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Abstract  

Congenital cataract is a significant cause of visual impairment in children and may interfere with 

normal visual development during critical periods of ocular maturation. Although early surgical 

treatment can restore the transparency of the visual axis, children frequently experience substantial 

refractive changes during postoperative growth. These changes may affect visual acuity, binocular 

function, and the long-term development of the visual system.Objective: This article examines the 

mechanisms underlying refractive changes following congenital cataract surgery in children, 

evaluates contemporary diagnostic approaches, and discusses prognostic methods that may improve 

individualized clinical management. 
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Introduction  

A narrative review approach is used to synthesize established clinical concepts and findings from 

ophthalmological literature concerning pediatric cataract surgery, ocular biometry, refractive 

development, intraocular lens implantation, and postoperative visual rehabilitation. Particular 

attention is given to the roles of axial length measurement, keratometry, retinoscopy, cycloplegic 

refraction, optical coherence tomography, and longitudinal refractive monitoring. The review also 

considers the potential contribution of statistical modeling and machine-learning techniques to 

postoperative risk assessment. 

 

Results:  

Postoperative refractive outcomes depend on several interacting factors, including the child’s age at 

surgery, axial growth, corneal power, the accuracy of intraocular lens power calculation, the timing 

of optical correction, and adherence to amblyopia treatment. Younger children generally demonstrate 

greater variability in refractive development because ocular structures undergo rapid changes during 

early life. Modern optical biometry and improved surgical planning can enhance measurement 

accuracy, although their applicability may be limited by dense cataracts, poor fixation, and the child’s 

age. Longitudinal measurements are essential for distinguishing expected developmental changes 
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from clinically significant refractive abnormalities. Predictive models may support individualized 

follow-up, but their reliability depends on appropriate validation in pediatric populations. 

Congenital cataract represents an important cause of preventable visual impairment in childhood. It 

is characterized by opacity of the crystalline lens that is present at birth or develops during early 

infancy. Depending on its density, location, laterality, and associated ocular abnormalities, congenital 

cataract may interfere with the formation of clear retinal images and disrupt the development of 

normal visual pathways. Its clinical significance extends beyond the opacity itself because early 

visual deprivation can produce persistent functional deficits even after successful anatomical 

treatment. The developing visual system requires sufficiently clear and appropriately focused retinal 

images. During infancy and early childhood, neural pathways responsible for visual acuity, contrast 

sensitivity, accommodation, and binocular coordination undergo substantial maturation. When a 

cataract obstructs the visual axis during this period, abnormal visual stimulation may lead to 

deprivation amblyopia. Consequently, the clinical objective of treatment is not limited to removing 

the opaque lens. It also includes restoring an effective optical pathway, maintaining appropriate 

refractive correction, and supporting the development of useful visual function. 

Surgical extraction is the principal treatment for visually significant congenital cataracts. Depending 

on the child’s age, ocular anatomy, cataract characteristics, and anticipated postoperative 

requirements, treatment may involve removal of the crystalline lens with primary intraocular lens 

implantation or correction using contact lenses or spectacles. The selection of an appropriate strategy 

requires careful consideration of both immediate surgical outcomes and the expected development of 

the eye.One of the principal challenges following pediatric cataract surgery is the occurrence of 

refractive changes over time. Unlike the adult eye, the child’s eye is undergoing continuous 

anatomical development. Axial length increases, corneal curvature changes, and the relationships 

among the cornea, intraocular lens, and retina evolve as the eye matures. These processes may alter 

the refractive state even when the initial surgical procedure and intraocular lens power calculation are 

technically satisfactory. 

      

Literature Review and Degree of Problem Investigation 

Congenital Cataract and the Development of Refractive Errors 

The relationship between congenital cataract and refractive development has been investigated 

extensively in pediatric ophthalmology. Previous clinical research has established that the visual 

consequences of congenital cataract depend on the degree of lens opacity, the age at which visual 

deprivation begins, the duration of deprivation, and the effectiveness of subsequent optical 

rehabilitation. However, refractive outcomes remain variable even among children who receive 

treatment at comparable ages. Congenital cataract may be unilateral or bilateral, and this distinction 

has important implications for postoperative management. Unilateral cataract is frequently associated 

with a greater risk of amblyopia because the affected eye competes with a normally functioning fellow 

eye. The resulting imbalance in visual input may interfere with binocular integration and contribute 

to persistent interocular differences in visual acuity. Bilateral cataracts may produce more 

symmetrical visual deprivation, although substantial differences between the two eyes can still occur. 
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Axial Growth and the Mechanisms of Postoperative Myopic Shift 

Axial elongation is one of the principal anatomical mechanisms associated with postoperative 

refractive change in children who undergo cataract extraction with intraocular lens implantation. The 

axial length of the eye generally increases during childhood, although the rate of growth varies with 

age and individual developmental characteristics.When the distance between the optical system and 

the retina increases, the effective refractive state may shift toward myopia if the optical power does 

not compensate for the change. Because an implanted intraocular lens has a relatively fixed optical 

power, it cannot adapt to axial growth in the same manner as the natural crystalline lens. 

