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Objective: The objective of this study was to assess the rate of posterior capsule opacifica
tion (PCO), under “real-life” conditions, as measured by rates of Nd:YAG laser intervention, 
rather than from a controlled study from which patients with conditions predisposing to PCO 
have been excluded.
Methods and Analysis: This was a retrospective, multicenter study in an unselected 
consecutive cohort of patients undergoing surgery for senile cataract. Patients aged 18 
years and older, previously implanted with the CT LUCIA 611P IOL, were contacted at 
12, 18 and 24 months to ascertain if they had received Nd:YAG laser treatment. There was an 
additional assessment at 36 months at the Austrian centre.
Results: A total of 200 patients were recruited at two centers. Laser capsulotomy rates were 
4.5% at 1 year and 10% by year 2 and 12% by year 3. Three Nd:YAG capsulotomies, carried 
out at other external centers, were performed for reasons other than PCO, including astig
matism, epiretinal membrane and ARMD. If these patients are excluded, the true rate of Nd: 
YAG carried out for PCO at 1 year was 3.5% and at 2 years was 8.5%.
Conclusion: It is critical to ensure that Nd:YAG capsulotomies are being performed only 
for the correct clinical reason. Carrying out unnecessary procedures places the patient at 
risk of adverse events, is a cost to the healthcare system, and is likely to have no direct 
visual benefit for the patient. In PCO studies, it should be a requirement to document the 
fibrosis grade to confirm that Nd:YAG capsulotomy was correctly indicated.
Keywords: Nd:YAG laser capsulotomy, PCO, cataract, CT LUCIA 611P

Plain Language Summary
Posterior capsular opacification (PCO) happens when cells in the eye grow across an 
implanted lens and adversely affect the ability of the patient to see through the lens. The 
only way to remove the cells is to use a technique called laser capsulotomy where a Nd:YAG 
laser is used to ablate the cells. Although PCO rates have been falling with developments to 
IOLs and surgical technique, Nd:YAG rates have not fallen at the same rate and we wanted to 
explore the reasons why this might be. In clinical trials Nd:YAG treatment is usually used 
only when the PCO has had a significant effect on a patient’s vision. However, we found that, 
outside of the controlled world of clinical trials, Nd:YAG laser capsulotomy is sometimes 
performed without confirmation that clinically significant PCO is the cause of impaired 
vision. As a result, the treatment does not bring about any improvement in visual acuity 
and is also a waste of resources. Our findings highlight the importance of reaching a proper 
diagnosis of PCO before undertaking Nd:YAG in order to conserve healthcare resources, and 
to avoid placing the patient at risk. Studies reporting Nd:YAG rates in clinical trials should 
be obliged to report the grade and extent of PCO so that other readers can see that the 
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procedure was necessary. Unfortunately, there is currently no 
standardized method of evaluation for severity prior to a planned 
capsulotomy in standard clinical practice.

Introduction
Posterior capsule opacification (PCO) remains the most 
common long-term post-operative complication of cataract 
surgery.1,2 Posterior capsule opacification arises from the 
growth and abnormal proliferation of residual lens epithe
lial cells (LECs) which migrate from the equator of the 
capsule over the posterior capsule, where they eventually 
obscure the visual axis.2,3 Due to the detrimental effects on 
vision and the costs of treating PCO, a great deal of 
research has been carried out to identify the main causa
tive factors for its development, and strategies to limit its 
growth.

In the early 1990s, IOL material and strength of adhe
sion of the IOL to the capsule were thought to be the most 
significant factors in prevention of PCO.4 Studies compar
ing material types reported rates of PCO for hydrophobic 
IOLs which were generally much lower than for hydro
philic IOLs.5–9 Since then it has been acknowledged that 
IOL design is a much more important factor in the devel
opment of PCO. Recent reviews have not found any sig
nificant differences in PCO scores for different IOL 
materials, but have found significantly lower PCO rates 
in IOLs of any material, that are constructed with sharp 
posterior edges.1

A 360 degree sharp posterior optic edge which presses 
against the capsule can induce a bend which provides 
a barrier to the migration of epithelial cells across the 
lens,10–14 many studies have now confirmed this 
benefit.4,14–23 The geometry of the optic-haptic junction 
is important in ensuring that the sharp edge extends around 
the entire posterior edge of the IOL: some one-piece IOLs 
with thick optic-haptic junctions have no sharp edge at the 
haptic junction (interrupted square edge) resulting in 
incomplete adhesion of the posterior capsule at the junc
tion and allowing LECs to migrate behind the IOL, begin
ning at the optic-haptic junction.24–26

