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<> Relevance. Currently, all over the world, during cataract surgeries, a huge number of intraocular
lenses (I0Ls) made of different materials are implanted. Alongside with the development of modern IOL
materials and designs, publications about their opacities appear. The nature and the localization of IOL opaci-
ties mainly depend on the properties of the material out of which the lens is made. Polymethyl methacrylate
(PMMA) currently rarely used to manufacture 10Ls, tends to cloud in the optical center due to structural
breakdown, forming “snowflake”-like cracks. Opacities of acrylic IOLs depend on the degree of hydrophilic
properties of the material. The deposition of crystalline deposits in the optical zone of hydrophilic acrylic lenses
leads to a significant decrease in visual acuity and requires IOL explantation. There is a definite dependence of
the occurrence of opacities in hydrophilic acryl on the patient’s concomitant diseases. In hydrophobic acrylic
[OLs, vacuoles form, and glistenings occurs. Herewith, visual functions, as a rule, do not suffer.

Purpose: to find out what structural changes in the IOL led to the need to remove them from pseudophakic
eyes due to a decrease in visual acuity.

Materials and methods. Four clouded IOLs made from different materials were examined. The lenses
were studied using a SUPRA 55VP scanning electron microscope (Carl Zeiss, Germany) using a secondary
electron detector. Element distribution maps on the surface and inside the lenses were collected using an
X-max 80 mm? energy dispersive X-ray analysis detector (Oxford Instruments, UK).

Results. A hydrophilic lens with hydrophobic coating became cloudy 5 years after implantation. Hydroxyapa-
tite crystals were found on all parts of the IOL along its surface. In a hydrophobic acrylic IOL, microvacuoles
and cavities in the optical center were found using scanning electron microscopy. Two PMMA IOLs under-
went self-destruction within 8 years after implantation. Chemical analysis of PMMA lenses did not reveal
any inorganic compounds.

Conclusion. One of the complications of IOL implantation is an impairment of their transparency. Factors
associated with IOL material and manufacturing, as well as the patient’s comorbidities, can lead to lens
opacification at various terms after surgery.

<> Keywords: intraocular lens; intraocular lens opacification; opacity; acrylic; hydrophilic; hydrophobic;
polymethyl methacrylate; hydrophobic coating; hydroxyapatite, crystals.
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<> AkmyaavHocme. B Hacrosillee BpeMsi BO BCEM MHpe B XOJle OMepaliil Mo MoBOAYy KaTapakTbl HM-
NJaHTUPYeTCsl OTPOMHOE KOJMUYECTBO HHTPaoKyJasipHbX JuH3 (MOJI), n3rotoB/seHHbIX U3 pasHblX Ma-
TepuaJios. [lo Mepe pazpabGoTku coBpeMeHHbIX MaTepuaJaoB U KoHcTpykuuni MOJI nossasiiores u co-
obuleHnst 06 UX MOMyTHeHHUsAX. XapakTep M Jjokanausauus nomytHeHnit MOJI B ocHoBHOM 3aBuCAT OT
CBOMCTB MaTepuasia, U3 KOTOPOro M3roToBJjeHa JuH3a. [losnMeTHaIMeTaKpuJIaT, B HaCTOsLlee BpeMs
penko ucnoJsbayiouuiics aias ugroropaenus MOJI, kak npaBuao, MyTHEET B ONTHYECKOM LEHTPE H3-3a
CTPYKTYPHOTO paspylueHus, GopMupyst TPEULMHbI 10 THIY «cHexXKHHKa». [TomyTHenust akpunoBbix MOJI
3aBMCAT OT CTeNeHH ruaApoduIbHOCTH MaTepuaa. OTioKeHHe KPUCTANIMUECKUX JIENO3UTOB B ONTH-
yecKOH 30He JIMH3 U3 THIPOMPUIBHOTO aKpuJ/a MPUBOJAUT K 3HAUUTEJbHOMY CHHIYKEHHIO OCTPOTHI 3pe-
HUS U TpebyeT uX sKcnaantauuu. Mimeercsa onpenenénnas 3aBMCHMOCTb BOSHUKHOBEHUST TTOMYTHEHHUI
B IMAPOQHUILHOM aKpHJe OT COMYTCTBYIOLLIEH MaToJoruu naunenta. B ruapodooubix akpuaossix MOJI
(hOPMHPYIOTCSl BAKYOJIH U BO3HHKAET peHoMeH «OJécToK». [Ipuuém 3puTesbHble PYHKLUHH TPH ITOM,
KaK MpaBuJo, He CTPajaloT.

