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Abstract

Delayed ophthalmic procedures in amblyopic-age children may lead to irreversible visual
impairment. The impact of delayed ophthalmic care in adults after early and prolonged childhood
blindness has not been well studied. We conducted a review of historical cases to examine visual
outcomes in the setting of delayed ophthalmic procedures after early and prolonged childhood
blindness due to bilateral visual deprivation. Based on 11 cases which we identified, the best visual
acuity which reasonably can be expected after surgery as an adult for severe visual impairment
throughout childhood appears to be about 20/200, following a period of visual recovery and
rehabilitation, which can take 1 to 1.5 years. These findings underscore the importance of prompt
intervention for individuals with visual impairment and better define the best possible outcome
when intervention is delayed.
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1. Introduction

In 1688, Irish philosopher William Molyneux (1656-1698) asked his colleague, English physician
and philosopher John Locke (1632-1704), a question which has stimulated multi-disciplinary
scholarly work ever since. Molyneux asked whether a congenitally blind man suddenly obtaining
eyesight would be able to visually distinguish a cube from a sphere if he had previously been familiar
with these shapes using his sense of touch [1]. Since then, congenital cataract surgery has been the
predominant clinical approach towards answering Molyneux’s question. Nonetheless, cataract
surgery poses certain limitations in this regard. In some instances, surgery can rapidly restore vision
in cataracts which are assumed to be congenital, but deeper investigation cannot establish that the
cataracts were truly congenital.

Existing studies have examined visual outcomes in delayed ophthalmic procedures, primarily
in the pediatric population. For example, delayed surgery for a young child with congenital cataracts
may result in irreversible visual impairment due to amblyopia [2]. In a prospective study conducted
in India, investigators reported that children who had late treatment of early-onset dense cataracts
experienced significant visual improvement [3]. These children all presented with cataracts within 6
months of birth and underwent treatment at 8 years of age or older. Mean logMAR acuity for best
corrected visual acuity (BCVA) at distance was 2.19 preoperatively (Snellen: 20/2000) and improved
to 1.32 postoperatively (Snellen: 20/250). Similarly, a retrospective multicenter review of shorter
delays in treatment of congenital cataracts reported that children whose surgery was delayed past 10
weeks of age had generally worse visual outcomes compared to children whose surgery was
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performed sooner [4]. For example, among infants who had surgeries delayed past 10 weeks of age,
BCVA was never better than 20/100.

These previous findings highlight that delayed ophthalmic management in amblyopic-age
children can improve visual outcomes, although perhaps not as well as treatment performed more
quickly. While congenital cataracts generally are addressed urgently, during a longer period in early
childhood, up through at least age 7 years, the brain circuitry is plastic, and the visual system
continues to develop [5]. The critical period refers to the peak window in which deprivation,
strabismus, or anisometropia may result in permanent visual impairment, leading to amblyopia [6].
During this period, children respond best to treatment with patching or atropine drops, and past this
period, children have a less favorable response to the same treatment [7]. Nevertheless, most of the
existing research has not explored the outcomes of delayed ophthalmic management in adults.

2. Materials and Methods

We conducted a review of 11 historical cases to examine visual outcomes that involved
ophthalmic procedures after early and prolonged childhood blindness due to bilateral visual
deprivation [8]. We obtained these cases from a single systematic review conducted by May et al. on
the impact of delayed access to treatment for blinding conditions [8]. Early blindness was defined as
within the first year of life, and prolonged blindness was defined as lasting through age 17 years or
longer. From these cases, we obtained clinical information on their visual impairment, procedures
that they underwent, baseline visual acuity, and postoperative visual acuity (Table 1).

3. Results

A systematic review identified cases, from 1826 to the present day, of delayed ophthalmic
procedures to improve vision after early and prolonged childhood blindness [8]. The procedures
involved cataract surgery, iridotomy, corneal transplantation, and prescription of aphakic spectacles.
From this review, we identified 11 patients who: 1) had severely limited visual acuity before the age
of 1 year, and 2) had an ophthalmic procedure performed to improve visual acuity at age 17 years or
greater (Table 1). All 11 patients had some description of postoperative visual function, though it was
not always in a standard form (such as Snellen or LogMAR visual acuity). Only half the patients were
reported to see 20/400 or better after intervention. These patients were generally in the range of
20/250, although one patient had visual acuity of 20/100. This patient had spontaneous resorption of
infantile cataracts and was corrected with aphakic spectacles at the age of 24 years [9]. Thus, the poor
visual acuity was due to refractive error plus amblyopia, rather than media opacity. Based on these
reports, the best visual acuity which reasonably can be expected after surgery for severe visual axis
opacities throughout childhood appears to be about 20/200, and this follows a period of visual
recovery and rehabilitation.

