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In vivo human lens epithelial cell proliferation on
the anterior surface ofPMMA intraocular lenses

Milind V Pande, David J Spalton, John Marshall

Abstract
Aims-To study in vivo human lens
epithelial cell proliferation on the anterior
surface ofPMMA implants and its inter-
action with postoperative blood-aqueous
barrier breakdown in eyes undergoing
cataract surgery.
Methods-A prospective study was carried
out on three consecutive patient cohorts
undergoing cataract surgery with intra-
ocular lens implantation using three dif-
ferent surgical techniques which produce
different anatomical relations between
the implant and lens capsule. Specular
microscopy ofthe anterior implant surface
was used to document the natural history,
topography, and density of lens epithelial
cells and the laser flare and cell meter were
used to measure postoperative blood-
aqueous barrier breakdown.
Results-All groups showed lens epithelial
cell proliferation onto the anterior surface
ofPMMA implants. This was initiated by
and restricted to the region of anterior
capsule-implant contact and decreased
with the onset of anterior capsular opaci-
fication. Significant correlation was found
in all groups between lens epithelial cell
proliferation and postoperative blood-
aqueous barrier breakdown.
Conclusions-Human lens epithelial cell
behaviour on PMMA surfaces in vivo
differs from that seen in culture studies.
Humoral factors in the aqueous, bio-
material properties of the implant, and
its anatomical relations with the anterior
and posterior lens capsule influence lens
epithelial cell behaviour in vivo.
(Br_J Ophthalmol 1996; 80: 469-474)

Cataract and
Refractive Surgery
Research Unit,
Department of
Ophthalmology, St
Thomas's Hospital,
London
M V Pande
D J Spalton
J Marshall

Correspondence to:
Dr Milind Pande, Oxford
Eye Hospital, Radcliffe
Infirmary, Woodstock Road,
Oxford OX2 6HE.

Accepted for publication
7 February 1996

Optical clarity of the lens capsule plays a criti-
cal role in the visual recovery of patients after
cataract surgery. Intraocular lens implantation
creates a large surgical wound in the lens which
incudes a wound healing response consisting of
lens epithelial cell proliferation, migration, and
metaplasia.I The construction of the surgical
wound and the properties of the implant bio-
material are major factors which can influence
these processes. Various surgical techniques24
and implant designs5-11 aimed at reducing the
high (20-50%)11-13 incidence of posterior
capsular opacification have met with limited
success.
The behaviour of lens epithelial cells in

vitro,'148 and in animal models'921 has been
studied but their in vivo behaviour in the
dynamic environment of the human eye has
not been documented. Cellular events on the

anterior surface of intraocular lenses can be
studied in vivo by specular microscopy and this
technique has been used to study the cellular
components of the foreign body reaction
induced by the implant.22-24 In previous reports
we have shown that the cellular reaction on the
anterior surface of an implant consists of both a
foreign body reaction (macrophage response)
and a lens epithelial cell reaction.25 This paper
reports on the postoperative behaviour of lens
epithelial cells on the anterior surface ofPMMA
intraocular lenses implanted with different sur-
gical techniques to assess the natural history,
growth patterns, and interaction with post-
operative blood-aqueous barrier breakdown.

Material and methods
This study was approved by the hospital ethics
committee and all patients gave informed
consent. Ninety two eyes of 84 consecutive
patients from the day case waiting lists in three
groups of 30, 31, and 31 eyes were enrolled in
the study. All eyes had age-related cataracts,
normal anterior segments apart from cataract,
and had no previous intraocular surgery.
Uveitis, glaucoma, pseudoexfoliation, concur-
rent use of topical medications, diabetes, or
systemic steroid medication were preoperative
exclusion criteria.
The three groups were operated on by three

experienced surgeons using their routine tech-
niques for cataract extraction. Group 1 had
standardised extracapsular cataract extraction
with a linear capsulotomy by surgeon 1; group 2
had standardised extracapsular cataract extrac-
tion with continuous curvilinear capsulorhexis
by surgeon 2; and group 3 had standardised
divide and conquer phacoemulsification with
continuous curvilinear capsulorhexis by surgeon
3. There was no selection of cases towards any
particular technique based on the type of
cataract. This design was chosen to eliminate
the bias of surgical experience towards a par-
ticular technique as the three surgeons involved
used their current surgical technique in which
they had considerable experience. The three
techniques used are briefly outlined below.

