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Recent developments in the management of congenital cataract
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Abstract: Congenital cataract is a rare eye disease, one of the leading treatable causes of low vision in 
children worldwide. Hereditary cataracts can be divided in syndromic and non-syndromic cataracts. Early 
diagnosis in congenital cataracts is key to reach good visual function. Current surgical techniques, that 
combine microincision cataract extraction and primary intraocular lens (IOL) implantation, have improved 
childhood cataract outcome. Complications include posterior capsule opacification (PCO), aphakic or 
pseudophakic glaucoma, uveitis, pupil displacement and IOL decentration. A recent study using a modified 
Delphi approach identified areas of consensus and disagreement in the management of pediatric cataract. A 
consensus or near consensus was achieved for 79% of the questions, however 21% of the questions remained 
controversial, as for IOL implantation strategy. Congenital cataracts show a highly variable phenotype and 
genotype, and can be related to different mutations, genetic variance, and other risk factors. Congenital 
cataracts can be associated with other ocular developmental abnormalities, including microphthalmia, 
microcornea, or aniridia and with systemic findings. Next-generation sequencing (NGS) and forthcoming 
new ultra-high-throughput sequencing represent excellent tools to investigate the genetic causes of 
congenital cataracts. A better recognition of different clinical presentations and underlying etiologies of 
congenital cataracts may lead to the development of new approaches to improve visual outcome after cataract 
surgery and promote early detection of systemic associated syndromes. 
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Introduction

Congenital cataract is a rare eye disease, with a variable 
prevalence of 0.6–9.3/10,000 live births (1). It remains one 
of the leading causes of visual loss in children worldwide. 
Congenital cataract is considered a preventable cause of 
blindness. However, a late diagnosis and treatment lead to 
irreversible deprivation amblyopia and permanent severe 
visual impairment or blindness. Cataract can be defined as 
a loss of transparence of the lens, occasionally leading to a 

change in its refractive index. The term cataract comes from 
the Greek katarraktes and then transformed in the Latin 
word cataracta. However, the term cataract was first used 
in an ophthalmic sense with the Latin cataracta in the 5th 
century CE (2). Congenital or neonatal cataract is defined 
as a cataract observed within the first year of life. The term 
juvenile cataract is used when onset occurs within the first 
decade of life. Congenital cataracts have numerous causes, 
many of them remaining unknown (3). They are usually 
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associated with an alteration of the lens micro-architecture 
and result from abnormal lens development during 
embryonic to postnatal stages, due to various disruptive 
factors, including genes mutations. Most childhood cataracts 
are isolated, while some are associated to other ocular 
developmental anomalies, such as microphthalmia, aniridia 
or microcornea, and/or systemic disorders. Inherited 
congenital cataracts show all types of inheritance patterns in 
a syndromic and non-syndromic form. Syndromic cataract 
should be suspected when systemic findings are present 
among the clinical symptomatology. An early screening of 
syndromic cataract allows a better management of systemic 
associated anomalies.

Recent innovations including DNA sequencing, high 
resolution imaging and new tools in pediatric surgery 
have improved the screening, detection and management 
of congenital cataracts (3,4). The timing of cataract 
surgery is one of the main factor influencing the visual 
outcome (3). However, despite early surgery and intense 
amblyopia rehabilitation, children may still develop several 
complications, including glaucoma and low vision (5).

Current clinical practice in congenital cataract

The main function of crystalline lens is its role in the 
refractive vision. Congenital cataracts lead to lens opacity, 
but also impair lens growth, eyeball axial length and 
refractive properties, all leading to vision loss. 

Epidemiology and classification 

A meta-analysis calculated the prevalence of congenital 
cataract, based on 8,302,708 children from 17 population 
studies from different continents between 1959 and 2010. 
The overall pooled prevalence was 4.24 cases per 10,000 
children (6). 

Congenital cataracts show a variable degree of severity 
from minimal to dense opacity, independently of the 
associated mutation that can differ or be identical for the 
same degree of opacity. Congenital cataracts are usually 
classified morphologically as total, anterior polar, nuclear 
(Figure 1A), posterior polar, posterior subcapsular, lamellar, 
pulverulent (Figure 1B), zonular, sutural, cerulean, cart-
wheel (Figure 1C) coraliform or polymorphic (7). 