The definitive treatment for PCO is Nd:YAG laser 
capsulotomy.1 However, the requirement to perform Nd: 
YAG is a considerable financial burden,27–29 is not without 
risks and is not always available in the developing world. 
Increased awareness of the role played by the geometry of 
the IOL, and the importance of surgical techniques has 
contributed to a general reduction in Nd:YAG rates since 
the 1990s. Nd:YAG rates commonly reported before 1992 

were between 20.3% and 33.4%; while Nd:YAG rates for 
IOLs implanted ten years later were below 17.1%.30,31 

Even lower rates, often in single figures, were reported 
for hydrophobic IOLs by 2017.32

However, most published Nd:YAG rates are derived 
from controlled studies from which patients with condi
tions predisposing to PCO have been excluded. The objec
tive of this study was to assess the rate of PCO, under 
“real-life” conditions, as measured by rates of Nd:YAG 
laser intervention, following implantation of a one-piece, 
square-edge hydrophobic IOL, the CT Lucia 611P, in an 
unselected population of patients undergoing routine sur
gery for senile cataract.

Methods
Study Design
This was a retrospective, multicenter study investigating 
the rate of PCO based on Nd:YAG laser intervention in 
a consecutive cohort of patients who had undergone sur
gery for senile cataract. Study physicians with extensive 
experience of implanting the CT LUCIA 611P IOL at two 
facilities in the UK and Austria were involved in the study.

Suitable study subjects who had previously been 
implanted with the IOL were identified from patient reg
isters at the participating institutions and were contacted 
for recruitment into the study. Patients aged 18 years and 
older, implanted with the IOL between October 2016 and 
June 2017, were contacted at post-operative intervals to 
ascertain if they had received Nd:YAG laser treatment as 
a result of PCO.

The study was carried out in compliance with the 
Helsinki Declaration and the subsequent modifications 
regarding Good Clinical Practice. Approval for the study 
center in Austria was obtained from the Ethics Committee 
of the Medical University of Graz. In the UK, patients 
gave informed consent for their information to be used 
anonymously. All products (implants) were CE-marked 
and standard state-of-the-art procedures were performed.

Patient and Public Involvement
The concept of patient involvement was applied to the 
study design and execution phases of the research. We 
provided basic educational materials and a research tutor
ial to help to encourage familiarity with research concepts 
and terminology and discussed the planned study with the 
patients.
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Patients
The subject population comprised individuals aged 18 
years and older who met the criteria for cataract surgery 
and had undergone implantation of the LUCIA 611P in the 
previous 18 months.

Inclusion criteria included cataract outcomes without 
pseudoexfoliation (PEX) or other post-operative complica
tions, the ability and willingness to make the required 
study visits, give verbal informed consent and follow 
study instructions.

As the intention of the study was to reflect the “real- 
life” clinical situation, patients were not excluded if they 
had pre-operative conditions such as diabetes, uveitis or 
ARMD which would pre-dispose them to the development 
of PCO, but they were excluded if ocular complications 
such as uveitis or PEX developed during or after surgery.

This includes complications such as active infection of 
the anterior or posterior segments, any ocular pathology 
affecting the anterior segment, any ocular surgery other 
than laser refractive surgery, and use of post-operative 
drops. Patients with a reduced VA (<6/9 at 6 weeks) 
were also excluded in order to exclude early PCO that 
may have been due to surgical factors or co-existing con
ditions, rather than to the design of the IOL.

Both eyes were selected for inclusion in the study if 
both qualified for the study.

Intraocular Lens
The CT LUCIA 611P IOL (Carl Zeiss Meditec AG, Jena, 
Germany) is a heparin-coated, monofocal, aspheric, one- 
piece hydrophobic acrylic lens with C-loop haptics for 
implantation in the capsular bag (Figures 1 and 2). The 
optic diameter is 6mm and the total diameter is 13mm. The 
IOL is available in a range of diopters from +4.0 to 34.0D in 
0.5D increments. The lens has step-vaulted haptics to trans
late the optic in a posterior direction for better contact with 
the posterior capsule, and has a 360° square edge design, 
with a radius of <3µm, including at the optic-haptic junction.

