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Abstract

Background: To determine the rate of glaucoma following congenital cataract surgery at
Moorfields Eye Hospital (MEH), and to investigate potential risk factors for glaucoma in our case
series.

Methods: A retrospective case notes review was undertaken of all congenital cataract
lensectomies performed at MEH between 1994 and 2000. The following parameters were
ascertained: age at surgery, unilateral or bilateral cataract, whether a posterior capsulotomy (PC)
was performed at the time of surgery, whether an intraocular lens (IOL) was inserted, duration of
follow-up, and if aphakic glaucoma (AG) developed. All lensectomies were performed through a
limbal incision by a single consultant surgeon.

Results: A total of 47 subjects were identified — 40 patients with bilateral cataracts and 7 with
unilateral. Of the 40 bilateral cataract patients, 76 eyes had lensectomies; with 37 of these patients
(71 lensectomies) having at least 5 year follow-up. Based on patient count, the 5 year risk of AG in
at least one eye following surgery was 21.6%. Based on eye count, the 5 year risk of AG after
lensectomy was 15.5%. The average age at surgery of patients who did not develop AG, and had at
least 5 years follow-up, was 28.7 months (range 2 weeks to 6 years), with 20% having surgery within
the first month of life. In comparison, the average age at surgery of patients with at least 5 years
follow-up, who developed AG was |.6 months (range 2 weeks to 7 months), with 60% having
surgery within the first month of life. In subjects with at least 5 years follow-up, a PC rate of 100%
was identified in the eyes that developed AG, compared to 61% in eyes that did not develop AG.
An IOL was inserted in O% of eyes with AG, compared to 57% in eyes that did not develop AG.
Onset of AG ranged from one month post surgery to 7 years, with an average yearly incidence of
5.3%.

Conclusion: Early surgery in patients with bilateral cataracts is associated with a marked increase
in risk of AG. Our data suggest that an intact posterior capsule may be associated with a lower rate
of AG.
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Background

Congenital cataract represents the commonest treatable
cause of childhood blindness and is thereby an important
component of the World Health Organisation's program
to eliminate avoidable blindness by 2020 [1,2]. Despite
congenital cataract accounting for a 1/10th of worldwide
childhood blindness and having an incidence of 2.5-3.0/
10,000 live births, relatively little is known about its aeti-
ology in a global context [1,2]. However, advances have
recently been made in elucidating the underlying molecu-
lar genetic basis of inherited congenital cataract [2,3].

Visual prognosis following modern congenital cataract
surgery in industrialised countries has improved [4].
However aphakic glaucoma (AG), an established compli-
cation following uneventful lensectomy for congenital
cataract, is arguably the most significant challenge to fur-
ther improving long-term outcome [4-6]. Aphakic glau-
coma may either present early as angle-closure glaucoma,
or far more commonly, at a later stage with open drainage
angles [5]. The underlying mechanisms that lead to AG are
currently poorly understood. An improved insight into
the pathogenesis of AG represents an important objective,
because AG is a major cause of late visual loss, with a
reported incidence of up to 50% at 5 years post-lensec-
tomy, and it is often refractory to treatment [5,6]. Micro-
phthalmia, microcornea and persistent fetal vasculature
are all associated with an increased risk of AG [4-6]. To
date, early lensectomy is the only modifiable risk factor
that has been identified by several independent groups to
increase the rate of AG, with an increasing rate of AG dem-
onstrated with decreasing age at surgery [6-11]. The most
recent of these studies reported a 5 year risk of AG in at
least one eye of 50% following bilateral lensectomy when
surgery was performed within the first month of life, com-
pared to 15% with later surgery [11]. There has however
been a suggestion in another recent study that the first two
weeks of life represent the most favourable time to per-
form lensectomy, with fewer subsequent cases of AG [12].

We have retrospectively reviewed the case notes of all chil-
dren who had congenital cataract surgery undertaken at
Moorfields Eye Hospital (MEH) between 1994 and 2000.
The aims of our study were to assess whether early surgery
was associated with an increased rate of AG in our case
series, and also to determine whether there was any evi-
dence to suggest that posterior capsulotomy/anterior vit-
rectomy and intraocular lens implantation represent
further risk factors for glaucoma.

