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Objective: To estimate the 6-year incidence of pseudoexfoliation and its risk factors in a South Indian
population.

Design: Longitudinal population-based study.
Participants: Subjects 40 years of age or older without pseudoexfoliation at baseline.
Methods: Participants were examined at baseline and after a 6-year interval. The presence of pseu-

doexfoliation was looked for after pupillary dilation in either or both eyes at 1 or more locations. Glaucoma was
defined using the International Society of Geographical and Epidemiological Ophthalmology Classification.
Logistic regression was performed to identify the baseline risk factors that could predict the incident
pseudoexfoliation.

Main Outcome Measures: Six-year incidence, associated risk factors, and rural-versus-urban differences.
Results: From the study cohort of 4228 subjects, 87 subjects (male-to-female ratio, 48:39; rural-to-urban

ratio, 69:18) demonstrated incident pseudoexfoliation (2.03%; 95% confidence interval [CI], 1.6e2.5;
rural: �2.86%; 95% CI, 1.6e2.5; urban: 0.96%; 95% CI, 0.5e1.4). Pseudoexfoliation was associated with
glaucoma in 1 subject (1.1%), with primary angle-closure suspicion in 10 subjects (11.5%), and with ocular
hypertension in 2 subjects (2.2%). Significant predictive baseline risk factors were older age (P < 0.001), rural
residence (P < 0.001), illiteracy (P ¼ 0.02), pseudophakia (P ¼ 0.04), and nuclear cataract (P ¼ 0.05).
With reference to the 40-to-49-year age group, the risk of incidence increased from 4.7 (95% CI, 2.4e9.4) for the
50-to-59-year age group to 12.9 (95% CI, 6.1e27.2) for 70 years of age and older group.

Conclusions: In 6 years, pseudoexfoliation developed in 2.03%of the population. Rural and urban incidencewas
significantly different. Ophthalmology 2015;122:1158-1164ª 2015 by the American Academy of Ophthalmology.

Pseudoexfoliation is an age-related generalized disorder of
the extracellular matrix that results in the production of an
abnormal basement membrane-like material. This material
can become deposited in several intraocular and extraocular
tissues. In the eye, pseudoexfoliation material tends to
accumulate at the pupillary margin, in the angle, and on the
anterior lens capsule, zonules, and anterior vitreous. On the
anterior capsule, it has a characteristic distribution of a
central disc enclosed by a clear zone that is surrounded by a
ring-like deposit of the material.1e3 These deposits lead to
clinical conditions such as open-angle glaucoma, angle
closure, and instability of zonular support to the lens.4e6 Not
all people with pseudoexfoliation go on to demonstrate
glaucoma. In those who do, glaucoma can be difficult to
treat.3 It has been linked to the lysyl oxidase 1 gene. Lysyl
oxidase 1 is an enzyme needed for elastin production and
stability and is found in pseudoexfoliation deposits.7,8

Many population-based cross-sectional studies have re-
ported the prevalence of pseudoexfoliation in different

populations. The highest prevalences have been reported from
Scandinavian countries and Greece.9e30 Limited information
is available on the incidence of pseudoexfoliation.31e33

Incidence studies can help to identify possible risk factors
for the development of the disease over time. Herein, we
report the 6-year incidence of pseudoexfoliation, its associ-
ated risk factors, and rural-versus-urban differences in
incidence.

Methods

Study Design and Population

The methodology of the Chennai Glaucoma Study was pub-
lished previously.34 In brief, the Chennai Glaucoma Study was a
cross-sectional population-based study conducted from 2001
through 2004 to measure the prevalence of glaucoma in rural
and urban South India. The study cohort consisted of 9600
subjects 40 years of age or older (rural-to-urban ratio,
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4800:4800). From the cohort, 7774 subjects participated in the
study (rural-to-urban ratio, 3924:3850). Six years later
(2007e2010), this cohort was re-examined to assess the inci-
dence of eye diseases in the Chennai Eye Disease Incidence
Study. Participants from the baseline cohort were re-enumerated
by social workers and invited to undergo a detailed ocular ex-
amination at the base hospital. In the case of those who did not
respond, the social worker made up to 3 household visits on
different days to convince the participants to come for the
evaluation. If they did not undergo evaluation despite this, they
were considered nonparticipants. The examination protocols
were the same for both studies. The institutional review board
approved the study. The study was performed after obtaining
written informed consent, in accordance with the tenets of the
Declaration of Helsinki.