EXTRACAPSULAR CATARACT EXTRACTION WITH
LINEAR CAPSULOTOMY
This was performed with 120 degree corneal
section, linear capsulotomy under Healon,
hydrodissection and expression of the nucleus,
irrigation aspiration of cortex, in the bag implan-
tation of a 7 mm biconvex optic, one piece
PMMA lens under Healon, anterior capsulec-
tomy, section closure with 10/0 monofilament
nylon suture, and Healon removal.
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Cellular topography
areas mapped on implant

Figure 1 The implant optic was divided into a central
area C (circle with half the diameter of the implant optic)
and a peripheral area. The peripheral area was further
divided into four quadrants A, B, D, E.

EXTRACAPSULAR CATARACT EXTRACTION WITH
CONTINUOUS CURVILINEAR CAPSULORHEXIS
This consisted of 120 degree comeal section,
5-5 5 mm continuous curvilinear capsulo-
rhexis with a Utrata forceps under Healon,
hydrodissection and hydroexpression of the
nucleus (no relieving incisions to the rhexis
were made), irrigation aspiration of cortex, in
the bag implantation of a 7 mm biconvex optic,
one piece PMMA lens under Healon, section
closure with 10/0 monofilament nylon suture,
and Healon removal.

Figure 2 Specular photograph of lens epithelial cells proliferating on to the anterior surface
of a PMMA implantfrom the edge of the anterior capsule (arrows). Lens epithelial cells
had processes with interference patterns (arrowheads). Bar=220 ,um.

Table 1 Criteria for lens epithelial cell density grading

Grade 0
Grade 1
Grade 2

Grade 3

'DIVIDE AND CONQUER' PHACOEMULSIFICATION
WITH CONTINUOUS CURVILINEAR
CAPSULORHEXIS
A 3-2 mm wide scleral tunnel incision was made
4 5-5 mm continuous curvilinear capsulorhexis
under Healon with Utrata forceps, 'divide and
conquer' phacoemulsification of nucleus, irriga-
tion aspiration of cortex, section width enlarged
to 5 mm, in the bag implantation of a 5 x 6 mm
biconvex optic one piece PMMA implant,
Healon removal, and tunnel closure with a
single 10/0 monofilament nylon suture.

Posterior capsular rupture, zonular dehis-
cence, severe iris trauma during surgery, and
anterior capsular rim tears in the capsulorhexis
were surgical exclusion criteria.
A preoperative medication regimen of

chloramphenicol eyedrops four times daily for
1 day, cyclopentolate 1% and phenylephrine
10%, 1 drop every 15 minutes in the hour
preceding surgery was used in all cases.
Indomethacin 1% four times daily on the day
before surgery was used in group 2 cases only.
Balanced salt solution with adrenaline for
intraocular irrigation and subconjunctival
cefuroxime 125 mg at the end of surgery were
used in all cases. No subconjunctival steroids
were used in any patient on the study. The
common postoperative regimen used was
Maxitrol eyedrops (dexamethasone and
neosporin) four times daily for the first post-
operative week then twice daily for the next 3
weeks. No intraoperative or postoperative non-
steroidal anti-inflammatory medications were
used in any case.

Specular microscopy of the anterior implant
surface using the Keeler Konan specular micro-
scope or a Zeiss photo slit-lamp was carried out
after dilating the pupil with tropicamide and
phenylepherine eyedrops on 1 day, 1 week, 1
month, and 3 months postoperatively. The
anterior surface of the implant was divided into
five regions as shown in Figure 1. These region
codes were used to map the topography of lens
epithelial cells, anterior capsule-implant touch,
and anterior capsular opacification. Cellular
density of lens epithelial cells (Fig 2) was
graded using the criteria in Table 1. All cases
had their implant surface cellular reaction
graded by the same observer at all visits.

Anterior chamber flare and cells were
measured using the Kowa FC-1000 laser flare
meter preoperatively and on 1 day, 1 week, 1
month, and 3 months postoperatively. All laser
flare measurements were performed by the
same observer about 30 minutes after pupillary
dilatation with 1 drop of tropicamide 1% and
phenylepherine 10%. Seven consecutive laser
flare readings with background scatter of less
than 15% were taken and the five readings
left after discarding the highest and lowest
value were averaged to obtain the flare and
cell measurement. Laser flare values were
expressed in photons/ms and anterior chamber
cells as number of cells per 0 075 mm3.

STATISTICAL ANALYSIS
Cellular density grading scores did not have
a normal distribution and are presented as

No lens epithelial cells
Sheet of cells restricted to 1 quadrant of optic or < 10 cells
Sheet of cells extending for more than 1 but less than 3 quadrants or between 10-30
cells
Sheet of cells extending for 3 or more quadrants or more than 30 cells
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Figure 3 Specular photomontage showing lens epithelial cell proliferation restricted to the region of anterior
capsule-implant contact (in between the arrows). The anterior capsule margin is marked (arrowheads). Bar= 400 Am.

median, 25th, and 75th percentiles.
Differences in density scores between the
groups were tested with the Mann-Whitney U
test. The association of region of anterior
capsule-implant touch and region of anterior
capsular opacification with lens epithelial cell
density and location was tested with the x2 test.
Correlations between lens epithelial cell
density grades and anterior chamber flare
measurements were tested separately within
each of the three study groups using analysis of
variance (ANOVA).