Ileaw: BbISICHUTL, KaKKe CTPYKTypHble H3MeHeHus MIOJI npruBein K HeO6X0AMMOCTH HX yaJ€HHs U3 N1CEB-
noaKkUueCKHX TJ1a3 B CBS3H CO CHHIKEHHEM OCTPOTHI 3PEHHSI.

Mamepuanot u memodst. boiin nsyuennl detbipe nomytHeBminx MOJI, M3roToB/JeHHBIX W3 pa3HBIX
MaTepuason. JIMH3bI M3ydaJid C TOMOLLbI0 CKAHUPYIOLIETro 3JeKTpoHHOro Mukpockorna SUPRA 55VP
(Carl Zeiss, 'epmanus) ¢ HCMoJiIb30BaHUEM JIETEKTOPA BTOPUUYHBIX 3J1eKTPOHOB. KapThl pacnpenenenus sJe-
MEHTOB Ha MOBEPXHOCTH ¥ BHYTPHU JIMH3 OblJIK COOPaHbI C HCIOJIb30BAHUEM J€TEKTOPA IHEPTOJUCTIEPCHOH-
HOro penTrenobckoro anaausa X-max 80 mm? (Oxford Instruments, Besinko6puranus).

Pesyaomameot. ['nppoduibHas JuH3a ¢ THAPOPOGHBIM MOKPBITHEM TTIOMyTHEA Yepe3 d JIEeT nocJje e€ uM-
nJaaHTaunu. beiin o6HapykeHbl KpUcTaMIbl THApoKcHanatuta Ha Beex yactax MOJI no eé noBepxHocTH.
B runpodobuo akpuaosoit MOJI ¢ momotbio cKaHUPYIOUIeH 3J1€KTPOHHONH MUKPOCKOMUU OMpeaesanch
MMKPOBAKYOJIH ¥ MOJIOCTH B onTHueckoM LeHTpe. [Ise MOJI U3 nonumernamerakpuaarta nperepresu pas-
pylieHne co6CTBEHHON CTPYKTYPhl B TeueHHe 8 jieT nocje uMnaantaunu. [Ipy xumuueckom anannse Takux
JINH3 HEOPraHUYeCKUX COeIMHEHUI He 0OHapyKeHO.

3arxawuvenue. OnHum U3 ocgaoxkHeHUd umnuantauuu MOJI saBisieTcss HapylleHUe HX MPO3PaYHOCTH.
daxkTopsbl, cBA3aHHbIE ¢ MaTeprasom u npoussoacTeoM MOJI, a Takxke conyTcTBytouine sabosieBanus na-
IMeHTa, MOTYT TMPUBOJANThL K MOMYTHEHHUIO JINH3 B PAa3JIHUHbIE CPOKH MOCJIE OMepallti.

<> Karuesole caosa: HUHTPpaAoOKYyJisipHas JiuH3a; NIOMYTHEHUE HHTPAOKYJSPHbIX JIMH3; TIOMYTHEHHE; aKPHUJIO-

BBIH; THAPOPUIBbHBIH; THAPOPOOHBIH; MOJUMETHAMETAKPUIAT; THAPOPOOHOE MOKPBLITHE; THIPOKCHATIATHT;
KPHUCTAJLIbI.
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INTRODUCTION

Currently, all over the world, during cataract sur-
geries, millions of intraocular lenses (IOLs) made
of different materials are implanted. The intraocular
lens (IOL) presence inside the eye could lead to
several complications. Special attention should be
paid to cases when IOL is to be removed from the
eye, and a new one is to be implanted. Alongside
with the development of modern IOL materials and
designs, publications about their opacities appear.
In 2008, a large study of explantation causes of
146 IOLs was performed [1]. On the first place,
there were IOL calcification and opacities (65%),
on the second one — dislocations (up to 23%), ab-
errations with hydrophobic acrylic lenses had the
same prevalence; a somewhat smaller amount of
IOL explantations (21%) were due to incorrect op-

tical power calculation. There are evidences that
concomitant diseases (local and systemic ones) may
influence the pattern of IOL opacities.