Nd:YAG Capsulotomy
Where patients had undergone Nd:YAG capsulotomy at 
one of the participating centers, they received bromfenac 
eye drops twice daily for 14 days.

Assessments
All patients who had received Nd:YAG surgery, either at 
a participating center or elsewhere, were invited to the 

clinic for assessment at 12, 18 and 24 months following 
surgery, with an additional assessment at 36 months at the 
Austrian center.

During the visit, intraocular pressure and visual acuity 
(ETDRS charts) were measured and the eyes underwent 
slit lamp examination. If the patient had received Nd:YAG 
surgery at another non-participating center, the notes were 
examined to identify and record the reason for carrying out 
surgery.

Figure 1 The CT LUCIA 611P IOL.
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Subjects were informed of any abnormalities found 
during the testing and advised to consult their ophthalmol
ogist or optometrist. Test results were made available to 
the patient’s GP upon written request.

Endpoints
Data was analysed on the basis of whether patients 
implanted with the CT Lucia IOL had Nd:YAG treatment 
at any interval visit either at the participating centers or at 
others. Where patients had undergone Nd:YAG at another 
center, the indication for treatment was sought through 
examination of the patient file.

Statistical Methods
The study aimed to include 200 eyes. There was no data 
available from previous studies.

A non-parametric pairwise comparison (Wilcoxon 
signed rank test) of 200 eyes per group to allow for 

a 17% drop-out (power 80% and alpha <0.05) was 
performed.

Missing, unused, or spurious data which did not meet 
the pre-determined quality criteria was noted in the study 
records and removed.

Patients were not involved in the research process, the 
development, design of, or recruitment for the study. We 
have no plans at present to involve patients in the disse
mination of the study results.

Results
A total of 200 patients were recruited at the two centers, 
see Table 1. Four patients had bilateral implantation of 
the IOL and 204 eyes were therefore included in the 
study. The two centers are experienced with the device 
and have implanted this IOL in approximately 2000 
patients. All of the patients who were contacted agreed 
to participate.

Figure 2 Scanning Electron Microscopy of the Special Design of the Haptics and the Optic-haptic junction of the CT Lucia 611P (AFB, Graz).

Table 1 Patient Demographics at Baseline and Nd:YAG Rates at Scheduled Follow-Up Visits

Centre Males, n Females, n Mean Age, Years Nd:YAG Rates

1 Year 1.5 Years 2 Years 3 Years

Austria 36 64 71.6 4/100 (4%) 6/100 (6%) 9/100 (9%) 12/100 (12%)
UK 47 54 76.9 5/100 (5%) 7/100 (7%) 11/99 (11.1%) n.a.

Total 83 118 74.3 9/200 (4.5%) 13/200 (6.5%) 20/199 (10.1%) 12/100 (12%)
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The mean age of the patients in the two 
centres was 74.3 years, with ages ranging from 58 to 
87 years.

At one of the centers, there were 18 patients with 
diabetes mellitus at baseline, and four cases of 
uveitis. Following surgery, there were no serious 
complications.

Laser capsulotomy rates were 4.5% at 1 year and 10% 
by year 2, 12% by year 3.

Three Nd:YAG capsulotomies were performed for rea
sons other than PCO (Table 2) so the true rate of Nd:YAG 
carried out for PCO at 1 year is lower at 7/200 (3.5%) and 
at 2 years it is 17/199, or 8.5%.

Anonymised patient-level data is available upon 
request from the corresponding author.

Discussion
In this study, we aimed to establish a typical “real world” 
rate for Nd:YAG capsulotomies in patients implanted with 
the CT LUCIA 611P IOL. In most prospective studies, 
patients are excluded if they have pre-existing conditions 
such as ARMD, diabetes, uveitis and glaucoma which are 
known to increase the risk of developing PCO33,34 there
fore rates from trials may not be representative of those 
encountered in clinical practice. We did not collect data on 
rates of PCO as this measure can be largely meaningless if 
it is not accompanied by an analysis of the severity of the 
PCO, and the effect that the PCO has on visual acuity. As 
Nd:YAG capsulotomy is the ultimate measure of PCO that 
has become visually significant, we confined our study to 
an assessment of Nd:YAG rates in an unselected patient 
population.