Results
Lens epithelial cell proliferation occurred on
the anterior surface of the intraocular lens in all
three groups, either in the form of a continuous
rim of cells from the anterior capsular edge or
as flat cells (80-120 ,um) with short stubby

Figure 4 Specular photomontage showing a ring oflens epithelial cells inside the anterior
capsular rim. This appearance was only seen in groups 2 and 3 (capsulorhexis with ECCE
and capsulorhexis with phacoemulsification) if the whole of the anterior capsular rim came
in contact with the anterior surface of the implant.

processes the tips ofwhich showed interference
patterns in some cases (Fig 2). This prolifera-
tion seemed to be restricted to and initiated by
the free edge of the anterior capsule coming in
contact with the implant optic surface (Fig 3).
In group 2 and 3 cases, if the whole rim of
anterior capsule came in contact with the
implant optic, the lens epithelial cells were
seen arranged in a ring, around the anterior
capsule rim (Fig 4). Anterior capsule-implant
optic contact was seen from 1 week onwards;
by 1 month almost all cases showed this
contact. Anterior capsular opacification was
evident in a small number of cases at 1 week;
by 3 months anterior capsular opacification
was seen in almost all cases.

TOPOGRAPHY
The topography maps for the three groups are
shown in Figure 5. Lens epithelial cells were
almost exclusively seen on the peripheral
region of the implant in all study patients. The
region of anterior capsule-implant optic con-
tact had a significant correlation with the
region occupied by lens epithelial cells in all
study groups at 1 week (group 1, p<0-01;
group 2, p<0 0000; group 3, p<0-01) and at 1
month in group 2 only (p<0 0032).

DENSITY
The median, 25th, and 75th percentile lens
epithelial cell density grades in the three groups
are shown in Figure 6. Lens epithelial cells were
seen on the implant surface from 1 week
onwards, reaching a peak density at 1 month in
all groups. Compared with groups 1 and 3, lens
epithelial cell density was significantly higher in
group 2 at 1 week (p<0-001) and 3 months
(p<0 0000). No significant differences were
found between groups 1 and 3. Lens epithelial
cell density had a significant positive relation
with increasing anterior capsule-implant optic
contact at 1 week in all groups (group 1,
p<0 03; group 2, p<0 0002; group 3, p<0 02)
and at 1 month (p<0-013) and 3 months
(p<0 006) in group 2 cases only. A significant
negative association with increasing anterior
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Group 1 - ECCE-linear

1 Day
Group 2 - ECCE-CCC

1 Day
Group 3 - Phaco-CCC

1 Week 1 Month

1 Week

1 Day 1 Week

3 Months

1 Month 3 Months

1 Month 3 Months

Figure 5 The location of lens epithelial cells on the implant surface in the three groups. The numbers indicate the number of eyes with cells present in that
location.

capsular opacification was found at 3 months
(p<0 02) in group 2 only.

CORRELATIONS WITH BLOOD-AQUEOUS BARRIER
DISRUPTION
The mean and standard errors of anterior
chamber flare and cells measurements are
plotted against time in Figures 7 and 8, respec-
tively. In groups 2 and 3, a significant positive
relation was found between anterior chamber
flare at day 1 and lens epithelial cell density
at 3 months (group 2, p<0-02; group 3,
p<0000). In group 1, a significant positive

M Group 1
ECCE-linear

M Group 2
ECCE-CCC

3I Group 3
Phaco-CCC

1 Day 1 Week 1 Month 3 Months
Postoperative time

Figure 6 Median (bars) and 75th percentile (error bars)
lens epithelial cell density grades (0-3 as per criteria in
Table 1) in the three groups.

relation was found between anterior chamber
flare at 1 week and lens epithelial cell density at
1 month (p<0 05) and anterior chamber flare
at 3 months and lens epithelial cell density at 3
months (p<0 05).

