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Visual outcomes of cataract surgery in adult patients with hyperopia
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Abstract

Purpose: To review the impact of the surgical eye sequence
(dominant vs non-dominant first) on the visual outcomes of
phacoemulsification with IOL implantation in patients with
hyperopia and amblyopia.

Material and Methods: We retrospectively reviewed the
clinical outcomes of 40 adult patients (80 eyes) with hyper-
opia and amblyopia who underwent surgery for cataract.
Group 1 comprised 28 patients (56 eyes) in whom the am-
blyopic eye was operated on first. This group was subdivided
into two subgroups. Subgroup 14 comprised 17 patients (34
eyes) with a baseline interocular best-corrected visual acuity

DOI: https://doi.org/10.31288/Ukr.j.ophthalmol.202612733
UDC: 617.7

Corresponding Author: Nina S. Lutsenko, Dr Sc (Med) and Pro-
fessor; Zaporizhzhia State Medical and Pharmaceutical University.
Email: ninaluts2@gmail.com

Received 2025-12-19
Accepted 2026-02-01

Cite this article as: Lutsenko N.S., Isakova O.A., Rudycheva O.A.,
Mykhalchyk T.S. Visual outcomes of cataract surgery in adult patients
with hyperopia and amblyopia with the dominant vs amblyopic eye
operated on first. Ukrainian Journal of Ophthalmology. 2026;1:27-33.

".- This is an open access article under the Creative Commons
@ , Attribution 4.0 International (CC BY 4.0) license

© Lutsenko N.S., Isakova O.A., Rudycheva O.A., Mykhalchyk T.S., 2026

(BCVA) difference of not more than 0.1. Subgroup 1B com-
prised 11 patients (22 eyes) with a baseline interocular BCVA
difference of more than 0.1. Group 2 comprised 12 patients
(24 eyes) in whom the dominant eye was operated on first and
the amblyopic eye was operated second.

Results: After surgery, BCVA increased from 0.25 +0.08 to
0.76 £0.13 (P <0.00001) in group 14 and from 0.33 +0.09 to
0.54 £ 0.07 (P = 0.00007) in group 1B, and hardly changed
in group 2 (from 0.32 £ 0.07 to 0.33 £ 0.06, P = 0.0678). A
cumulative uncorrected visual acuity (UCVA) of 0.7 or better
was achieved in 67% of patients in group 1A4; 0.5-0.6 was
achieved in 68% of patients in group 1B; and 0.3-0.4 was
achieved in 96% of patients in group 2. A cumulative BCVA
of 0.7 or better was seen in 77% of patients in group 14; 0.5-
0.6 was seen in 86% of patients in group 1B, and 0.3-0.4 was
seen in 92% of patients in group 2.

Conclusion: The surgical eye sequence is critical in cata-
ract surgery: operating on the amblyopic eye first creates the
preconditions for its more active involvement in the visual
process, which improves the chances for functional rehabili-
tation, especially in the presence of a small baseline interocu-
lar difference in visual acuity.

Keywords: cataract, phacoemulsification, adults, hypero-
pia, amblyopia, visual acuity, amblyopic eye, dominant eye

Pestome

Mema. [Ipoananizyeamu éniue noCiAi008HOCMI Xipypeiu-
HO20 NIKYy8aHHs Kamapakmu (OOMiHaumue 4y HeOOMiHaHmue
OKO) Ha 30p06I pe3ynomamu y NAyi€Hmia i3 Cynymuwoio 2inep-
Memponieo ma amonioniero.
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Mamepian ma memoou. I[Iposedeno pempocnexmusHe
00CHIONCEHHS pe3yibmamie XipypeiuHo2o JNIKY6aHHs Kama-
paxmu y 40 oopocaux nayieumie (80 ouetl) 3 cinepmemponieto
ma amoénionier. [lepwa epyna — 28 nayienmis (56 ouetl), y
AKUX Xipypeito nouunanu 3 amonioniynoeo oka. Ilayieumu oo-
damkoso 6ynu nodineni na nioepynu. Ipyna 14 — 17 nayien-
mis (34 oka), 0o onepayii MKI'3 6idpizusnacs Ha 080X o4ax
ne oinvwe 0,1. Ipyny IB cknanu 11 xeopux (22 oka), wo manu
piznuyio MKT3 miowe ouuma 6inow 0,1. JJo opyeoi epynu cno-
cmepedicennst 6yno exnoueno 12 nayienmie (24 oxa), sxum
nepuwiuM onepyeany OOMIHAHmMHe 0Ko, a Nomim amonioniyHe.

Pesynomamu. Ilicna  xipypeiuno2o empyuanus 6i06y-
aaca eionosiona 3mina sk HKI'3, max i MKT'3, npu yvomy
MKT3 sbinvwunace y epyni 14 3 0,25+0,08 oo 0,76+0,13
(P<0,00001), & epyni IB 3 0,33£0,09 0o 0,54+0,07
(P=0,00007), a y epyni 2 matisce ne sminunacs (3 0,32+0,07
00 0,33+0,06, P=0,0678). Oyinka KymyramusHux nOKa3HUKié

Introduction

Amblyopia is a functional vision impairment that
develops due to abnormal visual stimulation in the absence
of any organic pathology of the retina or visual pathway
in the early phase of visual system development [1].
Anisometropic amblyopia is a common form of amblyopia
which occurs when there is a substantial difference in
refractive error between the eyes, especially in high
hyperopia. In such patients, long-term and chronic visual
suppression to the non-preferred eye develops at the level
of the central nervous system, especially if they did not
use optical correction in early childhood. This results in
not only reduced visual acuity (VA), but also impaired
binocular and stereoscopic perception [2, 3, 4].

