Hailaiti et al. Italian Journal of Pediatrics (2025) 51:141
https://doi.org/10.1186/513052-025-02010-x

Italian Journal of Pediatrics

Postoperative amblyopia in children

®

Check for
updates

with congenital cataracts: a systematic review

and meta-analysis

Ailifeire Hailaiti', Xiaoning Yu', Ke Yao' and Xingchao Shentu'

Abstract

This systematic review and meta-analysis aimed to estimate the prevalence of amblyopia following congenital
cataract surgery in children and evaluate key prognostic factors, including age at intervention, cataract phenotype,
and follow-up duration. We systematically searched PubMed, EMBASE, and the Cochrane Library for studies published
between January 1, 1981, and March 1, 2023. We included clinical trials, case series, and observational studies to ana-
lyze surgical timing, visual outcomes, and complications. Among 28 studies (2,167 patients, 3,371 eyes), the pooled
amblyopia prevalence was 62% (95% Cl: 0.55-0.69, 1°=91.7%). Early surgery (< 8 weeks for unilateral, < 12 weeks

for bilateral cases) significantly reduced amblyopia risk (P <0.001) but increased complications, notably glaucoma
(26% vs. 6%, P=0.001). In contrast, intraocular lens (IOL) implantation timing had no significant effect on visual
outcomes (P=0.096). Unilateral partial obstruction conferred a higher amblyopia prevalence than bilateral complete
obstruction (68% vs. 36%, P=0.003), and prolong amblyopia therapy beyond 6 years of age showed limited effi-
cacy. These findings highlight the critical role of timely surgery in optimizing visual recovery, despite its association
with complications. Early IOL implantation demonstrated no significant clinical benefits, and the therapeutic window
for amblyopia rehabilitation in congenital cataracts is narrower than in other forms.
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Introduction

Congenital cataracts are a leading cause of treatable
childhood blindness worldwide, with a global prevalence
of 1-15 per 10,000 children [1]. Characterized by lens
opacity that induces deprivation amblyopia and irrevers-
ible visual impairment if untreated [2—4]. Usually present
at birth or within the first months of life, affecting one or
both eyes [5].
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Early intervention (< 6 weeks for unilateral, <8 weeks
for bilateral) is widely recommended to optimize visual
development [6—-8]. However, conflicting evidence exists
regarding the risks of early surgery, particularly the ele-
vated incidence of aphakic glaucoma and other complica-
tions [9, 10], leaving the optimal timing debated.

The use of intraocular lens (IOL) implantation in chil-
dren remains controversial, despite the well-established
role in adult cataract surgery [11]. While some advocate
delayed implantation (> 2 years), demonstrating that
primary IOL placement before 2 years increases risks of
secondary glaucoma, visual axis opacification (VAO), and
inflammation [12, 13]; Additionally, it offers no signifi-
cant visual advantage over aphakic correction [14]. Oth-
ers propose primary IOL implantation before 6 months
reduced surgical burden (single-stage procedure),
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continuous optical correction, and mitigation of aniso-
metropia in unilateral cases [15, 16]. This controversy
underscores the need for evidence-based guidelines.

Furthermore, few studies have investigated the rela-
tionship between cataract phenotypes and postoperative
outcomes. To address these gaps, this systematic review
and meta-analysis evaluates amblyopia incidence follow-
ing congenital cataract surgery, analyzes modifiable risk
factors (surgical timing, IOL strategy), and provides clini-
cal recommendations.

Method

This meta-analysis was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [17, 18].

Databases and search strategy

For this systematic review and meta-analysis, we searched
PubMed, EMBASE, and the Cochrane Library for articles
published between January 1, 1981, and March 1, 2023.
Search terms included: “congenital cataract, “infantile
cataract,” “cataract extraction,” “lensectomy,” “IOL implan-
tation,” “amblyopia” and “lazy eye” in various combina-
tions. Full search terms and the PRISMA flow diagram
are provided in the Supplementary Material. (Literature
search strategy and Supplementary Table 4).

Eligibility and exclusion criteria

We included published articles reporting monocular
and binocular visual outcomes after surgical interven-
tion for congenital cataracts. The inclusion criterion
for sight restoration intervention was cataract removal
surgery followed by intraocular lens implantation. Con-
genital cataracts were defined as those diagnosed by a
pediatrician or ophthalmologist within 30 days of birth.
Additionally, articles were included if they (i) reported
measures that allowed for the calculation of proportions
(response rate) with a 95% confidence interval (CI); (ii)
reported outcomes separately for unilateral and bilat-
eral types of cataracts; (iii) reported the timing of cata-
ract removal surgery and IOL implantation; (iv) reported
preoperative diagnoses of cataract phenotype; (v) pro-
vided information on follow-up timing for each patient;
and (vi) provided outcomes for postoperative complica-
tions. Studies were excluded if they (i) focused on pop-
ulations with congenital cataracts in which the subjects
were aged over 18 years of age at the time of surgery; (ii)
focused on congenital cataracts secondary to genetic
syndromes, metabolic disorders, or intrauterine infec-
tions; (iii) excluded patients with concurrent ocular con-
genital anomalies (e.g., microphthalmos, microcornea,
ptosis, congenital glaucoma, Lowe syndrome, persistent
hyperplastic primary vitreous (PHPV)/persistent fetal
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vasculature (PFV) or systemic birth defects; (iv) were
not published within the date range of January 1, 1981,
to March 1, 2023; (v) were not initially published in
English. Quality assessment of the included studies was
conducted independently by two researchers using the
Newcastle—Ottawa Scale (NOS) [19]. The NOS evaluates
quality across three domains, with a maximum score of
9. Studies scoring 7-9 were of high quality, while scores
of 4-7 indicate moderate quality. Disagreements were
resolved by a third author.