Methods

Subjects

A retrospective case notes review was undertaken of all
cataract lensectomies performed at MEH for congenital
cataract between 1994 and 2000. Only subjects with iso-
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lated congenital cataract were incorporated into the study.
All cases that were included had their entire follow-up at
MEH. Eyes with cataract associated with anterior segment
dysgenesis, microcornea/microphthalmia, persistent fetal
vasculature, trauma, connective tissue disorders, radia-
tion, or juvenile chronic arthritis were excluded from the
study. Subjects were designated as having AG when a con-
sultant decision was made to commence permanent med-
ical therapy or undertake glaucoma surgery. The diagnosis
of glaucoma being made based upon established criteria:
serial evaluation of corneal diameter, axial length, intraoc-
ular pressure, and optic nerve assessment [5].

The following data were ascertained from the clinical
records of each subject included in the study: age at clini-
cal presentation, age at surgery, unilateral or bilateral con-
genital cataract, whether a posterior capsulotomy (with or
without anterior vitrectomy) was performed at the time of
surgery, whether an IOL had been implanted, if further
surgical procedures had been undertaken after cataract
extraction and if aphakic glaucoma developed.

The protocol of the study adhered to the tenets of the Dec-
laration of Helsinki.

Surgical technique

All lensectomies were performed through a limbal inci-
sion by a single consultant surgeon (GGWA). A posterior
capsulotomy was performed in selected cases, regardless
of age at surgery, and was generally performed if per-oper-
atively the visual axis was deemed to not be adequately
clear; with a subsequent anterior vitrectomy. Posterior
chamber intraocular lens implantation was only consid-
ered in children having surgery after the age of 4 months,
with the youngest patient being 8 months old at the time
of implantation. All patients received a subconjunctival
injection of cefuroxime and betamethasone.

Postoperatively subjects received a gradually reducing
regime of topical steroid and antibiotic drops over a 6 to
8 week period. Maxitrol ointment was used at night for
the first two weeks. Contact lens fitting occurred usually at
1 to 2 weeks after lensectomy.

In bilateral congenital cataract subjects the second lensec-
tomy was performed within two weeks of surgery to the
first eye.

Statistical analysis

Kaplan Meier plots were constructed plotting the propor-
tion of eyes free of AG against time after surgery. Data
from all eyes were included in this analysis. Log rank tests
were conducted to assess the significance of observed dif-
ferences between Kaplan Meier plots when: (i) comparing
AG rates between eyes with early surgery (within 4 weeks)
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to those with later surgery and (ii) comparing AG rates
between eyes with a posterior capsulotomy to those with-
out. The analysis regarding posterior capsulotomy was
undertaken by constructing Kaplan Meier plots using both
the entire data set and also after adjusting for timing of
surgery (either after 4 weeks (late surgery), or before 7
months).

For ease of comparison with data previously presented we
have also calculated 5 year risks of glaucoma using data
on eyes with a minimum of 5 years follow-up.

Results

Subjects

A total of 47 subjects were identified who satisfied the
inclusion criteria; 40 patients with bilateral cataracts and
7 with unilateral. The group with unilateral cataract will
not be discussed in detail due to the small patient
number. Two subjects developed AG from the unilateral
group, with onset at 2 months and 12 months postopera-
tively, and both suffered marked glaucomatous visual loss
by 5 years. The first patient required repeated cyclophoto-
coagulation procedures, a glaucoma drainage tube and
multiple medical therapies, with the second subject man-
aged with medical treatment alone.

All subsequent analysis herein will relate to the group of
subjects with bilateral congenital cataracts. Of the 40
bilateral cataract patients, 76 eyes had lensectomies. The
remaining 4 eyes either had surgery to the first eye at
another institution (3 eyes) or had visually insignificant
lens opacity in the fellow eye (1 eye). A total of 37 of these
patients (71 lensectomies) had at least 5 year follow-up;
with 3 patients (5 lensectomies) being lost to follow-up.
All calculations, except the Kaplan Meier plots, are made
using data from the group of 37 patients (71 lensecto-
mies) who had a minimum of 5 years follow-up. The sub-
ject age range at time of surgery was 1 week to 9 years, with
45 lensectomies (59.0%) (23 subjects; 57.5%) performed
in patients less than one year of age.