Table 1. Patients with poor vision by the age of 1 years who had corrective ophthalmic procedures from age 17

years onward.

Patient Clinical Information Procedure Pre-Op VA Post-Op VA
Congenital cataract surgery
(possibly cataract extraction)
bilaterally at age 6 months.
After the operation, she “lost Partially sighted. Able to
the whole globe of one, and the distinguish very light
46-year-old female  pupil of the other became and very dark chamber

After first & second
iridotomy attempts,
improved to perceive more

(Wardrop 1826) closed”. After her iridotomy at Az‘h %Clil pu}))ll & gloomy day and lflght but lelld nztfferfs}vs
[10] age 46 years, she was able to ridotomy sunshine. Unable to orms dor 0 (})Jrls. b . }r
see that smaller objects, such as perceive objects, have proF ecure, abie o percetve
a 1 dak . objects but not able to tell
pencil case and a key, were any notion of colors

. what she was seeing.
present, even if she could not 8

identify or distinguish them.
After three weeks, she was able
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to perceive size of objects,
motions, depth, and colors.

Bilateral congenital cataract
couching/division as a toddler.
His right eye was “atrophied”

after complications from
cataract surgery. Nystagmus
developed. At age 18 years, the
patient claimed to be able to see

objects held one inch from the  Extraction of

Improved to recognize light,
colors, objects with difficulty
in object recognition, depth
perception. Also experienced
confusion and was
overwhelmed by large

left eye. Atage 18 years, a cataract number of things he saw. He
17-year-old male  residual lens fragment was fragment, Light perception was able to recognize
(FJ, Franz 1841) [11]extracted from the visual axis of monocular, and ghtpercep different colors (except
the left eye. Three days after ~ strabismus yellow and green). He was
this procedure, upon opening  correction able to differentiate a 4-inch
his eye, he had light perception sphere and cube from each
only. Five days postoperatively, other at 3 feet, though
he began to see vague shapes whether more than one trial
and be able to control his ocular was performed was not
muscles slightly. For five mentioned.
weeks, he had sensitivity to
bright colors.
Bilateral congenital cataracts.
Before the bilateral cataract
extraction under chloroform, he
was believed to be able to use
his acute sense of hearing,
echolocation, and familiarity
with his neighborhood to roam
1 .
around and complete eljrands Able to visualize objects but
Nystagmus and esotropia were ) .
required time or sense of
present. After bandages were .
touch and hearing to
removed postop, he had less .
. e understand what objects he
pronounced strabismus and Cataract Unable to distinguish .
30-year-old male . . . was looking at. Also could
ocular restlessness, but he had extraction, both  objects but had light .
(Latta 1904) [12] . . . perceive colors but had
little control over his ocular eyes. perception oo . . o
. difficulty doing so in artificial
movements. After his ) .
. light. Could ultimately
procedure, he remained dazed distineuish a ball from a to
for 10 days but then was able to gt brick Y
visualize objects very readily. ’
Once he saw his doctor’s face,
he was able to quickly
recognize what he saw as a face
due to hearing his doctor’s
voice. He was able to notice
colors but had difficulty with
the color green.
Loss of vision in both eyes at
~1,O, months of age from After his bandages post op
keratitis. At the age of 9 years,
... were removed, he was
his vision was recorded as . .
e . quickly able to view faces as
fingers at one metre”, and at
. i e blurs. After a couple days, he
age 17 years, vison was “3/60”. . X
L . could distinguish between
On examination, as a child, . . . passing trucks and cars. He
diffuse dense "nebulae” |I-i|afr1]§i Zli:telzo?is(),nnlge?: sy: ’ V\Iz)as abli to correctl reaél the
52-year-old male (corneal opacification) in each Corneal g percep ye. Y

(SB, Gregory 1963)
[13] epithelial xerosis, conjunctivitis
with slight discharge, and some
scarring of upper tarsus. No
nystagmus. He learned to
echolocate. Preoperatively as an
adult, his vision was hand
motions right eye and light
perception left eye. While he
was an extroverted and high-

both eyes.

eye, some vascularization and Transplantation,

“Partially sighted” Ishihara color plates. After
Limited to bright large the first year, he continued to
surfaces according to  pe fagcinated by reflections in

family member. the window of other objects.

