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Purpose: To describe the clinical course of congenital aniridia and to evaluate prognostic factors for visual out-

come after long-term follow-up.

Methods: The medical records of 120 eyes from 60 patients with congenital aniridia were retrospectively re-
viewed. The prevalence and clinical course of ophthalmic characteristics, systemic disease, refractive errors,
and visual acuity were assessed. Prognostic factors for final visual outcomes were analyzed.

Results: Aniridic keratopathy developed in 82 (69%) of 119 eyes. Macular hypoplasia was observed in 70 eyes
of 35 patients (91%). Cataract was observed in 63 of 120 eyes (53%). Nystagmus was present in 41 patients
(68% of 60 patients) at the initial visit but decreased in five patients (8% of 60 patients). Ocular hypertension
was detected in 19 eyes (20% of 93 eyes), six (32% of 19 eyes) of which developed secondarily after cataract
surgery. The mean changes in spherical equivalent and astigmatism during the follow-up period were -1.10
and 1.53 diopter, respectively. The mean final visual acuity was 1.028 logarithm of minimal angle of resolution.
Nystagmus and ocular hypertension were identified as prognostic factors for poor visual outcome.

Conclusions: Identification of nystagmus and ocular hypertension was important to predict final visual outcome.
Based on the high rate of secondary ocular hypertension after cataract surgery, careful management is needed.
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Congenital aniridia is a rare congenital disorder charac-
terized by varying degrees of hypoplasia of the iris. It de-
velops due to a mutation in the PAX6 gene, which is locat-
ed on chromosome 11p [1-3]. Although the prevalence of
aniridia was reported to range from 1:64,000 to 1:96,000
[4,5], one study found a greater prevalence (1:47,000) in a
cohort of patients younger than 20 years [6]. In two-thirds
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of aniridia cases, the condition is inherited as an autosomal
dominant disorder, whereas it occurs sporadically in one-
third of cases [4,7]. Since aniridia is a panocular disorder,
visual impairment in aniridia results from various ocular
structural abnormalities including corneal opacity, cata-
ract, glaucoma, and macular hypoplasia. Although several
articles have been published that discuss various surgical
techniques for managing aniridia [8-10] or describe
cross-sectional findings with small patient groups [11], little
information is known about the clinical characteristics or
visual outcomes of aniridia after long-term follow-up. In
this study, we describe the ophthalmic and systemic fea-
tures of congenital aniridia over time, including those of
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patients who underwent ocular surgery. In addition, we
identified prognostic factors for final visual outcome.

Materials and Methods

This study was approved by the Seoul National Universi-
ty Hospital Institutional Review Board and was conducted
in accordance with the Declaration of Helsinki ethical prin-
ciples for medical research. Detailed medical records from
all patients who were diagnosed with aniridia at Seoul Na-
tional University Children’s Hospital between 1990 and
2010 were retrospectively reviewed. All patients were diag-
nosed and examined by the same ophthalmologist (YSY)
and were referred to pediatricians for systemic evaluations.

The initial and final statuses of the cornea, lens, fundus,
intraocular pressure (IOP), nystagmus, strabismus, and re-
fractive errors as determined using cycloplegic refraction
were compared. Fundus examination was performed with
an indirect ophthalmoscope at the initial visit, and ultraso-
nography was used in cases in which the fundus was not
visible. Macular hypoplasia was diagnosed when there was
no macular depression or macular reflex during fundus ex-
amination. IOP was recorded with the TonoPen (Mentor,
Norwell, MA, USA), and ocular hypertension was diag-
nosed if the IOP was continuously elevated over 21 mmHg
and in patients for whom IOP-lowering eye drops had been
prescribed. Cycloplegic refraction was performed via man-
ual retinoscopy 30 minutes after a series of three drops of
1% cyclopentolate, which were administered five minutes
apart. When lens opacity was considered prohibitive of vi-
sual improvement, cataracts were removed. Posterior cap-
sulotomy and anterior vitrectomy were performed in every
surgery. Intraocular lenses were inserted considering ocu-
lar size and patient age.

To identify changes in refractive errors, we analyzed re-
fractive errors in phakic patients only, comparing the re-
sults to those who were initially assessed at age 5 years or
younger and who were followed for at least three years.
We compared the initial and final refractive errors in these
patients. For the evaluation of long-term visual outcomes,
we identified the patients who underwent follow-up for
five or more years after the initial assessment. The final vi-
sual acuities were measured using the Snellen visual acuity
chart. Various ocular and systemic status characteristics
were analyzed in order to identify prognostic factors for fi-
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nal visual outcome. We used only the right eyes of patients
in order to exclude inter-eye correlation during evaluation
of refractive error changes and prognostic factors for final
visual outcome.