Cumulative incidence of glaucoma

A total of 37 patients with bilateral cataracts (71 lensecto-
mies) had at least 5 year follow-up. In our case series 15
eyes (10 patients) had developed AG. Therefore to date,
AG is currently unilateral in 5 subjects. For the purpose of
data analysis these five subjects (10 eyes) have been
included solely in the group of patients with glaucoma
following surgery. Four eyes developed AG in the sixth
and seventh year following surgery. In two patients
(patients 2 & 6) with unilateral AG, onset of glaucoma
was in the sixth and seventh year following surgery. These
eyes/subjects are included in the calculation of the 5 year
AG risk as disease free.
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Therefore, based on patient count, the 5 year risk of AG in
at least one eye following surgery was 21.6% (8/37).
Based on eye count, the 5 year risk of AG after lensectomy
was 15.5% (11/71).

Incidence of glaucoma in the first 5 years following
bilateral lensectomy

Onset of AG ranged from one month post surgery to 5
years, with an average yearly incidence of 3.3% (based on
eye count). Only subjects with five years follow-up have
been included in these calculations, based on either
patient or eye count. The average yearly incidence based
on patient count was 5.3%. The yearly incidence of AG
following bilateral cataract surgery, based on both eye
count and patient count, is shown in Table 1. Two peaks
of incidence (based on eye count) were documented, in
the first year following surgery (8.5%) and in year 5
(6.3%) (Table 1).

Timing of surgery

The log rank test revealed strong evidence of an associa-
tion between timing of surgery and rate of AG (P = 0.028).
Figure 1 shows that rates of AG were similar in the two
groups for the first 50 weeks after surgery but thereafter
the rate of AG was higher in eyes operated on within 4
weeks.

The age at surgery in patients who did not develop AG
ranged from 2 weeks to 9 years; with the age at surgery
ranging from 1 week to 7 months in subjects who devel-
oped glaucoma. The average age at surgery of patients who
did not develop AG was 28.7 months (range 2 weeks to 6
years), with 20% (10/51 eyes) having surgery within the
first month of life. In comparison, the average age at sur-
gery of patients who developed AG was 1.6 months (range
2 weeks to 7 months), with 60% (9/15 eyes) having sur-
gery within the first month of life.

If subjects having surgery after the age of one year of life
are excluded, the average age at surgery of patients who

Table I: The incidence of aphakic glaucoma during the first 5
years following bilateral lensectomy

Year % Of eyes % Of patients
developing developing
glaucoma after glaucoma after
bilateral bilateral
lensectomy lensectomy
| 8.5% (6/71 eyes) 10.8% (4/37 patients)
2 1.5% (1/65 eyes) 3.0% (1/33 patients)
3 0% 0%
4 0% 0%
5 6.3% (4/64 eyes) 12.5% (4/32 patients)
Average incidence 3.3% 5.3%
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Figure |

Kaplan-Meier plots of glaucoma free survival by time
of surgery. The rates of AG were similar in the two groups
for the first 50 weeks after surgery but thereafter the rate of
AG was higher in eyes operated on within 4 weeks. The log
rank test revealed strong evidence of an association between
timing of surgery and rate of AG (P = 0.028).

did not develop AG was 2.7 months (range 2 weeks to 10
months), with 38% (9/24 eyes) having surgery within the
first month of life. In comparison, since all patients who
developed AG had surgery before one year of life (10 sub-
jects; 15 eyes), the average age at surgery remains 1.6
months (range 1 week to 7 months), with 60% (9/15
eyes) having surgery within the first month of life.

Posterior capsulotomy (PC) and IOL implantation
Figure 2 shows higher rates of AG in eyes with posterior
capsulotomies than in those without (P = 0.01).