His idea of the world arose
from touch & his general way

of life as a blind man
remained with him until his
death 2 years later.
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spirited man when he first
visited his ophthalmologists’
office, his demeanor shifted
after his operation. His doctors
formed an impression that “his
sight was to him almost
entirely disappointing.”
Born 3 months premature,
weighing 1330 g, and
diagnosed at 5 months with
retrolental fibroplasia
(retinopathy of prematurity). Nine months postop, she still
Throughout her life, she was on was behaviorally blind while
pilocarpine treatment due to using her cane and not
elevated intraocular pressure. having the ability to
Fundus exam revealed nasal recognize objects without
avascularity of the peripheral sense of touch. Based on the
retina plus atrophic small discs contrast acuity function, her
in each eye. She was able to visual acuity appeared worse
count fingers when she was 6 Cataract than 20/400. While she
23-year-old female . . . . o
(Carlson 1983) [14] years old. . Atage9 years, .ex.tractlon with Light perception c.ould Qb]e.:ctlvely see more
vision was light perception in iridectomy OD objects, it did not aid much in
the right eye, and no light her activities of daily life.
perception in the left eye. After 1.5 years total of active
Nystagmus was present. rehabilitation, she was able to
After cataract extraction at age learn how to use vision in her
23 years, she did not have day-to-day life such as by
visual rehabilitation seeing traffic lights and
immediately. At first, she only recognizing objects like
had light perception. One mailboxes.
month after the operation, she
began to see colors. Post-
operative examination findings
were not reported.
Bilateral congenital cataracts. 11 months after his right eye
Preoperatively, he had hand procedure, he was able to
20-year-old male, mo.tions vision, and' could Cataract Hand motions. Light c.lis.tingt'nsh 3D .figures anfl
. .. identity almost all basic colors, . . . ., distinguish the differences in
SH (Mochizuki extraction both perception, colors, slight

distinguish horizontal from height for objects. With his

1 . -D sh
2005) [15] vertical stripe, and discriminate eyes 2D shapes left eye, he was only able to
between two sizes of a circular locate objects but not discern
2-D shape. their shapes.

Visual acuity 20/120. Two
weeks after he wore glasses,
he had near-normal ability to

discriminate among colors,
Congenital cataracts were
24-year-old male  spontaneously resorbed, leaving

(SK, Ostrovsky him aphakic. He had an inability to ~ Eyeglasses Visual acuity 20/900 e sh hei

2009) [9] fixate and lack of visually guided geometric shapes on their
behaviors by age 4. own but had difficulty when

shapes overlapped. At 18

months after treatment, he

demonstrated improvement

luminance, and motion
directions. He enumerated

in visual skills.

Dense congenital bilateral
cataracts. Two days after
surgery, he was able to use
tactile stimuli to identify objects
tactilely (touch-to-touch tasks)

17-year-old male . . .
y and use visual stimuli to Cataracts

(BG, Held 2011)
[17]

Light ti VA: 20/4
identify objects visually (vision-  extraction. 1ght perception 0/400

to-vision tasks). However, he
had more difficulty completing
touch-to-vision tasks. One
week after the procedure, he
was re-tested and showed vast
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improvement in touch-to-vision

tasks.
21-year-old female Catca(;:f’;ngilgiir:/(i)zi?)flriltsein Cataract Finger counting from 0.5
(de-c, Bottari 2016) : e ; ger counting ' VA: 20/250
(18] best eye was hazy but visible.  extraction. m away in better eye
Nystagmus was present.
19-year-old male . Able to perceive light
1 .
(cc-n, Bottari 2018) N (sjtc;ngnizn;ta rzéslftziiacicsao e)ftjfaaci?cf; and report the location VA: 20/250
[19] ystagmus p preop- ) of light in better eye
18-year-old male . Able to perceive light
1 .
(CC9, Rajendran i}or;%:nrl;a Scazaersae;tts f:rtg:;jls and report the direction VA: 20/240
2020) [20] ystagmus p : of light rays

4. Discussion

Among the 11 patients we identified with limited visual acuity by age 1 year and ophthalmic
procedures from age 17 years or older, eight patients had detailed reports of visual rehabilitation
after their procedures, and four patients had detailed reports of visual rehabilitation for one year or
greater. After removing post-operative bandages, these patients generally were able to immediately
experience increased vision in the form of recognition of faces and light perception. Upon trying to
observe their environment in the early days and weeks post-operatively, many of these patients
reported that they felt overwhelmed. Though many could visualize objects, they reported difficulty
identifying what objects they were seeing and whose faces they were looking at without using other
senses, such as hearing the person’s voice.

