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ABSTRACT

Introduction: We investigated the long-term
outcomes of pediatric cataract surgeries per-
formed with modern surgical techniques
involving in-the-bag implantation of a foldable
intraocular lens (IOL).
Methods: Data were retrospectively collected
from 42 eyes in 30 patients who underwent
surgery at 6 years and younger (average
2.5 ± 2.3 years) and were followed up for an
average of 12.2 ± 2.4 years (10–17 years). Sur-
gical procedures included anterior continuous
curvilinear capsulorhexis (CCC), lens removal,
posterior CCC, anterior vitrectomy, and in-the-
bag IOL implantation. There were 18 unilateral
(2.7 ± 2.3 years) and 12 bilateral cases
(2.3 ± 2.3 years), with no significant age dif-

ference between groups (p = 0.462).
Results: The mean best-corrected visual acuity
(BCVA) at the final visit was 0.453 ± 0.488
(logMAR), correlating significantly with the age
at surgery (r = -0.307, p = 0.048). The unilateral
group had a worse BCVA (0.658 ± 0.615) than
the bilateral group (0.298 ± 0.294) (p\0.001).
On average, eyes showed a myopic shift of
-6.0 ± 6.3D, which significantly correlated
with surgical age (r = 0.402, p = 0.008). While
the myopic shift was -8.2 ± 6.1 D in the uni-
lateral group and -4.9 ± 6.4 D in the bilateral
group, the net shift for unilateral cases (com-
paring pseudophakic and fellow eyes) was -4.8
D. Three eyes (7.1%) exhibited suspected glau-
coma (increased intraocular pressure), but no
glaucoma or other severe complications were
noted. IOL exchange surgery was necessary in
two eyes (4.8%) due to pronounced myopic
drift and significant IOL decentration. Three
eyes (7.1%) required surgery for significant
visual axis opacification.
Conclusions: Contemporary surgical strategies
appear to yield promising long-term outcomes
in patients with infantile cataracts.
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Key Summary Points

Why carry out this study?

As in adult cataract surgeries,
advancements in pediatric cataract
surgeries have been observed over the
recent decades.

However, longitudinal outcomes of
pediatric cataract surgeries, employing
current technology and refined
techniques, are not fully elucidated.

What was learned from the study?

We analyzed the 10-year surgical
outcomes of pediatric surgical
interventions, incorporating both anterior
and posterior continuous curvilinear
capsulorhexis, anterior vitrectomy, and
in-the-bag implantation of an acrylic
foldable intraocular lens.

Contemporary surgical approaches offer
encouraging long-term results in patients
with infantile cataracts, with a reduced
risk of complications such as glaucoma
and visual axis opacification.

INTRODUCTION

Technological and technical advances in adult
cataract surgery have consistently emerged,
encompassing improvement in microsurgical
procedures, advanced instrumentation, sophis-
ticated ophthalmic viscosurgical devices, more
secure in-the-bag placement of an intraocular
lens (IOL), and a refined approach to manage
postoperative inflammation. Although these
advancements have also benefitted pediatric
cataract surgeries, overall surgical and visual
outcomes for children remain suboptimal when
compared to adults [1]. Pediatric cataract surg-
eries face challenges due to the less mature
nature of children’s eyes, potential for a more
severe postoperative inflammatory response,

and a greater propensity for complications both
during and after surgery.

Long-term analysis of surgical outcomes is
crucial for all surgical procedures, but it is par-
ticularly vital for pediatric cataract surgeries.
Several studies have examined the long-term
([10 years) results of infantile cataract surg-
eries, both with and without IOL implantation
employing traditional surgical techniques [2–7].
There is a paucity of research, however, on the
long-term outcomes after modern surgical pro-
cedures that incorporate anterior and posterior
continuous curvilinear capsulorhexis (CCC),
anterior vitrectomy, and in-the-bag implanta-
tion of a single-piece foldable IOL.

In Japan, the governmental restriction on
IOL use in children was lifted in 2011. This
paper presents 10-year outcomes of cataract
surgeries with IOL implantation, which inclu-
ded anterior and posterior CCC and anterior
vitrectomy, in the pediatric demographic.

METHODS

Patients

We conducted a retrospective review of the
medical records of patients who underwent
pediatric cataract surgery at the Department of
Ophthalmology, University of Tsukuba. Inclu-
sion criteria were patients operated on at age
6 years or younger, with a follow-up duration of
at least 10 years postoperatively. Cases of trau-
matic cataract or cataract secondary to other
ocular diseases were excluded. Given the chal-
lenges in distinguishing between congenital
and developmental cataract, both clinical enti-
ties were considered for this study. While eyes
of infants with systemic and ocular comorbidi-
ties were included, those with congenital glau-
coma were excluded.

