical Trials Registry Platform (ICTRP) up to
17 November 2020.

Selection criteria

We included randomised controlled trials (RCTs) that compared diHerent types of IOL optic edge design. Our prespecified primary outcome
was the proportion of eyes with Nd:YAG capsulotomy one year a&er surgery. Secondary outcomes included PCO score, best-corrected
distance visual acuity (BCDVA) and quality of life score at one year. Due to availability of important long-term data, we also presented data
at longer-term follow-up which is a post hoc change to our protocol.

Data collection and analysis

We used standard methods expected by Cochrane and the GRADE approach to assess the certainty of the evidence.
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Main results

We included 10 studies (1065 people, 1834 eyes) that compared sharp- and round-edged IOLs. Eight of these studies were within-person
studies whereby one eye received a sharp-edged IOL and the fellow eye a round-edged IOL. The IOL materials were acrylic (2 studies),
silicone (4 studies), polymethyl methacrylate (PMMA, 3 studies) and diHerent materials (1 study). The studies were conducted in Austria,
Germany, India, Japan, Sweden and the UK. Five studies were at high risk of bias in at least one domain. We judged two studies to be at
low risk of bias in all domains.

There were few cases of Nd:YAG capsulotomy at one year (primary outcome): 1/371 in sharp-edged and 4/371 in round-edged groups. The
eHect estimate was in favour of sharp-edged IOLs but the confidence intervals were very wide and compatible with higher or lower chance

of Nd:YAG capsulotomy in sharp-edged compared with round-edged lenses (Peto odds ratio (OR) 0.30, 95% CI 0.05 to 1.74; I2 = 0%; 6 studies,
742 eyes). This corresponds to seven fewer cases of Nd:YAG capsulotomy per 1000 sharp-edged IOLs inserted compared with round-edged
IOLs (95% CI 9 fewer to 7 more). We judged this as low-certainty evidence, downgrading for imprecision and risk of bias.

A similar reduced risk of Nd:YAG capsulotomy in sharp-edge compared with round-edge IOLs was seen at two, three and five years but as
the number of Nd:YAG capsulotomy events increased with longer follow-up this eHect was more precisely measured at longer follow-up:
two years, risk ratio (RR) 0.35 (0.16 to 0.80); 703 eyes (6 studies); 89 fewer cases per 1000; three years, RR 0.21 (0.11 to 0.41); 538 eyes (6
studies); 170 fewer cases per 1000; five years, RR 0.21 (0.10 to 0.45); 306 eyes (4 studies); 331 fewer cases per 1000. Data at 9 years and 12
years were only available from one study.

All studies reported a PCO score. Four studies reported the AQUA (Automated Quantification of A&er-Cataract) score, four studies reported
the EPCO (Evaluation of PCO) score and two studies reported another method of quantifying PCO. It was not possible to pool these data
due to the way they were reported, but all studies consistently reported a statistically significant lower average PCO score (of the order of
0.5 to 3 units) with sharp-edged IOLs compared with round-edged IOLs. We judged this to be moderate-certainty evidence downgrading
for risk of bias.

The logMAR visual acuity score was lower (better) in eyes that received a sharp-edged IOL but the diHerence was small and likely to be
clinically unimportant at one year (mean diHerence (MD) -0.06 logMAR, 95% CI -0.12 to 0; 2 studies, 153 eyes; low-certainty evidence).
Similar eHects were seen at longer follow-up periods but non-statistically significant data were less fully reported: two years MD -0.01
logMAR (-0.05 to 0.02); 2 studies, 311 eyes; three years MD -0.09 logMAR (-0.22 to 0.03); 2 studies, 117 eyes; data at five years only available
from one study.

None of the studies reported quality of life. Very low-certainty evidence on adverse events did not suggest any important diHerences
between the groups.

Authors' conclusions

This review provides evidence that sharp-edged IOLs are likely to be associated with less PCO formation than round-edged IOLs, with less
Nd:YAG capsulotomy. The eHects on visual acuity were less certain. The impact of these lenses on quality of life has not been assessed and
there are only very low-certainty comparative data on adverse events.

P L A I N   L A N G U A G E   S U M M A R Y

Does the design of replacement lenses used in cataract surgery help to stop clouding of the new lens once inside the eye?

Key messages
In cataract surgery, replacement lenses that have a sharp edge design may be less likely to develop clouding on their surface than lenses
with a round edge. People given new lenses with sharp edges may have clearer eyesight, and may be less likely to need laser surgery, than
people given lenses with rounded edges.

How are cataracts treated?
The lens is a small, clear disc inside the eye that focuses light rays to make clear images of objects seen. A cataract starts when cloudy
patches develop on the lens. As the cloudy patches get bigger over time, sight becomes misty and blurred.

Surgery is the only way to improve your eyesight if you have cataracts. In cataract surgery, a tiny cut is made in your eye; the old, cloudy
lens is removed and a new, plastic lens is put in its place.

A�er cataract surgery
A common problem a&er cataract surgery is that the back of the new lens develops cloudy patches on the surface, causing blurred or misty
sight again. The problem is treated by using a laser to create a small opening in the back of the lens, to allow light through. However, this
procedure could cause further problems, such as raising pressure inside the eye, or could damage other parts of the eye.

Why we did this Cochrane Review
DiHerent styles of plastic lenses have been designed to try to stop or reduce clouding once they are in the eye. Changes include making
the edges of the lens round or sharp. We wanted to find out if diHerently shaped edges on the lens would make it less likely to cloud.

Intraocular lens optic edge design for the prevention of posterior capsule opacification a�er cataract surgery (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

2



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

What did we do?
We searched for studies that tested diHerent designs of plastic lenses used in cataract surgery. We wanted to know how diHerently shaped
edges on the lens aHected the need for laser eye treatment one year a&er cataract surgery.

Search date: we included evidence published up to 17 November 2020.

What we found
We found 10 studies involving 1065 people with age-related cataracts who had surgery to replace the lens in 1834 eyes. The studies took
place in Austria, Germany, India, Japan, Sweden and the UK. The studies lasted for at least one year. Some studies followed participants
for up to 12 years a&er their surgery.

The studies compared replacement lenses with rounded edges against replacement lenses with sharp edges.

A pharmaceutical company funded one study and partly funded another study.

What are the main results of our review?
In all 10 studies, eyes given a sharp-edged lens showed less clouding on the lens, compared with eyes given a round-edged lens.

- A&er two, three and five years, eyes given a sharp-edged lens may be less likely to need laser surgery than those given a round-edged
lens (evidence from six studies involving 742 people).
- A&er one year and three years, vision may be clearer in eyes given sharp-edged lenses compared with eyes given round-edged lenses
(evidence from two studies involving 260 people).
- At one year a&er surgery, it was not clear if the design of lens (sharp- or round-edged) aHected how many people needed to have laser
surgery to treat cloudy patches on the new lens. This might be because not many people in either group needed laser surgery a&er one year.

We are uncertain how the two designs of lens aHected the numbers of any unwanted eHects people experienced, because these were not
consistently reported. We found no evidence of any important diHerences between the two lens types in the numbers of complications
reported.

None of the studies measured people's well-being.

Our confidence in our results
We are moderately confident about lenses with sharp edges showing a lower average score for clouding than lenses with round edges.
Further evidence may increase our confidence in this result. We are less confident about vision being clearer and the lower need for laser
surgery for eyes given sharp-edged lenses. Further research is likely to increase our confidence in these results.
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Summary of findings 1.   Sharp-edged intraocular lens (IOL) compared to round-edged IOL for the prevention of posterior capsule opacification a�er
cataract surgery

Sharp-edged compared to round-edged IOLS for the prevention of posterior capsule opacification after cataract surgery

Patient or population: people undergoing cataract surgery
Setting: eye hospital
Intervention: sharp-edged IOL
Comparison: round-edged IOL

Anticipated absolute effects* (95% CI)Outcomes

Risk with round-
edged IOL

Risk with sharp-
edged IOL

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)

Comments

Study populationNd:YAG capsulotomy at
one year

10 per 1000 3 per 1000
(1 to 17)

OR 0.30
(0.05 to 1.74)

742
(6 RCTs)

⊕⊕⊝⊝

LOWa,b

At 2 years: RR 0.35 (0.16 to 0.80); 703
eyes (6 studies); 89 fewer cases per 1000.

At 3 years: RR 0.21 (0.11 to 0.41); 538
eyes (6 studies); 170 fewer cases per
1000.

At 5 years: RR 0.21 (0.10 to 0.45); 306
eyes (4 studies); 331 fewer cases per
1000.

Data at 9 years and 12 years were only
available from one study.

Posterior capsule opacifi-
cation score at one year

As measured by AQUA
score, Evaluation of PCO
(EPCO) score and other
methods of quantifying
PCO

All studies consistently reported a lower average PCO score
(of the order of 0.5 to 3 units) with sharp-edged IOLs com-
pared with round-edged IOLs

(10 RCTs) ⊕⊕⊕⊝

MODERATEa

It was not possible to pool these data
due to the way they were reported

BCDVA at one year, mea-
sured using logMAR score
(range -0.3 to 1.3, low
scores = better vision, a

The mean log-
MAR BCDVA at
one year ranged
from 0 to 0.13

MD 0.06 logMAR
units lower (better)
(0.12 lower to 0
lower)

- 153
(2 RCTs)

⊕⊕⊝⊝

LOWa,b

At 2 years: MD -0.01 logMAR (-0.05 to
0.02; 2 studies, 311 eyes.

At 3 years MD -0.09 logMAR (-0.22 to 0.03;
2 studies, 117 eyes.
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score of 0 is equivalent to
6/6 or 20/20 vision)

Data at 5 years were only available from
one study.

Quality of life None of the studies reported this outcome

Adverse effects Adverse effects were reported inconsistently. There was no evidence of any im-
portant differences in Intraocular complications, entopic phenomena, IOL tilt/
decentration or anterior capsule fibrosis between groups.

⊕⊝⊝⊝ VERY

LOWa,c

-

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

BCDVA: best-corrected distance visual acuity; CI: confidence interval; OR: odds ratio; PCO: posterior capsule opacification; RR: risk ratio

GRADE Working Group grades of evidence
High-certainty: We are very confident that the true effect lies close to that of the estimate of the effect.
Moderate-certainty: We are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low-certainty: Our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low-certainty: We have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

aDowngraded for risk of bias (-1): only 2 studies at low risk of bias in all domains
bDowngraded for imprecision (-1): confidence intervals include benefit and harm
cDowngraded for imprecision (-2): studies were small and underpowered to assess rare outcomes
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B A C K G R O U N D

Extracapsular cataract extraction (ECCE) with posterior chamber
intraocular lens (IOL) implantation is the preferred surgical
technique for the treatment of opacification of the crystalline lens
(cataract) in high-income countries, and most surgeons in low- and
middle-income countries are now being trained in this method
(Ang 2014; Riaz 2013). In this technique, the lens contents are
removed, leaving the posterior lens capsule intact. The lens capsule
forms an anatomical barrier between the anterior and posterior
segments of the eye. This is thought to reduce the risk of posterior
segment complications following surgery (such as swelling of the
central area of the retina (cystoid macular oedema) and retinal
detachment) compared to intracapsular cataract extraction (ICCE),
in which the whole lens with intact capsule is removed from the
eye. Whereas phacoemulsification with implantation of a posterior
chamber IOL is standard for cataract treatment in high-income
countries, this technique represents only 10% of all cataract
surgeries in low- and middle-income countries (LMICs) (Khanna
2011). The main reason for such a low percentage may be the
high costs of phacoemulsification equipment (Findl 2010; Riaz
2006). However, leaving the capsule intact may result in long-
term complications, mainly that of posterior capsule opacification
(PCO) (Apple 1992; Schaumberg 1998). People with PCO experience
decreased visual acuity, impaired contrast sensitivity and glare.