Associated ocular anomalies and syndromic cataracts 

Congenital cataracts can occur either in isolation, or 

in association with other ocular abnormalities, such 
as microcornea, coloboma, anterior segment defects, 
microphthalmia, aniridia (Figure 1C), persistent fetal 
vasculature (8) (Figure 1D) and retinal disorders, such as 
retinal dystrophies. Furthermore, congenital cataract may 
be associated with systemic syndromes and multisystem 
genetic disorders, requiring a pediatric work-up. Over 200 
syndromes with pediatric cataract have been reported (9) 
and should be investigated. Many chromosomal disorders, 
including Down syndrome (Trisomy 21), Trisomy 18, cri-
du-chat syndrome (5p deletion), and 22q11.2 deletion 
syndrome (9), can be associated with pediatric cataracts. 

Cataract diagnosis and management 

Early diagnostic remains essential in congenital cataract, 
since the timing of surgery is one of the main factor 
influencing visual outcome (3). Early screening for 
congenital cataracts has been developed worldwide to 
optimize management of affected children. Prenatal 
imaging diagnosis by ultrasound and, if needed, genetic 
testing, can be performed for fetus at early gestational stages 
(10-12). For visually-significant cataracts leading to a high 
risk of amblyopia, surgical intervention is recommended 
at 6 weeks of age for unilateral cases and before 8 weeks 
of age for bilateral ones (13,14). Microincision cataract 
aspiration combined with posterior capsulotomy, anterior 
vitrectomy and primary intraocular lens (IOL) implantation 
is now recognized as the optimal surgical option for the 
management of a large part of pediatric cataracts (15).  
Posterior capsulotomy and anterior vitrectomy are 
particularly important to reduce posterior capsule 
opacification (PCO) and recommended until 4–8 years, 
a presumed cooperative age for Nd: YAG procedure. 
Primary IOL implantation is usually performed in children 
older than 2 years of age. However, IOL implantation in 
children younger than 2 years of age remains a matter of 
controversy, despite the increasing evidence of safety for the  
procedure (16). IOL implantation before 7 months of 
age is considered at high risk of severe postoperative 
complications, as inflammation, PCO (Figure 1E) and 
glaucoma, particularly in bilateral cases (17-19). However, 
some authors have suggested implantation as early as  
3 months for unilateral cataracts and 7 months for bilateral 
ones (20). A recent meta-analysis showed that primary IOL 
implantation in children younger than 2 years resulted in 
better visual acuity than aphakia and contact lens wearing, 
but increased incidence of PCO. The prevalence of 
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glaucoma and strabismus was similar between the groups. 
Authors suggested that cataract surgery in children younger 
than 2 years should include primary IOL implantation, 
associated with optic capture or bag-in-the-lens IOL 
implantation techniques to reduce PCO incidence (16). 
However, when cataract is associated with others ocular 
conditions as microphthalmia, IOL implantation should 
be delayed (21). Foldable hydrophobic acrylic is one of 
most used IOL material, since it remains stable and leads 
to less severe inflammation and PCO (22). Hydrophobic 
acrylic IOLs have been associated with a higher incidence 
of glistening that might impair visual performance, 
after cataract extraction in adults (23). New glistening-
free material seems then suitable (24). Children have a 
higher degree of visual plasticity than adults (25) but the 
impact of glistening on visual quality has not been further 
investigated. Additionally, there is no study evaluating 
glistening-free IOLs in the pediatric population. Because 
of the continuous axial growth in pediatric patients, 

IOL power is under-corrected, based on patient age. 
The best formula for IOL power calculation remains 
unclear. The report of Infant Aphakia Treatment Study 
Group recommended Holladay 1 and SRK/T formulae 
for pediatric eyes (19). However, less than 50% of the 
children were within 1.00 D of target refraction with 
refractive errors ranging from +5.00 to −19.00 D at  
5 years (26). The inability to predict axial elongation in 
pediatric eyes could induce surgeons to prefer aphakia 
and contact lens wearing for surgeries performed before 
6 months of age. Common complications of childhood 
cataract surgery include PCO (more precisely, Elschnig 
pear l s  prol i ferat ion and secondary  membranes) , 
despite posterior capsulorhexis (Figure 1E), aphakic or 
pseudophakic glaucoma, uveitis, pupil displacement 
and IOL decentration (5). Long-term visual outcome at  
10 years and complication rates at 5 years seems similar 
after cataract extraction with or without primary IOL 
implantation (27,28).

