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Figure I Light microscopic
image ofa human macula
with geographic atrophy
(GA, between black
arrows). On the right the
retinal pigment epithelium
(RPE) and the
photoreceptors (PR) are
atrophic. Basal laminar
deposit (BLD), grade 3, is
present under the atrophic
RPE. A soft druse (D) can
be seen between the RPE
and Bruch's membrane
(white arrows). The
choriocapillaris
(arrowheads) is located
under Bruch's membrane.
(Mallory stain,
magnification xl05.)

Abstract
After cataract extraction with implantation of
an intraocular lens the increased transmission
of ultraviolet and blue light may accelerate the
development of age-related macular degenera-
tion by producing free radicals in the retina.
The maculae of 82 randomly selected post-
mortem human pseudophakic eyes and 16
fellow phakic eyes were examined by light
microscopy. The presence of a basal laminar
deposit, hard and soft drusen, thickening and
calcification ofBruch's membrane, geographic
atrophy, subretinal neovascularisation, and
disciform scars was assessed in a standardised
way. An age-matched series of 126 post-
mortem phakic eyes was used as control group.
There was no difference between the two
groups, except for a higher prevalence of hard
drusen (exact trend test, p=0038) and disci-
form scars for the pseudophakic eyes (Fisher's
exact test, p=0007). There was no significant
correlation between either age-related changes
in the macula or disciform degeneration and
the length of time between cataract surgery
and death. No significant difference was found
between pseudophakic eyes with or without
ultraviolet filter. These findings do not confirm
that disciform scar formation is caused by an
increase in ultraviolet or blue light.
(Br3r Ophthalmol 1994; 78: 441-445)

The most common cause of poor vision in the
elderly is caractact.' 2 In the United States more
than one million cataract operations are per-

-~~~~~~~~~~~~~~4

formed each year, accounting for 12% of all
Medicare payments.34 After cataract extraction
and implantation of an intraocular lens (IOL),
visual acuity is regained in a high percentage of
cases. Thus the second most common reason for
visual loss in the Western world has become
more important: age-related macular degenera-
tion (ARMD), which is now the leading cause
of irreversible blindness in the elderly in the
Western world.' 2 Development of ARMD after
cataract extraction and IOL implantation has
been described previously.S6

After the first two decades of life the natural
lens becomes yellower and partly filters out the
harmful blue light and ultraviolet radiation ofthe
sun.78 With the development of cataract this
filtering capacity of the lens increases, protecting
the posterior pole of the eye against possible free
radicals formed under the influence of the blue
and ultraviolet light.7-" At cataract extraction
this biological filter is removed. During the
operation, the retina is exposed to the light
source of the operating microscope, which has
been shown to induce phototoxic damage to the
macula."I The cataractous lens is replaced by a
crystal clear IOL with or without an ultraviolet
filter. It has been postulated that increased
ultraviolet and blue light radiation affects normal
macular functioning and thus that cataract
extraction might stimulate ARMD.""I1-"
Advanced ARMD will become manifest as

either geographic atrophy of the retinal pigment
epithelium (RPE) and the photoreceptors (Fig 1)
or a disciform reaction, which consists of the
ingrowth of new blood vessels from the chorio-
capillaris through Bruch's membrane under the
RPE. A subsequent haemorrhage from these
vulnerable vessels often results in disciform scar
formation (Fig 2).16

Neovascularisation can reach the subretinal
space through gaps in Bruch's membrane.'7"8
These gaps can be caused mechanically in the
presence of extensive calcification of Bruch's
membrane,'9 by macrophagal enzymatic diges-
tion'18 20 or other factors. Pronounced calcification
or thickening of Bruch's membrane probably
increases the rigidity of this membrane and thus
makes it more fragile.'8
One of us (P de J) had the impression from

clinical practice that extracapsular cataract
extraction with implantation of an IOL in the
aged was sometimes followed, within 1 month,
by the development of a subretinal haemorrhage
and subsequent disciform reaction. The hypo-
thesis was formulated that ruptures in Bruch's
membrane might be induced by sudden changes
in intraocular pressure and in the volume of the
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eye during surgery, which would cause deforma-
tipn of the eye.
The aim of this histological investigation was

to study this hypothesis and to determine the
possible role of the increased transmission of
blue and ultraviolet light in the development of
ARMD and macular aging in pseudophakic eyes

without an ultraviolet filter compared with
pseudophakic eyes with an ultraviolet filter. The
prevalence ofARMD in pseudophakic eyes with
brown or blue irises was also compared. Litera-
ture on the histology of macular aging is exten-
sive," 17 IO-- but to the best of our knowledge this
is the first report on the histopathology ofa series
of human maculae after cataract extraction and
implantation ofan IOL.