In the detailed reports that longitudinally examined recoveries, patients seemed to acquire most
of their visual benefit within 1 to 1.5 years post-operatively. Some patients underwent visual therapy
in that time, such as Carlson’s patient regularly worked with a special teacher of visual rehabilitation
for 1.5 years through a series of tasks to train visually guided hand movements [14]. Obtaining visual
benefit may have been delayed due to the mechanisms of neuroplasticity for adult vision. Higher
levels of neuroplasticity and response to amblyopia treatment are seen in early development while
lower levels of neuroplasticity are observed later in life [21]. For instance, children with amblyopia
who undergo management with either atropine or patching will generally experience improved
visual acuity within weeks to months [22]. In contrast, a retrospective study reported that adults with
monocular amblyopia whose non-amblyopic eyes suffered from disease experienced improvement
in BCVA in their amblyopic eye, with peak improvement after 12 months [23]. Thus, while adults
may respond to amblyopia treatment, their responses are often delayed and not as strong as those
seen in children.

During this period of rehabilitation, patients reported improved vision in terms of properly
perceiving colors, depth perception, and scattered objects. For instance, Gregory (1963) followed his
patient, SB, who underwent cornea transplantation at 52 years of age until his death two years later.
Likewise, Carlson’s patient, who underwent cataract removal with iridectomy at 23 years of age, had
visual improvement within the first 1.5 years after her procedure. Carlson (1983) reported that this
patient had slow visual improvement from seeing only light and colors within the first month and
still did not have the ability to recognize objects without touch after nine months. After 1.5 years, she
was able to incorporate her improved visual function into her day-to-day life.

Nevertheless, not every patient had a gradually progressive improvement in visual acuity post-
operatively. This was the case for SK, the patient described by Ostrovsky (2009). After noting visual
improvement within the first 6 months after receiving aphakic spectacles, his visual performance
remained similar from 6 to 12 months after treatment. Even so, he was noted to have improvement
when followed up at 18 months after treatment.

Another interesting case did not qualify for our review because the visual impairment
presumably began at age 21 months of age when the patient’s mother noted whiteness in both his
pupils. Fine (2002) cared for a patient, PD, who began to have denser central nuclear opacification as
he grew older [24]. Though he had difficulty seeing curbs and recognizing people, his doctor
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managed his cataracts conservatively with atropine treatment because the lens periphery was clear.
Once PD was 43 years of age, he underwent cataract removal with intraocular implantation. His
baseline visual acuity of 20/80 improved to 20/40 postoperatively. In contrast to our cases of interest,
PD had better baseline and postoperative visual acuity. Given that PD’s visual impairment became
apparent past 1 year of age, his case may reflect the significance of early visual development despite
prolonged visual impairment and delayed management.

5. Conclusions

Based on these cases, the best visual acuity which reasonably can be expected after surgery for
severe visual impairment throughout childhood appears to be about 20/200, following a period of
visual recovery and rehabilitation. This limited visual improvement is consistent with the irreversible
visual impairment from amblyopia in individuals with early and prolonged blinding conditions.
Despite delays in ophthalmic procedures, patients continue to experience benefits in their best vision.
These findings underscore the importance of intervention for individuals with visual impairment,
even if treatment must be delayed.

Author Contributions: Conceptualization, C.L.; methodology, C.L, S.P.; writing—original draft preparation,
S.P.,, CL, S.G.S,; writing—review and editing, S.P., C.L., S.G.S.; supervision, C.L. All authors have read and

agreed to the published version of the manuscript.
Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Leffler, C. T, Schwartz, S. G., Peterson, E., Couser, N. L., & Salman, A. R. (2021). The first cataract surgeons

in the British Isles. American Journal of Ophthalmology, 230, 75-122.

DeSantis, D. (2014). Amblyopia. Pediatric Clinics of North America, 61(3), 505-518.

Ganesh, S., Arora, P., Sethi, S., Gandhi, T. K., Kalia, A., Chatterjee, G., & Sinha, P. (2014). Results of late
surgical intervention in children with early-onset bilateral cataracts. British Journal of Ophthalmology,
98(10), 1424-1428.