Figure 1 Congenital cataract morphology and main postoperative complication of congenital cataract surgery. (A) White nuclear congenital 
cataract. (B) Pulverulent congenital cataract. (C) cart-wheel congenital cataract in an aniridia patient. (D) Congenital cataract associated with 
persistent fetal vasculature. (E) Posterior capsule opacification in congenital cataract even after posterior capsulorhexis.
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Delphi study process in pediatric cataract management

Management options for cataract in children remain 
challenging since only few randomized clinical trials have 
been undertaken. Over the last years, the Delphi process 
has gained noteworthiness to investigate the subject. The 
Delphi approach is a method used to obtain consensus 
among experts in controversial areas. Using a modified 
Delphi approach, areas of consensus and disagreement 
in the management of pediatric cataract were recently  
identified (29). Pediatric cataract experts formed a 
committee to answer questionnaires in rounds and after 
each round a facilitator provided an anonymous summary 
of the experts’ opinions and the supportive arguments. 
Experts were encouraged to revise their earlier answers 
considering those of other members of their panel, thus 
decreasing the range of the answers, which ultimately 
could converge towards a consensus. Sixteen of 22 pediatric 
cataract surgeons agreed to participate. Four rounds were 
conducted electronically. Questions without consensus 
from the first three rounds (n=52 questions) were discussed 
by 10 or 11 experts in a 2-day face-to-face meeting. While 
consensus was achieved for 85/108 questions considered, 
there still remained 23 important surgical questions for 
which a consensus could not be reached. Although there 
was consensus on when performed surgery for a visually 
significant cataract (4–6 weeks of age for unilateral cataract 
and before 8 weeks of age for bilateral cataract), there was 
no agreement concerning the minimum age for primary 
IOL implantation for unilateral or bilateral cataract, the 
formula to calculate IOL power or the type of hydrophobic 
IOL, single or three piece, that should be used. However, 
multifocal or toric lenses were not recommended in 
the management of pediatric cataract. Regarding the 
timing of secondary implantation most experts agreed 
with implantation at 4–8 years in cases where contact 
lenses were tolerated and at the earliest (even before 1 
year of age) in cases without contact lenses tolerance. 
Iris claw was the recommended IOL in the absence of 
capsular support. Some important questions as whether 
intracameral antibiotics should be used at the end of the 
surgery remained without consensus. Silicone contact lens 
was the preferred material for aphakic children younger 
than 3 years of age but there was no agreement concerning 
the preferred material for older children. Even if some 
questions remained unanswered, the Delphi study allowed 
to harmonize clinical practice and contributed to guideline 
the management of congenital cataract worldwide. 

Molecular genetics in congenital cataracts 

Mutations in over 300 genes associated with cataracts have 
been reported and the complete list of all these genes and 
loci is provided in the Cat-Map database (http://cat-map.
wustl.edu/) (30). The scope of this section is to only briefly 
describe the genetic picture of congenital cataracts with its 
general characteristics, and for more details, recent excellent 
reviews on the genetic landscape of congenital cataracts 
are recommended with their corresponding references  
herein (9,31-33). 

Genotype and phenotype heterogenicity of congenital 
cataracts 

The genes involved in congenital cataracts can be separated 
in four major sub-groups, including genes consistently 
involved in syndromic congenital cataract; genes involved in 
syndromic congenital cataract, which can also cause isolated 
congenital cataract; genes responsible for congenital 
cataract with other ocular abnormalities; and finally, genes 
associated with non-syndromic congenital cataract with 
no other associated eye defects (32). The phenotype of 
congenital cataracts associated with the different known 
genes is highly complex, including a large variety of 
morphologic configurations and variable severity (9). The 
level of phenotypic heterogeneity is further complicated by 
the presence of additional ocular abnormalities, including 
microcornea, microphthalmia, aniridia, anterior chamber 
abnormalities, myopia, and retinal or vitreous degeneration, 
depending on the mutation type and/or the causative 
gene (34). The molecular basis for this great clinical 
heterogeneity is unclear and it is not well correlated with 
the genotype, since different mutations, or even a same 
mutation, in a single gene, can exhibit pleiotropic effects, 
or conversely more than one genotype can produce similar 
clinical phenotype. Remarkably, an additional level of 
complexity in congenital cataract results from the very high 
proportion of sporadic cases, and the fact that only 18% 
of pediatric patients have a positive family history (35). It 
has been shown that the vast majority of these sporadic 
cases results in fact from germline or postzygotic de novo 
mutations in genes with autosomal dominant transmission 
of the disease. 

