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LATE POSTOPERATIVE 
OPACIFICATION OF A 
HYDROPHOBIC ACRYLIC 
INTRAOCULAR LENS 
ACRYNOVATMPC 610Y

SUMMARY
LATE POSTOPERATIVE OPACIFICATION OF 
A HYDROPHOBIC ACRYLIC INTRAOCULAR LENS 
ACRYNOVATMPC 610Y

Purpose: To report late postoperative opacification of a hydrophobic acrylic 
intraocular lens (IOL) AcryNovaTMPC 610Y as well as the clinical consequences 
in patients 10 years after uncomplicated cataract surgery.

Materials and Methods: Medical records were reviewed of 23 patients (26 
eyes) with AcryNovaTMPC 610Y implantated between years 2005 and 2007. 
Next clinical examination was performed 10 years after surgery. We assessed 
best corrected distance visual acuity (BCDVA), contrast sensitivity (CSV-1000E) 
and relative opacity of IOL material, (OCULUS Pentacam HR). Results of BCDVA 
and Pentacam were analysed statistically. One explanted IOL was analysed 
using anterior segment OCT in vitro and spectroscopic method EDX (Energy-
dispersive X-ray spectroscopy).

Results: Opacification led to a  statistically significant reduction in the best 
corrected distance visual acuity (BCDVA) = (0,95 ± 0,10) versus (0,87 ± 0,20) and 
to increase of IOL opacity only in some lenses but statistically significant in 
the average (6,37 ± 2,16)% versus value of (14,22 ± 5,87)%. In the explanted 
IOL we have documented structural changes of primarily hydrophobic raw 
material leading to property of hydrophilic one. 

Conclusion: Some batches of AcryNovaTMPC 610Y were produced from raw 
material of poor quality which is the cause of its structural changes and its 
progressive opacification.

Key words: intraocular lens AcryNovaTMPC 610Y, material opacification, 
hydrophobic intraocular lens, posterior capsule opacification, Pentacam

Čes. a slov. Oftal., 75, 2019, No.4, p. 172–178

INTRODUCTION

The three-piece monofocal spherical intraocular lens Ac-
ryNovaTMPC 610Y was produced from hydrophobic acry-
late.

At our centre the AcryNovaTMPC 610Y lens was implan-
ted in 171 patients, comprising 61 men and 96 women, 
between the years 2005 and 2007. In this report we pre-
sent the development of opacity of the hydrophobic lens 10 
years after its implantation, and the influence of opacity of 
the material on visual functions. The aim of this study was 
to determine the frequency of increased opacity of the IOL, 
concerning whether opacity is an obligatory of facultative 
phenomenon, and the influence it has on visual functions.

Cohort and method
Included in the study were 23 patients (26 eyes) with 

senile cataract, who were operated on at the Department 
of Ophthalmology at the Pardubice Hospital in the period 
from 2005 to 2007, in whom an AcryNovaTMPC 610Y hyd-
rophobic lens was implanted, with measurement of the 
opacity of the lens material performed immediately after 
surgery. The surgeries throughout the entire cohort were 
performed by means of an identical surgical technique: 
subconjunctival anaesthesia, incision of conjunctiva, pos-
terior limbal incision with a size of 2.5 mm, 2x lateral servi-
ce 1 mm incision, anterior continual capsulorhexis, hydro-
dissection, phacoemulsification of the nucleus of the lens, 
bimanual irrigation and aspiration of the cortex, aspiration 
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of the lens cells of the anterior capsule and polishing of 
the posterior capsule and equator, extension of the tunnel 
to 3.5 mm and implantation of a folded intraocular lens 
AcryNovaTMPC 610Y by forceps into the lens capsule. There 
followed rinsing of the viscoelastic material and hydration 
of the paracenteses with toning of the eyeball.     

The patients were examined one week after surgery. At 
this follow-up examination we evaluated BCVA, the per-
centage of IOL opacity with the aid of a Scheimpflug came-
ra Pentacam (OCULUS Pentacam HR). Measurement of 
relative opacity (in percentages) was conducted symmet-
rically to the central axis in two fields in the IOL material 
of both of the two performed cross-sections (0°-180° and 
90°-270°). The values in the central axis cannot be used 
for the incidence of optic artefacts. The isoline was set as 
opacity in an optically empty anterior chamber above the 
anterior surface of the IOL (Fig. 1). 