Clinical Examination

All participants who responded underwent a detailed ophthalmic
examination at a dedicated facility created at the base hospital. A
detailed history pertaining to medical and ophthalmic conditions
was elicited. The eye examination consisted of measuring best-
corrected visual acuity using logarithm of minimum angle of
resolution 4-m charts (Light House Low Vision Products, New
York, NY), external examination and pupillary evaluation using a
flashlight, slit-lamp biomicroscopy, intraocular pressure (IOP)
measurements using a Goldmann applanation tonometer (Zeiss
AT 030 Applanation Tonometer; Carl Zeiss, Jena, Germany),
gonioscopy using a 4-mirror Sussman lens (Volk Optical, Inc,
Mentor, OH), grading of lens opacification at the slit lamp using
the Lens Opacities Classification System II with a minimum
pupillary dilation of 6 mm, repeat slit-lamp evaluation after
dilatation for pseudoexfoliation deposits, detailed retinal exami-
nation with a binocular indirect ophthalmoscope using a þ20-
diopter (D) lens, and stereoscopic evaluation of the optic nerve
head using a þ78-D lens at the slit lamp. The vertical and hori-
zontal cup-to-disc ratios (CDRs) were measured and recorded.
Presence of any local thinning or notching, splinter hemorrhages,
and peripapillary atrophy was documented. Central corneal
thickness was measured using the DGH 550 ultrasonic pachy-
meter (DGH Technology, Inc, Exton, PA). Automated visual
fields were performed for all the subjects with best-corrected
visual acuity of 4/16 or better using the screening C-20-1 pro-
gram of frequency doubling perimetry (Carl Zeiss Meditec, Inc,
Dublin, CA). On gonioscopy, primary angle-closure suspect
(PACS) was defined as an angle where the pigmented trabecular
meshwork was not visible in more than 180� in dim illumination
without indentation. Laser iridotomy was performed in subjects
with PACS after obtaining their consent; these patients underwent
the rest of examination on another day.

A provisional diagnosis of suspected glaucoma was made
when the subject had 1 or more of the following conditions: IOP
of 21 mmHg or more in either eye; vertical CDR of 0.7 or more
in either eye or CDR asymmetry of 0.2 or more; or focal thin-
ning, notching, or splinter hemorrhage. All these subjects were
asked to perform threshold visual field test using the Swedish
interactive threshold algorithm standard 24-2 program (model
750; Carl Zeiss Meditec, Inc). A glaucomatous field defect was
diagnosed using a single, reliable threshold visual field exami-
nation. The field was considered to be abnormal if the glaucoma
hemifield test results were outside normal limits and 3 or more
abnormal contiguous points were depressed to P < 0.05. Reli-
ability criteria were as recommended by the instrument’s algo-
rithm (fixation losses, <20%; false-positive and false-negative
results, <33%).

Diagnostic Definitions

We diagnosed pseudoexfoliation if exfoliative material was present
in 1 or both eyes at 1 or more locations, namely, the pupillary
margin, anterior lens capsule, anterior chamber angle, corneal
endothelium, anterior vitreous face, and zonules. In the Lens
Opacities Classification System II, nuclear cataract is defined as
presence of a nuclear sclerosis grade of N2 or more. Cases of
glaucoma were defined using the International Society of
Geographical and Epidemiologic Ophthalmology classification.35

Glaucoma was classified according to 3 levels of evidence. In
category 1, diagnosis was based on structural and functional
evidence. It required CDR or CDR asymmetry in the 97.5th
percentile or more for the normal population or a neuroretinal
rim width reduced to 0.1 CDR (between 10 and 1 o’clock or 5
and 7 o’clock) with definite visual field defects consistent with
glaucoma. Category 2 was based on advanced structural damage
with unproven field loss. This included those subjects in whom
visual fields could not be performed or for whom they were
unreliable, with CDR or CDR asymmetry in the 99.5th percentile
or more for the normal population. Finally, category 3 consisted
of persons with an IOP of more than the 99.5th percentile for the
normal population whose optic discs could not be examined
because of media opacities. For the current study population, the
97.5th and 99.5th percentiles were as follows: CDR, 0.7 and 0.8;
CDR asymmetry, 0.2 for both; and IOP, 24 and 30 mmHg in the
urban population and 21 and 25 mmHg for the rural
population.36,37 An IOP of more than the 97.5th percentile was
defined as ocular hypertension. Body mass index (BMI) was
defined as weight in kilograms divided by the square of height in
meters (kg/m2). The BMI categories were grouped as underweight
(<18.5 kg/m2), normal (18.5e25 kg/m2), overweight (>25 kg/m2),
and obese (�30.0 kg/m2).