Data extraction and statistical analysis

The extracted data included (i) type of article, (ii) coun-
try of origin, (iii) number of participants, (iv) clinical and
ocular characteristics, (v) average age at surgical inter-
vention, (vi) type of intervention(s), (vii) whether ambly-
opia treatment was administered postoperatively, (viii)
postoperative follow-up timing, and (ix) suitability for
the review and reason for exclusion. The key outcome of
this study was the proportion of patients with congeni-
tal cataracts and low vision quality after surgical inter-
vention. Amblyopia was defined based on criteria from
the 2021 Expert Consensus in China [20] and the 2022
Clinical Practice Guidelines of the American Academy of
Ophthalmology [21]. Statistical analyses were performed
via single-arm meta-analyses using Stata version 16.0. A
meta-analysis was conducted for each outcome reported
in more than two studies. Heterogeneity among the
included studies was evaluated using Cochran’s Q statis-
tic and the 12 index score. Values of 12 >50% or P> 0.1
were considered indicative of high heterogeneity. When
heterogeneity was high, a random-effects model (DerSi-
monian and Laird method) was used for analysis; other-
wise, a fixed-effects model (inverse variance method) was
used [18]. The pooled prevalence of postoperative ambly-
opia was calculated and the outcome was reported with
a 95% confidence interval (CI). Subgroup analyses were
conducted based on the timing of cataract removal sur-
gery, IOL implantation, cataract phenotype, and follow-
up duration. Sensitivity analysis was performed to assess
the robustness of the main meta-analysis results. Publi-
cation bias was assessed using Egger’s linear regression
method. A P-value threshold of less than 0.05 was estab-
lished for statistical significance.

Results

Study characteristics

Twenty-eight articles met our criteria for this systematic
review and meta-analysis, including 1 randomized con-
trolled trial (RCT) [22], 1 cohort study [23], 20 case series
[6, 7, 15, 24—42], and 6 clinical trial studies [4, 38, 39, 43—
45]. (Supplementary Tables 1 and 2 for the characteristics
and quality evaluation of the included articles). A total of
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2,167 patients were included, with 3,371 eyes included
in our analysis (Fig. 1). Among them, 963 had unilateral
congenital cataracts and 1,204 had bilateral congenital
cataracts (Supplementary Table 3). Below, we describe
the results for various groups in detail.

Pooled amblyopia prevalence

We recorded the best-corrected visual acuity (BCVA) of
all patients in each study reported at the final follow-up
and measured the prevalence of amblyopia. The results
revealed a pooled proportion of 62% for the presence of
amblyopia after surgical intervention using a random-
effects model (95% CI: 0.55-0.69, I = 91.7%) (Fig. 2).

Effect of cataract extraction timing
We categorized our subjects into four subgroups based
on age at the time of surgical intervention. For patients

1310 records identified through database searching:
PubMed (n=463)

EMBASE (n=518)
Cochrane Library (n=329)

Records screened for title and abstract
(n=1270)

Records Assessed for Full Text Eligibility
(n=129)

Studies Finally Included in This Review
(n=28)

Fig. 1 Flow diagram of the literature search and study selection process

—_—
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who underwent surgery before 8 weeks, the proportion
of patients with amblyopia was 53% (95% CI: [0.42, 0.64];
I>= 8.6%). For those who underwent surgery between
8-—12 weeks, the proportion was 56% (95% CI: [0.42, 0.70];
2= 63.0%). The proportion of patients who underwent
surgery between 12 weeks and 12 months was 79% (95%
CIL: [0.69, 0.88]; I>= 59.2%). The proportion of patients
who underwent surgery after 12 months was 79% (95% CI:
[0.68, 0.90]; I?= 86.8%). There were statistically significant
differences among the subgroups (P< 0.001) (Fig. 3A).
The results in the bilateral group were consistent with
the trends observed in the unilateral group. For those
who underwent surgery within 12 weeks, the propor-
tion of patients with amblyopia was 39% (95% CI: [0.31,
0.47]; 1= 0.00%). The prevalence rates for those who
underwent surgery between 12 weeks and 12 months and
those who underwent surgery after 12 months were 52%
(95% CI: [0.46, 0.58]; I*= 31.2%) and 71% (95% CI: [0.50,

Records removed before screening:

-Duplicate records found with excel automation (n=28)
-Duplicate records after manual inspection (n=12)

Records excluded based on abstract screening
(n=1150)