When considering patients with at least 5 years of follow-
up: the group of patients with bilateral lensectomies who
developed glaucoma comprised 10 patients, with 15 eyes
currently diagnosed with AG; and 27 patients (51 eyes)
who have not developed AG. A PC rate of 100% (15/15
eyes) was identified in the eyes that developed AG, with
an anterior vitrectomy rate of 53% (8/15 eyes). In direct
comparison, a 61% (31/51 eyes) rate of PC was observed
in eyes that did not develop AG, with an anterior vitrec-
tomy rate of 35% (18/51 eyes). An IOL was inserted in
0% of eyes which subsequently were diagnosed with AG,
compared to 57% (29/51 eyes) of eyes that did not
develop AG. However, since an IOL was not inserted in
any subjects younger than 8 months, age at surgery
remains a significant confounding factor and thereby lim-
its any conclusions regarding IOL implantation.
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Figure 2

Kaplan-Meier plots of glaucoma free survival after
Posterior Capsulotomy (PC) and no PC. Figure 2
shows higher rates of AG in eyes with posterior capsuloto-
mies than in those without (P = 0.01).

To examine whether PC was a risk factor for AG after
adjusting for timing of surgery, plots were constructed
comparing PC vs no PC in eyes operated on after 4 weeks
only (late surgery) (Figure 3). Log rank tests revealed that
these differences persisted (P = 0.048, P < 0.001). Further-
more, AG developed in our series in eyes operated
between 2 weeks and 7 months, therefore plots were also
constructed comparing PC vs no PC in eyes operated on
before 7 months (Figure 4). The survival plot is supportive
of the statement that intact PCs may be associated with a
lower risk of AG. The observed difference is not statisti-
cally significant but this is not surprising given that only 3
patients operated on within 7 months had an intact PC
(operated on at 1 week, 3 weeks and 4 weeks of age respec-
tively). A randomised controlled trial would help to fur-
ther clarify the implications of PC.

Further procedures in subjects with at least 5 year follow-
up

The number of further surgical/laser procedures subse-
quent to uncomplicated bilateral lensectomy, and prior to
the diagnosis of glaucoma, was determined; with a com-
parison made between the group (51 eyes) which did not
develop glaucoma and the group being treated for AG (15
eyes). Only procedures unrelated to managing glaucoma
are included. The percentage of eyes requiring further
intervention was similar in both groups: 45% in the non-
glaucomatous group and 33% in the group with glau-
coma (Table 2).
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Kaplan-Meier plots of glaucoma free survival after
late surgery — Posterior Capsulotomy (PC) and no
PC. To examine whether PC was a risk factor for AG after
adjusting for timing of surgery, a plot was constructed com-
paring PC vs no PC in eyes operated on after 4 weeks only.
Log rank tests revealed that these differences persisted (P =
0.048).

Management of glaucoma

Subjects were designated as having AG when a consultant
decision was made to commence permanent medical
therapy or undertake glaucoma surgery (Table 3). The
diagnosis of glaucoma being made based upon estab-
lished criteria: serial evaluation of corneal diameter, axial

Table 2: Comparison of the number of further surgical/laser
procedures following uncomplicated bilateral lensectomy,
between the group which did not develop glaucoma (51 eyes) and
the group being treated for AG (15 eyes)

Intervention Eyes with Eyes without
Glaucoma glaucoma

Soft lens matter - 2
aspiration
Surgical capsulotomy - 7
Surgical peripheral 3 |
iridectomy
Anterior segment 2 |
revision
YAG laser - 12

capsulotomy

Total 33% (5/15) 45% (23/51)

(Peripheral iridectomies included in this table were performed for
marked posterior synechiae and not iris bombé/acute angle closure
glaucoma).
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Kaplan-Meier plots of glaucoma free survival after
surgery within 7 months — Posterior Capsulotomy
(PC) and no PC. To examine whether PC was a risk factor
for AG after adjusting for timing of surgery, a plot was con-
structed comparing PC vs no PC in eyes operated on before
7 months only. The survival plot is supportive of the state-
ment that intact PCs may be associated with lower risk of
AG. The observed difference is not statistically significant but
this is not surprising given that only 3 patients operated on
within 7 months had their PC intact.

length, intraocular pressure, and optic nerve assessment
[5]. Forty percent of subjects (4 patients; 6 eyes) presented
early following lensectomy (within 3 months of surgery),
with an acute elevation of intraocular pressure. In cases
where a shallow anterior chamber and iris bombé were
present (2 subjects; 2 eyes), consistent with angle-closure
glaucoma, patients were managed with a peripheral irid-
ectomy (PI) and anterior vitrectomy; with one subject
requiring further subsequent medical treatment (Table 3).
The majority of subjects (7 patients; 9 eyes) had a later
onset of AG (ranging from 13 to 84 months) and often
required multiple surgical and medical therapies (Table
3).

