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Introduction
Phacoemulsification with intraocular lens (IOL) 
implantation in the capsular bag is the gold stand-
ard in cataract surgery, with excellent anatomic 
and functional outcomes and a significantly lower 
complication rate.1 However, the potential of an 
IOL material to be transparent must be taken into 
consideration when evaluating the long-term bio-
compatibility of the material, particularly for the 
hydrophilic acrylic IOLs, which are at a higher 
risk of developing calcification of the lens mate-
rial.2–4 Here, we present the clinical and labora-
tory characteristics of an unusual case of 
hydrophilic IOL opacification 23 years after a 
successful phacoemulsification procedure due to 
traumatic cataracts.

Case report
A 55-year-old male was referred to one of us 
(HH) complaining of blurred vision in his left 
eye. He had undergone phacoemulsification with 
IOL implantation due to a traumatic cataract 
23 years earlier, in July 1998. According to the 
history, the implanted IOL was a hydrophilic 

acrylic IOL, the model SC60B-OUV (Medical 
Developmental Research Inc., Clearwater, FL, 
USA), made from poly-2-hydroxyethyl meth-
acrylate (pHEMA) polymer. The patient did not 
have any history of systemic illness. A slit lamp 
examination showed pseudophakia with an opaci-
fied IOL and otherwise unremarkable ocular 
findings. The opacification had a very well-
demarcated and round edge in the central optic 
zone of the IOL, similar to a white cataract 
[Figure 1(a) and (b)]. According to the red reflex 
assessment of the dilated eye by retro-illumina-
tion on slit lamp examination, the edges of the 
optic and the haptics appear transparent [Figure 
1(c)]. The anterior capsular opening was quite 
irregular and did not fit the border of the opacifi-
cation. The patient underwent an exchange of the 
opacified IOL in September 2021 by the HH at 
the Department of Ophthalmology of the 
Regensburg University Hospital, Regensburg, 
Germany. He had an uneventful IOL explanta-
tion, followed by secondary implantation of a 
hydrophobic acrylic IOL. The explanted IOL was 
sent to the laboratory at the Department of 
Chemical Engineering, Laboratory of Inorganic 
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and Analytical Chemistry, University of Patras, 
Greece, intact in dry state for further analysis. 
Gross macroscopic examination of the explanted 
IOL showed a dense well-circumscribed opacifi-
cation confined to the central 4 mm of the optic 
with a milder opacification of the edges of the 
IOL and clear haptics [Figure 1(d)]. Images from 
calcified IOLs similar to our SC60B-OUV IOL 
have been described by several researchers.5,6

According to optical microscopy, deposits were 
only found on the anterior surface of the IOL that 
covered the opacified portion of the IOL in a scat-
tered pattern. Scanning electron microscopy 
(SEM) and energy-dispersive X-ray spectromet-
ric microanalysis of the explanted IOL showed 
that the deposits consisted of calcium and 

phosphorus [Figure 2(a) and (b)] forming platy 
crystals on the anterior surface of the opacified 
IOL. In Figure 2(c) and (d), these crystals showed 
clearly that they consisted of dicalcium phosphate 
dihydrate (DCPD) and octacalcium phosphate 
(OCP) crystallites. The morphology of DCPD 
and OCP, which are transient calcium phosphate 
phases hydrolyzed to the thermodynamically 
more stable hydroxyapatite (HAP), is shown in 
Figure 3. In addition to sporadic calcium phos-
phate deposits, SEM images from the surface of 
the explanted opacified IOL showed numerous 
folds on its anterior surface [Figure 2(a)]. IOL 
anterior surface folds were present throughout 
the optic diameter of the IOL but were more pro-
nounced and dense in the area of the capsu-
lorhexis. Despite that, the presence of calcium 

Figure 1. Slit lamp photographs of the patient implanted with the SC60B-OUV IOL 23 years after 
implantation. (a) Note the opacity present on the anterior surface of the optic of this lens. (b) A central 
grayish opacity involves the optic area of the IOL. Postoperative fibrosis of the anterior capsule is seen at the 
capsulorhexis margin, which is greater than the diameter of the opacity. (c) The red reflex assessment of the 
dilated eye with a slit lamp examination shows that the central opacity is similar to a white cataract. (d) A 
gross photograph of the explanted SC60B-OUV lens demonstrates a circular area of white opacification in the 
central optic and an opacified band of approximately 1.0 mm at 360°. (d) A gross photograph of the explanted 
SC60B-OUV lens demonstrates a circular area of white opacification in the central optic and a milder 
opacified band of approximately 1.0 mm at 360°. In addition, it has a haptic clear, while the other has various 
degrees of opacification.
IOL, acrylic intraocular lens.
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phosphate deposits on the surface of the IOL was 
limited to the area of capsulorhexis (Figure 4).

