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Abstract
We examine if cell adhesion to the surface of an intraocular
lens varies with the period of implantation. Samples of
extracted intraocular lenses (IOLs) that had been implanted
during 1987-2000 (n=72, early group) and those during
2001–2014 (n=182, late group) were included. IOLs were
stained with hematoxylin and eosin and grouped according
to the presence or absence of cellular deposits on the
central area of the IOL anterior surface. Silicone IOLs were
excluded because the silicone material does not adhere to
cells. The early group included four poly( ethyl
methacrylate) (PEMA) IOLs, 45 poly (methyl methacrylate)
(PMMA) IOLs, and 23 acryl IOLs, and the late group included
four PEMA IOLs, 19 PMMA IOLs, 152 acrylic IOLs, and seven
hydrogel IOLs. Twenty-six of 72 samples (36%) in the early
group and 43 of 182 IOLs (23%) in the late group were
associated with cellular deposits in the central area of the
IOL surface. The difference was statistically significant using
the chi-square test. The number of IOLs with cell adhesions
was less in the late group when compared with the early
group.
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Introduction
Advances in surgical instruments and the development of new

materials for implanted intraocular lenses (IOLs) have resulted in
a reduction of postoperative intraocular inflammation and an
improvement of postoperative vision of patients.

Macrophages and giant foreign body cells adhere to the
surface of implanted IOLs as a result of a foreign body reaction
[1-4]. Cell adhesion to an implanted biomaterial can be
regulated by the characteristic of the materials, but cellular
adhesion to the surface of an IOL usually does not affect a
patient’s vision. However, we experienced an impaired vision in
a patient with massive cell adhesion related to uveitic

inflammation [5,6] this case suggested that inflammation in the
anterior chamber may affect the level of cell adhesion to an IOL.
Macrophages on the IOL surface can also affect the behaviour of
lens epithelial cells via secretion of growth factors that modulate
fibrogenic reactions of the cells leading to capsular opacification
[1-3].

It has been reported that cells can adhere to the surface of an
IOL that has been in the eye for a long period [7]. However,
there is no report of the possible differences in foreign body cell
reactions against IOLs implanted in the eye for different lengths
of time. The present study therefore analyzed the possible
differences in foreign body cell reactions against IOLs according
to the periods of implantation from 1987–2014 in the Japanese
population. We examined changes of cell adhesions on IOLs
without silicone optics, because the hydrophobic silicone
material did not adhere to macrophages.

Materials
The study was approved by the institutional review board of

Wakayama Medical University, Wakayama, Japan and consent of
supplying the extracted IOL for investigations was obtained from
each patient. Samples were obtained in Wakayama Medical
University or in other hospitals and supplied in fixation solution
of formalin to Department of Ophthalmology, Wakayama
Medical University. A total of 254 samples of extracted non-
silicone IOLs were included in the study. The samples were
divided into two groups according to the periods of
implantation. Groups 1 and 2 included IOLs implanted between
January 1, 1987–December 31, 2000 and January 1, 2001–
December 31, 2014, respectively. There were 72 IOLs in group 1,
and 182 IOLs in group 2. The types of IOLs in each group are
listed in Figure 1 and the technique of cataract surgery in each
group is listed in Figure 2.
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Figure 1: Composition of extracted intraocular lenses (IOLs) in
each group. PEMA: Poly (ethyl methacrylate) IOL; PMMA: Poly
(methyl methacrylate) IOL, Acryl: Acryl IOL; Hydrogel:
Hydrogel IOL.

Figure 2: The technique of cataract surgery in each group.
ECCE: Extra Capsular Cataract Extraction; ICCE: Intra Capsular
Cataract Extraction, PEA: Phacoemulsification and Aspiration;
PPL: Pars Plana Lensectomy.

Methods
The extracted IOLs were stained with hematoxylin and eosin

(HE) as previously reported [8]. The number of cells adhering to
a central area 2 mm in diameter on the anterior surface of the
IOL was determined using light microscopy. A giant foreign body
cell was counted as one cell. The Fisher’s exact test and chi-
square test were used to determine significant differences in the
percentages of cell adhesion between the two groups.