Statistical Analysis

Statistical analysis was performed using SPSS software version 15
(SPSS Inc, Chicago, IL). Subjects were classified into 4 groups
based on baseline age: 40 to 49 years, 50 to 59 years, 60 to 69 years,
and 70 years or older. Comparison of variables between subjects
with and without pseudoexfoliation was performed using the t test
for continuous variables and the chi-square test for categorical
variables. Logistic regression was performed to analyze risk factors
such as age, gender, location of residence, IOP, cataract, CCT,
BMI, occupation, literacy, smoking, smokeless tobacco use, alcohol
consumption, and lens status for the incidence of pseudoexfoliation
after adjusting for age, gender, and location of residence. Statistical
significance was assessed at a P value of less than 0.05, and odds
ratios are presented with 95% confidence intervals (CIs).

Results

At baseline, 7774 participants were examined. From this cohort,
1752 subjects (rural-to-urban ratio, 877:875) could not be con-
tacted because they migrated with no forwarding address. Of the
6022 subjects (rural-to-urban ratio, 3047:2975) who could be
contacted or for whom information was available, 590 persons
were deceased. The final number of eligible subjects was 5432, and
4421 (rural-to-urban ratio, 2510:1911; response rate, 81.3%)
were examined. The reasons for nonparticipation were migration
(n ¼ 804 [14.8%]), declining to participate (n ¼ 145 [2.7%]),
and being bedridden (n ¼ 62 [1.1%]). Table 1 provides the
characteristics of participants and nonparticipants. From this
cohort of 4421 subjects, we excluded 133 subjects with
pseudoexfoliation at baseline and examined 4228 subjects for
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incident pseudoexfoliation. Eighty-seven subjects (male-to-female
ratio, 48:39; rural-to-urban ratio, 69:18) had incident pseudoexfo-
liation. Of 87 subjects, the diagnosis was based on presence of
pseudoexfoliation in a single location in 63 subjects, presence in 2
locations in 23 subjects, and presence in more than 2 locations in 1
subject. The most common location was the anterior lens surface in
phakic eyes and the capsular surface in cataract-operated eyes. The
crude incidence of pseudoexfoliation was 2.03% (95% CI,
1.6e2.5), and it was 2.86% (95% CI, 1.6e2.5) and 0.96% (95%
CI, 0.5e1.4) for the rural and urban populations, respectively.
Assuming a linear incidence of pseudoexfoliation, the annual
incidence was 0.34%. Of 87 subjects with incident pseudoexfoli-
ation, 1 had pseudoexfoliation with glaucoma (1.1%), 10 had
associated PACS (11.5%), and 2 had ocular hypertension (2.2%).
The age- and gender-adjusted (to the population of Tamil Nadu)
incidence of pseudoexfoliation among subjects 40 years of age and
older was 2.34% (95% CI, 2.33e2.36); it was 3.36% (95% CI,
3.33e3.39) in the rural population and 1.1% (95% CI, 1.08e1.12)
in the urban population. Adjusted annual incidence was 0.39%.

Comparing those with or without pseudoexfoliation (Table 2),
those with pseudoexfoliation were more likely to be older, male,
rural residents, smokeless tobacco users, alcohol consumers, and
illiterate, to have nuclear cataract and lower BMI, and to be
pseudophakic or aphakic. The baseline risk factors (Table 3) that
predicted the incident pseudoexfoliation were older age (P <
0.001), rural residence (P < 0.001), pseudophakia (P ¼ 0.04),
illiteracy (P ¼ 0.02), and nuclear cataract (P ¼ 0.05). In
comparison with the 40-to-49-year age group, the odds ratio for
incident pseudoexfoliation increased from 4.7 (95% CI, 2.4e9.4)
for the 50-to-59-year age group to 12.9 (95% CI, 6.1e27.2) for 70
years and older age group. Figure 1 depicts the gradual increase in
incident pseudoexfoliation with age; this trend was observed in
both rural and urban populations. Adjusted (for residence, age,
gender, and smoking status) baseline BMI and CCT did not
predict independently the incident pseudoexfoliation. We further
analyzed the relationship between BMI and stratification of CCT
distribution by the tertiles (<497 mm, 497e<525 mm, >525
mm). The group with lower baseline BMI and thinner CCTs
showed the highest incidence of pseudoexfoliation (Fig 2).