Discussion
IOL opacification is a rare but serious complica-
tion that can occur after cataract surgery. It may 
be necessary to undergo IOL explantation and 
exchange as it can significantly impair visual acu-
ity. There have been a number of clinical and 
laboratory reports regarding late postoperative 
opacification of IOLs. The majority of opacified 
IOLs, with confirmed calcification, were hydro-
philic acrylic materials.7 Several studies have 
shown a late opacification of hydrophilic acrylic 
IOLs attributable to calcium deposition.3,5,6 
Despite time variation in the time of appearance 
of opacification in these particular studies, calcifi-
cation was mainly the cause of opacification 
rather than surface alterations or degradation of 

the polymeric matrix. The clinical appearance of 
the opacity in this case was a large, dense, round, 
regular-shaped central opacification and did not 
correspond to the capsulorhexis as it was larger 
and irregular. The lens, in this case, was the 
model SC60B-OUV lens (Medical Developmental 
Research Inc., Clearwater, FL, USA); the mate-
rial used in the production of this IOL is a cross-
linked copolymer of pHEMA and methyl 
methacrylate, with an integrated UV absorber. 
This IOL is a water-containing single-piece 
hydrophilic acrylic lens with a water content of 
28%.6 Even though IOL opacifications are very 
rare, this case was quite different in comparison 
with other cases reported by us. Specifically, the 
opacification of SC60B-OUV reported in earlier 
clinical and experimental investigations was 
attributed to intraoptical calcium phosphate 
deposits, distributed over a plane parallel to the 
external optic surface, and separated by a clear 

Figure 2. (a) SEM of the lens’s central optic area (2380×) reveals folds on the anterior surface (white arrows) 
and two deposits that resemble calcium phosphate salts (scale bar: 5 μm). (b) Energy-dispersive spectroscopy 
microanalysis over the length of the arrow line (a) shows OCP deposits formed on the anterior surface of 
the IOL. (c) SEM of the anterior surface of the lens shows crystalline deposits (scale bar: 10 μm). (d) Energy-
dispersive spectroscopy microanalysis of the calcific deposits shows DCPD, OCP, and HAP. Both OCP and HAP 
are from the hydrolysis of DCPD.
DCPD, dicalcium phosphate dihydrate; HAP, hydroxyapatite; IOL, acrylic intraocular lens; OCP, octacalcium phosphate; SEM, 
scanning electron microscopy.
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zone just beneath the surface, similar to descrip-
tions in the literature.3,5,6,8 However, what is unu-
sual in this case is that, according to SEM 
findings, opacification was mainly attributed to a 
pattern of folds, primarily distributed over the 
anterior optic surface bounded by the anterior 
capsulorhexis. Moosavi et al.9 reported a degraded 
layer of the outer surface of the explanted IOL, 
giving it a sponge-like morphology. They sug-
gested a slow degradation of the polymer matrix 
and swelling of incompletely polymerized mate-
rial in the core of the optic. The same degenera-
tive process may be suggested in our case, but the 
period of time for the appearance of the opacifica-
tion and explantation appears to be very different 
in both studies. Nevertheless, the reason for this 
late timing of the appearance of opacification in 
our case is unknown. Morphological instabilities 
of soft materials incurred by non-uniform volu-
metric swelling/shrinkage or other external stim-
uli have been described in a comprehensive 
review.10 On the other hand, in our case, the 

findings, in particular the presence of transitional 
calcium phosphate phases such as DCPD and 
OCP, may indicate an acidic environment of the 
aqueous humor. The calcification process, which 
was not the main factor for opacification at the 
stage of extraction of the IOL, was most probably 
initiated recently, a maximum 2 years earlier may 
be suggested, as indicated by the presence of 
unstable precursor crystalline calcium phosphate 
phases of HAP, which are relatively short-lived at 
physiological conditions of the aqueous humor. 
Nonetheless, a degradation of the outer surface of 
the explanted IOL may have started years ago. 
The opacity observed on the lens removed from 
the patient corresponds to the capsulorhexis 
diameter and extends beyond the visible opaque 
section of the explanted lens with a decreasing 
form of opacity toward the optic edges, as evi-
denced by the morphology of the opacification. 
In any case, it seems very likely that the lens 
opacification was driven by the interaction of the 
aqueous humor with the lens material. Since 