Materials and methods

MATERIALS
We obtained 89 postmortem pseudophakic eyes
of white humans from a corneal transplantation
bank and autopsies. At a later stage seven

pseudophakic eyes were excluded from this
study because information on age and date of
cataract extraction was not available. Otherwise
no selection was made. The remaining 82 eyes

included 21 pairs of pseudophakic eyes, 16
pseudophakic eyes of which the phakic fellow
eye was also available for this study, and 24 single
pseudophakic eyes without the fellow eye. An
age-matched series of 126 unpaired phakic eye

bank or autopsy eyes was used as control group.
The age distributions for the study group and the
control group were similar (Fig 3). The control
group taken was larger than the group of eyes

with an IOL in order to increase power. For
statistical reasons, the subject (and not the eye)
was considered to be the experimental unit.
Age at the time of death ranged from 62 to 100

years for both the pseudophakic group (mean
81-3 (SD 7-6) years) and the control group (mean
78 5 (8 9) years). The difference in mean age
between these two groups is not statistically
significant. The time between IOL implantation
and death ranged from 3 to 168 months (mean 52
(40) months, median=48).

The maculae were prepared for light micro-
scopy as described in a previous study.26 The
presence of a basal laminar deposit (BLD), hard
and soft drusen, thickening and calcification of
Bruch's membrane, geographic atrophy, sub-
retinal neovascularisation, and a disciform reac-
tion in the macula was assessed blind in a
standardised way, using the classification system
described earlier.26

MICROSCOPIC EXAMINATION
BLD was defined by light microscopic examina-
tion as amorphous, granular material located
between the RPE and the inner layer of Bruch's
membrane (Fig 1).23126 It stained pale blue with
the Mallory stain.26 Thickening of Bruch's
membrane was assessed with the periodic acid
Schiff(PAS) stain. Calcification ofBruch's mem-
brane was studied with the von Kossa stain,
which stains calcium phosphates brownish-
black.26
Drusen are deposits of material between the

basement membrane of the RPE and the inner
collagenous zone of Bruch's membrane. The
drusen were divided into hard drusen, which
were usually dome-shaped with a hyalinised
appearance and stained brownish-blue with the
Mallory stain, and soft drusen, which were
usually larger, had sloping edges, contained
granular material which stained pale blue with
the Mallory stain or appeared to be optically
almost empty (Fig 1).
The absence or presence of ultraviolet absorb-

ing chromophores in the IOLs was measured
with a spectrophotometer through the intact
anterior segment of the eyes. As a control the
anterior segments of five phakic aged eyes, one
phakic eye of a 6-year-old child, two aphakic
eyes, and a single IOL with and without ultra-
violet filter were measured.

STATISTICAL ANALYSIS
For statistical analysis the Mann-Whitney U test
and the exact trend test were used to compare the
presence of BLD, hard and soft drusen, and

60-69 70-79 80-89 90-100
Years

* IOL eyes E3 Control eyes

Figure 3 Age distribution ofthe 61 subjects with an
intraocular lens and the 126 phakic control eyes. Notice the
similarity in distribution. For statistical reasons only one eye
from each patient is included here. The control group was
larger to increase the statistical power.