Discussion

The Chennai Eye Disease Incidence Study is a longitudinal
study from India that provides 6-year eye disease incidence
in adults 40 years of age and older. Herein, we report
the incidence of pseudoexfoliation. The crude incidence at
the 6-year follow-up was 2.03% (95% CI, 1.6e2.5), and the
age- and gender-adjusted incidence was 2.34% (95% CI,
2.33e2.36). Our incidence is much lower than the inci-
dence of pseudoexfoliation in Icelanders. The reported
5-year incidence of pseudoexfoliation from Iceland31 in
people 50 years of age and older was 3.5% (right eye)
and 5.2% (either eye) compared with 2.5% (4.7% and
1.5% for rural and urban populations) at 6 years for our
population older than 50 years. Unlike our study, the
previous study excluded all eyes with pseudophakia at
baseline and the 5-year follow-up examination. The inci-
dence might have been even higher if they had included
those subjects with pseudophakia. In a retrospective
population-based study from a white population,32 the
reported adjusted annual incidence of pseudoexfoliation
was 0.026% over a 16-year follow-up period, and this is
considerably lower than our adjusted annual incidence of
0.39%. Possible reasons for low incidence could be (1) not
all patients underwent a dilated examination, so cases of
pseudoexfoliation were missed; and (2) during the study
period, multiple ophthalmologists examined the patients, so
if pseudoexfoliation was not looked for specifically, the
diagnosis would have been missed. At this point, the
limited information available suggests that the incidence of
pseudoexfoliation seems to be variable and possibly more
common in certain geographical locations such as Iceland.
However, there are large differences in the definitions and
methods used among the studies, which also contribute to
the variability.

Table 1. Comparison of Baseline Characteristics of Participants and Nonparticipants in the Chennai Eye Disease Incidence Study

Parameter Studied Participants (n [ 4421) Nonparticipants (n [ 3353) P Value

Age (yrs)* 52.8�9.7 56.4�11.3 <0.001
Male-to-female ratio (%) 1972:2449 (44.6:55.4) 1500:1853 (44.7:55.3) 0.46
Rural-to-urban ratio (%) 2510:1911 (56.8:43.2) 1414:1939 (42.2:57.8) <0.001
Cataract surgery (no:yes; %) 4056:365 (91.7:8.3) 2972:381 (88.6:11.4) <0.001
Smoking (no:yes; %) 3666:755 (82.9:17.1) 2742:611 (81.8:18.2) 0.19
Smokeless tobacco (no:yes; %) 3714:707 (84.0:16.0) 2847:506 (84.9:15.1) 0.28
Alcoholism (no:yes; %) 3789:632 (85.7:14.3) 2835:518 (84.6:15.4) 0.16
Literate-to-illiterate ratio (%) 2705:1716 (61.2:38.8) 2152:1201 (64.2:35.8) 0.007
Manual-to-nonmanual occupation ratio (%) 2887:1534 (65.3:34.7) 2192:1161 (65.4:34.6) 0.96
CCT (mm) 510.4 (34.9) 511.4 (37.1) 0.19
IOP (mmHg) 15.2 (4.3) 15.5 (4.4) 0.001
PEX (no:yes; %) 4288:133 (97.0:3.0) 3196:157 (95.3:4.7) <0.001
BMI (%) 0.42
Normal 1179 (26.7) 1088 (32.4)
Underweight 276 (6.2) 293 (8.7)
Overweight 637 (14.4) 603 (18.0)
Obese 234 (5.3) 205 (6.1)