- 759 results not related to topic

- 47 comments, opinions, or reviews

- 49 age-related cataracts

- 64covered macular retinal disorders

- 101 focused on corneal and iris disorders

- 68 primarily investigated glaucoma

- 13 primarily addressed viral infections

- 3 pertained to animal experiments

- 46 focused on comparing the effectiveness of different IOL

- Additional Articles Selected from the Similar Articles in
PubMed (n = 9)

Records Excluded Based on Full Text Screening
(n=101)

- 11 emphasize the treatment of amblyopia

- 17 text-based with no data

- 22 focused on traumatic cataracts

- 13 focus on postoperative infections

- 14 primarily compare the effectiveness of different IOL
- 15 do not involve intraocular lens implantation

- 9 missing full text
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Overall Prevalence of Amblyopia
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Fig. 2 Forest plot of the pooled proportion estimates of amblyopia following surgical intervention in congenital cataract, using a random-effects
model. Cl =confidence interval; DL = DerSimonian-Laird random-effects model

0.92]; I>= 90.3%), respectively. There were statistically
significant differences among the subgroups (P= 0.005)
(Fig. 3B).

Impact of IOL implantation timing

Comparing the prevalence of amblyopia among different
IOL implantation groups, we observed a lower rate in the

(See figure on next page.)

primary implantation group 61% (95% CI: [0.51, 0.71];
I*=90.7%) than in the secondary implantation group 66%
(95% CI: [0.57, 0.74]; I*= 90.2%) (Fig. 4A). However, no
statistically significant difference were detected between
these subgroups (P= 0.527). When categorized by the
timing of IOL implantation—pre-12 weeks, between 12
weeks and 12 months, and post-12 months—the rates

Fig. 3 Forest plot of the pooled proportion of amblyopia following surgical intervention for the subgroups: A Age at the time of surgery before 8
weeks, 8-12 weeks, 12 weeks-12 months, and after 12 months within the unilateral congenital cataract group; B Age at the time of surgery
before 12 weeks, 12 weeks-12 months, and after 12 months within the bilateral congenital cataract group. Subgroup analyses are presented

with effect sizes (proportions), 95% confidence intervals (Cl), and heterogeneity metrics (

=DerSimonian-Laird random-effects model

12 statistic and P-value). Cl = confidence interval; DL
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A Unilateral congenital cataract group Effect (95% Cl) Weight(%)
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Fig. 3 (Seelegend on previous page.)
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A Stages of IOL Implantation Effect (95% Cl) Weight(%)

Primary Implantation

Mari Kathrine Sand 2022 —_— 0.65 (0.46, 0.84) 2.89

E. Eugenie Hartmann 2014 —0—: 0.48 (0.34, 0.62) 3.32

David Wackerberg 2023 —— 0.41(0.25, 0.57) 317

Rudolf Autrata 2005 —— 0.61 (0.46, 0.76) 3.25

A. Magli 2015 ~—®—  0.79(0.61,0.97) 2.98

J. Park 2018 : - 0.95(0.88,1.02) 3.79

HUSSIN HM 2009 |—@—  0.82(0.66,0.98) 3.17

Gochnauer, A. C 2010 —— 0.39 (0.27, 0.51) 3.48

Yangzes, S 2019 —+—: 0.53 (0.43, 0.63) 3.60

Negalur, M 2018 —T—&—— 0.78(0.51, 1.05) 2.31

Kenneth P. Cheng 1991 —:—0— 0.76 (0.56, 0.97) 284

Steven Awner 1996 —— 0.67 (0.40, 0.93) 2.34

Ledoux, D. M 2007 —=! 0.47 (0.35, 0.59) 3.47

HUSSIN HM 2009 — 0.66 (0.51,0.81) 3.27

Hennig, A 2013 - : 0.47 (0.42, 0.52) 3.87

Negalur, M 2018 — 0.61(0.45, 0.77) 321

Erick D Bothun 2021 — 0.47 (0.32, 0.62) 321

Subgroup, DL (I = 90.7%, p = 0.000) 0 0.61 (0.51,0.71) 54.17

1

Secondery Implantation :

H. Zhang 2012 - 0.59 (0.52, 0.66) 3.77

X. Rong 2015 | —4#—  0.85(0.73,0.97) 3.47

Adriano Magli 2016 -+ 0.63 (0.52, 0.74) 3.54

S. R. Lambert 2020 -—— 0.71 (0.59, 0.83) 3.48

Claude Speeg-Schatz 2005 : —— 0.89 (0.80, 0.98) 3.68

Elie Dahan 1990 | —— 092(0.77,1.07) 327

Jean Jacques Aron 1983 : —#— 0.92(0.78, 1.06) 3.31

D. H. Kim 2012 — 0.32(0.17,0.47) 325

H. Zhang 2012 - 0.59 (0.55, 0.63) 3.89

X. Rong 2015 - 0.49 (0.40, 0.58) 3.65

Adriano Magli 2016 —— 0.63 (0.54, 0.72) 3.60

H. H. Ye 2007 —— 0.58 (0.42, 0.74) 3.19

Claude Speeg-Schatz 2005 - : 0.44 (0.34, 0.54) 3.63

Subgroup, DL (I* = 90.2%, p = 0.000) .0 0.66 (0.57, 0.74) 45.83

1

Heterogeneity between groups: p = 0.527 )