Statistical methods

We used SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA)
for all statistical analyses. All of the tests were two-tailed,
and significance was set at 0.05. Refractive error changes
measured during the follow-up period were compared with
paired t-test. A correlation analysis was performed to eval-
uate the associations of variables and potential prognostic
factors with final visual outcome and assessments of light
perception and no light perception. In the data analysis,
light perception was assigned a logarithm of minimal an-
gle of resolution (logMAR) value of 2.7, and no light per-
ception was assigned a logM AR value of 3.0 [12].

Results

Patients

In total, 120 eyes from 60 patients were enrolled in this
study. Of the study population, 19 patients (32%) had fami-
ly histories of aniridia, and 36 patients (60%) did not. The

Table 1. Demographic characteristics of patients with congen-
ital aniridia

Variable Value
Eyes / patients 120/ 60
Gender
Male 27 (45%)
Female 33 (55%)
Family history
Positive 19 (32%)
Negative 36 (60%)

Age at diagnosis
Mean 23 £ 46 mon

Range 23 day to 321 mon
Follow-up period

Mean 111 £ 76 mon

Range 0 to 267 mon




remaining five patients (8%) had no information regarding
a family history of aniridia. The mean patient age at the
initial visit was 23 months, and 85% of the patients were
aged <3 years. Detailed patient demographics are summa-
rized in Table 1.

Ophthalmic characteristics

Six eyes from three patients (5%) had other congenital
ophthalmic anomalies: Peters’ anomaly (four eyes, two pa-
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tients) and microphthalmia with sclerocornea (two eyes,
one patient). Corneal opacities were documented in 82 eyes
from 41 patients (69%) during the follow-up period. Cata-
racts were observed in 63 eyes total (53%); 35 eyes (56% of
cataracts) had cataracts at the initial visit, and 28 eyes (44%
of cataracts) developed cataracts during the follow-up peri-
od (Table 2). Cataract surgery was performed in 15 eyes
from 11 patients (24% of cataracts), and mean age at sur-
gery was 31 months (range, 6 to 66 months). Fundus exam-
inations with an indirect ophthalmoscope were possible in

Table 2. Dominant types of lens opacities in congenital aniridia, and the chronology of their appearance during the follow-up period

Cataract at initial

Cataract after initial

Cataract surgery

Lens opacity type visit visit Total Ve e 575 Type of surgery (eyes)
Anterior polar 14 (40) 10 (36) 24 (38) 5(21) Lensectomy (2)
Primary IOL insertion (3)
Lamellar 6 (17) 2(7) 8 (13) - -
Posterior subcapsular 9 (26) 14 (50) 23 (36) 8 (35) Primary IOL insertion (8)
Nuclear 4 (11) 2(7) 6 (10) 2 (33) Lensectomy (2)
Total opacity 2 (6) 0(0) 2(3) - -
Total 35 (100) 28 (100) 63 (100) 15 (24) -
Values are presented as number (%).
IOL = intraocular lens.
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Fig. 1. Changes in spherical equivalent (A) and astigmatism (B) between the initial and final exams in congenital aniridia.
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78 eyes from 39 patients (65%). Among these patients,
macular hypoplasia was observed in 70 eyes of 35 patients
(91%). However, only seven eyes had normally developed
maculae on inspection with an indirect ophthalmoscope.
Two eyes with normal maculae had 20 / 20 vision, and one
eye had a visual acuity of 20 / 60. The remaining four eyes
were lost to follow-up after the initial visit. Nystagmus
was present in 41 of 60 patients (68%) at the initial visit.
However, at the final visit, nystagmus was decreased in
five patients (8%). IOP was measured in 93 eyes from 47
patients, and ocular hypertension developed in 19 eyes
(20% of IOP checked). Eight eyes (42% of ocular hyper-

18 q 41%

Eyes
N
o
N

Fig. 2. Distribution of final visual acuity in congenital aniridia.

tension) had ocular hypertension at the initial presentation,
and 11 eyes (58% of ocular hypertension) developed ocular
hypertension during the follow-up period. Six eyes (40%
of total cataract surgery) developed secondary ocular hy-
pertension after cataract surgeries (two eyes after
phacoemulsification and intraocular lens insertion, and
four eyes after lensectomy). Trabeculectomies were per-
formed for four eyes of two patients, and one eye received
multiple trabeculectomies but ultimately received an
Ahmed valve implantation. Multiple cyclophotocoagula-
tion treatments were performed for one eye in one patient.