The study was conducted in adherence to the
tenets of the Declaration of Helsinki, and the
institutional review board of Tsukuba Univer-
sity Hospital approved the study protocol (R04-
162, December 2022). The institutional review
board of Tsukuba University Hospital commit-
tee waived the need for patient informed con-
sent for the use of their medical record data, in
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line with the regulations of the Japanese
Guidelines for Epidemiologic Study issued by
the Japanese Government. Due to the observa-
tional nature of the study, clinical trial regis-
tration was not mandated.

Surgery

A single surgeon (TO) performed all the surgical
procedures. After creating a 2.4-mm scleral
tunnel incision at the superior location, an
anterior CCC was fashioned using forceps. The
lens material was aspirated with an irrigation/
aspiration device. A posterior CCC was manu-
ally crafted using forceps through the scleral
incision, followed by a 25-gauge bimanual
anterior vitrectomy conducted via two side
ports located at the limbus. A single-piece
hydrophobic acrylic foldable IOL (AcrySof,
SA60AT or SA30AT, Alcon Laboratories, Inc.,
Fort Worth, TX, USA) was then implanted into
the capsular bag using an injector. The scleral
incision was securely sutured with a 10-0 nylon,
while the 25-gauge side ports remained
unsutured.

The IOL power was determined using the
SRK/T formula, based on data obtained from
hand-held keratometry and contact ultrasound
biometry performed immediately before sur-
gery. An anticipated postoperative myopic shift
was factored in, and empirical guidelines were
employed to set the target refraction [8], with
the IOL power capped at 30 D.

Data Collection and Interpretation

Glaucoma and suspected glaucoma classifica-
tions were based on previously established def-
initions for childhood glaucoma [9–11]. In
summary, glaucoma was diagnosed using a
combination of criteria, including intraocular
pressure (IOP) exceeding 21 mmHg, abnormal
corneal enlargement greater than 11 mm, pro-
gressive increase in cup–disc ratio, cup–disc
asymmetry of 0.2 when optic discs were of
similar size, focal rim thinning, requirement for
medication to lower IOP, and undergoing sur-
gery specific to glaucoma. Suspected glaucoma
was identified if the IOP was above 21 mm Hg,

but other definitive criteria for glaucoma were
absent. In instances where abnormal glauco-
matous changes or increased IOP were observed,
consultations with glaucoma specialists within
our hospital were initiated to ascertain the
diagnosis of either glaucoma or suspected
glaucoma.

Statistical Analysis

Numerical data are presented as mean ± stan-
dard deviation (SD) unless otherwise noted.
Numerical data were compared between groups
using the Mann–Whitney U-test. Correlations
between two parameters were tested with the
Pearson correlation test. For categorical data,
the chi-square test and Fisher’s exact test for
trend were used to assess the incidence rates. All
statistical tests were two-sided, and a p-value
of B 0.05 was considered significant. Statistical
analysis was performed using SPSS software
version 29 (IBM Corp, Armonk, NY, USA).

RESULTS

A total of 42 eyes of 30 patients met the inclu-
sion criteria, and their medical records were
analyzed. The average age at the time of cataract
surgery was 2.5 ± 2.3 years (1 month–6 years)
(Fig. 1), and the follow-up duration averaged
12.2 ± 2.4 years (10–17 years). Preoperative
axial length was 21.19 ± 2.01 mm
(16.61–26.32 mm). Preoperatively, systemic and
ocular complications were observed: two
patients had trisomy 21, two had Lowe syn-
drome, two presented with developmental dis-
orders, one was diagnosed with Cornelia de
Lange syndrome, two eyes manifested nanoph-
thalmos, and one eye exhibited persistent fetal
vasculature.

Among the patients, 18 cases had unilateral
cataract and 12 cases had bilateral cataract. The
average age at the time of surgery for unilateral
and bilateral patients were 2.7 ± 2.3 years and
2.3 ± 2.3 years, respectively, with no significant
difference between them (p = 0.462). Previous
studies indicated that the critical periods for
surgical treatment to minimize the effects of
visual deprivation in congenital cataract were
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6 weeks for unilateral cases and 8 to12 weeks for
bilateral cases [12–15]. In our cohort, 17% (3/
18) of the patients with unilateral cataracts and
33% (4/12) of the patients with bilateral catar-
acts underwent surgery within this critical per-
iod for visual development.