Description of the condition

PCO is the most common postoperative complication a&er cataract
surgery, and PCO proportions of 11% to 43% have been described
within the first year a&er surgery, depending on surgical technique,
IOL design and material, and concomitant ocular diseases (Findl
2010; Riaz 2013; Schaumberg 1998; Wormstone 2002). Clinically,
PCO (or a&er-cataract) is subdivided into two types: regeneratory
and fibrotic PCO. Regeneratory PCO is much more common
and is the main cause of a decrease in visual function a&er
cataract surgery. Regeneratory PCO is a result of migration of
lens epithelial cells along the posterior capsule, behind the
IOL. These cells proliferate to form layers of lens material and
Elschnig pearls, leading to opacification of the posterior capsule.
In fibrotic PCO, lens epithelial cells of the anterior capsule
undergo transformation to myofibroblasts, causing fibrosis and
contraction of the capsule bag. This can lead to decentration of
the IOL and hinder visualisation of the peripheral retina. If present
on the posterior capsule, this may cause vision to deteriorate.
Diagnosis is made by slit lamp examination by an ophthalmologist.
PCO is usually treated by cutting an opening into the posterior
capsule with a neodymium:YAG (Nd:YAG) laser, or rarely by
surgical opening (capsulotomy). However, laser treatment may
damage the IOL optic, transiently increase intraocular pressure
(IOP), induce cystoid macular oedema, increase the incidence
of retinal detachment and o&en does not improve visualisation
of the peripheral retina (Javitt 1992). Additionally, Nd:YAG laser
treatment is associated with high costs for the healthcare system.
In the USA, Nd:YAG capsulotomy is the second most commonly
performed ophthalmic surgical procedure a&er cataract surgery.
The annual cost of Nd:YAG capsulotomy was estimated to be USD
250 million in the USA alone (Apple 1992). The lack of availability
of laser treatment is one of the major reasons why ECCE with IOL
implantation is not extensively used in low- and middle-income
countries.

Description of the intervention

To prevent PCO in eyes a&er cataract surgery with implantation
of an IOL, industry and clinicians make eHorts to prevent PCO by
modifying IOL loops (or haptics) and optic design. The IOL optic
edge may be round or sharp. A sharp edge means that the posterior
surface and the lateral edge of the IOL meet at a right angle. The
firm contact with the posterior capsule created by the sharp optic
edge seems to be important in the inhibition of cell migration
(Kohnen 2008; Nishi 2007). The sharpness of the optic edge may
vary according to the type of material used to manufacture the lens
(Nanavety 2008; Nanavety 2019).

How the intervention might work

IOL optic edges with a square edge reduce the migration of remnant
lens epithelial cells from the equatorial zone of the capsular bag.
Lens epithelial cells proliferating from the periphery of the capsule
stop when they reach the sharply bent edge of the capsule in
contact with the sharp edge of the IOL. As a result, this optic
edge design may reduce progression of PCO towards the centre
of the capsule and, therefore, towards the visual axis. Various
manufacturers are oHering IOLs with sharp optic edges in order to
reduce postoperative PCO proportion (Nishi 2007).

The introduction of sharp optic edges appears to reduce the
incidence of PCO (Findl 2010). It is unclear whether diHerences in
the style of IOL haptics play a role in PCO inhibition.

Beside this inhibiting eHect on PCO formation, the square edge
of IOL optics has been shown to be a potential source for the
occurrence of entopic phenomena such as positive and negative
dysphotopsia. Several ray-tracing models and in vivo studies have
investigated sharp IOL optic edges as cause for these optic side
eHects in pseudophakic eyes (Holladay 2012; Masket 1993; Masket
2020; Schwiegerling 2016). Sharp and truncated edges may induce
dysphotopsia, especially in combination with material of a high
index of refraction (Radmall 2015). Therefore, some manufacturers
have enhanced their IOL designs - for example, by rounding the
anterior optic edge.

Why it is important to do this review

Three Cochrane Reviews evaluating diHerent surgical interventions
for age-related cataract have already been published (Ang 2014;
de Silva 2014; Riaz 2013). There is an extensive body of published
data on interventions to reduce the incidence of PCO. Several
factors seem to influence the interaction of the IOL with the capsule
bag and therefore play an important role in the prevention of
PCO progression (Findl 2010). These include surgical technique
(Hollick 1999; Khalifa 1992), IOL material and biocompatibility
(AuHarth 2004; Findl 2010), and diHerent IOL optic edge designs
(Findl 2010; Hollick 1999; Nishi 1998; Nishi 2004). Additionally,
Walker 2008 has investigated intraocular pharmaceutical agents for
their influence on lens epithelial cell growth and PCO formation.
In order to draw conclusions regarding the diHerent IOL optic
edge designs' influence on preventing PCO, we have undertaken a
systematic review of randomised controlled trials (RCTs). This will
be important to inform cataract surgeons and patients as to the best
choice of IOL during cataract surgery.

Intraocular lens optic edge design for the prevention of posterior capsule opacification a�er cataract surgery (Review)
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O B J E C T I V E S

To compare the eHects of diHerent IOL optic edge designs on PCO
a&er cataract surgery.

M E T H O D S

Criteria for considering studies for this review

Types of studies

This review included only randomised controlled trials (RCTs) with
a follow-up period of at least 12 months.

Types of participants

Participants in the trials were people with age-related cataract
who underwent cataract surgery (all extracapsular surgical
techniques, including femtosecond laser-assisted cataract surgery)
with implantation of an IOL into the capsule bag. We did not exclude
people with ocular comorbidities such as age-related macular
degeneration (AMD), diabetes, glaucoma or uveitis, and other sight-
threatening diseases, because low PCO rates and therefore better
postoperative visual outcomes might also be an advantage for
these individuals.

Types of interventions

We compared sharp (or square) IOL optic edges to round-edge IOLs,
including IOLs with special optical properties, like toric, multifocal
and accommodating IOLs.

Types of outcome measures

We considered the following outcome measures.

Primary outcomes

• Proportion of eyes receiving Nd:YAG laser capsulotomy at
12 months postoperatively. Because PCO formation is very
uncommon in the first months a&er surgery, a minimum of 12
months follow-up time was defined.

Nd:YAG capsulotomy may depend on a clinician's subjective
evaluation, whereas PCO scores are objective measurement
techniques. However, PCO scores do not indicate whether PCO is
located on the central or peripheral posterior capsule and they
may not reflect individuals' subjective visual impairment (Li 2013).
Therefore, we selected the capsulotomy proportion as the primary
outcome.

Secondary outcomes

• Mean intensity of PCO, as assessed with scoring techniques or
quantification by image analysis at 12 months and 24 months
postoperatively.

• Mean best-corrected distance visual acuity (BCDVA) (logMAR).
The minimum length of follow-up to be included for meta-
analysis was 12 months. Data from earlier follow-up were not
included.

• Mean quality of life score as measured by any validated
questionnaire.

Assessment of PCO intensity or severity is complicated by the
fact that there is no commonly accepted scoring method for
PCO (Findl 2003). There are several well-known subjective scoring

systems, such as the EPCO (Evaluation of PCO) computer-aided
scoring system, as well as 'semi-objective' or objective systems,
such as POCO (posterior capsule opacification) so&ware and
AQUA (Automated Quantification of A&er-Cataract) systems, both
based on automated analysis of retro-illumination PCO images.
In addition, there is a frequently used objective PCO assessment
method based on analysis of Scheimpflug images.

Analysis both of PCO scores and visual acuity data may be
additionally complicated by the fact that some people may have
an Nd:YAG capsulotomy. This problem is sometimes handled by
estimating the missing PCO scores a&er a capsulotomy (Buehl
2005; Findl 2005). We documented how the problem of Nd:YAG was
handled in each study.

Adverse e<ects

• Intraoperative surgical complications (e.g. capsule rupture)

• Entopic phenomena (e.g. negative dysphotopsia)

• Clinically relevant IOL tilt and decentration

• Distinctive anterior capsule fibrosis and capsule phimosis

• Any other adverse eHects as reported by studies

We collected data at 12, 24, 36 months and longer time periods
where available.

Search methods for identification of studies

Electronic searches

The Cochrane Eyes and Vision Information Specialist searched the
following electronic databases for randomised controlled trials and
controlled clinical trials. There were no restrictions on language or
year of publication. The electronic databases were last searched on
17 November 2020.

• Cochrane Central Register of Controlled Trials (CENTRAL; 2019;
Issue 11) (which contains the Cochrane Eyes and Vision Trials
Register) in the Cochrane Library (searched 17 November 2020)
(Appendix 1).

• MEDLINE Ovid (1946 to 17 November 2020) (Appendix 2).

• Embase Ovid (1980 to 17 November 2020) (Appendix 3).

• Latin American and Caribbean Health Sciences Literature
Database (LILACS) (1982 to 17 November 2020) (Appendix 4).

• ISRCTN registry (www.isrctn.com/editAdvancedSearch;
searched 17 November 2020) (Appendix 5).

• US National Institutes of Health Ongoing Trials
Register ClinicalTrials.gov (www.clinicaltrials.gov; searched 17
November 2020) (Appendix 6).

• World Health Organization (WHO) International Clinical Trials
Registry Platform (ICTRP) (www.who.int/ictrp; searched 17
November 2020) (Appendix 7).

Searching other resources

We manually searched reference lists of relevant trial reports. We
did not manually search any conference abstracts for this review.

Data collection and analysis

Selection of studies

Two review authors (SM, AH) reviewed the titles and abstracts
resulting from the searches. The same authors obtained full-text
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copies of possibly and definitely relevant trials and assessed them
according to the criteria set out above. There were no restrictions
concerning publication date. Both authors worked independently
from each other, and resolved discrepancies through discussion.

Data extraction and management

Three review authors (SM, AH, JE) independently extracted
data using a pre-piloted customised data extraction template
in Covidence. The review authors compared these and resolved
discrepancies through discussion. Data were imported directly
from Covidence into Review Manager 5 (Review Manager 2014).
When data were missing, we tried to contact the study authors by
email and asked them to provide the missing information within
a period of two months. One review author (SM) checked data
entered in Review Manager 5 for accuracy.

Assessment of risk of bias in included studies

We assessed risk of bias according to the methods set out in Chapter
8 of the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2017). We used five components to determine risk of
bias: selection bias (sequence generation, allocation concealment),
performance bias, detection bias and attrition bias, and selective
outcome reporting. We graded each component as low risk
of bias, high risk of bias or unclear risk of bias. Masking
(blinding) of study participants and personnel may reduce the
risk of performance bias, and masking of outcome assessors
may reduce risk of detection bias. Therefore, both measures, if
applicable, were of special interest in our assessment of risk of
bias in the studies included for this review. Two review authors
(SM, AH) independently assessed the risk of bias and resolved
disagreements through discussion, the use of additional referees,
or both. The review authors were not masked to any trial details
during the assessment. If we were unable to make a decision about
the classification of a study due to lack of information, we tried to
contact the study authors.