Overall, DL (I* = 90.3%, p = 0.000) <> 0.63 (0.57,0.70)  100.00
Timing of IOL Implantation Effect (95% CI) Weight(%)
=12 weeks
Mari Kathrine Sand 2022 — 0.65 (0.46, 0.84) 3.12
E. Eugenie Hartmann 2014 — 0.48 (0.34, 0.62) 3.49
David Wackerberg 2023 — 0.41 (0.25, 0.57) 3.36
Claude Speeg-Schatz 2005 — 0.65 (0.51, 0.79) 3.53
Rudolf Autrata 2005 —.— 0.61 (0.46, 0.76) 3.44
Subgroup, DL (I = 46.7%, p = 0.112) < 0.56 (0.46, 0.65)  16.93

1
12 weeks-12 months :
Kenneth P. Cheng 1991 —Iht— 0.76 (0.56, 0.97) 3.07
Negalur, M 2018 —®—— 0.78(0.47, 1.09) 2.33
A. Magli 2015 | —— 0.79 (0.68, 0.90) 3.68
Adriano Magli 2016 —— 0.63 (0.52, 0.74) 3.69
X. Rong 2015 | —— 0.85 (0.73, 0.97) 3.63
Scott R. Lambert 2006 —— 0.40 (0.25, 0.55) 3.46
Claude Speeg-Schatz 2005 - 0.44 (0.31, 0.57) 3.56
Negalur, M 2018 + 0.61 (0.44, 0.78) 3.28
Adriano Magli 2016 — 0.63 (0.49, 0.77) 3.47
Hennig, A 2013 - 0.47 (0.42, 0.52) 3.96
Erick D Bothun 2021 — 0.47 (0.32, 0.62) 3.40
Subgroup, DL (i = 85.6%, p = 0.000) Q 0.61(0.51,0.71)  37.53
>12 months :
HUSSIN HM 2009 \—®—  082(0.66,0.98) 3.36
Yangzes, S. 2019 —— 0.53 (0.43, 0.63) 3.74
Steven Awner 1996 e 0.66 (0.39, 0.93) 2.59
Jean Jacques Aron 1983 | =—4— 0.92(0.78, 1.06) 3.49
X. Rong 2015 | = 0.85 (0.73, 0.97) 3.63
H. Zhang 2012 | - 0.79 (0.73, 0.85) 3.92
J. Park 2018 ! - 0.95(0.88,1.02) 3.89
S. R. Lambert 2020 - 0.71(0.59, 0.83) 3.63
Gochnauer, A. C 2010 [ 0.89 (0.81, 0.97) 3.86
HUSSIN HM 2009 — 0.66 (0.44, 0.88) 2.94
D. H. Kim 2012 —— 0.32 (0.17, 0.47) 3.43
X. Rong 2015 - 0.49 (0.38, 0.60) 3.67
H. H. Ye 2007 —r 0.58 (0.42, 0.74) 3.39
Subgroup, DL (I = 90.8%, p = 0.000) <|(> 0.71(0.61,0.81) 4554

1
Heterogeneity between groups: p = 0.096 !
Overall, DL (I* = 90.7%, p = 0.000) > 0.65 (0.58, 0.72)  100.00
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Fig. 4 Forest plot of the pooled proportion of amblyopia following IOL implantation for the subgroups: A Primary implantation versus secondary
implantation; B Subgroup categorized by IOL implantation timing: Before 12 weeks, 12 weeks-12 months, and after 12 months. Subgroup analyses
are presented with effect sizes (proportions), 95% confidence intervals (Cl), and heterogeneity metrics (I statistic and P-value). Cl =confidence
interval; DL = DerSimonian-Laird random-effects model
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of amblyopia were 56% (95% CI: [0.46, 0.65); I*= 46.7%),
61% (95% CI: [0.51, 0.71]; I?= 85.6%), and 71% (95% CI:
[0.61, 0.81]; I>= 90.8%), respectively. However, no sig-
nificant differences were observed among the subgroups
(P=0.096) (Fig. 4B).

Cataract phenotype and amblyopia risk

To assess the influence of cataract phenotype on post-
operative visual acuity, we categorized the preoperative
diagnoses into four groups: unilateral complete obstruc-
tion, unilateral partial obstruction, bilateral complete
obstruction, and bilateral partial obstruction. Our analy-
sis revealed a higher prevalence of amblyopia in the uni-
lateral complete obstruction group, reaching 69% (95%
CIL [0.47, 0.91]; = 89.2%), followed by unilateral par-
tial obstruction with a prevalence of 68% (95% CI: [0.47,
0.90]; I* = 84.5%).

For bilateral cataracts, the prevalence rates of complete
and partial obstruction were 38% (95% CIL: [0.28, 0.48];
I>= 50.8%) and 36% (95% CI: [0.25, 0.47]; I*= 43.0%),
respectively. We compared the occurrence across the
four classifications. Significant differences were found
between unilateral partial obstruction and bilateral com-
plete obstruction (P= 0.01) and partial obstruction (P=
0.008) and between unilateral complete obstruction and
bilateral complete obstruction (P= 0.009) and partial
obstruction (P= 0.007) (Fig. 5A).