Regardless of the fact that materials with best
technical characteristics are used for IOL produc-
tion, many reports are published on opacities, color
changes, and destruction of implanted IOLs [1—4].
Most often, IOLs are manufactured out of poly-
methyl methacrilate (PMMA), silicon, hydrogel,
acryl. All mentioned chemical substances may
change more or less depending on the environ-
mental conditions (temperature, medications) or
on the fact of their persistence inside the eyeball.
What is more, such changes as opacities and color
changes may occur before long or several years
after the IOL implantation, on average, in 3 years
after surgery [5, 6].
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In the literature, there are descriptions of “cold
opalescence”, characteristic for hydrophobic acryl-
ic IOLs. In a steep increase of the temperature,
changes in lens material occur, so called phase
splitting, which causes a sudden white hint at im-
plantation into the eye [6]. This effect is revers-
ible — at equalization of the lens temperature with
that of the intraocular fluid, acrylic IOL becomes
transparent. Lenses most frequently used for im-
plantation are manufactured from acryl with dif-
ferent degree of original substance hydration: mo-
dern hydrophilic acryl contains 18—28% of water,
hydrophobic one — up to 1%.

Some years ago, hydrophilic [OLs were widely
used. This was due, in the first instance, to well-
proven production technologies; in the second
instance, hydrophilic 1OLs cause less patients’
complaints on dysmorphopsia appearance, rather
than hydrophobic ones [7]. On the other hand, it
became obvious that namely hydrophilic material
is most often subject to changes, which are related
both to lens material and to concomitant diseases
of the patient (glaucoma, diabetes mellitus) that
cause the appearance in the anterior chamber
fluid of substances not characteristic for it [1—4].
In such patients, it is recommended to implant hy-
drophobic IOLs, as opacities happen significantly
more rarely in them.

Cases of hydrophilic acryl’s blue staining due
to material absorption of different dyes (fluores-
cein, indocyanine green, trypan blue) are well
known [6].

In 2015, A. Gamidov et al. [7] proposed a clas-
sification of IOL opacities: progressing IOL deg-
radation (destruction); IOL opacity, or its color
change; presence of hollow microinclusions bu-
ried in the lens; crystalline deposits on the 1OL
surface. The pattern of such changes depends on

al
i

the IOL material. Opacities have different distribu-
tion area: only on the anterior or posterior surface,
or on the whole surface and haptics of the IOL.
Sometimes, opacities buried in the IOL optic are
found [6].

A “glistening” phenomenon is a term, which
is common to encounter recently in scientific lit-
erature when IOL opacities are described. Some-
times, in Russian articles it is used without trans-
lation [7]. This phenomenon occurs in hydrophobic
acrylic IOLs due to formation of microvacuoles in
the optic part of the lens (Fig. 1). The number of
vacuoles may vary, but as a rule, they occupy all
the optic part of the lens. The dimension of mi-
crovacuoles is 1—20 microns. The problem arises
because in IOL production, polymers are used,
which after implantation absorb the fluid into their
“architectural” structure. Polymers usually take up
water at their immersion for a long time in a water
medium, and the speed of this process increases
with increasing temperatures. For example, if the
lens is soaked in warm water, and then the tem-
perature is decreased, water molecules gather in
polymer’s cavities. Irregular refraction occurs due
to the difference in refraction indices of water and
[OL material. In the literature, there are indica-
tions on the absence of direct correlation between
the number of lens vacuoles and the rationale of
given IOL exchange. It is necessary to take into
account patients’ complaints of visual acuity de-
crease and of glistening phenomenon. Only in
such case, a question of lens explantation may
be raised [8]. It is known that microcavities in
hydrophobic acrylic IOLs definitely shape during
3 years after implantation, and the effect of glis-
tening becomes stable [6, 8].

The opacification of hydrophilic acrylic IOLs is
considered to be their major drawback. The data of

Fig. 1.
Puc. 1.