With this aim in mind, we also investigated the reasons 
for treating patients with Nd:YAG capsulotomy if that 
patient was treated at another center. In our study, three 
patients who received treatment in external centers due to 
a diagnosis of incipient PCO actually had secondary diag
noses of astigmatism, epiretinal membrane and ARMD. 
A fourth patient complaining of glare and reduced visual 
acuity was diagnosed with PCO at an external center and 
was subsequently treated with Nd:YAG capsulotomy. 
Following treatment, VA did not improve and the patient 
was found to have epiretinal membrane, which limited the 
ability to achieve a functional VA, and which was not 
amenable to treatment with Nd:YAG. All four patients 
who were given Nd:YAG treatment for reasons other 
than PCO failed to realise any improvement in VA.

If these four patients are excluded from our results, the 
actual combined (adjusted) rates of Nd:YAG intended for 
the treatment of PCO are 3.5% after 1 year and 8.5% at 2 
years. These figures compare well with rates published in 
other retrospective and real-world studies.35–37

In studies reporting rates of PCO and Nd:YAG, parti
cularly where these may take place at external clinics, it is 
important to ascertain the referral for capsulotomy in order 
to gain a true picture of the performance of the IOL. It is 
possible that Nd:YAG capsulotomy may be performed for 
secondary diagnoses such as macular changes. Ideally, 
PCO studies would document the grade of fibrosis with 
a visual record to confirm that Nd:YAG capsulotomy was 
an appropriate intervention in each case.

Techniques for assessing PCO should measure the area, 
the severity, and the relationship of the opacity to the 

Table 2 Detail of Nd:YAG Procedures

Centre/ 
Period

Number 
of Nd: 
YAG

Symptoms and 
Diagnosis

Improvement 
in VA 
Following Nd: 
YAG

Austria

1 year 4 2 x reduced VA, 

symptoms of PCO 
1 x irregular 

astigmatism* 
1 x epiretinal 
membrane*

Yes 

No 
No

1.5 years 2 1 x reduced VA, 

symptoms of PCO 

1 x glare and reduced 
VA*

Yes 

No

2 years 3 1 x reduced VA, 
symptoms of PCO 

1 x uveitis and Elschnig 

pearls 
1 x AMD*

Yes 
Yes 

No

3 years 3 3 x reduced VA, 
symptoms of PCO

Yes

UK

1 year 5 5 x reduced VA, 

symptoms of PCO

Yes

1.5 years 2 2 x reduced VA, 

symptoms of PCO

Yes

2 years 4 4 x reduced VA, 

symptoms of PCO

Yes

Note: *Nd:YAG laser performed at another institution.
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visual axis, in order to distinguish between a thin mono
layer of cells that do not disturb vision and a smaller area 
of dense opacification on or near to the visual axis that 
may cause significant vision loss. It is also desirable that 
an objective and standardised method be used in which the 
examiner would not be able to detect the identity of the 
IOL. This has proved challenging in practice and a number 
of systems are available, all of which have advantages and 
disadvantages.

The three main pattern analysis systems in use are 
EPCO, POCO and AQUA but many other systems have 
been proposed, which may or may not gain wider circula
tion over time (OSCA [Open-access Systematic Capsule 
Assessment],38 OQAS [Optical Quality Analysis 
System],39 ADOS [Automated Detector Opacification 
Software],40 and CPCO [Contourlet-based PCO quantifi
cation system]).41

EPCO (Evaluation of Posterior Capsule Opacification) 
is a qualitative system in which the user manually defines 
the area of the PCO and subjectively grades each segment 
from 1 (minimal) to 4 (severe). The EPCO score for each 
segment is calculated by multiplying the opacification 
grade by the fraction of capsule area affected, and the 
total score is obtained by summing the individual scores.42

The POCO (Posterior Capsule Opacity) software uses 
pixel analysis of the image to identify texture differences, 
resulting in an estimate of the percentage area affected by 
PCO. Different densities of opacification were initially not 
accounted for, but recent upgrades have been able to 
provide a measure of the severity of the opacification 
through texture analysis.43 POCOman (manual POCO) is 
a more subjective and simpler system.44

AQUA I (Automated Quantification of After-Cataract) 
also uses texture analysis based on the inhomogeneity of 
each pixel relative to its neighbours but gives no informa
tion on the localisation of the PCO.45 AQUA II is a fully 
automated qualitative and quantitative development of the 
measurement system.46