Refractive errors

Refractive error was assessed in 27 eyes from 27 pa-
tients who were initially assessed at age five years or
younger and who were followed for at least three years.
The mean age of initial and final cycloplegic refraction
was 37 and 141 months of age, respectively. The mean
change in spherical equivalent over the course of the fol-
low-up period was -1.10 diopter (D), and the mean change
in astigmatism was 1.53 D. Overall, 18 eyes (67%) experi-
enced myopic shifts, and nine eyes (33%) experienced hy-
peropic shifts (Fig. 1). Moreover, 19 eyes (70%) experi-
enced increased astigmatism. Nine eyes (33%) showed

Table 3. Correlations between clinical characteristics and final visual outcome (logarithm of minimal angle of resolution)

Variables Pearson’s correlation p-value
Family history 0.054 0.743
Other ocular anomaly 0.254 0.105
Corneal opacity 0.256 0.106
Cataract at initial visit 0.227 0.153
Cataract at final visit 0.083 0.608
Nystagmus at initial visit 0.382 0.024"
Nystagmus at final visit 0.881 0.049"
Ocular hypertension 0.550 0.001"
Spherical equivalent at initial visit 0.181 0.365
Spherical equivalent at final visit 0.339 0.084
Astigmatism at initial visit 0.081 0.688
Astigmatism at final visit -0.070 0.730
Change in spherical equivalent 0.110 0.586
Change in astigmatism -0.014 0.946
Systemic disease 0.191 0.233

"Statistical significance.
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increases in astigmatism of more than 2.0 D. The mean
changes in spherical equivalent and astigmatism were
small, but the range of change was wide.

Visual outcomes and prognostic factors

Visual outcomes were assessed in 41 eyes from 41 pa-
tients. The average final visual acuity was 1.028 = 0.611
logMAR (20 / 213). The mean age at which final visual
acuity was measured was 158 months (range, 60 to 270
months), and the mean follow-up period before final visual
acuity assessment was 143 months (range, 60 to 267
months). The distribution of final visual acuities is present-
ed in Fig. 2. A correlation analysis was performed to deter-
mine whether ocular or systemic variables were correlated
with final visual outcome (Table 3). The results of the cor-
relation analysis showed that the presence of nystagmus at
either the initial or final visit and the development of ocu-
lar hypertension significantly influenced the final visual
outcome.

Systemic characteristics

Four patients (7%) who participated in this study devel-
oped Wilms’ tumors. On average, these patients were di-
agnosed at 38.3 months of age (range, 12 to 48 months).
Among those four patients with Wilms’ tumors, three
were diagnosed with Wilms’ tumors, aniridia, genitouri-
nary abnormalities, and mental retardation (WAGR) syn-
drome. Three patients (5%) had Gillespie syndrome (an-
iridia, cerebellar ataxia, and mental retardation). Other
associated systemic anomalies included cardiopulmonary
anomalies (four patients), urogenital anomalies (two pa-
tients), a gastrointestinal anomaly (one patient), and a cen-
tral nervous system anomaly (one patient). Three patients
had multiple systemic anomalies.

Discussion

Aniridia is a rare congenital anomaly in which iris ab-
normalities are the prominent feature. However, since oth-
er ocular structures are also affected, visual outcomes are
typically poor. Among the systemic anomalies that occur
in conjunction with aniridia, some appear at birth, while
some develop during early childhood [11]. Therefore, it is
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important to understand the clinical course of aniridia and
its visual outcome.

Cataracts occur in 50% to 85% of aniridia patients and
are known to develop during the first two decades of life
[4]. In this study, 63 eyes (53%) had cataracts, 56% of
which were discovered during initial evaluations; 44% de-
veloped during the follow-up period. During the initial
visit, anterior polar opacities were more common. Howev-
er, the lens opacities that developed during the follow-up
period were predominantly of the posterior subcapsular
type (Table 2). Thus, determination of the type and pres-
ence of lens opacity in an aniridia patient is valuable for
predicting cataract progression. We performed cataract ex-
traction surgeries in 15 eyes from 11 patients (24% of cata-
racts). Among the patients who received primary intraocu-
lar lens implantation (average age, 13 years; range, 5 to 16
years), only four eyes of two patients achieved improve-
ments of more than two lines of Snellen visual acuity; two
eyes had the anterior polar type of opacity and two eyes
had the posterior subcapsular type. We are not certain if
the time of occurrence or type of lens opacity influenced
visual outcome. However, we assumed that it was import-
ant to establish the presence of lens opacity, the type of
opacity, and the timing of its development in order to ap-
propriately manage and plan for cataract operations.