Using an alternative classification method, we cat-
egorized cataract phenotypes into four groups: Total,
Nuclear, Posterior Subcapsular, and Other (including
lamellar, anterior polar, punctate, and other opacities)
to examine the prevalence of amblyopia in patients.
Subgroup analysis results showed that the prevalence of
amblyopia in the total cataract group was slightly higher
than that in the other subgroups; however, no signifi-
cant differences were observed among them (P= 0.725)
(Fig. 5B).

Follow-up duration and age at last assessment

Our analysis of the relationship between follow-up dura-
tion and postoperative visual outcomes revealed preva-
lence rates of 75% (95% CI: [0.60,0.91], I?’= 96.4%) for
less than 4 years, 64% (95% CI: [0.53,0.75], I?= 82.6%) for
4-8 years, and 65% (95% CI: [0.52,0.77], I>= 88.8%) for

(See figure on next page.)
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> 8 years. However, no statistically significant correlation
was observed among the subgroups (P= 0.444) (Fig. 6A).

Additionally, we conducted another subgroup analysis
based on age at the last follow-up, dividing patients into
two groups with a cutoff age of 6 years, to investigate
whether tracking specific ages correlates with long-term
visual recovery. Our results showed a 69% prevalence
rate of amblyopia (95% CI: [0.60,0.78], I?= 91.9%) for
children followed up beyond the age of 6, while for those
followed up at or below 6 years old, it was 66% (95% CI:
[0.52,0.79], I’= 91.6%). No statistically significant dif-
ference was observed between the two subgroups (P=
0.679) (Fig. 6B).

Postoperative complications

We analyzed postoperative complications based on the
timing of cataract extraction and IOL implantation,
dividing the patients into three groups: pre-12 weeks,
12 weeks to 12 months, and post-12 months. Patients
who underwent surgery before 12 weeks had signifi-
cantly higher risks of VAO (31%) and glaucoma (26%),
while those underwent surgery between 12 weeks and 12
months showed lower risks (VAO, 13%; glaucoma, 3%).
Surgery after 12 months was associated with intermedi-
ate risks (VAO, 20%; glaucoma, 6%). Similar trends were
observed for IOL implantation timing, with significantly
higher risks of VAO (31%) and glaucoma (25%) before
12 weeks, lower risks between 12 weeks and 12 months
(VAO, 12%; glaucoma, 3%), and intermediate risks after
12 months (VAO,15%; glaucoma, 6%). Significant differ-
ences were found among the glaucoma subgroups (P=
0.001) but not among the VAO groups (P= 0.067) (Sup-
plementary Fig. 2-5).

In the sensitivity analysis, omitting a single study at a
time did not result in significant changes in the overall
results. The Egger’s test indicated no evidence of publica-
tion bias (Egger’s P= 0.671) (Supplementary Fig. 1).

Discussion

Our meta-analysis indicated that approximately 62% of
children who underwent surgery for congenital cataracts
developed amblyopia. The timing of cataract extraction is
closely related to the prevalence of amblyopia, with ear-
lier removal being associated with a lower prevalence.
Conversely, the timing of IOL implantation appears to

Fig. 5 Forest plot of the pooled proportion of amblyopia categorized by phenotype for the subgroups: A Unilateral complete occlusion, unilateral
partial occlusion, bilateral complete occlusion, and bilateral partial occlusion; B Subgroup categorized by phenotype: Total, Nuclear, Posterior
subcapsular, and other (including lamellar, anterior polar, punctate, and other opacities). Subgroup analyses are presented with effect sizes

(proportions), 95% confidence intervals (Cl), and heterogeneity metrics (
random-effects model