Laser treatment with Nd:YAG is an effective, quick 
and relatively easy outpatient procedure, but it can pro
duce complications such as a transient rise in IOP (5%), 
drop in VA (4%), cystoid macular oedema (<1.5%) and 
retinal detachment (<1.5%).47 It has been calculated that 
a second procedure may be required in around 25% of 
patients.48 Although the rate of adverse events associated 
with Nd:YAG may be relatively low, due to the large 
number of patients undergoing the procedure, the absolute 
number of patients experiencing a post-procedure adverse 

event is high. One group has estimated that, over a period 
of 9 years, up to 11,500 adverse events for every 400,000 
cataract extractions could be avoided if capsulotomy rates 
were reduced.49

The procedure is also a major financial burden: in the 
US health system, Nd:YAG accounts for $500 million 
expenditure per year, second only to the costs of cataract 
surgery itself.29

It is therefore critical to ensure that Nd:YAG capsulo
tomies are being performed only for the correct clinical 
reason. A thorough diagnostic procedure should be carried 
out beforehand to confirm that a drop in VA is due to the 
presence of PCO and not to another pathology. Carrying 
out unnecessary procedures places the patient at risk of 
adverse events, is a cost to the healthcare system, and is 
likely to have no direct visual benefit for the patient.27,50 

Therefore, measures are usually taken during surgery to 
prevent or delay the onset of PCO.

Factors that can reduce the rates of PCO and therefore 
the need for Nd:YAG is important for patient outcomes but 
also to reduce the costs involved in management of catar
acts. Surgical techniques to reduce the development of 
PCO are now well known and include cortical clean up, 
limiting the size of the continuous curvilinear capsulor
hexis (CCC) and 360 degree overlap of the CCC edge on 
the IOL optic.28 Equally, there is no doubt that a sharp 
posterior edge is critical in limiting the development of 
PCO and reducing the risk of having to undergo Nd:YAG 
treatment.51 Studies have consistently demonstrated that 
IOLs with a square edge optic profile are associated with 
lower rates of PCO than those with round 
edges.10,12,22,52–54

However, while most IOLs are now designed with 
a square-edge optic profile, it is possible that there are 
differences between IOLs regarding the degree of 
sharpness,33 which in turn, has some impact on the devel
opment of PCO.36 Using scanning electron microscopy 
(SEM) and computer-aided imaging, the extent to which 
the area of the edge deviates from a perfect square can be 
calculated.36 Area-measurement values for hydrophilic 
IOLs are higher than those for hydrophobic IOLs, indicat
ing a more rounded edge. This is reflected in the radius of 
curvature: one study reported that IOLs with a radius of 
curvature <10.0mm appear to have a good PCO 
performance.55

The encouragingly low rates of Nd:YAG capsulotomy 
found in this real-world study may be partly due to the 
nature of the IOL. The CT LUCIA 611P has an 
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uninterrupted square edge profile around the posterior face 
of the optic, extending over the haptics. The haptics them
selves are thick and rigid with a solid optic-haptic junc
tion, providing good stability.

This study was carried out on a real-life cohort, and is 
therefore representative of rates encountered in a typical 
clinic, rather than in the environment of a trial with con
trolled inclusion criteria. It also has the advantage of being 
able to follow patients for an extended length of time to 
obtain robust longitudinal data, a factor which is often 
limited by costs in a prospective controlled trial.

One limitation is that some of the data is self-reported 
and may not be reliable. However, before cataract surgery 
took place, the patient was fully briefed on the possible 
adverse consequences, including the formation of PCO and 
the possibility that Nd:YAG treatment may be required. In 
this conversation, the phenomenon of PCO and the nature 
of Nd:YAG treatment is described to them in detail. During 
the follow-up process for this study, the person contacting 
the patient goes through the same process, so we can be 
very confident that the patient is reporting a Nd:YAG cap
sulotomy rather than another procedure on the eye.

Conclusion
Posterior capsule opacification is the most common com
plication of cataract surgery. Nd:YAG is a reliable and 
speedy treatment to improve visual acuity following the 
development of PCO but a confirmed diagnosis of PCO is 
not always made before Nd:YAG is carried out. The diag
nosis should always be made first and the influence on 
visual acuity discussed with the patient. In future PCO 
studies, it should be a requirement to document the fibrosis 
grade to confirm that Nd:YAG capsulotomy was correctly 
indicated. This will help to ensure that reported PCO and 
Nd:YAG rates more accurately reflect the nature of the IOL 
under assessment. In our study an IOL with a sharp poster
ior edge, a rigid optic-haptic junction and good stability in 
the eye was associated with low rates for Nd:YAG.
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