Measures of treatment e<ect

We presented dichotomous outcomes, such as the proportion
of people needing capsulotomy, as risk ratios, and continuous
outcomes, such as BCDVA and PCO scores, as the mean diHerence.
For the analysis of ND:YAG capsulotomy at one year, there were
only five events so we used the Peto odds ratio, following guidance
in Chapter 10 of the Cochrane Handbook for Systematic Reviews of
Interventions (Sterne 2011).

Unit of analysis issues

In our protocol, we anticipated a variety of unit of analysis issues
(DiHerences between protocol and review). For the review, the
majority of studies are within-person studies whereby one eye
receives one type of lens and the other eye receives the other. This
is a paired design and, ideally, the included studies should have
reported a paired analysis. For some outcomes (such as PCO score)
in some studies, this was done. However, in general, the paired
design was ignored by the included studies. We have used the data
as reported. This is a conservative approach - confidence intervals
will be wider than if a paired analysis had been done.

Dealing with missing data

Most missing data were due to loss of follow-up of participants.
To assess whether the data were 'missing at random', whenever

possible, we tried to contact the original investigators to identify
reasons for loss of follow-up and request incomplete data, if
available.

Assessment of heterogeneity

We examined heterogeneity between trial results using a Chi2

test and the I2 statistic. Due to the fact that it has low power
in the situation of a meta-analysis when studies have small
sample size or are few in number, a P value of 0.10 was used
to determine statistical significance. According to Chapter 9 of
the Cochrane Handbook for Systematic Reviews of Interventions,

concerning the I2 statistic, values of 30% to 60% may represent
moderate heterogeneity, 50% to 90% may represent substantial
heterogeneity, and values between 75% and 100% may indicate
considerable heterogeneity (Deeks 2017).

Assessment of reporting biases

The main reporting biases that we considered were publication bias
and outcome reporting bias. For publication bias, there were not
enough trials contributing data to undertake our plan to do a funnel
plot to assess whether small trials had diHerent eHects. To assess
outcome reporting bias we were guided by the ORBIT classification
(Kirkham 2010).

Data synthesis

We summarised data from studies collecting comparable outcome
measures with similar follow-up times. We used a random-eHects
model, unless there were fewer than three trials in a comparison or
the data were sparse, when we used a fixed-eHect model.

Subgroup analysis and investigation of heterogeneity

We planned three subgroup analyses: firstly, to investigate whether
eHects varied by IOL optic material; secondly, to see whether eHects
varied by surgical technique; and thirdly, to see the eHect of ocular
co-morbidities. There were only data available to assess the first of
these planned subgroup analyses.

Sensitivity analysis

We investigated the eHect of excluding studies at risk of bias. We
repeated the analyses removing studies judged to be at high risk of
selection bias, performance bias or detection bias.

Summary of findings and assessment of the certainty of the
evidence

We created a 'Summary of findings' table including the following
outcomes at one year: Nd:YAG capsulotomy, PCO score, BCDVA,
quality of life and adverse eHects. Two authors (SM, JE) working
together assessed the certainty of the evidence for each outcome
using the GRADE approach (GRADEpro GDT).

R E S U L T S

Description of studies

See Characteristics of included studies and Characteristics of
excluded studies.

Results of the search

The electronic searches yielded a total of 990 records (Figure
1). A&er 257 duplicate records were removed, the Cochrane
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Information Specialist (CIS) screened the remaining 733 records
and removed 452 records which were not relevant to the scope of
the review. We screened the remaining 281 records and identified
62 references that potentially met the inclusion criteria and

obtained full-text copies of these for further investigation. A&er
assessing the full-text references, we included 15 reports of 10
studies (Characteristics of included studies), and excluded 47
reports of 47 studies (Characteristics of excluded studies).
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Figure 1.
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Included studies

We included 10 studies (1065 people, 1834 eyes) that compared
sharp- and round-edged IOLs (Table 1). The studies were conducted
in Austria, Germany, India, Japan, Sweden and the UK.

Types of study

Eight of the studies were within-person studies, whereby eyes
within one person were allocated to sharp- or round-edged lenses.
Two studies were parallel group studies whereby people were
randomly allocated to treatment and one eye per person included
in the study (Sundelin 2005; Wejde 2003).

Types of participants

People with bilateral age-related cataract. In most of the studies,
participants with ocular sight-threatening diseases (glaucoma,
diabetic retinopathy, age-related macular degeneration or corneal
pathologies) or other circumstances that would make a
postoperative visual acuity of 20/40 (decimal equivalent 0.5) or
better unlikely, were excluded.

Types of interventions

Uncomplicated cataract surgery in both eyes with implantation
of an IOL with sharp-edged optic or round-edged optic. DiHerent
studies used diHerent IOLs. Four studies used silicone IOLs (Buehl
2007; Mester 2004; Sacu 2005; Sundelin 2005), three studies used
polymethyl methacrylate (PMMA) (Findl 2005; Haripriya 2017; Shah
2007), two studies used acrylic (Buehl 2005; Hayashi 2005), and one
study used all three types (Wejde 2003).

Types of outcome measures

Nd:YAG capsulotomy rates; intensity of PCO (PCO scores - POCO,
EPCO, AQUA Score - fraction of PCO); anterior capsule opacification

(ACO); visual acuity (BCDVA); contrast sensitivity; glare sensitivity;
IOL centration; and capsulorhexis-IOL overlap.

Excluded studies

Altogether, we excluded 47 studies (please see Characteristics of
excluded studies for further information):

• 19 studies, because they didn't have the correct study design
(e.g. were not RCTs, or they were reviews) (Abela-Formanek
2002; AuHarth 2003; Beltrame 2002; Casprini 2002; Cumming
1994; Hancox 2007; Iashinskas 2005; Kruger 2000; Li 2008; Miyata
2007; Morgan-Warren 2013; Nishi 2007; Nixon 2004; Oner 2000;
Sacu 2004b; Sacu 2005; Spyridaki 2010; Vyas 2007; Zemaitiene
2004);

• 20 studies, because IOLs of the same optic edge design were
being compared (Alio 2016; Alio 2018; Cardona 2018; Gangwani
2011; Gundersen 2017; Hirnschall 2013; Hirnschall 2018; Iwase
2011; Kahraman 2015; Kugelberg 2008; Leydolt 2013; Leydolt
2017; Miháltz 2018; Prosdocimo 2003; Schrecker 2018; Voronin
2017; Yang 2017; Yu 2016; Zemaitiene 2007; Zemaitiene 2011);

• three studies, because of the wrong outcomes (e.g. intraocular
inflammatory response) (Sacu 2004b; Sacu 2004c; Wejde 2004);

• two studies, because no copy of the paper was available a&er
trying to contact the author (Krajcova 2007; Zhang 2002);

• two studies because of wrong indication (IOL design
comparison: three-piece versus one-piece IOL) (Leydolt 2007;
Nejima 2006);

• one study, because the last follow-up was only six months
postoperatively (Choi 2018).

Risk of bias in included studies

See Figure 2.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study
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Buehl 2005 ? ? ? ? + + +
Buehl 2007 ? ? ? ? + - +
Findl 2005 + + + + + + +

Haripriya 2017 + ? + - ? + +
Hayashi 2005 + + + + + + +
Mester 2004 ? ? - - + - +

Sacu 2005 ? ? ? + + + +
Shah 2007 + ? + + ? + +

Sundelin 2005 + ? - - ? + +
Wejde 2003 ? ? - - ? + +
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Allocation

Only two studies used and reported methods of generating and
concealing the allocation schedule suHicient for a low risk of bias
judgment (Findl 2005; Hayashi 2005). Three studies described a
procedure for generating a random allocation but did not describe
its concealment (Haripriya 2017; Shah 2007; Sundelin 2005). The
remaining studies did not report this aspect in suHicient detail.

Blinding

Two studies reported procedures to mask participants, personnel
and outcome assessment (Findl 2005; Hayashi 2005). Three studies
were not masked (Mester 2004; Sundelin 2005; Wejde 2003). The
remaining studies provided insuHicient information.

Incomplete outcome data

In cases of incomplete outcome data reporting, we tried to contact
the authors of the studies to gain additional information. We graded
all studies with incomplete outcome data as 'unclear risk'.

Selective reporting

We did not identify any obvious cases of selective reporting, but in
the absence of access to protocols, it is likely that we could have
missed instances of selective reporting. All studies reported Nd:YAG
capsulotomy and PCO score. None of the studies reported quality
of life but it is likely that this outcome was not measured. Adverse
eHects were reported inconsistently. Three studies reported visual
acuity as a continuous measure and are included in the analyses
(Findl 2005; Shah 2007; Sundelin 2005), two studies reported
visual acuity as a dichotomous variable (Haripriya 2017; Wejde
2003), two studies reported only on lack of statistical significance
(ORBIT classification A, high risk of bias) (Buehl 2007; Mester 2004)
and three studies reported on lack of statistical significance and
reported the data in a form that could not be included in the review
(ORBIT classification C, low risk of bias) (Buehl 2005; Hayashi 2005;
Sacu 2005).

Other potential sources of bias

We detected no additional potential sources of bias among the
studies included in the review.

E<ects of interventions

See: Summary of findings 1 Sharp-edged intraocular lens (IOL)
compared to round-edged IOL for the prevention of posterior
capsule opacification a&er cataract surgery

See Summary of findings 1.

Nd:YAG capsulotomy

Six studies reported Nd:YAG capsulotomy proportions one year
postoperatively (Analysis 1.1). There were few events: 1/371 in
sharp-edged and 4/371 in round-edged IOL groups. The eHect
estimate was in favour of sharp-edged IOLs but the confidence
intervals were very wide and compatible with higher or lower
chance of Nd:YAG capsulotomy in sharp-edged compared with
round-edged lenses (Peto odds ratio (OR) 0.30, 95% CI 0.05 to 1.74;

I2 = 0%; 6 studies, 742 eyes). This corresponds to seven fewer
cases of Nd:YAG capsulotomy per 1000 sharp-edged IOLs inserted
compared with round-edged IOLs (95% CI 9 fewer to 7 more). We
judged this as low-certainty evidence, downgrading for imprecision
and risk of bias.

Similar eHects were seen at other time points (Analysis 1.2; Analysis
1.3; Analysis 1.4; Analysis 1.5; Analysis 1.6), and are summarised
in the following table. As the number of events in the round-
edged comparator arm increased over time, the number of cases
of Nd:YAG capsulotomy potentially prevented increased over time
with 89 fewer cases per 1000 at two years, 161 fewer cases per 1000
at three years, and 331 fewer cases per 1000 at five years. Data at 9
years and 12 years were only available from one study.