Consequently, the refractive state may become progressively more myopic during ocular 

development. 

     

The Contribution of Intraocular Lens Power Calculation 

Intraocular lens power calculation is another major determinant of postoperative refractive accuracy. 

Common calculation approaches incorporate axial length and corneal curvature, with different 

formulas using additional variables or different mathematical relationships to estimate the effective 

optical position of the implanted lens.In adult cataract surgery, modern formulas have substantially 

improved refractive predictability. Nevertheless, their performance cannot automatically be 

extrapolated to infants and young children. Pediatric eyes may have short axial lengths, relatively 

steep corneas, and anatomical relationships that differ considerably from those found in adults. These 

characteristics can reduce the accuracy of formulas developed or optimized primarily for adult 

populations. 

      

Visual Rehabilitation and the Prevention of Amblyopia 

Refractive correction is an essential component of the treatment pathway following congenital 

cataract surgery. The removal of the cataract restores the possibility of forming a clear retinal image, 

but useful vision does not necessarily develop without appropriate optical rehabilitation. Children 

who undergo cataract extraction may require spectacles, contact lenses, or both, depending on the 

surgical approach and the resulting optical state. When the natural lens is removed without primary 

intraocular lens implantation, substantial optical correction is necessary to compensate for aphakia. 

Contact lenses may provide useful optical rehabilitation, particularly in unilateral cases, although 

successful use depends on appropriate fitting, hygiene, caregiver training, and consistent adherence. 

After intraocular lens implantation, spectacles may still be required to correct residual refractive error. 

These errors may include myopia, hyperopia, astigmatism, or anisometropia. Because the refractive 

state can change over time, a prescription that was appropriate several months earlier may no longer 

provide adequate correction. Amblyopia management is closely linked to refractive assessment. In 

unilateral congenital cataract, treatment may include patching the fellow eye to encourage visual use 

of the operated eye, according to an individualized ophthalmological plan.  

      

Limitations of Existing Prognostic Approaches 

Traditional prognostic approaches often emphasize age at surgery, axial length, corneal curvature, 

and the intended postoperative refractive target. These variables are clinically relevant, but they do 

not fully explain the range of refractive outcomes observed in pediatric patients.One limitation is the 
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use of a single preoperative measurement to predict changes that may occur over several years. Ocular 

growth is a dynamic process, and its rate may vary during different developmental periods. 

Consequently, predictions based on baseline measurements may become less accurate as the follow-

up interval increases. A second limitation is that some studies include relatively small numbers of 

children or focus on specific surgical techniques. The resulting models may not be generalizable to 

other centers, age groups, or clinical populations. Differences in surgical practice, measurement 

technology, follow-up schedules, and optical rehabilitation can influence the observed results. 

     

REFERENCES 

1. Chan, J. J. T., Wong, E. S., Lam, C. P. S., & Yam, J. C. Y. (2023). Ten-year refractive and visual 

outcomes of intraocular lens implantation in infants with congenital cataract. Hong Kong 

Medical Journal, 29(1), 22–30. https://doi.org/10.12809/hkmj209241 

2. Koch, C. R., Kara-Junior, N., Serra, A., et al. (2018). Long-term results of secondary intraocular 

lens implantation in children under 30 months of age. Eye, 32, 1858–1863. 

https://doi.org/10.1038/s41433-018-0191-3 

3. Lambert, S. R., Lynn, M. J., DuBois, L. G., et al. (2014). A randomized clinical trial comparing 

contact lens and intraocular lens correction of monocular aphakia during infancy: Grating visual 

acuity and adverse events at age 1 year. Archives of Ophthalmology, 130(2), 207–213. 

4. Trivedi, R. H., Wilson, M. E., & Vasavada, A. R. (2007). Changes in interocular axial length 

after pediatric cataract surgery. Journal of AAPOS, 11(3), 225–229. 