4. Lambert, S. R, Lynn, M. ., Reeves, R., Plager, D. A, Buckley, E. G., & Wilson, M. E. (2006). Is there a latent
period for the surgical treatment of children with dense bilateral congenital cataracts?. Journal of American
Association for Pediatric Ophthalmology and Strabismus, 10(1), 30-36.

5. Hensch, T. K., & Quinlan, E. M. (2018). Critical periods in amblyopia. Visual neuroscience, 35, E014.

Daw, N. W. (1998). Critical periods and amblyopia. Archives of ophthalmology, 116(4), 502-505.

7.  Holmes, ]. M., & Levi, D. M. (2018). Treatment of amblyopia as a function of age. Visual neuroscience, 35,
E015.

8. May E, Arach P, Kishiki E, Geneau R, Maehara G, Sukhai M, Hamm LM. Learning to see after early and
extended blindness: A scoping review. Frontiers in Psychology. 2022 Oct 27;13:954328.

9. Ostrovsky Y, Meyers E, Ganesh S, Mathur U, Sinha P. Visual parsing after recovery from blindness.
Psychological Science. 2009 Dec;20(12):1484-91.

10. Wardrop]. (1826). XXXI. Case of a lady born blind, who received sight at an advanced age by the formation
of an artificial pupil. Philosophical Transactions of the Royal Society of London, 1826; 116: 529-540.

11.  Franz JA. VI. Memoir of the case of a gentleman born blind, and successfully operated upon in the 18th
year of his age, with physiological observations and experiments. Philosophical Transactions of the Royal
Society of London, 1841; 131: 59-68.

12. Latta, R. (1904). Notes on a case of successful operation for congenital cataract in an adult. British Journal
of Psychology, 1(2), 135.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.1610.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 September 2025 d0i:10.20944/preprints202509.1610.v1

7 of 7

13. Gregory RL, Wallace JG. Recovery from early blindness. Experimental psychology society monograph,
1963; 2: 65-129.

14. Carlson S, Hyvarinen L. (1983). Visual rehabilitation after long lasting early blindness. Acta
Ophthalmologica, 61(4), 701-713.

15. Fine I, Smallman HS, Doyle P, MacLeod DI. Visual function before and after the removal of bilateral
congenital cataracts in adulthood. Vision Research. 2002; 42(2), 191-210.

16. Mochizuki T, Torii S. Post-surgery perception of solids in the cases of the congenitally blind. In:
International Congress Series. 2005; 1282: 659-663.

17. Held R, Ostrovsky Y, de Gelder B, Gandhi T, Ganesh S, Mathur U, Sinha P. The newly sighted fail to match
seen with felt. Nature neuroscience. 2011 May;14(5):551-3.

18. Bottari D, Troje NF, Ley P, Hense M, Kekunnaya R, Roder B. Sight restoration after congenital blindness
does not reinstate alpha oscillatory activity in humans. Scientific reports. 2016 Apr 15;6(1):24683.

19. Bottari D, Kekunnaya R, Hense M, Troje NF, Sourav S, Roder B. Motion processing after sight restoration:
No competition between visual recovery and auditory compensation. Neurolmage. 2018 Feb 15;167:284-
96.

20. Rajendran SS, Bottari D, Shareef I, Pitchaimuthu K, Sourav S, Troje NF, Kekunnaya R, Roder B. Biological
action identification does not require early visual input for development. ENeuro. 2020 Sep 1,7(5).

21. Thompson, B., Concetta Morrone, M., Bex, P., Lozama, A., & Sabel, B. A. (2024). Harnessing brain plasticity
to improve binocular vision in amblyopia: An evidence-based update. European Journal of
Ophthalmology, 34(4), 901-912.

22. Crugz O. A, Repka, M. X,, Hercinovic, A., Cotter, S. A., Lambert, S. R., Hutchinson, A. K,, ... & Wallace, D.
K. (2022). Amblyopia preferred practice pattern. Ophthalmology, 130(3), P136.

23. Guo, Y, Yan, H, Guo, C, Zhang, D., Wang, J., Li, Y., & Yang, Y. (2023). Analysis of the improvement in
monocular amblyopia visual acuity caused by the changes in non-amblyopia visual acuity in 74 adults.
Medicine, 102(37), €34606.

24. Fine I, Smallman HS, Doyle P, MacLeod DI. Visual function before and after the removal of bilateral
congenital cataracts in adulthood. Vision Research. 2002; 42(2), 191-210.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.1610.v1
http://creativecommons.org/licenses/by/4.0/