 

Time point Eyes (studies) Risk ratio (95% CI) Fewer cases of Nd:YAG capsulotomy in sharp-
edged IOLs per 1000 (95% CI)

2 years 703 (6) 0.35

(0.16 to 0.80)

89

(27 to 115)

3 years 538 (6) 0.21,

(0.11 to 0.41)

170

(127 to 191)

5 years 306 (4) 0.21

(0.10 to 0.45)

331

(230 to 377)

9 years 66 (1) 0.06

(0.01 to 0.42)

484

(299 to 510)

12 years 179 (1) 0.74

(0.49 to 1.13)

113

(56 more to 221 fewer)
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Subgroup analyses

There was no evidence that these eHects varied by type of IOL lens
material (test for interaction at one year, P = 0.77; two years, P = 0.80;
three years, P = 0.53; five years, P = 0.92), but the number of studies
in each group was small and the analyses were underpowered to
detect diHerences (Analysis 1.1; Analysis 1.2; Analysis 1.3; Analysis
1.4).

Sensitivity analyses

We investigated the eHect of excluding studies at risk of bias.
We repeated the analyses removing studies judged to be at high
risk of selection bias, performance bias or detection bias (Table
2). The estimates of eHect for the outcome Nd:YAG capsulotomy
were reasonably robust and did not change much when excluding
studies at high risk of bias.

PCO score

Ten studies reported a PCO score (Analysis 1.7). Four studies
reported the AQUA score, four studies reported the EPCO score and
two studies reported another method of quantifying PCO. It was
not possible to pool these data due to the way they were reported,
but all studies consistently reported a statistically significant lower
average PCO score (of the order of 0.5 to 3 units) with sharp-
edged IOLs compared with round-edged IOLs. We judged this to be
moderate-certainty evidence, downgrading for risk of bias.

Subgroup and sensitivity analyses could not be performed.

Best-corrected distance visual acuity (BCDVA)

Three studies reported visual acuity as a continuous measure and
are included in the analyses (Findl 2005; Shah 2007; Sundelin
2005), two studies reported visual acuity as a dichotomous variable
(Haripriya 2017; Wejde 2003), three studies reported data in a form
that could not be included in the review (Buehl 2005; Hayashi 2005;
Sacu 2005) and two studies reported only on lack of statistical
significance (Buehl 2007; Mester 2004).

Several studies showed better BCDVA in eyes with IOLs with sharp
optic edges but the diHerence was small: one year postoperatively
MD -0.06 logMAR (95% CI -0.12 to 0; 2 studies, 153 eyes; Analysis
1.8); two years postoperatively MD -0.01 logMAR (95% CI -0.05 to
0.02; 2 studies, 311 eyes; Analysis 1.9); three years postoperatively
MD -0.09 logMAR (95% CI -0.22 to 0.03; 2 studies, 117 eyes; Analysis
1.10), and five years postoperatively MD -0.08 logMAR (95% CI -0.22
to 0.06; 1 study, 34 eyes; Analysis 1.11).

Subgroup analyses

Subgroup analyses could not be performed due to the low number
of studies in each IOL lens material group.

Sensitivity analyses

We investigated the eHect of excluding studies at risk of bias. We
repeated the analyses removing studies judged to be at high risk
of selection bias, performance bias or detection bias (Table 2). The
estimates of eHect for BCDVA were not aHected by excluding high
risk of bias studies at one and two years but the eHect was reduced
(changed) at three years, however, the number of studies was small.

Quality of life

None of the studies reported quality of life data or other subjective
outcomes.

Adverse events

Table 3 summarises the available information on adverse events.
The included studies reported adverse eHects inconsistently. There
was little evidence of any important diHerences between groups.

Intraoperative complications

• Two studies did not report intraoperative complications (Buehl
2005; Wejde 2003).

• Six studies reported that there were either no intraoperative
complications (Hayashi 2005; Shah 2007), or no intraoperative
complications leading to exclusion (Buehl 2007; Findl 2005;
Haripriya 2017; Sacu 2005).

• Two studies reported intraoperative complications. In Mester
2004, 10/288 people were excluded due to severe complications
during surgery but it was not clear to which groups these
people were allocated. In Sundelin 2005, one case in each group
had "surgical complications" given as a reason for incomplete
follow-up.

Entopic phenomena - negative dysphotopsia

Two studies reported cases of positive dysphotopsia (Buehl 2005;
Buehl 2007). However, the number of reported cases was low and
no diHerence could be found between diHerent IOL optic edge
designs.

Most studies did not report either the presence or absence
of entopic phenomena. Two studies reported glare, halos and
photophobia but these occurred rarely and in both groups (Buehl
2005; Buehl 2007).

Clinically relevant IOL tilt and decentration

• Four studies did not report on IOL tilt or decentration (Haripriya
2017; Hayashi 2005; Sacu 2005; Wejde 2003).

• One study reported that there was correct IOL position in all eyes
with no important tilt or decentration (Mester 2004).

• In the remaining five studies, IOL tilt or decentration was
reported but in most cases this occurred rarely and evenly
between groups.

Distinctive anterior capsule fibrosis and capsule phimosis

• Five studies did not report on this (Buehl 2007; Haripriya 2017;
Hayashi 2005; Sundelin 2005; Wejde 2003).

• The remaining studies reported no important diHerences
between groups.

D I S C U S S I O N

Summary of main results

We included 10 studies (1834 eyes) that compared sharp- and
round-edged IOLs. Eight of these studies were within-person
studies: one eye received a sharp-edged IOL and the fellow eye
a round-edged IOL. The IOL materials were acrylic (two studies),
silicone (four studies), PMMA (three studies) and diHerent materials
(one study). The studies were conducted in Austria, Germany, India,
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Japan, Sweden and the UK. We judged five studies to be at high risk
of bias in at least one domain. We judged only two studies to be at
low risk of bias in all domains.

Low-certainty evidence suggested a reduction in the chance of
Nd:YAG capsulotomy at one year with sharp-edged IOLs compared
to round-edged IOLs: there were 7 fewer cases of Nd:YAG
capsulotomy per 1000 (95% confidence interval (CI) 9 fewer to 7
more) (Peto odds ratio (OR) 0.30, 95% CI 0.05 to 1.74; 6 studies,
742 eyes). A similar relative eHect was seen at two, three and five
years. As the number of Nd:YAG capsulotomy events increased
with longer follow-up, the number of cases of Nd:YAG capsulotomy
prevented increased over time. There was no evidence that these
eHects varied by type of IOL lens material but the number of studies
in each group was small and the analyses underpowered to detect
any diHerences in eHect.

All of the studies reported a PCO score. Four studies reported the
AQUA score, four studies reported the EPCO score and two studies
reported another method of quantifying PCO. It was not possible to
pool these data due to the way they were reported, but all studies
consistently reported a lower average PCO score (of the order of 0.5
to 3 units) with sharp-edged IOLs compared with round-edged IOLs.
We judged this to be moderate-certainty evidence, downgrading for
risk of bias.

Low-certainty evidence suggested the logMAR visual acuity score
was lower (better) in eyes that received a sharp-edged IOL but
the diHerence was small at one year and probably clinically
unimportant. There was a greater diHerence observed at longer
follow-up times but statistically non-significant results were less
likely to be reported fully and incorporated in the analyses.

Very low-certainty evidence on adverse events did not suggest any
important diHerences between the groups. None of the studies
reported quality of life.

Overall completeness and applicability of evidence

Participants in the included studies were likely to be representative
of a standard cataract population. Although we did not exclude
participants with ocular comorbidities in this review, most of the
included studies excluded people with ocular comordibities. We
believe that people with age-related macular degeneration (AMD),
glaucoma, diabetes and other sight-threatening diseases should
also be part of these study populations, as they are part of cataract
populations in daily clinical practice. We assume that most authors
excluded ophthalmic comorbidities to reduce noise, especially for
visual acuity data, and make results comparable.

All of the study authors describe modern standard cataract surgery
with implantation of an IOL. Nevertheless, many of the IOLs
mentioned (including most PMMA IOLs) in the included studies are
no longer being used and are unavailable on the market. Some of
the included studies were published more than 15 years ago. In the
meantime, scientists and manufacturers have produced advances
in IOL technology. As a result, many new foldable IOLs with better
biocompatibility, lower PCO rates and possibly with better visual
acuity are on the market today.

We found that, independent of the IOL material and design,
only very few Nd:YAG capsulotomies were reported one year
a&er cataract surgery. We decided to include longer term follow-
ups at two, three, five, nine and 12 years, in addition to our

initially defined primary time point. At these later time points,
significant diHerences concerning PCO formation between diHerent
IOL designs could be highlighted. The eHect of higher PCO
proportion with longer postoperative follow-ups corresponds well
with clinical experience, because - with modern IOL designs - only
very few laser treatments need to be performed within the first year
of cataract surgery.

Only two studies reported cases of dysphotopsia. In both studies,
the number of participants aHected was low and equal for both
IOLs with sharp and round optic edge design. Nevertheless,
according to the literature, the number of people experiencing
optical side eHects associated with IOL material and design is
high, and dysphotopsia in pseudophakic eyes is a leading cause
of low postoperative patient satisfaction (Kinard 2013). Therefore,
the studies included in this review – which focused on objective
outcomes such as PCO and capsulotomy rates – may not suHiciently
capture subjective outcomes.

Quality of the evidence

The studies were poorly reported in general, and several studies
were at risk of bias in one or more domain. In general, we
downgraded for risk of bias. Some of the outcomes were
imprecisely measured, particularly at shorter follow-up times with
fewer events. The results were largely consistent. We did not have
enough studies to reliably assess publication bias.

Potential biases in the review process

Our prespecified primary outcome was the proportion of eyes with
Nd:YAG capsulotomy one year a&er surgery. However, the number
of events at this time point was low, and so we made a post hoc
decision to include and present data for longer time periods. We
think this is justified but it should be noted as a post hoc decision.

The majority of studies included in this review were within-person
studies whereby one eye received one type of lens and the other
eye received the other type. This is a paired design and, as we
specified in our methods, ideally the included studies should have
reported a paired analysis. However, a paired analysis was not done
consistently for all outcomes. We have used the data as reported.
This is a conservative approach - confidence intervals are wider
than if a paired analysis had been done.

Agreements and disagreements with other studies or
reviews

Other reviews and meta-analyses have shown similar findings
to the current review; namely, that IOLs with sharp optic edges
are associated with less PCO, lower laser capsulotomy rates
and better visual acuity compared with IOLs with round optic
edges (Cheng 2007). A recent network meta-analysis sponsored by
Alcon compared sharp-edged lens Acrysof with other lenses and
concluded that this sharp-edged lens had a lower risk of Nd:YAG
capsulotomy compared to all the other round-edged IOLs (Thom
2019). This network meta-analysis included more studies than the
current review. This is because we restricted our search to studies
that formally compared optic edge design.
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Implications for practice

This review provides evidence that sharp-edged IOLs are likely to
be associated with less PCO formation than round-edged IOLs and
less Nd:YAG capsulotomy but the evidence on visual acuity was less
certain. The impact of these lenses on quality of life has not been
assessed and there is only very low-certainty evidence on adverse
events.

Most of the IOLs with round optic edges used in the studies included
in this review have been removed from the market and are no
longer implanted during cataract surgery.

Implications for research

Study authors used diHerent PCO scores to describe the amount
of PCO in their studies which meant we were unable to do a meta-
analysis for this outcome. Ideally, the measurement of PCO should
be standardised between studies in order to make meta-analyses
possible in the future.

Additionally, none of the included studies used questionnaires
to assess the impact of PCO on participants' quality of life and
subjective impairment. We suggest that the use of subjective

parameters, such as quality of life scores, would be important for
future studies.