Results
The percentage of acrylic IOLs with cell adhesions increased

with increasing time. Figure 3 shows the reasons for the
extraction of the implanted IOLs. The percentage of IOLs
extracted because of dislocations, including luxation and
subluxation, decreased, and the percentage extracted because
of replacement of a new IOL to correct for refraction increased
with increasing time. Figure 4 shows examples of cell adhesions
observed on the IOL surface. In group 1, 26 IOL samples (36%)
were associated with adhesion of macrophages. Detailed
information of the IOLs with cell adhesions is shown in Figure 5.
They involved two polyethylmethacrylate (PEMA) IOLs, 18
polymethylmethacrylate (PMMA) IOLs, and 6 acrylic IOLs. In
group 2, 43 IOL (23%) were associated with adhesion of
macrophages. They were five PMMA IOLs, 37 acrylic IOLs, and
one hydrogel IOL. Using the chi-square test, there was a
significant difference in the percentage of IOLs with cell
adhesions between the two groups (p<0.05). As for the surgical
technique, there was a significant difference in the percentage
of IOLs with cell adhesions between the two groups in PEA
group (p<0.05) but no significant difference in ECCE group
(Tables 1 and 2). As for the type of IOL material, there was a
significant difference in the percentage of IOLs with cell
adhesions between the two groups in PMMA group (p<0.05) but
no significant difference in Acryl group (Tables 3 and 4).

Figure 3: Reasons of extraction of the intraocular lenses (IOLs)
in each group. IOL dislocation, Removal of a dislocated IOL;
Retinal detachment, Removal of an IOL during vitreous
surgery for retinal detachment; IOL power error, Removal
prior to implantation of a new IOL for power correction;
Trauma, Removal of an IOL during vitreous surgery for
traumatic ocular injury; Opacification, Removal of an
opacified IOL prior to implantation of a new IOL.
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Figure 4: Examples of cell adhesion of extracted intraocular
lenses (IOLs). A: Multinuclear cell adhesion (arrow) on an
acrylic IOL 13 years after implantation in a 63-year-old male;
B: Cellular deposits (arrows) on a poly (methyl methacrylate)
IOL 16 years after implantation in a 63-year-old female
bar=100 m.

Figure 5: The composition of intraocular lenses with or
without cell adhesion. PEMA: Poly (ethyl methacrylate) IOL;
PMMA: Poly (methyl methacrylate) IOL, Acryl: Acryl IOL;
Hydrogel: Hydrogel IOL.

Table 1: Comparison of the cell adhesion of IOLs in early group
and late group in PEA group (chi-square test P= 0.039)

 Early Group Late Group

Cell(+) 13 18

Cell(-) 36 125

Table 2: Comparison of the cell adhesion of IOLs in early group
and late group in ECCE group (Fisher’s exact test P=0.6372)

 Early Group Late Group

Cell(+) 4 3

Cell(-) 4 6

Table 3: Comparison of the cell adhesion of IOLs in early group
and late group in PMMA group (Fisher’s exact test P=0.0006)

 Early Group Late Group

Cell(+) 14 4

Cell(-) 3 15

Table 4: Comparison of the cell adhesion of IOLs in early group
and late group in acryl group (Fisher’s exact test P=0.4723)

 Early Group Late Group

Cell(+) 3 4

Cell(-) 20 138

Discussion
The present study showed that the number of IOL samples

that were associated with adhesion of macrophages extracted
before the end of 2000 was greater when compared with those
extracted after January 1, 2001. Cell adhesion to the surface of
an IOL can be affected by two parameters, involving the physical
characteristics of the material or the contact angle of the
surface, and the level of inflammation in the anterior chamber
[1-3]. The latter can be influenced by the presence of the
diseases such as diabetes or uveitis. Postoperative inflammation
can be controlled by topical administration of anti-inflammatory
drugs, and improvements in surgical procedures could be one of
the major reasons for less inflammation in the anterior chamber
after surgery [9-11]

Excess adhesion of cells of macrophage origin to the IOL
surface could promote capsular fibrosis via growth factor
expression by the cells. Evaluation of the degree of cell adhesion
to an implanted IOL could therefore be a marker for evaluation
of the invasiveness of the procedure to ocular tissues.
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