Biomicroscopy: the phenomenon of “glistenings” in hydrophobic intraocular lens

Buomukpockonus: GpeHomen «6/1E8CTOK» B rHJIpoGoOHON HHTPAOKYJISIPHOH JIHH3E
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Fig.2. Photo of an explanted intraocular lens with calcifications
‘ in the optical part
Puc.2. dororpadus 3KCNIaHTUPOBAHHON HHTPAOKYJISIPHOH
! JIMH3BI C KaJbLH(HKATAMH B ONTHYECKOH YacTH

|
Fig. 3. Biomicroscopy: polymethyl methacrylate intraocular
! lens — “snowflake”-like opacities

BroMHKpocKonus: HHTPAOKYIsipHAs JIMH3A U3 MOJHMe-

Puc. 3.
‘ THJAMETaKpHUJaTa — MOMYTHEHHUS 10 TUITY KCHE2KUHKa»

histochemical, histopathological studies as well as
of light electron microscopy proved that opacities
are related to precipitation of calcium and calcium
phosphate on the surface and/or inside the IOL
(Fig. 2).

The pathologic calcification of hydrophilic
acryl is a multifactorial problem, which includes
stages of IOL production and packing, as well as
the chemical composition of the patient’s anterior
chamber fluid. In hydrophilic acrylic IOLs, opaci-
ties form on the surface as crystalline deposits
(granules), which may lie as separate groups or
coalesce, forming roughnesses. In the literature,
such lesions are defined as “dystrophic” calcifica-
tion. As a rule, these changes occur in patients
with concomitant diseases: systemic (diabetes
mellitus, arthritis, etc.) or ocular (operated glau-
coma, keratoplasty, vitrectomy). In some studies,
there are indications that in patients with above-
mentioned conditions in the anterior chamber fluid
and in the blood increased levels of calcium phos-
phate are found [3, 4, 7]. Calcium deposits on [OLs
are described in cases of postoperative intraocular
inflammation, in single-staged combined surgery,

and in use of substances introduced into the eye —
tissue plasminogen activator, silicone oil, air, or
gas [6]. In such cases, opacifications of hydrophil-
ic IOLs occur much earlier, than in “dystrophic”
calcification, whereby calcium deposition and its
amount may significantly vary. It is known that
after “triple” single-staged surgery — phacoemul-
sification, hydrophilic IOL implantation, posterior
lamellar keratoplasty that includes air and/or gas
use, — calcification on the IOL’s surface devel-
ops, which is always limited by pupil area [9, 10].
To explain precisely these local precipitations of
non-organic crystals, further investigations are
necessary.

Slowly progressing opacities of “snowflake” type
are well known, with multiple cracks in a PMMA
IOL looking like a snowflake pattern (Fig. 3).
PMMA [OLs were molded using “injection form-
ing”. Such lenses were actively implanted in the
Russian Federation until the end of nineties.
As a rule, such changes begin after 10 and more
years after implantation [11]. As inhomogeneous
snowflake-like opacities form always only in the
optic part of the IOL, there is a suggestion that
ultraviolet irradiation contacting with PMMA
steadily destroys this material, forming microdam-
ages with varying directions of cracks.

The aim of the study — to investigate, which
structural changes of IOLs led to the necessity of
their removal from pseudophakic eyes associated
with visual acuity decrease.

MATERIALS AND METHODS

4 IOLs from 4 patients aged 61—77 years were
included in the study. Lenses were explanted be-
cause of significant transparency loss and visual
acuity decrease: IOL made of hydrophilic acryl
with hydrophobic coating, IOL made of hydropho-
bic acryl, two samples of PMMA IOLs. Surgical
lens replacement was performed in the Ophthal-
mology department of the Academician [.P. Pav-
lov First St. Petersburg State Medical University.
[IOLs were examined at the Institute of Macromo-
lecular Compounds, Russian Academy of Sciences.
Light electron microscopy examination was car-
ried out with scanning electron microscope Supra
55VP (Carl Zeiss, Germany) using a secondary
electron detector. Samples were fixed with special
glue on microscope holders and spattered with a
thin platinum layer. Maps of element distribution
were composed using a detector of energy disper-
sive X-ray analysis X-max 80 mm? (Oxford Instru-
ments, Great Britain).
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RESULTS