At a follow-up examination of the cohort after 10 years 
we evaluated BCVA, we examined contrast sensitivity under 
mesopic conditions on CSV-1000E tables, the percentage 
of opacity of the IOL with the aid of a Scheimpflug came-
ra (OCULUS Pentacam HR), using an identical method in all 
4 quadrants (Fig. 2). In each patient we performed an OCT 
examination in order to exclude retinal pathology, which 
could have influenced the resulting BCVA. We also evalua-
ted the incidence of posterior capsule opacification (PCO).

A Kolmogorov-Smirnov normality test was used for the 
statistical analysis. Because none of the observed values 
had a normal probability distribution, a non-parametric Wil-
coxon test was used in the following analysis for a compari-
son of the parameters between the postoperative follow-up 
examinations one week and 10 years after surgery. A value 
of p = 0.05 or less was considered statistically significant.

With regard to the progression of opacification and the 
significant influencing of visual functions, in one case we 
were forced to perform explantation of the IOL. We exa-
mined the explanted IOL optically with the aid of AS-OCT 

Optovue (linear cross-sections in vitro), with the aid of 
a SEM (scanning electron microscope) for assessment 
of the homogeneity of the IOL, and with the aid of the 
EDX spectroscopic method (EDX-Energy Dispersive X-Ray 
Spectroscopy) for assessment of potential calcification of 
the material.

RESULTS

A total of 23 patients (26 eyes) reported for the follow-
-up examination 10 years after the operation, comprising 
12 women and 11 men. No complications were recorded 
in any of them perioperatively. Table 1 presents a com-
parison of the observed values at the first postoperati-
ve follow-up and at the follow-up after ten years: BCVA 
and relative values of measured opacity of the implanted 
lens in the individual quadrants. Average opacity of the 
material immediately after implantation was 6.37%. The 
lowest value was 3.90% and the highest 11.3%. Average 
opacity of the material after 10 years was 14.22%, lowest 
measured value 4.40% and highest 23.15%. After ten ye-
ars there was a significant decrease of BCVA (p = 0.026). 
In the cohort we determined markedly reduced contrast 
sensitivity (Table 2). Because we did not examine contrast 
sensitivity immediately after surgery, it is not possible to 
statistically evaluate the decrease in contrast sensitivity. 
From the measured values, after 10 years it is primari-
ly the lenses (numbering 19), in which a very significant 
clouding took place, which have a significant influence on 
the resulting measured values (opacity of material, BCVA 
and contrast sensitivity). In 7 eyes (7 patients) from the 
cohort, opacity of the intraocular lens did not increase 
whatsoever or only negligibly. In these patients we did 
not record any decrease of visual acuity or a significant 
change of contrast sensitivity.

Upon an examination of the numbers of the individual 
production series, we succeeded in demonstrating that 

Fig. 1. Scheimpflug photograph. Measurement of relative 
opacity (in %) in two fields in the IOL material in cross-
section (90° to 270°) at first follow-up. The isoline was set 
as opacity in an optically empty anterior chamber above 
the anterior surface of the IOL

Fig. 2. Scheimpflug photograph. Measurement of relative 
opacity (in %) in two fields in the IOL material in cross-sec-
tion (0° to 180°) at second follow-up after ten years. The 
isoline was set as opacity in an optically empty anterior 
chamber above the anterior surface of the IOL 
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when the lenses from one production batch were implan-
ted there was a similar increase of opacity of the material. 
In table 3 the individual batches are colour differentiated. 
With regard to the relatively small cohort in comparison 
with the quantity of production series in our cohort, it was 
not possible to prove the opposite –that there is no increa-
se in opacity in certain batches, because in the cohort the-
re were not at least two implanted lenses from a batch in 
which we measured a low increase in opacity. It is however 
possible to point to the fact that in these patients there 
was no decrease of visual acuity or contrast sensitivity.

Lens replacement was indicated for an 82-year-old pa-
tient 9 years after bilateral implantation in 2005, in whom 
there was a decrease of BCVA to 0.63. At the examination 

zero contrast sensitivity upon glare was determined, and 
the opacity of the lens material was 21%. We indicated re-
placement in one eye only (Fig. 3, 4), on the second eye 
laser capsulotomy was performed at another centre on 
the assumption that this concerned a secondary cataract, 
without effect. In this eye, also with BCVA of 0.63, we did 
not indicate replacement of the IOL due to the higher risk.