The mean best-corrected visual acuity
(BCVA) at the final visit was 0.453 ± 0.488
(logMAR) for all cases. There was a significant
correlation between the final visual acuity and
the patient’s age at the time of surgery
(r = -0.307, p = 0.048). The unilateral cataract
group showed a significantly poorer BCVA
(0.658 ± 0.615) than the bilateral cataract
group (0.298 ± 0.294) (p\ 0.001). Their distri-
butions are depicted in Fig. 2.

Over the course of the follow-up period, the
eyes underwent an average myopic shift of
-6.0 ± 6.3 diopters (D). There was a significant
correlation between the patient’s age at the
time of surgery and the magnitude of the
myopic shift (r = 0.402, p = 0.008) (Fig. 3). The
myopic shift tended to be larger in patients with
unilateral cataracts (-8.2 ± 6.1 D) than in
patients with bilateral cataracts (-4.9 ± 6.4 D),
but the difference was not significantly different
between groups (p = 0.213). Since the non-cat-
aract eye in the unilateral group also showed a
considerable myopic shift during the same per-
iod (-3.4 ± 2.4 D), the net myopic shift (the
difference between the eyes in this group, -4.8
D) was similar to that observed in the bilateral
cataract group.

There were some postoperative complica-
tions as summarized in Table 1. Three eyes

(7.1%) developed suspected glaucoma (in-
creased IOP), but glaucoma was not seen in any
cases. There were no cases of retinal detach-
ment, pupillary membrane, pupillary closure,
persistent iritis, or other serious complications.
IOL exchange surgery was conducted in two
eyes (4.8%): one in the unilateral group due to
pronounced myopic drift and one in the bilat-
eral group due to significant IOL decentration.
Three eyes (7.1%) in the bilateral group under-
went a secondary surgical intervention for sig-
nificant visual axis opacification.

Fig. 1 Age at the time of cataract surgery Fig. 2 Best-corrected visual acuity at the final visit

Fig. 3 Relation between age at the time of surgery (in
months) and the magnitude of myopic shift during follow-
up. There was a significant correlation between them
(r = 0.402, p = 0.008)
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DISCUSSION

During our study’s follow-up period of over
10 years, no cases developed glaucoma,
although there were three cases (7.1%) that
exhibited suspected glaucoma. Prior long-term
studies indicated a frequent occurrence of
glaucoma-related complications following
infantile cataract removal [3, 7]. On the other
hand, more recent reports utilizing modern
surgical techniques revealed a reduced inci-
dence of glaucoma in pseudophakic eyes, indi-
cating that primary IOL implantation combined
with anterior vitrectomy does not elevate the
risk of secondary glaucoma [16–19]. In addition,
other large-scale analyses underscored that pri-
mary IOL implantation serves as a protective
factor against glaucoma development after
congenital cataract surgery [20–23]. To
rationalize how primary IOL implantation in
pediatric patients with cataracts might reduce
glaucoma incidence, two hypotheses have been
proposed [20, 23]. Firstly, the chemical theory
conjectures that harmful vitreous chemical
components might damage the trabecular
meshwork in an aphakic eye. The presence of
the IOL in a pseudophakic eye might limit or
lessen this exposure. The second hypothesis,
termed the mechanical theory, proposes that
the loss of support to the trabecular meshwork
in aphakia may lead to its disorganization or
even collapse. This would compromise its
function both as a filter and an active metabolic
tissue. Implanting a posterior chamber IOL at
the time of cataract removal could potentially

counteract this loss of support. The validity of
these theories, however, remains a subject for
future investigations.

After cataract extraction with primary IOL
implantation in children, visual axis opacifica-
tion is the most common complication requir-
ing reoperation [16, 17, 19]. In a 5-year follow-
up study after cataract surgery among children
younger than 13 years, the cumulative inci-
dence of significant visual axis opacification was
reported as 33% for bilateral pseudophakia and
34% for unilateral pseudophakia [16]. For chil-
dren who underwent cataract removal and IOL
implantation before reaching 2 years of age,
10.3% experienced visual axis opacification
requiring surgical intervention over a 5-year
follow-up period [24]. Within 5 years following
cataract surgery and primary IOL implantation
in children aged 2 years or younger, visual axis
opacity was observed in 39% of bilateral cases
and 40% of unilateral cases [25]. In our study,
7.1% of eyes needed a secondary surgical pro-
cedure to clear visual axis opacification. While
the previous studies and ours differ in terms of
patient age and follow-up duration, our
research indicated a lower incidence of visual
axis opacification. This decreased incidence
might be due to the thorough anterior vitrec-
tomy performed during cataract surgery and the
utilization of newer IOLs with advanced mate-
rials, designs, and surface finishes.