At present, new IOLs are licensed and introduced without adequate
evidence of safety and eHectiveness. Surgical clinical registries are
important for collecting longer-term data. Severe adverse events
may occur rarely and may not be observed in suHicient numbers to
robustly assess diHerences between IOLs in small, short-term RCTs,
such as those included in this review.

Eight of the 10 studies included in this review had a paired design
but did not consistently report measures of eHect based on a paired
analysis. In addition, quality of life cannot be assessed in such
designs. We recommend parallel-group studies whereby people are
randomly allocated to treatment in order to get a complete picture
of the eHects of these lenses.

All pre-specified outcomes should be fully reported, irrespective of
whether the results are statistically significant or not.
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods Study design: within-person study

Eyes: bilateral age-related cataract, enrolled for surgery in both eyes and good overall physical con-
dition, no history of other ocular diseases or intraocular surgery, laser treatment, diabetes requiring
medical control, glaucoma, or retinal pathology that would make a postoperative visual acuity of 20/40
(decimal equivalent 0.5) or better unlike

Cataract surgery: standardised technique, one surgeon

Postoperative treatment: prednisolone acetate 1% (Ultracortenol) and diclofenac (Voltaren Ophtha)
eyedrops 4 times a day for 1 month

Criteria for Nd:YAG capsulotomy: visual acuity less than 20/30 (decimal equivalent 0.7) or subjective
symptoms attributable to the slit lamp finding

Participants Country: Austria

Number of participants (eyes) randomised: 53 (106)

Inclusion criteria: bilateral age-related cataract, good overall physical condition

Exclusion criteria: history of other ocular disease or intraocular surgery, laser treatment, diabetes re-
quiring medical control, glaucoma, retinal pathology that would make a postoperative visual acuity of
20/40 (decimal equivalent 0.5) or better unlikely.

Average age (range): 72 years (range not reported)

% women: not reported

Interventions Intervention characteristics

IOL with sharp optic edge design (46 participants, 46 eyes)

• edge design: sharp

• IOL specification: Sensar OptiEdge AR40

• IOL material: hydrophobic acrylic

• Type of haptics: open-loop

• IOL design: 3-piece

• Manufacturer: AMO Inc

IOL with round optic edge design (46 participants, 46 eyes)

• edge design: round

• IOL specification: Sensar AR40

• IOL material: hydrophobic acrylic

• Type of haptics: open-loop

• IOL design: 3-piece

• Manufacturer: AMO Inc

Buehl 2005 
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Outcomes Primary outcome: PCO (subjective slit lamp grading, PCO AQUA score)

Secondary outcome: YAG capsulotomy proportion, visual acuity (Snellen)

Follow-up: 1 week, 1 month, 6 months, 1 year, 2 years and 3 years
after surgery

Identification Setting: Department of Ophthalmology, Medical University of Vienna, Austria

Author's name: Oliver Findl, MD

Institution: Department of Ophthalmology, Medical University of Vienna, Austria

Email: oliver.findl@meduniwien.ac.at

Address: Medical University of Vienna, Dep. of Ophthalmology, Währinger Gürtel 18-20, 1090 Wien, Aus-
tria

Contact with investigators: O.Findl is co-author of this review

Notes Funding: institution driven

Conflict of interest: none

Date study conducted: not available

Trial registration ID: not available

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "The IOL type for the first surgically treated eye of each patient was ran-
domly assigned prior to patient recruitment."

Judgement comment: unclear how the allocation schedule was generated

Allocation concealment
(selection bias)

Unclear risk Judgement comment: exact procedure of randomisation and allocation not
reported

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Judgement comment: stated as "patient- and examiner-masked" - no exact
methods to guarantee masking were described

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Judgement comment: "examiner-masked" - exact technique not stated

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Judgement comment: problem of missing PCO score and BCVA after capsulo-
tomy is addressed with estimation of missing values

Selective reporting (re-
porting bias)

Low risk Judgement comment: no SD for PCO scores available. No absolute BCVA val-
ues available - these are only mentioned in the discussion section.

Other bias Low risk None

Buehl 2005  (Continued)
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Study characteristics

Methods Study design: within-person study

Eyes: bilateral age-related cataract, enrolled for surgery in both eyes and good overall physical con-
dition, no history of other ocular diseases or intraocular surgery, laser treatment, diabetes requiring
medical control, glaucoma, or retinal pathology that would make a postoperative visual acuity of 20/40
(decimal equivalent 0.5) or better unlike

Cataract surgery: standardised technique, one surgeon

Postoperative treatment: prednisolone acetate 1% (Ultracortenol; Ciba Vision, Duluth, Georgia, USA)
and diclofenac (Voltaren Ophtha; Ciba Vision) eyedrops 4 times a day for 1 month

Criteria for Nd:YAG capsulotomy: visual acuity less than 20/30 (decimal equivalent 0.7) or subjective
symptoms attributable to the slit lamp findings

Participants Country: Austria

Number of participants (eyes) randomised: 52 (104)

Overall

Inclusion criteria: bilateral age-related cataract scheduled for surgery on both eyes, good overall phys-
ical condition.

Exclusion criteria: history of other ocular disease or intraocular surgery, laser treatment, diabetes re-
quiring medical control, glaucoma, or retinal pathology that would make a postoperative visual acuity
of 20/40 (decimal equivalent 0.5) or better unlikely

Pretreatment:

Average age (range): 77 years (range not reported)

% women: not reported

Interventions Intervention characteristics

IOL with sharp optic edge design

• edge design: sharp

• IOL specification: Clariflex

• IOL material: hydrophobic, silicone

• type of haptics: open-loop

• IOL design: 3-piece

• Manufacturer: AMO Inc (Santa Ana, California, USA)

IOL with round optic edge design

• edge design: round

• IOL specification: Phakoflex SI40

• IOL material: hydrophobic, silicone

• type of haptics: open-loop

• IOL design: 3-piece

• Manufacturer: AMO Inc (Santa Ana, California, USA)

Outcomes Primary outcome: PCO (subjective slit lamp grading, PCO AQUA score)

Secondary outcome: YAG capsulotomy proportion, visual acuity (Snellen)

Follow-up: 1 week, 1 month, 6 months, 1 year, 2 years, and 3 years after surgery

Buehl 2007 
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Identification Setting: Department of Ophthalmology, Medical University of Vienna, Vienna, Austria.

Comments:

Author's name: Rupert Menapace

Institution: Department of Ophthalmology, Medical University of Vienna

Email: rupert.menapace@meduniwien.ac.at

Address: Department of Ophthalmology, Medical University of ViennaWähringer Gürtel 18-20 1090
Wien, Austria

Contact with investigators: O. Findl is co-author of this review

Notes Funding: institution driven

Conflict of interest: none

Date study conducted: surgery was performed between June 2001 and February 2002

Trial registration ID: NCT00428363

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "The IOL type for the first operated eye of each patient was randomly
assigned before patient recruitment."

Judgement comment: unclear how the allocation schedule was generated

Allocation concealment
(selection bias)

Unclear risk Judgement comment: study was described as masked for patient and examin-
er but allocation concealment not clearly describedIOL chosen by randomisa-
tion process of randomisation not described IOL

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Judgement comment: "patient and examiner-masked"; no exact description
of masking process

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Judgement comment: "patient and examiner-masked"; no exact description
of masking process

Incomplete outcome data
(attrition bias)
All outcomes

Low risk within-person study and no indication of attrition bias

Selective reporting (re-
porting bias)

High risk Judgement comment: missing absolute BCVA values (ORBIT classification A,
high risk of bias), missing SD for PCO score

Other bias Low risk None

Buehl 2007  (Continued)
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Methods Study design: within-person study

Eyes: bilateral, age-related cataract and good overall physical constitution (i.e. they should be able to
attend all follow-up examinations without the help of others, and they should not suffer from a major
eye disease except cataract)

Cataract surgery: standardised surgical technique, one surgeon

Postoperative treatment: prednisolone acetate (1%) eyedrops (Ultracortenol, Ciba Vision, Atlanta,
GA) and diclofenac (Voltaren Ophtha, Ciba Vision, Atlanta, GA) 4 times a day for 1 month

Participants Country: Austria

Number of participants (eyes) randomised: 32 (64)

Overall

Inclusion criteria: bilateral, age-related cataract, good overall physical constitution

Exclusion criteria: Exclusion criteria were a history of ocular disease or intraocular surgery, laser treat-
ment, diabetes requiring medical control, glaucoma, and severe retinal pathology that would make a
postoperative visual acuity of 20/40 (decimal equivalent, 0.5) or better unlikely

Average age (range): 74 years (range not reported)

% women: not reported

Interventions Intervention characteristics

IOL with sharp optic edge design (23 participants, 23 eyes)

• edge design: sharp

• IOL specification: Microplex MP260

• IOL material: hydrophobic PMMA

• type of haptics: open-loop

• IOL design: 3-piece

• manufacturer: Dr Schmidt Intraocularlinsen GmbH (St. Augustin, Germany)

• additional information: custom-made for study

IOL with round optic edge design (23 participants, 23 eyes)

• edge design: round

• IOL specification: MicroplexMP260

• IOL material: hydrophobic PMMA

• type of haptics: open-loop

• IOL design: 3-piece

• manufacturer: Dr Schmidt Intraocularlinsen GmbH (St. Augustin, Germany)

• additional information: custom-made for study

Outcomes Primary outcome: PCO (subjective slit lamp grading, PCO AQUA score)

Secondary outcome: YAG capsulotomy proportion, visual acuity (Snellen), other slit lamp findings, IOL
position and centration, rhexis/IOL overlap

Follow-up: 1 week, 1 month, 1 year, 3 years, and 5 years after surgery

Identification Setting: Department of Ophthalmology, Medical University of Vienna, Vienna, Austria

Comments:

Author's name: Oliver Findl, MD

Findl 2005  (Continued)
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Institution: Department of Ophthalmology, Medical University of Vienna, Austria

Email: oliver.findl@meduniwien.ac.at.

Address: Department of Ophthalmology, Medical University of Vienna, Waehringer Guertel 18–20,
Wien, 1090 Austria.

Contact with investigators: O.Findl is co-author of this review

Notes Funding: institution driven

Conflict of interest: none

Date study conducted: not available

Trial registration ID: not available

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The IOL type for the first operated eye of each patient was randomly
assigned prior to patient recruitment. Randomization blocks of 4 were derived
from a list of random numbers to ensure an equal number of first eyes to be
operated on in each group."