We did not find signs of non-homogeneity (i.e. micro 
glistening – vacuoles) in the material upon an examination 
of the explanted IOL and test with the aid of SEM upon 
20 000x enlargement. Using the EDX method we did not 
record the presence of calcium or phosphorus, and we 
therefore excluded calcification of the material. Anterior 
segment OCT of AcryNova hydrophobic lenses with symp-

Table 1. BCVA, relative opacity of IOL material in individual quadrants and average opacity of IOL at first follow-up one 
week after surgery and at follow-up after 10 years, statistical evaluation

after surgery after 10 years

BCVA [decimal]

average ± SD 0.945 ± 0.106 0.866 ± 0.203

range 0.63 – 1.00 0.16 – 1.00

P value P = 0.026

opacity in upper quadrant
[%]

average ± SD 6.312 ± 2.113 14.108 ± 5.919

range 3.90 – 11.40 4.30 – 22.40

P value P < 0.0005

opacity in lower quadrant
[%]

average ± SD 6.296 ± 2.077 14.285 ± 5.977

range 3.90 – 11.00 5.10 – 22.40

P value P < 0.0005

opacity in right quadrant
[%]

average ± SD 6.431 ± 2.280 14.208 ± 5.961

range 3.90 – 11.40 3.90 – 23.90

P value P < 0.0005

opacity in left quadrant
[%]

average ± SD 6.408 ± 2.206 14.273 ± 6.060

range 3.90 – 11.80 4.30 – 23.90

P value P < 0.0005

average opacity [%]

average ± SD 6.365 ± 2.160 14.218 ± 5.865

range 3.90 – 11.30 4.40 – 23.15

P value P < 0.0005
NKZO – nejlépe korigovaná zraková ostrost 
SO – směrodatná odchylka 

		     Table 2. Contrast sensitivity with the aid of CSV – 1000E at follow-up after ten years 

average ± SD range

contrast sensitivity A 3.29 ± 2.074 0 - 7

contrast sensitivity B 2.75 ± 1.775 0 - 6

contrast sensitivity C 2.21 ± 1.841 0 - 7

contrast sensitivity D 1.96 ± 1.876 0 - 7
		     SD – standard deviation 
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toms of opacification shows homogeneous light dispersion 
(scattering effect), in contrast with lenses from transparent 
PMMA or hydrophobic acrylate (Fig. 5).    

DISCUSSION

Phacoemulsification with implantation of an IOL into the 
lens sac has been the standard in microincision cataract 
surgery in the last few decades. Upon a large number of 
operations, material complications began to appear peri-
operatively and in the postoperative period (26). Reducti-
on of the transparency of the IOL material is one of the 
serious complications influencing visual functions, and has 
been described in a range of IOLs (23), first of all in 1987 in 

the case of hydrogel IOLs (3). “Snowflakes” opacities were 
described on hard polymethylmethacrylate IOLs, as well as 
a change of colouring of the material in silicon IOLs, opaci-
ty caused by calcification in IOLs with hydrophilic acrylate, 
and the presence of micro-vacuoles (glistening) in hydro-
phobic IOLs (1, 36). Opacification may affect the anterior 
and posterior surface of the lens, deep structures of the 
central part, haptics or almost the entire IOL (23, 26, 33). 
This is the reason for constant research into materials sui-
table for the production of IOLs.

The majority of serious cases of opacification have been 
described in relation to IOLs from hydrophilic acrylate, and 
in hydrophobic lenses it is relatively rare (28). Hydrophobic 
lenses are implanted ever increasingly with regard to the 

Table 3. BCVA and average opacity of IOL at first follow-up after surgery and at follow-up after 10 years in individual bat-
ches, contrast sensitivity at examination after 10 years 