Progressive myopia is a common sequela
after pediatric cataract surgery. The magnitude
of this refractive shift can vary based on factors
such as the patient’s age at surgery and the
length of follow-up [1, 7, 26]. In our study, the
average myopic shift observed was -6.0 ± 6.3
D, which was found to significantly correlate
with the patient’s age at surgery. The myopic
drift for bilateral cases was -4.9 D, and the net
myopic shift (difference between the pseu-
dophakic and the fellow eyes) in unilateral cases
was -4.8 D. For pediatric patients operated on
before reaching 13 years of age, the median
5-year change in spherical equivalent refractive
error was reported to be -1.63 D for bilateral
pseudophakic eyes and -1.94 D for unilateral
pseudophakic eyes [16]. Another study noted
that, among infants who underwent cataract
extraction and primary IOL implantation before

Table 1 Postoperative complications

Unilateral
group

Bilateral
group

Glaucoma 0 0

Ocular hypertension 2 1

IOL decentration 0 1

Visual axis

opacification

0 3

IOL intraocular lens
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1 year of age, the myopic shift at 10 years post-
operatively ranged from -21.88 D to -3.75 D,
averaging -11.62 ± 5.14 D [26]. A younger age
at surgery was associated with a greater magni-
tude of myopic shift [26]. In another cohort,
patients who underwent pediatric cataract sur-
gery at an average age of 2.4 months (ranging
from 1.0 to 6.8 months) demonstrated a mean
refractive shift of -8.97 D at age 5 years for
those operated at 1 month and -7.22 D for
those treated at 6 months [27]. Predicting the
long-term refractive outcomes after pediatric
cataract surgery remains challenging. Based on
available evidence, researchers advocate for an
under-correction when implanting an IOL in
young children, anticipating a likely myopic
progression in the future [8, 28].

In pediatric eyes, small-incision cataract
surgery would be preferred to minimize the
degree of surgical invasion to the eye. To this
end, we used hydrophobic acrylic single-piece
IOLs in all cases. This approach is in line with
previous studies that indicate the advantages of
hydrophobic acrylic IOLs over polymethyl
methacrylate IOLs in pediatric populations
[29–33]. In terms of overall IOL size and optic
diameter, smaller dimensions might be more
suitable for particularly immature pediatric
eyes. However, there are limited options avail-
able in practice. Determining the appropriate
IOL power in pediatric cataract surgery is chal-
lenging due to increasing axial length and
changing corneal refraction postoperatively.
Therefore, under-correction and hyperopic
outcomes at the time of cataract surgery are
usually recommend to prevent excessive myo-
pic shifts in the long run [33]. In our study, we
considered an anticipated a postoperative
myopic shift and followed empirical guidelines
to set the target refraction [8], ensuring the IOL
power did not exceed 30 D.

This study has several limitations. First, the
absence of a control group (aphakia group) is
notable because, in adherence to our treatment
policy, we implanted an IOL in every case. If
congenital cataract was diagnosed at a very
early age, we opted to wait until the limit of
‘‘critical period for visual development’’ [12–15],
and then proceeded with cataract surgery and
IOL implantation into the capsular bag. Second,

determination of the exact age of onset for
childhood cataract is challenging; thus, both
congenital and developmental cataracts were
included in our cohort. Third, our analysis was
restricted to patients who completed a 10-year
postoperative follow-up. We lack data on indi-
viduals who were lost to follow-up during the
study period. It may be that those with a less
favorable prognosis might have discontinued
their regular check-ups.

CONCLUSIONS

We retrospectively analyzed long-term out-
comes of pediatric cataract surgery. Younger
patients at the time of surgery tended to have
poorer BCVA at their final visit. The unilateral
group’s BCVA was inferior to that of the bilat-
eral group. A substantial myopic shift was
observed overall, yet its magnitude in the
bilateral group paralleled the net shift seen in
the unilateral group (comparing pseudophakic
and fellow eyes). While three eyes (7.1%)
showed suspected glaucoma (increased intraoc-
ular pressure), there were no confirmed cases of
glaucoma or any other significant complica-
tions. Only a handful of eyes required sec-
ondary surgical interventions, such as IOL
exchange or procedures to clear visual axis
opacification. The advancements in modern
surgical technologies and techniques could
further enhance the long-term surgical out-
comes for pediatric patients with cataracts.
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