| 2

statistic and P-value). Cl =confidence interval; DL = DerSimonian-Laird
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A Effect
Study and Subgroup (95% CI) Weight(%)
Unilateral complete occlusion
D. H. Kim 2012 0.32 (0.17, 0.47) 19.46
X. Rong 2015 0.49 (0.35, 0.63) 20.07
Ledoux, D. M. 2007 —— : 0.19 (0.04, 0.34) 18.86
Scott R. Lambert 2006 —_— 0.40 (0.10, 0.70) 8.26
Claude Speeg-Schatz 2005 —Q-;— 0.44 (0.28, 0.60) 18.20
Erick D Bothun 2021 —— 0.47 (0.28, 0.66) 15.14
Subgroup, DL (I* = 50.8%, p = 0.071) <>: 0.38 (0.28, 0.48) 100.00
i
Unilateral partial occlusion !
D. H. Kim 2012 —— 0.32 (0.17, 0.47) 18.39
X. Rong 2015 —_— 0.49 (0.31, 0.67) 15.50
Ledoux, D. M. 2007 — - 0.19 (0.08, 0.30) 23.69
Scott R. Lambert 2006 — 0.40 (0.23, 0.57) 15.54
Claude Speeg-Schatz 2005 + 0.44 (0.21, 0.67) 11.84
Erick D Bothun 2021 —— 0.47 (0.21,0.73) 11.67
Subgroup, DL (I = 59.2%, p = 0.032) < I 0.36 (0.25, 0.47) 100.00
1
Bilateral complete occlusion :
X. Rong 2015 | —#— 0.85(0.681.02) 24.20
Yangzes, S. 2019 —— 0.53 (0.41, 0.65) 26.08
Ledoux, D. M. 2007 — 0.47 (0.27, 0.67) 23.07
Claude Speeg-Schatz 2005 ! —4—  0.89(0.78, 1.00) 26.66
Subgroup, DL (I* = 89.2%, p = 0.000) - 0.69 (0.47, 0.91) 100.00
'
1
Bilateral partial occlusion :
X. Rong 2015 | —4@— 0.85(0.68,1.02) 24.97
Yangzes, S. 2019 —— 0.53 (0.35, 0.71) 24.42
Ledoux, D. M. 2007 —— 0.47 (0.32, 0.62) 25.65
Claude Speeg-Schatz 2005 | —&— 0.89(0.72, 1.06) 24.96
Subgroup, DL (I* = 84.5%, p = 0.000) 10 0.68 (0.47, 0.90) 100.00
1
Heterogeneity between groups: p = 0.003 :
Overall, DL (F* = 88.7%, p = 0.000) <> 0.50 (0.40,0.61)  100.00
B Effect
Study and Subgroup (95% C1) Weight (%)
Total §
D. H. Kim 2012 —_— 0.32 (0.17,0.47) 12.97
H. Zhang 2012 {-0— 0.60 (0.49, 0.71) 16.49
X. Rong 2015 —— 0.60 (0.49, 0.71) 16.30
Yangzes, S 2019 ?.— % 0.53 (0.41, 0.65) 16.18
Ledoux, D. M 2007 —+ 0.32 (-0.14, 0.78) 2,67
Scott R. Lambert 2006 —_— 0.40 (0.12, 0.68) 6.08
Claude Speeg-Schatz 2005 | = 0.65 (0.54, 0.76) 16.22
Mari Kathrine Sand 2022 + 0.65 (0.30, 1.00) 4.15
Erick D Bothun 2022 —r 0.47 (0.28, 0.66) 9.93
Subgroup, DL (F = 53.3%, p = 0.029) 4} 0.53 (0.45, 0.61) 100.00
1
Nuclear 1
D. H. Kim 2012 —4—: 0.32 (0.16, 0.48) 18.60
H. Zhang 2012 —— 0.60 (0.51, 0.69) 23.04
Ledoux, D. M 2007 —— 0.32 (0.16, 0.48) 18.93
Scott R. Lambert 2006 —0+ 0.40 (0.22, 0.58) 17.29
Mari Kathrine Sand 2022 —_T— 0.65 (0.37, 0.93) 11.66
Erick D Bothun 2021 D — 0.47 (0.16, 0.78) 10.47
Subgroup, DL (F* = 69.0%, p = 0.006) o 0.45 (0.32, 0.58) 100.00
1
Posterior subcapsular !
D. H. Kim 2012 —0:— 0.32 (-0.14, 0.78) 8.55
H. Zhang 2012 . 0.60 (0.49, 0.71) 31.90
Yangzes, S 2019 —_——— 0.53 (0.18, 0.88) 12.81
Ledoux, D. M 2007 - : 0.32 (0.18, 0.46) 29.34
Mari Kathrine Sand 2022 ———— 0.65(0.18,1.12) 8.26
Erick D Bothun 2021 —_— 0.47 (0.03, 0.91) 9.15
Subgroup, DL (I* = 53.7%, p = 0.056) <> 0.48 (0.33, 0.63) 100.00
1
Others :
H. Zhang 2012 I o 0.60 (0.53, 0.67) 23.39
X. Rong 2015 ——— 0.60 (0.46, 0.74) 18.36
Yangzes, S 2019 + 0.53 (0.32, 0.74) 13.71
Ledoux, D. M 2007 —_—— 0.32 (0.20, 0.44) 20.14
Scott R. Lambert 2006 B g 0.40 (-0.15, 0.95) 3.56
Claude Speeg-Schatz 2005 :—+— 0.65 (0.48, 0.82) 16.43
Mari Kathrine Sand 2022 ——— 0.65(0.18,1.12) 3.34
Erick D Bothun 2021 — 0.47 (-0.02, 0.96) 1.67
Subgroup, DL (F* = 62.9%, p = 0.009) <> 0.53 (0.43, 0.64) 100.00
1
Heterogeneity between groups: p = 0.704 !
Overall, DL (I? = 58.3%, p = 0.000) ¢ 0.51(0.45,0.56)  100.00
T T
-1 0 1

Fig. 5 (Seelegend on previous page.)
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Effect (95% CI)
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Weight(%)

3.29
4.36
4.52
3.96
4.28
4.58
4.49
3.55
2.96
36.00

3.99
4.49
4.52
4.16
4.10
3.61
4.03
3.98
32.90

4.75
4.43
4.36
4.73
4.63
4.07
4.14
31.10

100.00

Weight (%)