Patients BCVA
after surgery

BCVA
10 years

Average IOL 
opacity after 

surgery

Average IOL 
opacity after 10 

years

Contrast 
sensitivity CSV-
1000E A,B,C,D 

Batch number

1 1,00 0,79 11,3 17,35 3,2,2,2 73045 

2 1,00 0,79 9,6 23,15 2,2,1,0 73578 

3 1,00 1,00 4,3 4,40 5,6,4,7 72711 

4 1,00 1,00 5,5 17,35 2,1,2,2 72706 

5 1,00 0,63 7,9 18,90 0,0,0,0 73326 

6 1,00 0,63 5,5 16,60 2,1,0,0 73326 

7 1,00 1,00 5,1 18,35 2,3,2,2 72706 

8 1,00 1,00 7,8 14,20 3,2,1,1 73327 

9 1,00 1,00 6,3 17,08 4,3,1,4 72721 

10 1,00 1,00 3,9 14,73 3,4,7,6 73044 

11 1,00 0,16 5,5 15,50 0,0,0,0 73044 

12 0,79 prsty 7,1 11,75 nelze 73576 

13 0,79 0,79 6,0 6,10 5,5,5,3 70745 

14 0,63 0,63 5,1 15,58 3,3,0,0 72721 

15 0,79 0,79 5,1 5,80 7,3,2,2 73582 

16 1,00 1,00 4,3 5,30 3,4,3,2 70746 

17 1,00 1,00 5,1 5,50 4,4,2,1 71032 

18 1,00 1,00 9,2 17,25 6,5,4,4 74099 

19 1,00 1,00 3,9 5,50 2,1,1,1 70742 

20 0,79 0,79 5,6 19,30 1,0,0,0 73040 

21 1,00 1,00 7,1 19,20 5,4,5,3 74102 

22 0,79 prsty 3,9 5,30 nelze 70737 

23 1,00 1,00 6,0 17,75 4,2,3,1 74102 

24 1,00 1,00 9,5 20,90 0,2,2,3 73580 

25 1,00 1,00 10,6 19,20 6,6,3,2 72706 

26 1,00 0,79 4,3 17,65 7,3,3,1 74098 
BCVA – best corrected visual acuity
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overall higher biocompatibility and low incidence of the 
onset of opacification of the posterior capsule, resistance 
to change of colour and the impossibility of calcification 
of the internal structures of the material (15, 16, 30, 32). 
Their more rapid spread has been hindered by the more 
complex and therefore more expensive production tech-
nology. Nevertheless, lenses from hydrophobic acrylate 
also have certain complications.

The best known optically significant phenomenon is glis-
tening – the appearance of vacuoles or micro-vacuoles in 
the material. The phenomenon occurs upon distension of 
preformed heterogeneities in the material. Within these 
an expansion of gas or accumulation of fluid takes place. 
Hydrophobic IOLs are also permeable for water molecules. 
Glistenings are micro-vacuoles (11, 12, 20, 25, 35) which 
are visible on a slit lamp, already shortly after implantati-
on. They are usually distributed diffusely throughout the 

entire optics of the IOLS (36, 37). Although the phenome-
non of glistening reduces contrast sensitivity, the literary 
data attests to the fact that decrease of visual acuity is rare 
(6, 24, 35, 38).

The precise etiopathogenesis leading to opacification of 
IOLs still remains unclear. Numerous potential risk factors 
have been described, such as damage to material upon 
handling of the lens, breach of the blood-ocular barrier 
during intraocular operation, excessive postoperative in-
flammatory reaction (5, 7, 8, 22). The overall health condi-
tion of the patient may play a role also in the pathogenesis 
of calcification (26, 28). At the same time, however, studies 
have been published which have excluded the influence of 
the surgeon and patient. Cases have been described of en-
tire batches of IOLs from certain manufacturers with a high 
probability of the occurrence of opacification, regardless 
of secondary surgical intervention or comorbidity of pati-
ents (2, 17, 31). In the case of these manufacturers it is 
possible to indicate as the cause admixtures of impurities 
in the material, faulty production or storage, as well as in-
teraction with the packaging material. However, individu-
al factors such as intraocular inflammations or ocular and 
systemic comorbidities which influence the metabolism of 
the eye may contribute to the process (17, 31).

Another phenomenon is transitory opacities of the IOL. 
This concerns a reversible phenomenon, in the literature 
acutely occurring perioperative opacification of an IOL from 
hydrophobic acrylate as a consequence of temperature 

Fig. 3. Anterior segment – opacified IOL AcryNovaTMPC 
610Y before explantation

Fig. 4. Anterior segment OCT – opacified IOL AcryNo-
vaTMPC 610Y before explantation

Fig. 5. Cross-sections with the aid of anterior segment 
OCT in vitro – a. homogeneous light dispersion (“scatte-
ring effect”) on explanted IOL, b. disappearance of light 
dispersion on dried IOL and c. light dispersion on rehydra-
ted IOL, which demonstrates that this concerns hydrophi-
lic material 
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changes has been described (14). This demonstrates the im-
portance of storing lenses at the correct temperature.

The material of the IOL has a certain spatial molecular 
structure, filled with a larger or smaller quantity of wa-
ter molecules. Breach of this schema leads to a loss of 
transparency (increase of opacity) of the material. The 
breakdown of such a structure was probably responsible 
for the progression of opacity of the IOLs in our cohort, 
without the necessity of accumulation of other substances 
(compounds of calcium were excluded).     