Allocation concealment
(selection bias)

Low risk Judgement comment: IOL type for first eye to be operated was randomly as-
signed prior to participant recruitment. Randomisation in blocks to ensure
equal number of first eyes to be operated on each group

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Judgement comment: participants, examiner and surgeon were masked. Sur-
geon was unmasked after irrigation/aspiration

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Judgement comment: examiners were masked to IOL choice; participants and
examiners were masked to the order of the implanted IOLs. The surgeon was
unmasked to allocation after completion of irrigation/aspiration of cortical
remnants. Examiners were masked to IOL choice

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Judgement comment: PCO score values were estimated for eyes after capsulo-
tomy

Selective reporting (re-
porting bias)

Low risk Judgement comment: no evidence for risk of bias

Other bias Low risk Judgement comment: none

Findl 2005  (Continued)

 
 

Study characteristics

Methods Study design: within-person study

Eyes: bilateral age-related cataract, pupillary dilation greater than 7 mm, being scheduled for sec-
ond-eye surgery within 3 months of the first-eye surgery
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Surgical technique: standardised surgical technique, 3 surgeons

Postoperative treatment: unknown

Indication for capsulotomy: visually significant PCO accounting for BCVA of 6/9 or less

Participants Country: India

Number of participants (eyes) randomised: 100 (200)

Inclusion criteria: bilateral age-related cataract; pupillary dilation greater than 7 mm; being scheduled
for second-eye surgery within 3 months of the first-eye surgery

Exclusion criteria: corneal pathology, glaucoma, shallow anterior chamber, expected zonulopathy,
pseudoexfoliation, any vision-impairing posterior segment pathology, traumatic cataract, complicated
cataract, dense posterior subcapsular cataract, and posterior polar cataract

Average age (range): 53 years (40 to 65)

% women: 68%

Interventions Intervention characteristics

Group A:

- IOL with sharp optic edge design (50 participants, 50 eyes)

• edge design: sharp

• IOL specification: Aurolab model S3602 SQ

• IOL material: PMMA

• type of haptics: modified C-loop haptics

• IOL design: 1-piece

• manufacturer: Aurolab (Madurai, Tamil Nadu, India)

- IOL with round optic edge design (50 participants, 50 eyes)

• edge design: round

• IOL specification: Aurolab model S3602

• IOL material: PMMA

• type of haptics: modified C-loop haptics

• IOL design: 1-piece

• manufacturer: Aurolab (Madurai, Tamil Nadu, India)

(Group B (not included in review)

- IOL with sharp optic edge design (50 participants, 50 eyes)

• edge design: sharp

• IOL specification: Aurolab model S3602 SQ

• IOL material: PMMA

• type of haptics: modified C-loop haptics

• IOL design: 1-piece

• manufacturer: Aurolab (Madurai, Tamil Nadu, India)

- IOL with round optic edge design (50 participants, 50 eyes)

• edge design: sharp

• IOL specification: Acrysof model SA60AT

• IOL material: acrylic

• type of haptics: modified C-loop haptics

• IOL design: 1-piece

Haripriya 2017  (Continued)
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• manufacturer: Alcon, Fort Worth, TX)

Outcomes Primary outcome: PCO (EPCO PCO Score (0-4))

Secondary outcome: YAG capsulotomy proportion, visual acuity (Snellen)

Follow-up: 1 day, 1 month, and years 1, 2, 3, 4, 5, and 9 after surgery

Identification Setting: Aravind Eye Hospital, Madurai, India

Author's name: Aravind Haripriya, MD

Institution: Aravind Eye Hospital, Madurai, India

Email: haripriya@aravind.org

Address: Aravind Eye Hospital, 1, Anna Nagar, Madurai 625020, India.

Notes Funding: institution driven

Conflict of interest: none

Date study conducted: 2006-2016

Trial registration Id: NCT00312299

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "After complete preoperative workup, the patients were randomized
into 2 groups of 50 patients each using a computer generated randomization
list." "The 2 subrandomization tables were used to determine which of the 2
IOLs was implanted in the first and second eyes."

Allocation concealment
(selection bias)

Unclear risk Judgement comment: participants were randomised to different groups, no
exact statement about generation of randomisation list

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Judgement comment: The participants were masked as to which eye had
which IOL.

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Judgement comment: no masking of examiners (single-masked study)

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Judgement comment: missing PCO score values due to capsulotomy were esti-
mated. Judgement comment: BCVA values missing - only percentages

Selective reporting (re-
porting bias)

Low risk None

Other bias Low risk None

Haripriya 2017  (Continued)
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Study characteristics

Methods Study design: within-person study

Eyes: bilateral cataract planned to undergo bilateral phacoemulsification surgery and IOL implantation

Surgical technique: standardised surgical technique, performed by one surgeon

Postoperative treatment: unclear

Indication for Nd:YAG capsulotomy: loss of 2 or more lines of visual acuity or blurred vision

Participants Country: Japan

Number of participants (eyes) randomised: 75 (150)

Inclusion criteria: bilateral phacoemulsification surgery and IOL implantation scheduled

Exclusion criteria: ocular pathologic features other than senile cataract, history of prior ocular surgery
or inflammation, eyes scheduled for planned extracapsular cataract extraction with nucleus expres-
sion, a pupil diameter less than 6.0 mm after full dilation, people with diabetes mellitus, and people
who could not be available for follow-up.

Pretreatment:

Average age (range): 70 years (53 to 88)

% women: 68%

Interventions Intervention characteristics

IOL with sharp optic edge design (75 participants, 75 eyes)

• edge design: sharp

• IOL specification: Sensar AR40e

• IOL material: hydrophobic acrylic

• type of haptics: open-loop

• IOL design: 3-piece

• manufacturer: AMO, Santa Ana, CA

IOL with round optic edge design (75 participants, 75 eyes)

• edge design: round

• IOL specification: Sensar AR40

• IOL material: hydrophobic acrylic

• type of haptics: open-loop

• IOL design: 3-piece

• manufacturer: AMO, Santa Ana, CA

Outcomes Primary outcome: PCO (customized PCO scoring with Scheimpflug imaging and measurement of scat-
tering light density, unit: CCT (computer-compatible-tape steps), 0-255 only reported in graphs, no ab-
solute values - cannot be used for analysis

Secondary outcome: YAG capsulotomy proportion, visual acuity (Snellen), contrast sensitivity and
glare sensitivity

Follow-up: 1, 3, 6, 12, 18, and 24 months after surgery

Contact with investigators: none

Identification Setting: Hayashi Eye Hospital, Fukuoka, Japan.

Hayashi 2005 
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Author's name: Ken Hayashi, MD

Institution: Hayashi Eye Hospital, Fukuoka, Japan

Email: hayashi-ken@hayashi.or.jp

Address: Hayashi EyeHospital, 4-7-13 Hakataekimae, Hakata-Ku, Fukuoka 812, Japan

Notes Funding: unknown

Conflict of interest: none

Date study conducted: not available

Trial registration ID: not available

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The controller of this clinical trial generated a randomization code
with equal numbers using random number tables and kept concealed the as-
signment schedule until all data were collected to ensure allocation conceal-
ment."

Allocation concealment
(selection bias)

Low risk Quote: "The controller of this clinical trial generated a randomization code
with equal numbers using random number tables and kept concealed the as-
signment schedule until all data were collected to ensure allocation conceal-
ment."

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Judgement comment: participants, surgeon and examiners were masked, op-
erating theatre personnel were not informed about purpose of study

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Judgement comment: participants, surgeon and examiners were masked, op-
erating theatre personnel were not informed about purpose of study

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Judgement comment: within-person study and equal numbers followed up in
each group

Selective reporting (re-
porting bias)

Low risk Judgement comment: no evidence for selective outcome reporting

Other bias Low risk Judgement comment: no evidence for other sources of bias

Hayashi 2005  (Continued)

 
 

Study characteristics

Methods Study design: within-person study

Eyes: eyes of participants, who were 50 years or older at the time of surgery, were of any race and gen-
der, in need of bilateral surgery for senile cataract, had potential to achieve 0.5 (20/40) visual acuity in
both eyes, were in good overall physical constitution, and gave informed consent
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Cataract surgery: one surgeon for each centre, standardised surgical technique

Postoperative treatment: unknown

Indication for Nd:YAG capsulotomy: no standardised criteria

Participants Country: Germany

Number of participants (eyes) randomised: 288 (576)

Inclusion criteria: age of 50 years or older, bilateral age-related cataract, potential visual acuity of 0.5
(20/40) in both eyes, good overall physical constitution, and a signed informed consent

Exclusion criteria: history of ocular disease or surgery and intraoperative complications

Average age (range): 71 years (range not reported)

% women: 55%

Interventions Intervention characteristics

IOL with sharp optic edge design (102 participants, 102 eyes)

• edge design: sharp

• IOL specification: CeeOn Edge 911A

• IOL material: silicone

• type of haptics: C-loop

• IOL design: 3-piece

• manufacturer: Pharmacia

IOL with round optic edge design (102 participants, 102 eyes)

• edge design: round

• IOL specification: Phakoflex SI40NB

• IOL material: silicone

• type of haptics: C-loop

• IOL design: 3-piece

• manufacturer: Allergan

Group 2 (not included in review)

IOL with sharp optic edge design (127 participants, 127 eyes)

• edge design: sharp

• IOL specification: CeeOn Edge 911A

• IOL material: silicone

• type of haptics: C-loop

• IOL design: 3-piece

• manufacturer: Pharmacia

IOL with sharp optic edge design (127 participants, 127 eyes)

• edge design: sharp

• IOL specification: AcrySof MA60BM

• IOL material: acrylic

• type of haptics:C-loop

• IOL design: 3-piece

• manufacturer: Alcon

Outcomes Primary outcome: PCO score (EPCO Score)

Mester 2004  (Continued)
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Secondary outcome: YAG capsulotomy proportion, visual acuity

Follow-ups: 1 day, 1 week, 6 months, and 1 year postoperatively

Identification Setting: 7 German ophthalmological hospitals

Author's name: Ulrich Mester, MD

Institution: Department of Ophthalmology, Bundesknappschaft’s Hospital, Sulzbach, Germany

Email: mester@kksulzbach.de

Address: Department of Ophthalmology, Bundesknappschaft’s Hospital, An der Klinik 10, 66280
Sulzbach, Germany

Notes Funding: research grant by Pharmacia, Erlangen, Germany

Conflict of interest: none

Date study conducted: not available

Trial registration ID: not available

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "The IOL type for the first operated eye was randomly assigned."

Allocation concealment
(selection bias)

Unclear risk Judgement comment: not reported

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Judgement comment: no masking of participants or examiners

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Judgement comment: no masking of participants or examiners

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Judgement comment: low risk of bias due to incomplete outcome data - small
no. of excluded eyes

Selective reporting (re-
porting bias)

High risk Judgement comment: ORBIT classification A (high risk of bias) for visual acu-
ity.

Other bias Low risk None

Mester 2004  (Continued)

 
 

Study characteristics

Methods Study design: within-person study

Eyes: bilateral age-related cataract

Sacu 2005 
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Cataract surgery: standardised surgical technique, one surgeon

Postoperative treatment: prednisolone ointment. Therapy was started after the first visit 18 to 24
hours postoperatively with diclofenac and prednisolone acetate 0.5% 4 times a day for 1 month

Indication for Nd:YAG capsulotomy: reported complaints, visual acuity of 20/25 (decimal equivalent
0.8) or less that was attributable to central PCO formation at slit lamp exam

Participants Country: Austria

Number of participants (eyes) randomised: 51 (102)

Inclusion criteria: bilateral age-related cataract and good overall physical constitution

Exclusion criteria: history of other ocular diseases or intraocular surgery, previous laser treatment, di-
abetes requiring medical control, glaucoma, and retinal pathology that would make a postoperative vi-
sual acuity of 20/40 (decimal equivalent 0.5) or better unlikely.