Gene mutations associated to non-syndromic congenital 
cataracts

To date, 30–40% of congenital cataracts are thought 
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to have a genetic cause, and mutations in more than 
35 genes have significantly been associated with non-
syndromic congenital cataracts with or without additional 
eye abnormalities (9,31). Among cataract families which 
a known mutant gene, about 45% show mutations in lens 
crystallins, 16% in connexins, about 12% in growth or 
transcription factors, 5% in protein degradation apparatus, 
5% in membrane proteins, 5% in intermediate filament 
proteins, and about 8% in other functionally divergent 
genes including those for lipid metabolism (30,31,36-39). 
Indeed, a major breakthrough in the understanding of the 
mechanism of cataract formation has come from the recent 
genetic discovery by whole exome sequencing (WES) that 
mutations in the gene encoding the enzyme lanosterol 
synthase (LSS) are responsible for autosomal recessive 
congenital cataracts (40). This finding has conducted to the 
application of eye drops containing lanosterol to reverse 
protein aggregation in dogs, adding new major scientific 
insight into cataractogenesis. Congenital cataracts may 
be inherited as autosomal recessive, X-linked recessive, 
or autosomal dominant, the latter being the commonest 
mode. However, both patterns of dominant and recessive 
inheritance have been described for some genes, notably 
FOXE3, PITX3, HSF4, and at least three crystalline genes 
(CRYBA1, CRYBB1, CRYBB3), for which dominant and 
recessive alleles represent distinct types of mutations (9). 
The crystalline proteins represent more than 90% of the 
total soluble protein in lens, and consequently crystallin 
genes are the largest known gene family linked with 
congenital cataract (41). More than 60 mutations in seven 
crystallin genes (CRYAA, CRYAB, CRYBB1, CRYBB2, 
CRYBB3, CRYGC, and CRYGD) have been reported to date 
in patients with pediatric cataracts and these mutations are 
related with to various cataract phenotypes. Crystallins are 
subdivided in 3 major classes, alpha-crystallins being the 
major lens protein where they exert a structural role and act 
as a molecular chaperone preventing self-association and 
abnormal aggregation of a large number of partially folded 
proteins (41,42). Crystallins are highly conserved proteins, 
deriving from an ancestral single protein domain called 
“the Greek key”, a structural motif essential to ensure the 
transparency and the refractive index of the lens. Most of 
the pathogenic mutations in the crystalline genes disrupted 
the Greek key domains of the crystalline proteins (41). 
Mutations in the GJA8 and GJA3 genes, coding connexin 
50 and connexin 46, respectively, essential to maintain a 
network of gap junction channels for transport of ions and 
low molecular weight biomolecules between lens fiber cells, 

cause congenital cataract with various phenotypes (43). To 
date, at least 50 and 38 mutations in GJA8 and GJA3 have 
been reported, with GJA8 mutations associated in 50% 
of cases with microcornea or microphthalmia, reflecting 
also its role in fiber cell growth (44). Only 5 mutations and 
7 mutations, with both dominant and recessive patterns, 
have been reported in the BSFP1 and BSFP2 genes, coding 
intermediate filament proteins forming beaded filaments 
specific to the lens. Mutations in the transcription factor 
genes FOXE3, PAX6, MAF, HSF4, and PITX3, all playing 
key functions in eye development, cause cataracts that can 
be associated with various eye congenital defects including 
anterior segment mesenchymal dysgenesis (ASMD), 
microcornea, microphthalmia, iris coloboma or defects 
in non-ocular tissues (45). Mutations in PITX3 cause 
congenital cataract and ASMD with autosomal dominance 
inheritance (46). Majority of PITX3 mutations identified 
so far are in exon 4, coding the homeodomain, except the 
missense PITX3 mutation (p.Ser13Asp) reported by Semina 
et al. (46,47). Recessive mutations in the FOXE3 gene are 
associated with microphthalmia, aphakia, glaucoma, and 
sclerocornea, whereas heterozygous dominant mutations, 
often resulting in erroneous protein extension, have 
been associated with congenital cataract with or without  
ASMD (48-50).