Figure 2 Light microscopic
image ofa human macula
with a disciform scar (DS).
The retinalpigment
epithelium (RPE) and the
photoreceptors (PR)
adjacent to the scar are
atrophic. Bruch's membrane
(small arrows),
choriocapillaris
(arrowheads), CH=
choroid. (Mallory stain,
magnification x65.)
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changes in Bruch's membrane, all of which were
scored from 0 to 3 in the study group and the
control group.26 Fisher's exact test was used to
compare the absence (class 0) or presence (class
1) of geographic atrophy, subretinal neovascu-
larisation, and disciform degeneration in the
pseudophakic and control eyes. For these calcu-
lations only, one randomly chosen, pseudo-
phakic eye from each subject was used (61 eyes).
The influence of the length of time between IOL
implantation and death on the presence ofBLD,
drusen, and changes in Bruch's membrane was
determined with the Spearman rank correlation
test. For geographic atrophy, subretinal neo-
vascularisation, and disciform degeneration the
Mann-Whitney U test was used. For compari-
son of differences in changes due to macular
degeneration between pseudophakic eyes with
and without ultraviolet filter, between eyes with
brown and blue irises, and between eyes that
underwent an intra- or extracapsular cataract
extraction, the Mann-Whitney U test was used
for BLD, drusen, and changes in Bruch's mem-
brane. Fisher's exact test was used for geo-
graphic atrophy, subretinal neovascularisation,
and disciform degeneration. For the latter
associations within the IOL study group, all 82
pesudophakic eyes were used. p Values below
0-05 were considered statistically significant.
Two sided p values were used throughout. For
comparison of the histological classification of
fellow phakic eyes Wilcoxon's matched pairs
signed rank test was used.

Results
The prevalences of BLD, drusen, and thicken-
ing and calcification of Bruch's membrane for
both the study group and the control group are
given in Table 1. No significant differences were
found between the IOL group and the control
group except for a significantly higher preval-
ence of hard drusen in the IOL group (exact
trend test and Mann-Whitney U test, p=0 038).
The distribution of the classification scores
(ranging from 0 to 3) determined for the histo-
logical changes did not differ significantly
between the study group and the control group.

In Table 2 the prevalences of geographic
atrophy, subretinal neovascularisation, and
disciform degeneration are given. A significantly
higher percentage exhibited disciform degenera-
tion in the IOL group than in the control group
(Fisher's exact test, p=0 007). No significant
differences were found in geographic atrophy
and subretinal neovascularisation between the
two groups.

In three maculae the disciform scar was flat
and in one case the overlying RPE was only

Table I The prevalence ofhistological age-related changes in the maculae of61 unpaired eyes
with an intraocular lens (IOL) and 126 phakic eyes ofthe age-matched control group

Drusen* Basal Bruch's membrane*
laminar*

Hard Soft deposit Thickening Calcification

IOL group (%) 38 (62)t 9 (15) 40 (66) 55 (90) 49 (80)
Control group (%) 57 (45)t 18 (14) 69 (55) 122 (97) 96(76)

*The scoring scale with a range of 0 to 3 was dichotomised into 0 (absent) and larger than 0 (present).
tMann-Whitney U test and exact trend test, p=0-038.

partially atrophic. The other two maculae had
a thick scar which clearly elevated the retina
(Fig 2). The overlying RPE was again partially
atrophic in only one macula.

In three of the five maculae with a disciform
scar Bruch's membrane was locally abnormally
thin, alternating with the normally thickened
membrane for that age.
The time between IOL implantation and

death of four subjects with disciform macular
degeneration was 6, 42, 60, and 126 months
(mean 58 months). For one eye this information
was not available. However, the exact time
between IOL implantation and the development
of a disciform scar could not be retrieved. The
mean age of the patients with a disciform reac-
tion at the time of enucleation was 83 years.
The differences between the IOL and the

control group for geographic atrophy and sub-
retinal neovascularisation were not statistically
significant. None of these changes exhibited a
significant correlation with the length of time
between implantation of the IOL and death.
The signed ranks test revealed no significant

difference in age-related changes or degeneration
of the macula befween the eyes of pairs consist-
ing of one pseudophakic and one phakic eye.
No significant differences in histological

macular changes could be found between eyes
for pairs of pseudophakic eyes, even when the
eyes with an IOL implant for the longest period
of time were compared with the fellow eye with
an implant ofshorter duration (mean time differ-
ence 28 months, range 6 to 78 months).
No significant differences in histological

macular changes were found between the 16
pairs of pseudophakic and their fellow phakic
eyes.