Average age (range): 73 years (range not reported)

% women: not reported

Interventions Intervention characteristics

IOL with sharp optic edge design (24 participants, 24 eyes)

• edge design: sharp

• IOL specification: Microsil IOL S Model

• IOL material: silicone

• type of haptics: modified C-loop haptics

• IOL design: 3-piece

• manufacturer: Dr. Schmidt Intraokularlinsen, St. Augustin, Germany

IOL with round optic edge design (24 participants, 24 eyes)

• edge design: round

• IOL specification: Microsil IOL R Model

• IOL material: silicone

• type of haptics: modified C-loop haptics

• IOL design: 3-piece

• manufacturer: Dr. Schmidt Intraokularlinsen, St. Augustin, Germany

Outcomes Primary outcome: BCDVA (Snellen) PCO (PCO AQUA score)

Secondary outcomes: slit lamp examination results (rhexis or IOL overlap, amount of anterior capsule
opacification (ACO), and the amount and subtypes of fibrotic PCO), Nd:YAG capsulotomy proportion

Follow-up: 5 years after surgery

Identification Setting: Medical University of Vienna, Department of Ophthalmology, Vienna, Austria.

Author's name: Rupert Menapace, MD

Institution: Medical University of Vienna, Department of Ophthalmology, Vienna, Austria

Email: rupert.menapace@meduniwien.ac.at

Address: Medical University of Vienna, Department of Ophthalmology, Waehringer Guertel 18–20,
A-1090 Vienna, Austria

Contact with the investigator: O.Findl is co-author of this review

Sacu 2005  (Continued)
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Notes Funding: institutional driven

Conflict of interest: none

Date study conducted: surgery was performed between November 1998 and June 1999

Trial registration ID: not available

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "The IOL model (S or R) for the first operated eye of each patient was
randomly assigned before surgery."

Allocation concealment
(selection bias)

Unclear risk Judgement comment: IOL choice according to randomisation; no detailed in-
formation about allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Judgement comment: study was described as double-masked but unclear if all
personnel were maskedstudy participant and examiner-masked? was surgeon
masked?

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Judgement comment: participant- examiners were masked

Incomplete outcome data
(attrition bias)
All outcomes

Low risk None

Selective reporting (re-
porting bias)

Low risk Judgement comment: no evidence for selective outcome reporting could be
found

Other bias Low risk Judgement comment: no evidence for other sources of bias

Sacu 2005  (Continued)

 
 

Study characteristics

Methods Study design: within-person study

Eyes: bilateral age-related cataracts in otherwise normal eyes

Cataract surgery: standardised surgical technique, one surgeon

Postoperative treatment: prednisolone 1% and ciprofloxacin 0.3% eyedrops 4 times a day for
1 month and then tapered, with tropicamide 1% eyedrops once at night for 1 week. Systemic
ciprofloxacin 500 mg was given orally twice a day for 5 days starting 1 day before surgery, and di-
clofenac sodium 50 mg was given orally twice a day for 5 days after surgery

Indications for Nd:YAG capsulotomy: no statement concerning standardised indications

Participants Country: India, United Kingdom

Number of participants (eyes) randomised: 118 (236)

Shah 2007 
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Inclusion criteria: bilateral age-related cataracts in otherwise normal eyes, informed consent, preop-
erative dilated pupil diameter greater than 6.0 mm, willingness to have the second eye operated on
within 1 month, ability to attend follow-up visits, and expectation of postoperative visual acuity better
than 6/12.

Exclusion criteria: previous eye surgery, intraocular disease, significant corneal scarring, topical oph-
thalmic medication, medical treatment for diabetes, and capsule complications at surgery.

Average age (range): 58 years (45 to 75)

% women: 41%

Interventions Intervention characteristics

IOL with sharp optic edge design (115 participants, 115 eyes)

• edge design: modified square edge (minimally tumble-polished edge)

• IOL specification: modified Rayner 604A

• IOL material: PMMA

• type of haptics: open-loop

• IOL design: 1-piece

• manufacturer: Rayner

IOL with round optic edge design (115 participants, 115 eyes)

• edge design: round

• IOL specification: Rayner 604A

• IOL material: PMMA

• type of haptics: open-loop

• IOL design: 1-piece

• manufacturer: Rayner

Outcomes Primary outcome: PCO score (POCO system)

Secondary outcomes: uncorrected (UDVA) and corrected distance visual acuity (BCDVA), intraocular
pressure, slit lamp examination findings of the anterior chamber, capsulorhexis contact with the ante-
rior IOL surface, Nd:YAG capsulotomy proportion

Follow-up: 1 and 2 years after surgery

Identification Setting: eye hospital in Dholka, Ahmedabad, Gujarat, India

Author's name: DJ Spalton, MD

Institution: St. Thomas’ Hospital, London, United Kingdom

Email: dspalton@hotmail.com

Address: St. Thomas’ Hospital, Lambeth Palace Road, London, United Kingdom

Contact with the investigator: none

Notes Funding: Supported by a grant from the Star Foundation, London, and from Sight Savers, Haywards
Heath, United Kingdom. Rayner and Co., Hove, United Kingdom, donated the intraocular lenses.

Conflict of interest: none

Date study conducted: unknown

Trial registration ID: not available

Shah 2007  (Continued)
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "A simple blocked randomization schedule was used for this purpose."

Allocation concealment
(selection bias)

Unclear risk Judgement comment: not reported

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Judgement comment: participants and examiner were masked to choice of
IOL

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Judgement comment: examiner was masked to IOL choice. It was not possible
to identify IOL type during exams.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Judgement comment: within-person study and no evidence of attrition biases-
timation?

Selective reporting (re-
porting bias)

Low risk Judgement comment: no evidence for selective outcome reporting

Other bias Low risk Judgement comment: no evidence of other sources of bias

Shah 2007  (Continued)

 
 

Study characteristics

Methods Study design: parallel group study

Eyes: senile cataract requiring surgery

Cataract surgery: standardised surgical technique, two surgeons

Postoperative treatment: topical dexamethasone 0.1% was prescribed 3 times a day for 3 weeks

Indications for Nd:YAG capsulotomy: PCO present at slit lamp exam, if participant's perceived visual
acuity had declined and visual acuity had deteriorated by at least two lines at the visual acuity exam

Participants Country: Sweden

Number of participants (eyes) randomised: 116 (116)

Inclusion criteria: age above 50 years, senile cataract requiring surgery, presume possibility of a 3 year
follow-up

Exclusion criteria: intraocular pressure (IOP) of 25 mmHg or above in the study eye, glaucoma in ei-
ther eye, corneal pathology in the study eye, a history of uveitis and pre-operative dislocated lens or
zonular rupture, participants with diabetes mellitus

Average age (range): 72 years (51 to 90)

% women: 58%

Sundelin 2005 
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Interventions Intervention characteristics

IOL with sharp optic edge design

• edge design: sharp

• IOL specification: CeeOn Edge (911A)

• IOL material: silicone

• type of haptics: polyvinylidene fluoride

• IOL design: 3-piece

• manufacturer: AMO Inc. (Santa ANA, CA, USA)

IOL with round optic edge design

• edge design: round

• IOL specification: SI40NB

• IOL material: silicone

• type of haptics: PMMA

• IOL design: 3-piece

• manufacturer: AMO Inc. (Santa ANA, CA, USA)

Outcomes Primary outcome: PCO score (EPCO system)

Secondary outcome: Nd:YAG capsulotomy proportion

Follow-up: 2 months, 1, 2 and 3 years after surgery

Identification Setting: Department of Ophthalmology, Moelndal’s Hospital, Moelndal, Sweden

Author's name: Karin Sundelin, MD

Institution: Department of Ophthalmology, Moelndal’s Hospital, Moelndal, Sweden

Email: karin.sundelin@oft.gu.se

Address: Department of Ophthalmology, Moelndal’s HospitalS-431 80 Moelndal, Sweden

Contact with the investigators: E-mail contact to evaluate EPCO means and SD. According to corre-
sponding author, KS's data not accessible any more

Notes Funding: supported in part by Pharmacia & Upjohn Sverige AB, the Gothenburg Medical Society and
the Medical Faculty of the University of Gothenburg

Date study conducted: the operations were all carried out in 2000 and in January 2001

Trial registration ID: not available

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "The randomization was conducted in blocks to ensure that the IOLs
were approximately equally distributed between the surgeons."

Allocation concealment
(selection bias)

Unclear risk Judgement comment: not reported

Blinding of participants
and personnel (perfor-
mance bias)

High risk Judgement comment: open-label - no masking

Sundelin 2005  (Continued)
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All outcomes

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Judgement comment: open-label - no masking

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Judgement comment: 116 participants enrolled, 107 (92%) followed to 1 year,
97 (84%) to 2 years and 83 (72%) followed to 3 years procession.

Selective reporting (re-
porting bias)

Low risk Judgement comment: no evidence for selective outcome reporting

Other bias Low risk Judgement comment: no evidence for other sources of bias

Sundelin 2005  (Continued)

 
 

Study characteristics

Methods Study design: parallel group study

Eyes: eyes with senile cataract who had uneventful phacoemulsification

Cataract surgery: standardised technique, one surgeon

Postoperative treatment: topical dexamethasone for 3 weeks in a tapered dose

Indication for Nd:YAG capsulotomy: substantial PCO in the visual axis (diagnosed during slit lamp ex-
am, participant describing relevant symptoms, BCDVA declined by at least 1 line

Participants Country: Sweden

Number of participants (eyes) randomised: 180 (180)

Inclusion criteria: senile cataract that had uneventful phacoemulsification

Exclusion criteria: glaucoma, exfoliation syndrome, corneal pathology, a history of uveitis or intraocu-
lar surgery, preoperative oral steroid therapy, and diabetes mellitus. In addition, the participant could
have no ocular pathology other than cataract and had to have a potential distance visual acuity of
20/40.

Average age (range): 73 years (60 to 83)

% women: 59%

Interventions Intervention characteristics

IOL with sharp optic edge design - Acrylic (59 participants, 59 eyes)

• edge design: sharp

• IOL specification: AcrySof MA60BM

• IOL material: acrylic

• type of haptics: C-loop

• IOL design: 3-piece

• manufacturer: Alcon

IOL with round optic edge design - PMMA (61 participants, 61 eyes)

• edge design: round

Wejde 2003 
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• IOL specification: 809C

• IOL material: PMMA, heparin-surface-modified

• type of haptics:C-loop

• IOL design: 1-piece

• manufacturer: Pharmacia Upjohn

IOL with round optic edge design - silicone (60 participants, 60 eyes)

• edge design: round

• IOL specification: SI-40NB

• IOL material: silicone

• type of haptics:C-loop

• IOL design: 3-piece

• manufacturer: Allergan

Outcomes Primary outcome: BCDVA

Secondary outcome: YAG capsulotomy proportion, PCO score (POCOman computer-analysis), posi-
tion of the anterior capsulorhexis

Follow-up: 2 years after surgery (Wejde 2003) / 5 years after surgery(Rönbeck 2009)/ 12 years after
surgery (Rönbeck 2014)

Identification Setting: St. Erik’s Eye Hospital, Stockholm, Sweden

Comments: partial publication 5 years postoperatively Rönbeck 2014

Author's name: Gisela Wejde, MD

Institution: St. Erik’s Eye Hospital, Stockholm, Sweden

Email: gisela.wejde@ sankterik.se

Address: St. Erik’s Eye Hospital, SE-112 82 StockholmSweden

Contact with investigators: none

Notes Funding: Financial support provided through the regional agreement on medical training and clinical
research (ALF) between Stockholm County Council and the Karolinska Institute. Supported by grants
from Stiftelsen Synfrämjandets Forskningsfond, Stockholm, Sweden