5. Vasavada, A. R., Trivedi, R. H., & Nath, V. C. (2004). Visual outcomes and complications 

following pediatric cataract surgery and intraocular lens implantation. Journal of Cataract & 

Refractive Surgery. 

6. Mravičić, I., Orešković, E. G., Bohač, M., & Drača, N. (2026). Predicting postoperative myopic 

shift after paediatric intraocular lens implantation: A scoping review of associated factors. 

Medicina, 62(1), 106. https://doi.org/10.3390/medicina62010106 

7. American Academy of Ophthalmology. (2022). Pediatric Eye Evaluations Preferred Practice 

Pattern®. Ophthalmology. https://doi.org/10.1016/j.ophtha.2022.10.030 

8. Long-Term Refractive Changes After Pediatric Cataract Surgery: An Average Follow-up of 15 

Years. (2025). American Journal of Ophthalmology, 277, 305–312. 

https://doi.org/10.1016/j.ajo.2025.05.035 

9. Chan, J. J. T., Wong, E. S., Lam, C. P. S., & Yam, J. C. (2023). Ten-year refractive and visual 

outcomes of intraocular lens implantation in infants with congenital cataract. Hong Kong 

Medical Journal, 29(1), 22–30. https://doi.org/10.12809/hkmj209241 

10. Zhong, Y., Yu, Y., Lu, B., et al. (2021). Accuracy of intraocular lens power calculation formulas 

in pediatric cataract patients: A systematic review and meta-analysis. Frontiers in Medicine, 8, 

710492. https://doi.org/10.3389/fmed.2021.710492 

11. Lambert, S. R. (2016). Changes in ocular growth after pediatric cataract surgery. Developments 

in Ophthalmology, 57, 29–39. https://doi.org/10.1159/000442498 

12. VanderVeen, D. K., Nizam, A., Lynn, M. J., et al. (2015). Predictability of intraocular lens 

calculation formulas in infants undergoing cataract surgery: Results from the Infant Aphakia 

Treatment Study. American Journal of Ophthalmology, 160(3), 438–446.e1. 

https://doi.org/10.1016/j.ajo.2025.05.035
https://doi.org/10.12809/hkmj209241
https://doi.org/10.3389/fmed.2021.710492
https://doi.org/10.1159/000442498


 

 

Volume 4, Issue 10, October 2026  ISSN (E): 2938-3765 

5 | P a g e  
 
 

13. Infant Aphakia Treatment Study Group. (2010). Comparison of contact lens and intraocular lens 

correction of monocular aphakia during infancy: A randomized clinical trial. Archives of 

Ophthalmology, 128(7), 810–818. https://doi.org/10.1001/archophthalmol.2010.101 

14. Hussin, M., & Markham, R. (2009). Changes in axial length growth after congenital cataract 

surgery and intraocular lens implantation in children younger than 5 years. Journal of Cataract & 

Refractive Surgery, 35(7), 1223–1228. https://doi.org/10.1016/j.jcrs.2009.03.015 

15. Flitcroft, D. I., Knight-Nanan, D., Bowell, R., Lanigan, B., & O’Keefe, M. (1999). Intraocular 

lenses in children: Changes in axial length, corneal curvature, and refraction. British Journal of 

Ophthalmology, 83(3), 265–269. https://doi.org/10.1136/bjo.83.3.265 

16. Spierer, A., Desatnik, H., & Blumenthal, M. (1999). Refractive status in children after long-term 

follow-up of cataract surgery with intraocular lens implantation. Journal of Pediatric 

Ophthalmology and Strabismus, 36(1), 25–29. https://doi.org/10.3928/0191-3913-19990101-06 

17. Hussin, M., & Markham, R. (2009). Long-term visual function outcomes of congenital cataract 

surgery with intraocular lens implantation in children under 5 years of age. European Journal of 

Ophthalmology, 19(5), 754–761. https://doi.org/10.1177/112067210901900512 

18. Mravičić, I., Orešković, E. G., Bohač, M., & Drača, N. (2026). Predicting postoperative myopic 

shift after paediatric intraocular lens implantation: A scoping review of associated factors. 

Medicina, 62(1), 106. https://doi.org/10.3390/medicina62010106 

 

https://doi.org/10.1001/archophthalmol.2010.101
https://doi.org/10.1016/j.jcrs.2009.03.015
https://doi.org/10.1136/bjo.83.3.265
https://doi.org/10.3928/0191-3913-19990101-06
https://doi.org/10.1177/112067210901900512