Affliction of visual functions caused by opacification of 
IOLs is rarely directly linked to a decrease of visual acuity. 
Contrast sensitivity also plays an important role in the qua-
lity of an individual's vision. Our results clearly demonstrate 
a fundamental deterioration of this function, with a small 
influence on visual acuity. In our cohort there was first of all 
a clinical deterioration of contrast sensitivity, progressively 
followed by “cloudy” or “blurred” vision, and in a section of 
the patients finally also a decrease of visual acuity.

Contrast sensitivity depends on various factors and 
decreases with the age of the patient (19). Our results 
attest to the fundamental influence of lens opacity. From 
the results it clearly ensues that a decrease of contrast 
sensitivity is dependent upon the opacity of the IOL ma-
terial (Table 3).

In the case of clinically serious opacifications of IOLs, ex-
plantation is the only possible option for treatment. Howe-
ver, explantations are burdened by a high risk of intraope-
rative and postoperative complications (4). In a series of 
25 eyes with an opacified Aqua-Sense IOL (single-piece IOL 
made of hydrophilic acrylate copolymer with water con-
tent of 25%, Aaren Scientific, Ontario, California, USA), Da-
gres et al. published a value of complications (dehiscence 
of zonules, rupture of posterior capsule, decompensation 
of cornea) as high as 48% (4). Above all the strong adhesion 
of the IOL to the capsule makes explantation a demanding 
procedure, and in many cases subsequent implantation of 
a new IOL into the sac may be impossible. Indication for 
surgical explantation of an opacified IOL therefore requires 
thorough preoperative diagnosis, clinical deliberation, and 
following the decision to proceed with explantation also 
informed consent of the patient. It should be considered 
only in the case of highly engaged patients with clinically 
clear symptoms (especially decrease of visual acuity).

The data from the literature attests to the fact that lens 
epithelial cells (LECs) overgrow on the surface of the IOL 
and may cause PCO, decentration of the IOL and fibrous 
changes of tissue even up to phimosis of the capsule (10, 
29). Changes are less serious on the surface of an IOL made 

of hydrophobic acrylate in comparison with lenses made 
from hydrophilic material (34). The material of intraocular 
lenses therefore plays a large role in the onset of seconda-
ry cataract (18, 27). Here we emphasize the advantages of 
thorough cleaning of the lens sac, including the equator, in 
our cohort the incidence of PCO was relatively low, in 50% 
of cases after ten years.

The clinical picture of opacification of the IOL material 
may be diverse. Opacities may be reminiscent of confluent 
cellular PCO. This causes doctors in these cases to proceed 
to Nd:YAG laser capsulotomy (9, 13, 21). Breach of the po-
sterior capsule leads to difficult explantation of the IOL and 
increases the frequency of potential complications during 
the operation, with an increased risk of loss of the vitreous 
body (21). Nd:YAG laser capsulotomy may induce further 
damage to the IOL material and lead to a further reduction 
of optical quality of the IOL. There can be no doubt that 
capsulotomy is not useful in such cases.

CONCLUSION 

According to our results, up to 20% opacity of the mate-
rial does not cause a greater decrease of visual functions, 
with the exception of contrast sensitivity, and, as a result, 
patients do not seek medical attention. However, implan-
tation of an IOL in younger individuals remains a problem. 
In our cohort, the youngest patient was aged 51 years at 
the time of implantation of the IOL, and the progression of 
opacity is approximately 1% per year. It is possible to dedu-
ce that a clinically significant decrease of visual functions 
may occur after 20 years, i.e. in the time of advanced age 
(the average life expectancy in our population is 82 years 
in women, 76 years in men). Therefore, it occurs at a time 
when the quality of life of senior citizens should not be 
impaired by phenomena other than those dependent on 
biological changes of the organism.

Hydrophobic acrylate can also be subject to degradati-
on accompanied by a decrease in transparency. There is 
a spectrum of examinations (e.g. Scheimpflug camera, 
anterior segment OCT) which are capable of detecting de-
gradation of materials, manifested in increased opacity of 
the IOL shortly after implantation. These IOLs should be 
quickly excluded from the implantation portfolio. Upon 
suspicion of a defect of material we do not recommend 
the performance of YAG capsulotomy, with respect to the 
loss of the option of safe replacement of the IOL.

We see the cause of opacities in our cohort in an error in 
the production procedure in certain batches of IOLs, or in 
the poor quality material used for these batches.
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