In 2020, first patient included in the present
study, applied to the Ophthalmology department
of the Academician I.P. Pavlov First St. Peters-
burg State Medical University complaining of vi-
sual acuity decrease on his right eye. Visual acuity
was 0.5 (no correction possible); left eye — 1.0.
On examination: cornea of the right eye is trans-
parent; average anterior chamber depth, its fluid
is transparent; no pathological iris changes; IOL
correctly centered, there is a white total opacity in
the optic part (Fig. 1), by biomicroscopy, on the
IOL surface, there were areas of small coalescing
fissures. Left eye — transparent cornea, average
anterior chamber depth, its fluid is transparent;
no pathological iris changes; IOL transparent and
correctly centered. The patient did not have any
concomitant systemic disease. In 2014, in this pa-
tient, with a several months interval, phacoemul-
sification surgery with simultaneous implantation
of an IOL Oculentis (German production), hydro-
philic acrylic IOL with hydrophobic coating, was
performed. Surgical procedures were uneventful.
In 1 year after surgery, visual acuity of both eyes
was 1.0. In 2020, on the right eye, IOL replace-
ment surgery was performed. After explantation,
light optic microscopy of the opacified IOL was
done. A diffuse opacification of the whole IOL
surface was established, including optic part and
haptics. White deposits consisted from granules,
the coalescence of which caused rough, uneven
surface. On microphotographs obtained using
electron microscope, one can see round protrud-
ing structures up to 5 microns, which coalesce
into large “fields”.

Using the detector of energy dispersive X-ray
analysis, the chemical composition of white crys-
talline granules on the IOL was established:
calcium hydroxyapatite (Fig. 4). High density of
crystals was concentrated in the optic part of the
[OL. Small cracks and fissures of the lens could
be evaluated in more detail on microphotographs
by light microscopy (Fig. 5).

Second patient applied to the Ophthalmology
department in 2019 complaining of visual acu-
ity decrease on his left eye, visual acuity was 0.4
(no correction possible); right eye — 0.9 (no cor-
rection possible). On examination: cornea of the
right eye is transparent; average anterior chamber
depth, its fluid is transparent; no pathological iris
changes; incipient lens opacities. Left eye: cornea
is transparent; average anterior chamber depth, its
fluid is transparent; no pathological iris changes;
[IOL correctly centered, by biomicroscopy, on the
IOL surface, areas of bubble-like inclusions buried
in the lens were revealed. In 2016, an IOL made
of hydrophobic acryl AcrySof (Alcon, USA) was
implanted into the left eye of the patient. No com-
plications during surgery. On the left eye, a re-
implantation of the IOL because of visual acuity
decrease was performed. At light microscopic
[OL examination (Fig. 6), characteristic changes
in the form of multiple microcavities were found.
The chemical analysis did not reveal any inclusions
neither inside, nor on the surface of the IOL.

In 2019, two patients applied with complaints of
visual acuity decrease. About 10 years before, both
patients were implanted with PMMA IOLs, which
gradually became opaque in the optical center; this
caused a significant visual acuity decrease. In one

a b
Fig.4. Microphotography of the explanted intraocular lens Oculentis using a Supra 55VP scanning electron microscope
B (Carl Zeiss, Germany). Crystals of calcium hydroxyapatite: a — scale 10 pm; b — scale 2 pm
Puc.4. Mukpodororpacuu sKCnaaHTUPOBAHHON HHTpaAoKysipHoil sinHabl Oculentis, nosyvyeHHble ¢ MOMOLLbIO CKAHUPYIOLLETO
B 3J1eKTpoHHOro MUKpockona Supra 55VP (Carl Zeiss, Tepmanust). Kpucrasiibl rupokcuanatuta Kajablus: @ — MaciiTtad

10 MKM; b — macuirad 2 MKM
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Fig.5. Microphotography using a scanning electron micro-
scope Supra 55VP (Carl Zeiss, Germany) of the ex-
planted intraocular lens Oculentis. Small cracks and

grooves are observed on the intraocular lens surface

Puc.5. Mukpocdororpadus, nosydeHHasi ¢ MOMOIIbIO CKa-
HUPYIOILEr0 3JIEKTPOHHOTO MUKpocKomna Supra 55VP
(Carl Zeiss, T'epmaHusi) 3KCnJaaHTHPOBAHHOW HHTpa-
okyJsipHoit sinH3bl Oculentis. MeJsikue TpetinHbl 1 60-