3.29
4.36
3.99
4.75
4.49
4.52
4.52
4.16
3.96
4.28
4.58
4.49
4.63
3.55
2.96
62.55

4.43
4.36
4.10
3.61
4.03
4.73
3.98
4.07
4.14
37.45

100.00

Fig. 6 Forest plots of the pooled prevalence of amblyopia stratified by: A Follow-up duration (< 4 years, 4-8 years, > 8 years post-surgery); B
Age at last follow-up (< 6 years vs. > 6 years). Subgroup analyses are presented with effect sizes (proportions), 95% confidence intervals (Cl),

and heterogeneity metrics (

|2

statistic and P-value). Cl = confidence interval; DL = DerSimonian-Laird random-effects model
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have a minor impact on postoperative visual outcomes.
Regardless of whether lens removal or IOL implanta-
tion is performed earlier, patients face significant risks of
complications, such as glaucoma and VAO. Additionally,
our study found that patients with complete obstruction
in both eyes exhibited better visual recovery than those
with partial obstruction in a single eye (P= 0.01). Inter-
estingly, beyond 6 years of age, an extended follow-up
period did not result in a significant visual recovery. We
discuss these findings in greater detail below.

Our findings underscore the importance of early diagno-
sis and intervention to reduce the incidence of amblyopia.
Data show that the prevalence of amblyopia in patients
with unilateral cataract decreases from 79% when surgery
is performed after 12 months to 53% when conducted
before 8 weeks, and from 72% to 39% in patients with bilat-
eral cataract. These findings align with Birch and Stager’s
study, which demonstrated that surgery before 6 weeks of
age significantly improves visual prognosis in patients with
unilateral cataracts [46]. This 6-week threshold, known
as the latent period, relies on subcortical pathways in the
developing visual system to prevent form deprivation-
induced vision loss [47, 48]. Emerging evidence suggests
that this critical window is modulated by broader neuro
developmental processes. For instance, infants with con-
genital cataracts may exhibit delayed myelination of the
optic radiations, as observed in diffusion tensor imaging
studies [49], which could further constrain the time frame
for effective visual rehabilitation. Additionally, cross-
modal plasticity where auditory or somatosensory corti-
ces encroach on visually deprived area may compete with
residual visual plasticity, potentially explaining why delayed
intervention beyond the latent period yields diminished
gains [50]. Additionally, research suggests that the latent
period for bilateral visual deprivation may extend for up to
10 weeks [7]. These data emphasize the importance of per-
forming surgery within the latent period to maximize the
development of visual function and further elucidate the
critical role of the latent period in visual recovery.

Our results show that the timing of IOL implantation,
whether in the primary or secondary phase, or within the
first 12 weeks or after 12 months of life, does not signifi-
cantly affect the prevalence of amblyopia in patients. This
might be attributed to the fact that almost all patients
received proper visual correction after cataract removal,
such as wearing spectacles or contact lenses while in
an aphakic status. However, earlier intervention (< 12
weeks) was associated with higher complication rates
with VAO (52% in the <12-week group vs. 47% in the
>12-month group (p= 0.32)) and Glaucoma (26% vs. 6%
(p= 0.004)). Our findings indicates that the occurrence
of VAO tends to be higher with earlier surgical interven-
tion; however, no significant correlation was observed in
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the subgroup analysis based on timing, consistent with
Negalur’s observations that VAO development is not
linked to age at the time of surgery [15]. Nevertheless, a
substantial increase in the prevalence of glaucoma war-
rants further attention. A recently published meta-analy-
sis on the correlation between congenital cataract surgery
and the incidence of secondary glaucoma indicated that
the average age at surgery was an independent factor
influencing the development of secondary glaucoma [51].
Birch and Cheng also found that surgery within the first 4
weeks of life led to a higher occurrence of glaucoma [52].
An examination of 147 eyes with congenital cataracts in
Victoria, Australia, revealed that the prevalence of glau-
coma was the highest in surgeries performed within the
first month of life [53]. The risk of glaucoma decreases as
the age at the time of surgery increased [54, 55].

Combining the conclusions drawn from cataract extrac-
tion, we believe that early removal of opacified lenses is
crucial for postoperative vision recovery and the preven-
tion of amblyopia. While ensuring that patients receive
appropriate visual correction and rehabilitation, delay-
ing the timing of IOL implantation could strike a balance
between maximizing visual recovery and minimizing the
risk of serious complications, such as glaucoma.

Our results showed clear differences in visual out-
comes with respect to the various cataract phenotypes.
The prevalence of amblyopia was significantly higher in
unilateral complete and partial obstruction cataracts
(69% and 68%, respectively) than in bilateral cataracts
(38% and 36%, respectively). This result is understand-
able, as unilateral congenital cataract leads to early
monocular deprivation, adversely affecting visual out-
comes compared with deprivation in both eyes [47].
Studies on monocularly deprived animals have shown
that the columnar regions of the deprived eye in layer
4c of the primary visual cortex are almost three times
narrower than those of the non-deprived eyes [47, 56].
In humans, functional MRI studies corroborate these
findings, demonstrating reduced blood-oxygen-level-
dependent (BOLD) signals in the primary visual cortex of
children with untreated congenital cataracts [57]. These
structural and functional alterations highlight the critical
role of early surgical intervention in preserving cortical
organization, as delayed treatment may lead to irrevers-
ible neural remodeling. Lambert et al. showed that bilat-
eral visual deprivation during early childhood has a less
severe impact on visual system development than uni-
lateral deprivation [58]. In our study, relatively poorer
postoperative visual acuity was observed in monocularly
deprived unilateral congenital cataracts than in bilateral
congenital cataracts (P= 0.01). When both eyes were
deprived, the damage was less severe, indicating that the
impairment was not solely due to lack of use, but also



Hailaiti et al. Italian Journal of Pediatrics (2025) 51:141

due to competition between the two eyes. Therefore, the
prognosis for patients with unilateral congenital cataracts
is generally regarded as less favorable, and visual acuity is
higher in patients with bilateral congenital cataracts even
in cases of complete obstruction. This can assist clinical
ophthalmologists in predicting the prognosis of patients
before surgery while raising awareness for children with
unilateral cataracts encountered in clinical practice.