BMI ¼ body mass index; CCT ¼ central corneal thickness; IOP ¼ intraocular pressure; PEX ¼ pseudoexfoliation.
*Mean�standard deviation.
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In this study, significant baseline risk factors that pre-
dicted incident pseudoexfoliation were older age, rural
residence, illiteracy, nuclear cataract, and pseudophakia.
Unlike the other studies on incident pseudoexfoliation,31e33

we did not see an association of female gender with incident
pseudoexfoliation. However, similar to other findings, we
also found that incident pseudoexfoliation increased
significantly with age. In comparison with the 50-to-59-year
age group, the odds of pseudoexfoliation developing was
almost 3 times higher for those 70 years of age or older.
Because both pseudoexfoliation and cataract or cataract
surgery are age-related conditions, they are likely to coexist.
In view of this, our incident pseudoexfoliation estimate,
where pseudophakics also were included, is probably more
accurate for the population studied than that of the Iceland
study.31 In our study, there seem to be significant
differences in incident pseudoexfoliation between rural
and urban populations. In comparison with the urban
population, the risk of incident pseudoexfoliation was 3
times more for the rural population. We noted a similar
trend even in our prevalence study (unpublished data).
The age- and gender-adjusted prevalence of pseudoexfoli-
ation for our rural population was 4.74% (95% CI, 4.7e4.8)
and that for our urban population was 2.05% (95% CI,
2.0e2.1). The effect of sunshine and pseudoexfoliation has

been studied, and reports are conflicting. Some show
that exposure to greater sunshine and lower ambient
temperatures increase the likelihood of pseudoexfoliation,38

whereas others did not show association.39 In our study,
people in rural areas are more likely to be outdoor
workers, resulting in more exposure to sunshine and
pseudoexfoliation. The significant association of illiteracy
and incident pseudoexfoliation also is linked to this,
because those who are illiterate are more likely to be
outdoor manual workers and therefore are at a higher risk
for incident pseudoexfoliation.

Nuclear cataract at baseline was a significant risk factor for
incident pseudoexfoliation in our study population. In the
past, prevalence studies from India and our prevalence data
(Vijaya L, et al, unpublished data, 2015) for pseudoexfoliation
have shown a similar association.27,29 Cataract development
may be linked to ocular ischemia, hypoxia, and reduced
protection against ultraviolet rays resulting from lower levels
of ascorbic acid in the aqueous humor.1e3 Kanthan et al,40 in a
long-term follow-up study from the Blue Mountains Eye
Study in subjects 49 years of age or older, reported a signifi-
cant association (P< 0.0001) of incidence of nuclear cataract
and cataract surgery in people with baseline pseudoexfolia-
tion. Similarly, in a 12-year incidence study from Iceland,
cataract surgery was found to be 3 to 4 times more likely in

Table 2. Comparison of Participants with and without Incident Pseudoexfoliation in the Chennai Eye Disease Incidence Study

Parameter
Study

Population (n [ 4288)

Population without
Pseudoexfoliation

(n [ 4201)

Population with
Pseudoexfoliation

(n [ 87) P Value

P Value after
Excluding
Glaucoma
Subjects

Age group (yrs; %) <0.001 <0.001
40e49 967 (22.6) 962 (22.9) 5 (5.7)
50e59 1532 (35.7) 1512 (35.9) 20 (22.9)
60e69 1116 (26.0) 1085 (25.8) 31 (35.6)
70þ (range, 70e91) 673 (15.7) 642 (15.3) 31 (35.6)

Male-to-female ratio (%) 1897:2391 (44.3:54.8) 1849:2352 (44.2:55.9) 48:39 (55.1:44.8) 0.05 0.03
Rural-to-urban ratio (%) 2415:1873 (56.3:43.7) 2346:1855 (55.8:44.1) 69:18 (79.3:20.7) <0.001 <0.001
IOP* 14.2�3.9 14.2�3.9 13.9�4.3 0.56 0.08
CCT* 509.9�71.3 510.2�71.9 499.8�33.4 0.19 0.91
Nuclear cataract (no:yes; %) 2257:1182 (52.6:27.6) 2235:1150 (53.2:27.4) 22:32 (25.3:36.8) <0.001 0.02
PSC cataract (no:yes; %) 2919:520 (68.1:12.1) 2878:507 (68.5:12.1) 41:13 (47.1:14.9) 0.08 0.37
Cortical cataract (no:yes; %) 2091:1348 (48.8:31.4) 2059:1326 (49.0:31.6) 32:22 (36.8:25.3) 0.88 0.28
Lens status (%) <0.001 <0.001
Phakic 3439 (80.2) 3385 (80.6) 54 (62.1)
Pseudophakic 711 (16.6) 686 (16.3) 25 (28.7)
Aphakic 114 (2.7) 106 (2.5) 8 (9.2)