The average onset of glaucoma following surgery and
therefore initiation of treatment was 36.5 months (range
1 month to 84 months), with a range from 1 to 84
months. Medical therapy was instigated in 87% of eyes,
with 47% of eyes requiring surgical/laser interventions.
Cyclophotocoagulation was performed with a trans-scle-
ral diode laser ("Cyclodiode").

Discussion and conclusion

The rate of aphakic glaucoma identified in our study, fol-
lowing uncomplicated bilateral lensectomy for congenital
cataracts, is similar to that reported previously in the UK
study based at Great Ormond Street Hospital for Children

Page 5 of 8

(page number not for citation purposes)



BMC Ophthalmology 2007, 7:13

Table 3: Management of eyes with aphakic glaucoma
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Patient Eye Timing of Glaucoma Presenting signs Treatment
surgery onset (months)
| left I month 53 months OHT Medication (% 4)
2 right 3 weeks 72 months OHT Medication (X 2)
3 left 3 months I month OHT, iris bombé, corneal oedema Pl & anterior vitrectomy
4 left 2 weeks 54 months OHT Medication (% 3)
4 right 2 weeks 72 months OHT Medication (% 3)
5 right 2 weeks 2 months OHT, corneal oedema Cyclodiode (x 6)
Medication (* 3)
5 left 3 weeks 2 months OHT, corneal oedema Cyclodiode (% 5)
Medication (x 3)
6 left 2 weeks 84 months OHT Medication (% 3)
7 left 7 months 13 months OHT, T corneal diameter Cyclodiode (* 4)
8 right 7 weeks 3 months OHT Cyclodiode (x 3)
Medication (x 4)
Molteno tube
8 left 7 weeks 3 months OHT Cyclodiode (* 3)
Medication (* 4)
Molteno tube
9 right I month 60 months OHT Medication (% I)
9 left I month 72 months OHT Medication (% 1)
10 left 7 weeks | month OHT, shallow AC, T corneal diameter Pl & anterior vitrectomy
Medication (x 1)
10 right 6 weeks 55 months OHT Medication (% 1)

Glaucoma onset indicates months after surgery; OHT, ocular hypertension; (X n) after Medication indicates number of topical agents currently in
use; (% n) after Cyclodiode indicates number of treatment sessions since glaucoma diagnosis; AC, anterior chamber.

[11]. Our findings support the observation that with ear-
lier cataract surgery there is an associated increase in the
incidence of glaucoma [6-11]. We have corroborated pre-
vious data suggesting that bilateral lensectomy before the
age of one month markedly increases the risk of develop-
ing subsequent glaucoma [11]. Overall there appears to
currently be strong evidence in favour of delaying bilateral
lensectomy to at least one month of age [5-11]. The clear
limitations of our data and the current worldwide litera-
ture are the intrinsic weaknesses of non-randomised stud-
ies; randomised controlled investigations into the
management of congenital cataract are urgently needed.

Aphakic glaucoma (AG) is a serious post-operative com-
plication that is often difficult to treat [5]. It has been pre-
viously suggested that IOL implantation may be
associated with a lower rate of AG [13-15]. Rabiah (2004)
[10] has also reported that in their series primary posterior
capsulotomy/anterior vitrectomy was associated with an
increased risk for developing glaucoma. We have been
unable to compare our two groups of patients (with or
without glaucoma) with regard to IOL implantation, since
an IOL was not inserted in any subjects younger than 8
months, with age at surgery thereby remaining a signifi-
cant confounding factor and limiting any conclusions
regarding IOL implantation. However, we have deter-
mined the number of primary posterior capsulotomies
(with or without anterior vitrectomy) performed in the

two patient groups, in order to investigate the hypothesis
that exposing the immature trabecular meshwork to vitre-
ous and its various associated soluble factors may be det-
rimental to subsequent trabecular development. The data
in our study suggests that an intact posterior capsule may
be associated with a lower rate of AG. It is plausible that
an intact posterior capsule may exert this potential protec-
tive effect by preventing the exposure of the maturing
angle structures, including the trabecular meshwork, to
the potentially harmful effects of vitreous [14,16,17]. Pro-
spective randomised studies are required to further assess
the potential role of an intact posterior capsule and IOL
implantation in the development of glaucoma following
lensectomy. Moreover, studies are needed that attempt to
calculate the differential effects of age at surgery, posterior
capsulotomy and IOL implantation on the subsequent
risk of AG.