We also categorized the patients into four groups based
on the following cataract phenotypes: total, nuclear, pos-
terior subcapsular, and other cataracts (including lamellar,
anterior polar, punctate, and other opacities). Unlike pre-
vious classifications, the detailed classification of cataracts
did not significantly affect postoperative visual outcomes.
In fact, in the reviewed studies, a detailed description of
the diagnostic process was often lacking. We believe that
the limited availability of studies investigating the correla-
tion between cataract phenotypes and postoperative vis-
ual outcomes might explain the lack of a significant effect.

Another important finding of our study is that the
recovery of vision tends to plateau after a certain period.
Specifically the prevalence rate of amblyopia was 75%
with a follow-up duration of 4 years postoperatively.
Extending the follow-up period to 4—8 years resulted in
a prevalence rate of 64%. We found that the prevalence
rate decreased significantly from 75 to 64%, indicating
that prolonged follow-up contributes to a reduction in
the prevalence of amblyopia. However, when compar-
ing the follow-up periods of 4-8 years and >8 vyears,
the decrease in amblyopia rates was minimal, suggest-
ing a relatively short golden period for visually deprived
amblyopia caused by congenital cataracts. When explor-
ing the relationship between the last follow-up age and
amblyopia, using 6 years as the dividing point, we found
no significant difference between the two groups. This
finding indirectly confirms that, beyond 6 years of age,
prolonged follow-up may not significantly contribute
to visual recovery. The sensitive period is the timeframe
during which the developing visual system retains plas-
ticity and can be manipulated, influenced, or modified
before full visual maturation [56, 59]. Suwal et al. indi-
cated that for patients with amblyopia caused by ptosis
and refractive error, proactive amblyopia treatment can
significantly improve vision even at the age of 16 [60].
Studies have reported that for non-visually deprived
amblyopia patients, significant improvements in vision
can be achieved through active amblyopia training even
at older ages [61, 62]. When categorizing follow-up tim-
ing, we attempted several subgroup analyses within
smaller age groups. However, due to the limited availabil-
ity of useful data for patients younger than 6 years in the
literature, we could only observe differences in percent-
ages without significant intergroup distinctions. Based
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on our conclusions, we believe that amblyopia caused by
congenital cataracts has a shorter postoperative recovery
time than the other types of amblyopia. Therefore, if we
can effectively harness this period of visual plasticity for
amblyopia training, it has the potential to maximize vis-
ual recovery in patients.

We acknowledge the limitations of this study. First,
we categorized the timing of unilateral surgery as before
eight weeks. However, previous studies suggest that the
optimal timing for unilateral surgery is within the first
4—6 weeks of life [46]. The discrepancy in our categori-
zation stems from the limited availability of studies that
provided data for early intervention. This highlights a
potential gap in the literature, emphasizing the need for
further research on the earliest possible intervention
times to optimize the visual outcomes in children with
congenital cataracts. Second, our exclusion criteria inten-
tionally omitted congenital cataracts associated with
genetic syndromes [63, 64] or prenatal infections [65].
While this approach enhanced the homogeneity of our
cohort, it limits the generalizability of findings to syndro-
mic cataracts, where amblyopia risk may be compounded
by additional ocular or systemic anomalies [66]. Future
studies should address phenotype-specific outcomes in
these populations. Although preventive measures are
critical in reducing congenital cataract incidence, our
analysis focused on postoperative outcomes rather than
etiology. The interplay between prevention strategies and
surgical timing warrants dedicated investigation. Third,
our data predominantly represent small populations and
thus may not offer a comprehensive representation of the
entire population. Fourth, these data were extracted from
several studies, making it difficult to unify surgical proce-
dures, IOL types, and the process of amblyopia training.
Finally, there might be language bias because our study
included only studies published in English.

Conclusion

Our study demonstrates that early surgical interven-
tion (< 8 weeks for unilateral, <12 weeks for bilateral
congenital cataracts) significantly reduces amblyopia
prevalence, although it comes with an increased risk
of postoperative complications. Notably, IOL implan-
tation timing showed no clinically meaningful impact
on visual outcomes, challenging the rationale for early
IOL placement in infants. Additionally, our findings
indicate that the cataract phenotype critically influ-
ences prognosis, emphasizing the urgency of prioritiz-
ing unilateral cataract management. Furthermore, the
therapeutic window for amblyopia rehabilitation is con-
strained, with limited efficacy observed beyond 6 years
of age, emphasizing the need for age-targeted interven-
tions during the critical period of visual plasticity.
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oL Intraocular lens
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PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
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