Discussion
In vitro culture studies,.418 animal models,19-2'
and histopathological observations26 27 have
identified lens epithelial cell proliferation,
migration, and metaplasia as the primary
processes involved in the pathogenesis of
posterior capsular opacification. The in vivo
behaviour of human lens epithelial cells in
pseudophakic eyes could differ from that in
culture systems owing to differences in the
microenvironment of the cells. Wound con-
struction in the lens, factors related to the
implant biomaterial, and postoperative blood-
aqueous barrier disruption are potential factors
which could modify lens epithelial cell behav-
iour in pseudophakic eyes. We have demon-
strated the use of specular microscopy to study
human lens epithelial cell behaviour on the
anterior surface of intraocular lenses. The cell
morphology seen in this study is consistent with
that seen in human lens epithelial cell culture
studies'4 17 18 26 and histopathological observa-
tions on human tissue.28
Our results show that lens epithelial cell
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in lens epithelial cell migration on to the
anterior implant surface. The differences in

ECCE-*lnear cell density seen between the study groups can
A Group 2 be explained by the differences in the potential
ECCE-CCC regions of contact between the anterior capsule
P
Group 3 and the implant optic. Eyes in group 2 with

a larger capsulorhexis and a larger optic
diameter showed a higher lens epithelial cell
density compared with group 3 (smaller
capsulorhexis and smaller implant optic) and
group 1 (free capsular flaps which rolled over
or under themselves).

Lens epithelial cells were almost exclusively
seen on the peripheral parts of the implant
and never covered the whole of the implant
surface in a single continuous sheet in any
eye. This is contrary to the findings from

T culture studies14 17 18 where human lens
epithelial cells can be grown in confluent

1 Month 3 Months sheets on PMMA surfaces and maintained in
culture for more than a year.14 Alterations to
the PMMA surface in vivo by protein adsorp-
tion changing the surface chemistry, qualita-
tive and quantitative differences in humoral
factors between in vitro culture medium

the anterior surface of and the aqueous humour in postoperative
)ective of surgical tech- pseudophakic eyes are likely to explain these
:n is seen as early as 1 differences. The morphology of lens epithelial
the cells disappear. The cells cultured on to surface modified PMMA
apsule comes in contact has been shown to differ from that of virgin
ifies as a result of lens PMMA.30 Rabbit,3' bovine, and porcine32
ia.17 28 29 Lens epithelial lens epithelial cells have been shown to
a our cases was initiated adhere more to PMMA surfaces than Silicone
implant contact and and HEMA surfaces.
rior capsule in contact The correlation between postoperative
cified. The topography blood-aqueous barrier breakdown and the later
a significant positive proliferation of lens epithelial cells found in all

pion of anterior capsule- groups suggests that postoperative blood-
tegative correlation with aqueous barrier breakdown releases factors
fication. These findings into the aqueous which stimulate lens epithe-
tact with the implant lial cell proliferation and migration. This
cells from the anterior would corroborate clinical observations of a
oroliferating and migrat- higher incidence of posterior capsular opacifi-
it surface. These cells cation in eyes with uveitis undergoing cataract
continuous sheet which surgery.
iset of anterior capsular In vitro studies have demonstrated that
coincide with a decrease fibronectin, laminin, type IV collagen,16 and

fibroblast growth factor15 stimulate lens epithe-
Hal cell proliferation and migration. Fibronectin

A Group 1 is not found in significant quantities in adult
ECCE-linear human lens capsule3334 but fibronectin

* Group 2 immunoreactivity has been demonstrated in the
ECCE-CCC acellular proteinaceous membrane on explanted
P
Group 3 intraocular lenses35 36 as well as on macrophages

and giant cells found on the anterior surface of
intraocular lenses.37 38 It has been postulated
that fibronectin of serum origin as a result of
postoperative blood-aqueous barrier damage
could play an important role in lens epithelial
cell proliferation and migration.1639 Our
findings would support this postulate though the
contribution of other factors cannot be ruled
out.
The relation between lens epithelial cell

, proliferation on the anterior implant surface
and on the posterior capsule is unknown. The

1 Month 3 months environment at the posterior implant interface
differs from that at the anterior implant inter-

er cells measurements in the face. Posterior capsular opacification occurs as
a result of lens epithelial cell proliferation on a
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physiological substrate (posterior capsule) to
which the implant is apposed to a varying
degree with limited access to the aqueous while
proliferation at the anterior interface occurs on
the implant surface which is exposed to the
aqueous. Despite these differences in the
environment it is not unlikely that similar
mechanisms may apply. We propose that
human lens epithelial cell proliferation and
migration in vivo are initiated by loss of contact
inhibition as a result of surgical trauma and
humoral factors released into the aqueous as a
result of postoperative blood-aqueous barrier
breakdown. These processes would be modi-
fied by implant biomaterial properties to a
varying extent depending on the anatomical
relations of the implant to the anterior and pos-
terior lens capsule. Developing strategies based
on these factors could enable us to modulate in
vivo lens epithelial cell behaviour and prevent
posterior capsular opacification, which, to
date, remains the commonest complication of
modem cataract surgery.
This paper is in part contribution towards the degree of Doctor
of Philosophy at the University of London for M Pande.
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