Aphakic glaucoma, a significant cause of visual loss fol-
lowing congenital cataract surgery, may either present at
an early stage or more commonly late [5]. Early AG is usu-
ally associated with angle closure, secondary to either vit-
reous pupil block, synechiae, or retention of soft lens
matter. Signs seen in early glaucoma often include corneal
oedema, a shallow anterior chamber and pupil distortion
(iris bombé), making diagnosis generally straightforward.
Later presentation is associated with open drainage angles
and may be asymptomatic, thereby increasing the risk of
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delayed diagnosis in patients who are also often intrinsi-
cally difficult to examine. Although increased photopho-
bia and lacrimation may be present, regular lifelong
careful clinical examination is central to detecting glau-
coma; including intraocular pressure measurement, serial
assessment of corneal diameter, refraction and axial
length, optic disc evaluation and pachymetry. These serial
measurements are aimed at early detection of increasing
corneal diameter and/or axial length, and a myopic shift,
which may all indicate the onset of glaucoma. To ensure
reliable assessments, frequent examinations under anaes-
thesia are often required.

In addition to the difficulty in making a timely diagnosis
of AG, once recognized it is often difficult to manage,
requiring multiple surgical and/or medical interventions,
and is generally associated with a poor prognosis, thereby
making primary prevention highly desirable. There is now
sufficient evidence to strongly suggest that bilateral
lensectomies for congenital cataracts should be under-
taken after 1 month of age in order to significantly reduce
the subsequent risk of glaucoma. Furthermore, it would
be advantageous if other surgical parameters could be
identified that further reduce the risk of AG. We have
assessed whether additional surgical/laser procedures fol-
lowing uncomplicated cataract surgery may be related to
the development of glaucoma, however our data identi-
fied a similar rate of further intervention in both groups
(with or without AG), suggesting that these re-interven-
tions are not related to the development of glaucoma. We
have presented preliminary data suggesting that an intact
posterior capsule may also be a surgical factor that should
be considered in attempting to further reduce the inci-
dence of AG following congenital cataract surgery.

Congenital cataract is a common treatable cause of blind-
ness in childhood. Aphakic glaucoma is a serious post-
operative complication that is often difficult to treat. We
have presented findings in a case series of patients with
isolated bilateral congenital cataracts who have under-
gone bilateral lensectomy. In our series, based on patient
count, the 5 year risk of AG in at least one eye following
surgery was 22%, with an average yearly incidence of
5.3%. In the group of patients who did not develop AG,
20% had surgery within the first month of life. However,
in the group with glaucoma, 60% had surgery within the
first month of life. A PC rate of 100% was identified in the
eyes that developed AG, compared to 61% in eyes that did
not develop AG. These preliminary data suggest that an
intact posterior capsule may be associated with a lower
rate of AG. Trivedi et al (2006) [18] have recently provided
data from a large case series suggesting that IOL implanta-
tion has no effect on the rate of AG, neither increasing nor
decreasing the development of glaucoma following paedi-
atric cataract surgery; with surgery at an early age being the
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principal risk factor identified in the study. Lundvall and
Zetterstrom (2006) [19] have also recently suggested that
primary IOL implantation in the first year of life is associ-
ated with a low incidence of glaucoma.

The weaknesses of our study include the relatively small
sample size, and that we do not have a longer follow-up
period. It is difficult to isolate the IOL implantation effect
from age at surgery as IOL implantation was only consid-
ered in children having surgery after the age of 4 months.
However we believe that our data provides support for the
recommendation to delay congenital cataract surgery
until after the age of 4 weeks of life.
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