PpO3AKH Ha MOBEPXHOCTH JIMH3bI

5046 KX
500KV po
500KV

200 nm
—

Fig.6. Micrograph using a Supra 55VP scanning electron mi-
croscope (Carl Zeiss, Germany). Intraocular lens made

of hydrophobic acrylic with visible microcavities

Puc.6. Mukpocdororpadus, noaydeHHast ¢ MOMOIIbIO CKa-
HUPYIOILLErO 3JIEKTPOHHOTO MUKpocKomna Supra 55VP
(Carl Zeiss, T'epmanusi). VHTpaoKynspHas JuH3a U3

rupocoGHOTO aKpHJa, BUAHBl MHKPOTOJOCTH

Fig.7. Micrographs obtained using the Supra 55VP scanning
electron microscope (Carl Zeiss, Germany). IOL from
PMMA — destruction of the structure of the lens mate-

rial detected in the area of its opacity

Puc. 7. Mukpocdororpadus, mnoayueHHass ¢ MOMOLIbIO CKa-
HUPYIOLILEr0 3JeKTPOHHOrO MHKpockona Supra 55VP
(Carl Zeiss, Tepmanus). Murpaokyasipuas JuH3a M3
NoJIMMEeTHIMETaKpUJIaTa — paspylleHHe CTPYKTYpHI

mMaTtepuaJia JIMH3bI, BbISIBJIEHHOE B 30HE €€ ITOMYTHEHH A

patient, visual acuity with opaque IOL was 0.2; on
the fellow eye, an incipient cataract was diagnosed.
The second patient had visual acuity 0.1 on his
right eye. On the left eye, an incipient cataract was
revealed. In both patients, an IOL replacement was
performed, and optical light microscopy of removed
[OLs took place. Destructive changes of the proper
lens material were found, there were no mineral or
any other pathological deposits neither inside the
lens nor on its surface (Fig. 7).

DISCUSSION

Despite all the commitment of IOL producers
to improve lenses’ quality, materials for their fab-
rication, manufacture and sterilization processes,
sometimes, an [IOL implanted into the eye gets
cloudy, and has to be explanted. According to our
records, the main cause of IOL opacification is
the material from which it was manufactured. This
means that transparency impairment of PMMA
lenses is related to slow polymer destruction (up to
10 years) and to formation of snowflake pattern
opacities. Lenses from hydrophilic acryl become
opaque due to deposition of cloudy hydroxyapatite
crystals. In the literature, there are data on di-
rect correlation of such crystalline deposits with
the patient’s concomitant conditions [4—6]. In our
patient with hydrophilic acrylic IOL with hydro-
phobic coating, there was no concomitant disease
revealed. With that, from two identical IOLs im-
planted with minor time difference into both eyes,
one was completely cloudy, and the second one
stays transparent ensuring high visual functions.
Lenses from hydrophobic acryl stay transpar-
ent for a long time, but forming of multiple tiny
round cavities could lead, on the first hand, to
visual acuity decrease, and to the second hand,
due to chaotic mirroring and irregular light re-
fraction along these cavities, to appearance of
“glistening” phenomenon. Nevertheless, changes
in IOLs from hydrophobic acryl do not always
demand their replacement, because microcavities
formed inside the lens may not give rise to pa-
tients” complaints [10]. In that manner, one has to
take into account that an IOL inside the eye may
gradually change its properties, decreasing visual
acuity. In such cases, an explantation of the opaci-
fied IOL is appropriate, with its replacement by
a new one.

CONCLUSION
One of the major complications of IOLs” im-
plantation is an impairment of their transparency.
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Despite such cases are rare and make up around
0.07% [7], they still lead to the necessity to carry
out reoperations to replace them. In our study,
we confirm that hydrophobic coating in the opti-
cal zone of a hydrophilic acrylic IOL not always
ensures secure protection from hydroxyapatite
crystals formation. For hydrophobic acrylic lens-
es, complaints of “glistenings” may arise, which
decrease the quality of vision. [OLs from PMMA
gradually deteriorate with formation of cracks of
snowflake pattern in the optical area. In such situ-
ation, a lens replacement is appropriate.
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