Conflict of interest: none

Date study conducted: surgery between May 1995 and March 1998

Trial registration ID: not available

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Judgement comment: not reported

Allocation concealment
(selection bias)

Unclear risk Judgement comment: not reported

Blinding of participants
and personnel (perfor-
mance bias)

High risk Judgement comment: open-label. No masking of participants, examiners, sur-
geons

Wejde 2003  (Continued)
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All outcomes

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Judgement comment: open-label. No masking of participants, examiners, sur-
geons

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Judgement comment: SD for PCO score and BCVA missing

Selective reporting (re-
porting bias)

Low risk None

Other bias Low risk Judgement comment: no evidence for other source of bias

Wejde 2003  (Continued)

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Abela-Formanek 2002 Wrong study design (not randomised)

Alio 2016 Wrong interventions (not IOL optic edge comparison)

Alio 2018 Wrong interventions (not IOL optic edge comparison)

Auffarth 2003 Wrong study design (prospective comparative observational case series - not randomised)

Beltrame 2002 Wrong study design (retrospective analysis)

Cardona 2018 Wrong interventions (not IOL optic edge comparison)

Casprini 2002 Wrong study design (retrospective analysis)

Choi 2018 Follow-up too short (6 months)

Cumming 1994 Wrong study design

Gangwani 2011 Wrong comparator (both square-edged IOLs)

Gundersen 2017 Wrong interventions (not IOL optic edge comparison)

Hancox 2007 Wrong comparator (both squared optic edge)

Hirnschall 2013 Wrong comparator (both sharp-edged IOLs)

Hirnschall 2018 Wrong interventions (not IOL optic edge comparison)

Iashinskas 2005 Wrong study design

Iwase 2011 Wrong comparator (both sharp-edged IOLs)

Kahraman 2015 Wrong comparator (both sharp-edged IOLs)

Krajcova 2007 No full-text available
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Study Reason for exclusion

Kruger 2000 Wrong study design (not randomised)

Kugelberg 2008 Wrong comparator (both sharp-edged IOLs)

Leydolt 2007 Wrong indication (1-piece vs. 3-piece IOLs)

Leydolt 2013 Wrong comparator (both sharp-edged IOLs)

Leydolt 2017 Wrong interventions (not IOL optic edge comparison)

Li 2008 Wrong study design (meta-analysis)

Miháltz 2018 Wrong interventions (not IOL optic edge comparison)

Miyata 2007 Wrong study design (not randomised)

Morgan-Warren 2013 Wrong study design (not randomised)

Nejima 2006 Wrong intervention

Nishi 2007 Wrong study design (not randomised)

Nixon 2004 Wrong study design (not randomised)

Oner 2000 Wrong study design (not randomised)

Prosdocimo 2003 Wrong comparator (both IOLs sharp-edged)

Sacu 2004a PCO not measured

Sacu 2004b PCO not measured

Sacu 2004c Wrong study design

Sacu 2005a Wrong study design (not RCT)

Schrecker 2018 Wrong interventions (not IOL optic edge comparison)

Spyridaki 2010 Wrong study design (not RCT- retrospective analysis)

Voronin 2017 Wrong interventions (not IOL optic edge comparison)

Vyas 2007 Wrong study design (not RCT)

Wejde 2004 PCO not measured

Yang 2017 Wrong interventions (not IOL optic edge comparison)

Yu 2016 Wrong interventions (not IOL optic edge comparison)

Zemaitiene 2004 Wrong study design (not randomised)

Zemaitiene 2007 Wrong comparator (all sharp optic edges)

Zemaitiene 2011 Wrong comparator (all sharp optic edges)
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Study Reason for exclusion

Zhang 2002 No full-text available

 

 

A D D I T I O N A L   T A B L E S
 

  Study Country Number of
people

Number of
eyes

Type of study Type of lens ma-
terial

1 Buehl 2005 Austria 53 106 Within-person Acrylic

2 Buehl 2007 Austria 52 104 Within-person Silicone

3 Findl 2005 Austria 32 64 Within-person PMMA

4 Haripriya 2017 India 100 200 Within-person PMMA

5 Hayashi 2005 Japan 75 150 Within-person Acrylic

6 Mester 2004 Germany 288 576 Within-person Silicone

7 Sacu 2005 Austria 51 102 Within-person Silicone

8 Shah 2007 India, UK 118 236 Within-person PMMA

9 Sundelin 2005 Sweden 116 116 Parallel group Silicone

10 Wejde 2003 Sweden 180 180 Parallel group Acrylic, PMMA, sil-
icone

  Total   1065 1834    

Table 1.   Included studies 

PMMA: polymethyl methacrylate
 
 

  Including all studies Excluding studies at high risk of selec-
tion, performance or detection bias

Analysis Number of
studies

Effect esti-
mate

95% CI Number of
studies

Effect esti-
mate

95% CI

Analysis 1.1 Nd:YAG capsulotomy at one
year

6 Peto OR
0.30

0.05 to 1.74 4 Peto OR
0.14

0.00 to 6.82

Analysis 1.2 Nd:YAG capsulotomy at two
years

6 RR 0.35 0.16 to 0.80 4 RR 0.37 0.12 to 1.18

Analysis 1.3 Nd:YAG capsulotomy at three
years

6 RR 0.21 0.11 to 0.41 3 RR 0.19 0.07 to 0.52

Table 2.   Sensitivity analyses: excluding studies at high risk of bias 
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Analysis 1.4 Nd:YAG capsulotomy at five
years

4 RR 0.21 0.10 to 0.45 2 RR 0.30 0.13 to 0.72

Analysis 1.5 Nd:YAG capsulotomy at nine
years

Not applic-
able only
one study

- - - - -

Analysis 1.6 Nd:YAG capsulotomy at 12
years

Not applic-
able only
one study

- - - - -

Analysis 1.8 BCDVA at one year 2 MD -0.06
logMAR

-0.12 to 0 1 MD -0.06
logMAR

-0.14 to
0.02

Analysis 1.8 BCDVA at two years 2 MD -0.01
logMAR

-0.05 to
0.02

1 MD -0.01
logMAR

-0.04 to
0.03

Analysis 1.8 BCDVA at three years 2 MD -0.09
logMAR

-0.22 to
0.03

1 MD 0.03
logMAR

-0.19 to
0.25

Analysis 1.8 BCDVA at five years Not applic-
able only
one study

- - - - -

Table 2.   Sensitivity analyses: excluding studies at high risk of bias  (Continued)

CI: confidence interval; OR: odds ratio; RR: risk ratio; MD: mean diHerence
 
 

Study Intraoperative
surgical complica-
tions

Entopic phe-
nomena (e.g.
negative dys-
photopsia)

Clinically relevant IOL tilt and
decentration

Distinctive anterior capsule fi-
brosis and capsule phimosis

Buehl 2005 Not reported "Concerning
subjective visu-
al symptoms,
there were no
differences
between the
groups. There
were 1 case of
day glare in the
AR40 group and
2 cases in the
AR40e group and
2 cases of halos
and/or photo-
phobia in each
group."

"There was no significant differ-
ence between the 2 groups at
any time for decentration of the
IOL or capsulorhexis–IOL overlap
(1 case of buttonholing in each
group)."

"There was no difference be-
tween groups in cellular on-
growth on the IOL from the an-
terior capsule. There were 34
cases in both groups after 1
month, 6 cases in both groups
after 1 year, and 1 case in both
groups after 2 years; howev-
er, there was no case in either
group 3 years after surgery."

Buehl 2007 "There were no sur-
gical complications
that would have
led to patient exclu-
sion."

"There was also
no statistically
significant differ-
ence in subjec-
tive visual symp-
toms described
by the patients

"Two patients were excluded af-
ter surgery, one patient because
of endophthalmitis and one pa-
tient because of pronounced
fibrosis-induced decentration
of an SI40 IOL that required
resurgery."

Not reported

Table 3.   Adverse events 
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(one case of day
glare in the SI40
group and two
cases in the Clar-
iflex group; three
cases of halos
and/or photo-
phobia in each
group)."

Findl 2005 "There were no sur-
gical complications
that would have
led to patient exclu-
sion."

Not reported "We found no significant differ-
ence between the 2 groups at any
time regarding decentration of
the IOL (1 case in the sharp-edge
group), rhexis/IOL overlap (1 case
of buttonholing in the round-
edge group), ..."

"We found no significant differ-
ence between the 2 groups at
any time regarding... cases of
cellular ongrowth onto the an-
terior IOL surface from the rhex-
is margin (chi-square tests, all
Ps % 0.05)."

Haripriya 2017 "There were no sur-
gical complications,
such as posterior
capsular rupture,
leading to subject
disqualification."

Not reported Not reported Not reported

Hayashi 2005 "Furthermore, 1
surgeon performed
all of the opera-
tions, and there
were no surgical
complications"

Not reported Not reported Not reported

Mester 2004 "Of the 288 ran-
domized patients,
41 (14%) had to be
excluded from
analyses due to var-
ious reasons: se-
vere complications
during surgery
(10), no surgery or
adverse events be-
fore second surgery
(7),"

Not reported "In all eyes, slitlamp examination
revealed correct IOL positioning
in the bag with no significant tilt
or decentration."

"There was no difference be-
tween the 3 IOLs in anterior
chamber cells, flare, or chron-
ic inflammatory cells on the IOL
surface by slitlamp examina-
tion."

Sacu 2005 "There were no sur-
gical complications
that would have
led to patient exclu-
sion."

Not reported Not reported "One week postoperatively, full
circumferential overlap of the
peripheral optic by the anteri-
or capsule leaf as a prerequi-
site for capsular bend formation
was verified in all cases. In cas-
es in which part of the optic cir-
cumference was exposed at the
5-year follow-up examination
(one eye in the sharp edge and
four eyes in the round edge op-
tic group, P = 0.13), this had re-
sulted from secondary button-

Table 3.   Adverse events  (Continued)
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holing generally occurring dur-
ing months 1 and 6."

Shah 2007 "No serious surgical
complications were
seen."

Not reported 6/107 in round-edge group had
decentered IOL compared with
4/107 in the sharp-edge group.

1 case of iris atrophy, 1 case of
posterior synechiae, 41 cases
capsulorhexis contact with IOL
surface in round-edge group. 51
cases of capsulorhexis contact
with IOL surface in square-edge
IOL group.

Sundelin 2005 "Surgical compli-
cations" 1 case in
each group given as
a reason for incom-
plete follow-up.

Not reported "At the 2-month visit it was no-
ticed that in some patients the
optic was partly outside the cap-
sulorhexis rim. This was due ei-
ther to an asymmetric or over-
ly large capsulorhexis, or to the
IOL being slightly decentred in
the capsular bag. In many pa-
tients the pupil could not be di-
lated sufficiently to inspect the
entire optic/ capsulorhexis rela-
tionship at the 2-month visit. A
total of 113 patients attended the
2-month visit; in 55 patients the
entire capsulorhexis was on the
optic, in 17 patients some part
of the capsulorhexis was outside
the optic edge, and in 41 patients
the optic/capsulorhexis relation-
ship could not be assessed"

Not reported

Wejde 2003 Not reported Not reported Not reported Not reported

Table 3.   Adverse events  (Continued)
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