Macular hypoplasia is a common condition in aniridia
[4]. PAXG6 is a protein expressed in differentiating cells of
various ocular structures, including the retina, throughout
development [13]. Therefore, the PAX6 gene mutation is
thought to be responsible for the macular hypoplasia that
is associated with aniridia and other diseases [14]. Al-
though the reported incidence of macular hypoplasia rang-
es from 10.7% to 54.5% [11,15], we observed macular hy-
poplasia in 91% of our aniridia patients. This discrepancy
may be related to the vague definition of macular hypopla-
sia and to the lack of a standardized diagnostic method be-
tween studies. In both the current and previous studies,
macular hypoplasia was diagnosed based on the absence of
a macular depression and on reflex during direct fundus
examination. However, a recent study reported that optical
coherence tomography (OCT) was a useful tool for diag-
nosing macular hypoplasia in children with aniridia [16].
The study found that macular thickness was significantly
increased in aniridia patients, which suggests that OCT
could eventually be used as a standardized method to eval-
uate macular development in aniridia. However, this is not
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an easy technique to use in diagnosing infants or young
children.

The cause of nystagmus in aniridia is not well estab-
lished. However, it is thought to be either the result of poor
development of central vision due to foveal hypoplasia
[17,18] or the result of a developmental defect in the neural
control of eye movements [19]. In the present study, nystag-
mus was identified in 68% of aniridia patients at the initial
examination. However, the incidence of nystagmus de-
creased to 22% by the final examination. We hypothesized
that the prevalence of nystagmus decreased due to visual
development and maturation of the central nervous system.

Glaucoma in congenital aniridia is known to develop in
6 to 75% of patients during the adolescent or early adoles-
cent years due to progressive change in the structure of the
angle [4,11,20]. During the first few years of life, the tra-
becular meshwork appears open and is not covered by iris
tissue. As patients age, the extension of the iris stroma cov-
ers the filtration area, leading to the development of glau-
coma. Ocular hypertension developed in 19 eyes (20% of
IOPs measured) in this study. Six eyes (32% of those with
ocular hypertension, 40% of those who received cataract
surgery) developed secondary ocular hypertension after
intraocular surgeries. Park et al. [21] also reported that de-
terioration of glaucoma was the main postoperative prob-
lem and was observed in 50% of patients after cataract
surgery. Therefore, it is important to prepare for and man-
age secondary ocular hypertension after cataract surgery.

Among the various factors, nystagmus and ocular hy-
pertension had statistically significant correlations with fi-
nal visual outcome. In patients that developed ocular hy-
pertension or had nystagmus at the initial examination or
the follow-up examination, the final visual outcome was
poor. Therefore, nystagmus may be either a cause or a re-
sult of a poor visual outcome; however, it may still be an
indicator of poor visual outcome. In addition, ocular hy-
pertension was identified as another significant risk factor
for poor visual outcome. The mean final visual acuities of
the eyes with and without ocular hypertension were 1.645
+ 0.691 logMAR (20 / 880) and 0.890 + 0.442 logMAR (20
/ 155), respectively (independent sample #-test, p = 0.003).
Taylor et al. [22] also reported that aniridia with pediatric
glaucoma was associated with poor visual outcome. They
found that secondary ocular hypertension occurring after
ocular surgeries accounted for 32% of total ocular hyper-
tension cases, and ocular hypertension developed in 60%
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of eyes after cataract surgery. Therefore, to optimize final
visual outcome, it is important to consider ocular hyper-
tension and appropriate management after cataract surgery
in patients with aniridia.

This study has several limitations. Due to the retrospec-
tive design of this study, although keratopathy is a well
known cause of visual disturbance in aniridia [23], we
were unable to describe or grade the defects of the cornea
and iris in detail. We did not screen for the PAX6 mutation
in most patients. Therefore, we were not able to evaluate
for associations between the PAX6 mutation and structural
and accompanying congenital abnormalities. Additionally,
we used the term ocular hypertension instead of glaucoma
because we could not identify glaucomatous change in the
optic disc. Thus, we cannot directly compare the exact in-
cidence of glaucoma in aniridia in our study with the re-
sults of previous studies. Our final limitation is that we did
not analyze the macular structure using OCT. We observed
macular hypoplasia in 91% of eyes. However, the structur-
al difference may influence the final visual outcome.

Nevertheless, this study has several valuable contribu-
tions. To the best of our knowledge, no prior studies have
described the general clinical course of congenital aniridia
over a long-term follow-up period with a large number of
patients, particularly younger patients. Therefore, we were
able describe the changes in various ophthalmic features in
aniridia that occurred during the developmental period. In
addition, this is the first study that analyzed the prognostic
factors for visual outcome. Nystagmus and ocular hyper-
tension were identified as poor prognostic factors for final
visual outcome. If cataract surgery was performed, IOP
monitoring is important since there was a high rate of sec-
ondary ocular hypertension after cataract operations.
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