Figure 3. (a, b) SEM images show large crystallites of DCPD and OCP transient phase and 
thermodynamically stable HAP nanocrystallites [scale bar: 1 μm in both (a) and (b)]. (c) An SEM image shows 
folds (arrows) and a few calcific deposits. (d) Energy-dispersive line scan microanalysis of deposits confirmed 
the formation of HAP crystals.
DCPD, dicalcium phosphate dihydrate; HAP, hydroxyapatite; OCP, octacalcium phosphate; SEM, scanning electron 
microscopy.
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hydrophilic materials are more sensitive to pH 
changes in the aqueous humor, it may be sug-
gested that a recent change in the aqueous 
humor’s pH, as suggested by the presence of the 
precursor crystalline phases of DCPD and OCP, 
which are stabilized at acidic pH values (pH ⩽ 6), 
could activate the lens surface alteration mecha-
nism and, at a second stage initiated, the opacifi-
cation process. The potential for uveitis, 
medications, vascular, or systemic diseases that 
compromise the blood–aqueous barrier could 
lead to such pH alterations.11 However, our 
patient had no signs of such risk factors. On the 
other hand, with regard to calcium deposits, they 
were observed on the anterior surface of the lens 
and not within the optic material of the IOL, as 
reported earlier in our clinical and experimental 
investigations.3,5,6 From a mechanistic point of 
view, the transient calcium phosphate phases con-
vert by hydrolysis to the thermodynamically more 
stable HAP. Recent results of our in vitro experi-
ments12 support the hypothesis that the increase in 
the pHEMA surface charge is due to the ionization 

of the hydroxyl groups of pHEMA, which provide 
the active sites needed for the initiation of nuclea-
tion and further growth of the HAP crystals on the 
surface of the hydrophilic acrylic IOLs. Upon HAP 
formation on the IOLs, the negative zeta potential 
increases, to values significantly higher than the 
zeta potential of each of pHEMA or HAP sepa-
rately, suggesting synergistic enhancement of the 
magnitude of the surface potential. The apparent 
implication is the enhancement of the calcification 
with increasing HAP deposits on the IOLs and 
through the surface diffusion favors the develop-
ment of calcium deposits in the interior of the 
hydrophilic IOL with time. As demonstrated in 
our case and other studies,6 the opacification/calci-
fication of hydrophilic acrylic IOLs can occur from 
months to 23 years after IOL implantation. The 
reason for the late denaturation of the anterior sur-
face of the IOL material in the form of multiple 
folds and the late onset of calcification of the IOL 
remains unclear. Nevertheless, the association of 
multiple folds of the surface with superficial cal-
cific deposits in this patient supports the possibility 

Figure 4. (a) SEM image from the anterior optic surface of the explanted opacified IOL showing numerous 
folds of the surface and sporadic calcific deposits (scale bar: 10 μm). (b) Higher magnification of the above 
image (scale bar: 2 μm). (c) SEM image and (d) energy-dispersive spectrometric microanalysis along the length 
of the arrow line (c) shows HAP formed with a scattered pattern on the anterior surface of the IOL.
HAP, hydroxyapatite; IOL, acrylic intraocular lens; SEM, scanning electron microscopy.
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of a factor that stimulates such a pattern of opacifi-
cation. Further research is needed to understand 
the nature of this factor and its potential role in 
early opacification diagnosis and treatment, a task 
complicated by the relative rarity of patients pre-
senting with IOL opacification/calcification. The 
phenomenon is very uncommon, the opacification/
calcification of the IOL is harmful, and the conse-
quences of the therapeutic explantation of the IOL 
are unknown to a large extent. Our findings sug-
gest that patients with acrylic hydrophilic IOLs 
may have the potential for opacification even years 
following cataract surgery.

In conclusion, the findings from this case suggest 
that the optical transparency of IOLs is of para-
mount importance to support long-term improve-
ment in visual acuity after cataract or intraocular 
surgery. Adherence to follow-up is of particular 
importance for hydrophilic acrylic IOLs, espe-
cially for people who might suffer from diseases 
(e.g. diabetes, uveitis) or who are undergoing 
ocular surgery that compromises the blood–ocu-
lar barrier. To our knowledge, this is the first study 
to report the longest interval between cataract 
surgery with IOL implantation and IOL opacifi-
cation, 23 years after cataract surgery.
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