In 43% of pseudophakic eyes the IOL had an
ultraviolet filter, whereas 41% ofeyes received an
IOL without an ultraviolet filter. The anterior
segment of the remaining 16% was not available
for measurement of ultraviolet light transmit-
tance. Ultraviolet filtering chromophores
blocked nearly all light with a wavelength shorter
than 400 nm, thus including the absorption of
ultraviolet B (290-320 nm), ultraviolet Al (320-
340 nm), and ultraviolet A2 (340-400 nm), but
letting violet and blue light (400-500 nm)
through. The cornea absorbed all light with a
wavelength shorter than 310 un. The biological
lens of the 6-year-old child had a sharp absorp-
tion threshold at 390 nm in contrast with aged
lenses, which had a sloping absorption curve,
starting at 600 un and decreasing to a nearly total
block at 500 nm.
No significant differences in macular aging or

degenerative changes were found between
pseudophakic eyes with or without an ultraviolet

Table 2 Prevalence ofhistological macular degeneration in
61 unpaired eyes with an intraocular lens (IOL) and 126
phakic eyes ofthe age-matched control group

Geographic Subretinal Disciform
antophy neovascularisation scar

IOL group (%) 4(7) 5 (8) 5 (8)*
Control group (%) 7 (6) 4 (3) 0 (0)*

*Fishers's exact test, p=0 007.
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filter., nor between pseudophakic eyes after intra-
or extracapsular cataract extraction. Of the five
eyes with a disciform scar, three IOLs had an
ultraviolet filter. In four of the five pseudophakic
eyes with a disciform scar the IOLs were
implanted after extracapsular cataract extrac-
tion. No statistically significant differences were
found between pseudophakic eyes with brown or
blue irises.

Discussion
In this study we found a significantly higher
prevalence of histological disciform macular
degeneration after cataract extraction and subse-
quent implantation of an IOL than for an age-
matched control group of phakic eyes. This is
further reinforced by the observation of subse-
quent disciform macular degeneration in one of
the seven pseudophakic eyes that were excluded
from the series because of a lack of information
about age. It is assumed that the longer a lens is
in situ, the longer free radicals can be formed in
the eye by photic energy, a process which can
damage the retina.'3 However, there was no
significant correlation between the period oftime
between IOL implantation and death and the
histological degree of aging or degeneration of
the macula. The absence of ultraviolet blocking
chromophores in the IOLs was not associated
with an increase in macular aging or degenera-
tion. There was no significant correlation
between iris colour and macular aging. There-
fore our findings do not support the assumed
increase in both the formation of free radicals
and macular aging or degeneration.
The results of several studies on the preval-

ence of cataract andARMD are rather contradic-
tory. Some authors think that the development
of a cataract protects the eye from harmful
ultraviolet light which might stimulate the
development ofARMD.1 " Others conclude that
cataract and ARMD are age-related changes
which develop simultaneously in the same
person. 16 The results of another study indicate a
direct correlation between ARMD and cortical
cataract and an inverse correlation between
ARMD and nuclear cataract.7 Aphakic eyes
exhibited a twofold increase in the prevalence of
ARMD with respect to phakic eyes without lens
opacities.'
Our own results suggest that the incidence of

disciform macular degeneration is higher after
cataract extraction with an IOL implant than
would be expected for a normal population.
However, we must keep in mind that a few cell
layers of fibrocytes, considered to be the begin-
ning of a disciform scar, can only be seen by the
pathologist and not by the ophthalmologist with
biomicroscopy. Clinically a disciform scar is first
visible when it comprises five or six cell layers.'7
Therefore clinical data on disciform macular
degeneration might represent an underestima-
tion compared with our histological data. In the
Food and Drug Administration (FDA) report on
intraocular lenses, postoperative macular
degeneration was not considered as an adverse
reaction but as a confounder and these eyes
(number not mentioned) were excluded from the
results.28