BMI (%) 0.001 0.002
Normal 1977 (46.1) 1935 (46.1) 42 (48.3)
Underweight 765 (17.8) 739 (17.6) 26 (29.9)
Overweight 867 (20.2) 862 (20.5) 5 (5.7)
Obese 283 (6.6) 279 (6.6) 4 (4.6)

Manual-to-nonmanual occupation ratio (%) 2641:1647 (61.6:38.4) 2592:1609 (61.7:38.3) 49:38 (56.3:43.7) 0.32 0.31
Smoking (no:yes; %) 3419:869 (79.7:20.3) 3357:844 (79.9:20.1) 25:62 (28.7:71.3) 0.06 0.07
Smokeless tobacco use (no:yes; %) 3503:785 (81.7:18.3) 3442:759 (81.9:18.1) 26:61 (29.9:70.1) 0.007 0.02
Alcohol consumption (no:yes; %) 3412:876 (79.6:20.4) 3354:847 (79.8:20.2) 29:58 (33.3:66.7) 0.004 0.009
Literate-to-illiterate ratio (%) 1343:2945 (31.3:68.7) 1298:2903 (30.9:69.1) 45:42 (51.7:48.3) <0.001 <0.001

BMI ¼ body mass index; CCT ¼ central corneal thickness; IOP ¼ intraocular pressure; PSC ¼ posterior subcapsular cataract.
*Mean � standard deviation.
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eyes with pseudoexfoliation than without.33 We found higher
rates (P < 0.001) of cataract surgery among those with
pseudoexfoliation (37.9%) compared with those without
pseudoexfoliation (18.9%). It does seem that eyes with
pseudoexfoliation are at a higher risk of nuclear cataract
developing or undergoing cataract surgery.

We found that the presence of pseudophakia at baseline
was a significant risk factor for incident pseudoexfoliation.

This can be explained in 2 ways. Cataract and pseudoexfo-
liation are age-related changes, and they can coexist or may
precede one other. In this study, subjects with pseudoexfo-
liation may have had cataract first, and later pseudoexfolia-
tion developed. It is also possible that the study subjects had
some amount of pseudoexfoliation and that the pseu-
doexfoliation material might have been washed out in the
course of the cataract surgery. During the follow-up period, it
might have become redeposited. A large proportion (11.5%)
of incident pseudoexfoliation subjects had PACS. It is clin-
ically well known that pseudoexfoliation material deposits on
the zonules causes zonular weakness. This can lead to an
anterior shift of the lens and PACS.3 This is substantially
higher than the 2.6% incident PACS that we reported in
this population.41 Independently, CCT and BMI were not
risk factors for pseudoexfoliation. However, incident
pseudoexfoliation was more common in people with
thinner corneas and lower BMI. At present, we are unable
to provide a possible explanation for this association.

Any population-based longitudinal study will have its
strengths and weaknesses. The major strength of this study is
its large, population-based longitudinal design, with well-
defined criteria, adherence to standardized protocols, and
completeness of data collection. As in other population-based
incident studies, the main weakness of the study is loss to
follow-up. The main causes for loss to follow-up were
inability to contact subjects, mortality, and migration. In
comparison with participants, nonparticipants were older, and
this could have influenced the magnitude of the pseudoexfo-
liation incidence rates. In this long-term study, we report the
6-year incidence of pseudoexfoliation and its associated
baseline risk factors from a South Indian cohort. The available
information about the incidence of pseudoexfoliation is very
limited, and our results are a valuable addition.
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Pictures & Perspectives

Fuchs’ Adenoma
Fuchs’ adenoma in a 60-year-old man who underwent subtotal orbital exenteration for intraorbital spread of basal cell carcinoma. An

adenomatous proliferation can be seen (arrow) on the nonpigmented ciliary epithelium with hematoxylin and eosin staining (Fig 1). The
lesion consists of amorphous eosinophilic material and mucopolysaccharides (Fig 2). This lesion is benign and generally seen as an
incidental finding in older adults.
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