Gene mutations associated to syndromic congenital 
cataracts

MAF gene mutations have been reported in patients 
presenting with different ocular anomalies including 
congenital cataract. MAF mutations have been also 
associated with Aymé-Gripp syndrome, which combines 
congenital cataract, flat facial features resembling Down 
syndrome, brachycephaly, seizures, intellectual disability 
and deafness. PAX6-associated cataract may present 
as an autosomal-dominant cataract with congenital  
nystagmus (51). Identification of a PAX6 mutation in a 
family with cataract should lead to a different management 
of these patients including regular screening for PAX6-
associated complications, such as limbal insufficiency, 
glaucoma, and foveal hypoplasia, that could all impact long-
term visual function (52). Additionally, several genes that 
usually cause X-linked syndromic cataracts, such as NHS, 
OCRL, or BCOR, associated with Nance-Horan syndrome, 
Lowe oculocerebrorenal syndrome, and oculo-facio-cardio-
dental (OFCD) syndrome respectively, may initially present 
as isolated congenital cataracts. The associated systemic 
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features may develop with time, and the full spectrum of 
clinical features accompanying these X-linked syndromic 
cataracts often becomes obvious later in childhood, 
raising the possibility of undiagnosed female carriers, 
who are at risk of having more than one affected male 
offspring. Therefore, the correct molecular diagnosis is of 
utmost importance in these X-linked cases to revision of 
diagnoses, accurate recurrence risk counseling with impact 
on management of families having in fact a multisystemic 
disease with more severe prognosis. Since the introduction 
of Next Generation Sequencing, numerous cases of Lowe 
and OFCD syndromes initially presenting with isolated 
congenital cataracts, have been recognized. Lowe syndrome, 
a rare X-linked recessive disorder, that usually combined 
congenital cataract, renal selective proximal tubular 
dysfunction and intellectual disability, but the first typical 
diagnostic clues apparent at birth are a dense congenital 
cataract with muscular hypotonia. In this syndrome, 
the cataracts develop early in embryogenesis due to 
degeneration of the primary posterior lens fibers, detectable 
on prenatal ultrasound images. Other ocular anomalies are 
also found in Lowe Syndrome. Half of patients develop 
severe glaucoma and buphthalmos requiring surgical 
management. About 25% of patients could present with 
corneal scarring and keloids in the absence of trauma. Due 
to the risk of corneal keloid formation contact lenses use is 
not recommended (53). Conversely, OFCD syndrome an 
X-linked dominant disorder, lead to male lethality, while 
affected females may present congenital cataracts, isolated 
or associated with other ocular or extraocular findings as 
unilateral/bilateral microphthalmia, facial dysmorphism, 
cardiac defects, or dental anomalies (54). OFCD syndrome 
is caused by a variety of truncating BCOR variants, predicted 
to result in nonsense mediated mRNA decay (55-58).

Next-generation sequencing (NGS) methods

To date, we still do not have a definitive comprehensive 
landscape on the molecular basis of congenital cataracts, 
because the vast majority of genetic studies have been 
conducted through a phenotype-based approach that 
includes phenotypic characterization of the cataract 
followed by individual exon-by-exon Sanger sequencing of 
one or more suspected known cataract-associated genes. 
This sequencing approach is unable to identify all potential 
molecular defects in a gene, such as copy-number variations 
(CNVs). It is still not known whether the phenotypic 
variability observed in cataract might result from a complex 

inheritance of mutations in more than one known cataract 
gene or as-yet-unknown loci that could interact with each 
other, affecting the genetic cataract trait by modifying 
the severity, range of the phenotype, or the occurrence of 
additional ocular abnormalities. Today, NGS methods are 
becoming increasingly accessible in the clinical laboratory 
setting and supplant conventional exon-based screening 
approaches, providing an accurate high-throughput 
genotype-based approach to molecular diagnosis of 
genetic diseases. The development of a massively parallel 
sequencing method applied to genes involved in congenital 
cataracts has the potential to reliably identify all types 
of genetic variations, including CNVs, and can increase 
substantially the diagnostic yield. Such high-yield mutation 
detection method in different large cohorts of patients 
would help to provide a molecular diagnosis in the 
significant proportion of cataract cases/families for whom 
existing diagnostic methods were not conclusive, and would 
help to better understand phenotype-genotype correlation 
as well as to explore the possibility of genetic interactions 
between different loci. NGS with deep sequence coverage 
might improve the detection of de novo mutations and 
the accurate quantification of the level of mosaicism that 
would be undetectable by conventional Sanger sequencing. 
This would provide better insights into the spectrum of 
de novo genetic alterations in congenital cataracts. For the 
remaining unsolved cases, other NGS strategies will be 
used by applying untargeted WES in order to search for 
novel genes responsible for congenital cataracts. Improved 
knowledge of the functional consequences of disease-
mutations allows for the possibility of new therapeutic 
options in the future.

Conclusions and future perspectives 

A better recognition of different clinical presentations and 
underlying etiologies of congenital cataracts may lead to 
the development of new approaches to reduce childhood 
blindness due to congenital cataract and promote early 
detection of systemic associated syndromes. 

In summary, early diagnosis by effective screening, hand-
held innovative imaging targeted for children, advances 
in DNA sequencing technologies and adapted genetic 
counseling have significantly improve understanding of 
underlying etiologies and childhood visual outcome due to 
congenital cataracts. Genomic medicine is revolutionizing 
the care pathway. NGS, and forthcoming new ultra-high-
throughput sequencing, are excellent tools for analyzing 
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inherited cataracts. Improved knowledge of the functional 
consequences of cataract disease-mutations allows for the 
possibility of innovative therapeutic options in the future.
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