For the development of disciform macular
degeneration there must be an ingrowth of new
vessels, originating from the choriocapillaris,
into the sub-RPE space. Normally Bruch's
membrane forms a firm continuous mechanical
barrier between the- choriocapillaris and the
RPE. Thus a pathway through Bruch's mem-
brane must be created.
One possibility is that the surgical trauma

causes ruptures in Bruch's membrane, which is
known to be more fragile when thickened and
calcified. 16 The subsequent passage of new
vessels from the choroid into the sub-RPE space
is followed by exudation of serous fluid or
haemorrhage and the formation of a disciform
scar. In the four eyes with a disciform scar,
Bruch's membrane was not more calcified than
in either the other pseudophakic or the control
eyes. In the fifth eye Bruch's membrane was
markedly calcified, like an eggshell, and
exhibited many breaks. If we assume that
calcification is the main indicator for fragility of
Bruch's membrane, our findings do not confirm
the hypothesis that breaks in a calcified Bruch's
membrane are the main cause of postoperative
subretinal neovascularisation, but it can be one
of the causes.
A second explanation might be that macro-

phages, coming from the choroid, create a path-
way for neovascularisation by breaking down the
layers of Bruch's membrane. Usually the thick-
ness of Bruch's membrane increases with age,26
but in our study Bruch's membrane in three
maculae with a disciform scar was abnormally
thin and sometimes even showed breaks, which
were covered by the scar tissue. Adjacent to these
breaks, at the side of the choriocapillaris,
histiocytic cells were seen in two of these eyes.
Others reported that after experimental laser
coagulation of the retina, Bruch's membrane
first remained intact.29 However, macrophages
were attracted, probably by released chemotactic
factors, and created gaps in Bruch's membrane
after several days or weeks.29 Macrophages can
also induce angiogenesis.3" This laser induced
chemoattraction of macrophages might be
similar to the mechanism in eyes with an IOL, in
which cataract extraction or more generally the
surgical trauma acted as the initiating factor for
release of chemotactic factors that attract macro-
phages.
A third explanation is based on the differ-

ences, seen in Table 2, in subretinal neovascu-
larisation between the control group of normal
phakic eyes (3%) and the IOL group (8%). It is
well known that these new vessels easily leak or
bleed, even under physiological conditions.'7
During surgery several non-physiological condi-
tions occur, such as the rise in orbital pressure
during peribulbar anaesthesia, the drop in intra-
ocular pressure after incision, and mechanical
forces arising from manipulation of the eye,
irrigation, and aspiration of lens material, and
nowadays the highly energetic ultrasound waves
used for phacoemulsification. All of these
non-physiological conditions might weaken pre-
existing new vessels or provoke further out-
growth or haemorrhage and thus subsequent
disciform reaction.

Other possibilities are the infiltration of
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Bruch's membrane by endothelial cells and peri-
cytes of the choriocapillaris without pre-existing
breaks.20 Even the infiltration of Bruch's mem-
brane by single RPE cells has been reported.3'
The importance of the latter two possibilities is
unknown.
The prevalence of large confluent soft drusen,

clinically often associated with neovascularisa-
tion, in the IOL group was similar to that in the
control group so it is unlikely that soft drusen are
responsible for the difference in the prevalence
of disciform reactions.22 24
The higher prevalence of hard drusen in

pseudophakic eyes compared with phakic eyes
could not be explained. However, the presence
of hard drusen is not correlated with serious loss
of vision' or with the development of a disciform
reaction,2' 22 and a causal relation is thus
unlikely.

There was no significant relation between the
presence of cataract and the development of age-
related changes in the macula. Thus there was no
indication that protection of the retina against
ultraviolet light by the cataractous lens in the
years before cataract extraction had prevented
aging or other degenerative changes in the
macula.
The best reference for assessment of the

changes in a pseudophakic eye after age-related
cataract surgery is the non-operated phakic
fellow eye, because the only difference between
the fellow eye and the pseudophakic eye is the
cataract extraction with implantation of an IOL
and the resulting change in conditions. No
differences were found between these two
groups of eyes. However, the number of pairs
was relatively small so that no valid conclusions
can be drawn from this finding.
We can conclude that in this study increased

prevalences of histological disciform macular
degeneration and hard drusen were found after
cataract extraction with implantation of an IOL.
The exact cause remains unclear, but a direct
relation between either an increase in ultraviolet
light on the retina caused by IOLs without
ultraviolet filter or the duration of the increased
amount of ultraviolet light could not be demon-
strated. As far as the disciform scars are con-
cerned it seems more likely that either the
harmful effects of surgical trauma on Bruch's
membrane or pre-existing sub-RPE vessels or
the attraction of macrophages, which break
down Bruch's membrane and stimulate neo-
vascular membrane formation, plays an
important role. Further research is necessary to
discover any predictable risk factors or causes
that can be avoided.
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