In the past, amblyopia has been believed to become
irreversible after the age of 7-9 years. Current concepts
of neuroplasticity of the adult brain, however, provide the
ground for the revision of this paradigm, and indicate the
potential for partial visual function recovery even in old
individuals. Perceptual learning is a therapeutic method
of treating amblyopia in the adults in whom conventional
treatment options (occlusion, penalization, etc.) have
failed to achieve an adequate improvement. It has been
demonstrated that marginal or even substantial visual
function improvement can be achieved after exposure to
specific perceptual learning stimuli in these patients [5].
Additionally, the effectiveness of laser refractive surgery
(excimer laser corneal refractive surgery, implantation of
phakic intraocular lens [IOL] and refractive lens exchange)
to address anisometropic amblyogenic refractive error has
been demonstrated [6-9].

The complexities of the diagnosis and treatment of
anisometropic amblyopia concomitant with age-related
cataract are, however, greater than those of anisometropic
amblyopia only. Reduced lens clarity contributes to the
deterioration of visual perception, which is especially
important for the eye with already diminished visual

eocmpomu 30py eusisuna HKI'3 0,7 ma euwge y 67% nayieH-
mie epynu 14, 0,5 ma euwe —y 68% nayienmis epynu 1B ma
eocmpomy 3opy 0,3-0,4 — y 96% nayienmis 2-i epynu. Kymy-
aamueni nokazuuxu MKI'3 cknanu 0,7 ma suwe y 77% nayi-
enmis 6 epyni 14, 0,5 ma suwe — 86% nayicumis ¢ epyni 1B,
ma 0,3-0,4 y 92% nayicnmie 2-i epynu.

Bucnosku. Ilocnioognicms onepamuHoco 6mpyuamHs
npu Kamapaxmi Mac uUPILanbHe 3HaYeHHs: ONepyeanisl amo-
JIONIUHO20 OKA NEPUUM CIMBOPIOE YMOBU OISl 1020 AKMUBHI-
woi yuacmi y 30posomy npoyeci, wo niosUuye UMOoGIPHICHb
QyuryionanvHoi peabinimayii, 0cobau60 Npu He3HAYHIl pis-
Huyi 6 I'3 na doonepayitinomy emani Miic amOLIONIYHUM MA
OOMIHAHMHUM OKOM.

Knwuosi cnosa: kamapaxma, gaxoemynvcugpixayis, 0o-
pocii, einepmemponis, ambnionis, eocmpoma 30py, amonio-
niune oKo, OoMiHanmue OKo.

function. At the same time, ophthalmologists have faced a
practical dilemma in treating such cases: which of the two
eyes is the first to be operated on? Whether the amblyopic
eye is the first to be operated on to promote conditions for
its activation, or the dominant eye is the first to be operated
on to provide the best possible visual outcome in this eye?

We believe that the surgical eye sequence (dominant
vs amblyopic first) may have an impact on general
adjustment to the ocular optic system (changed due to IOL
implantation), stereovision and even patient satisfaction
with visual outcomes. We consider this issue to be topical
and warranting measures for the formation of a systematic
sequence of actions. It is in this study that we have reviewed
the outcomes of phacoemulsification (phaco) with IOL
implantation in patients with hyperopia and amblyopia to
determine the best possible surgical eye sequence.

The purpose of this study was to review the impact of
the surgical eye sequence (dominant vs amblyopic first)
on the visual outcomes of phaco with IOL implantation in
patients with hyperopia and amblyopia.

Material and Methods

We retrospectively reviewed the clinical outcomes of
40 patients (80 eyes; age, 36 to 64 years) who underwent
surgery for cataract and moderate amblyopia at the “Eye
Microsurgery Center”, Zaporizhzhia Regional Clinical
Hospital, in 2021-2023.

Patients were divided into two major groups based on
the surgical eye sequence (amblyopic vs dominant). Group
1 comprised 28 patients (56 eyes) in whom the amblyopic
eye was operated on first. This group was subdivided into
subgroups based on baseline best-corrected visual acuity
(BCVA). Subgroup 1A comprised 17 patients (34 eyes)
with a baseline difference in BCVA between the two eyes
not more than 0.1. Subgroup 1B comprised 11 patients (22
eyes) with a baseline difference in BCVA between the two
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eyes more than 0.1. Group 2 comprised 12 patients (24
eyes) in whom the dominant eye was operated on first and
the amblyopic eye was operated second.

Major inclusion criteria were bilateral immature
cataract, concomitant moderate to high hyperopia (>+3.0
dioptars [D]) and moderate to high amblyopia (with a
persistent unilateral reduction in BCVA in the absence
of organic pathology of the visual system since the early
childhood). Mild amblyopia was defined as a BCVA
of 0.6-0.8, and moderate amblyopia was defined as a
BCVA of 0.3-0.5. Patients with manifest strabismus,
concomitant retinal or optic nerve disease, history of eye
surgery, psychoemotional instability, or postoperative
non-compliance were excluded. The presence of signs
of psychoemotional instability (anxiety, aggressiveness,
inattention and non-cooperation) was determined during
the completion of the clinical questionnaire and the
examination of behavioral and emotional manifestations.

Patients underwent standard phaco with monofocal
IOL implantation under multimodal anesthesia. IOL
power calculations were performed on ultrasound and
biometry devices to meet the emmetropic refractive target.
Toric IOLs were used in all patients with astigmatism
exceeding 0.75 D. The time between the first and second
phases of surgery ranged from 1 to 3 months depending on
postoperative changes in visual functions with time and
patient’s postoperative adjustment. Uncorrected visual
acuity (UCVA), BCVA, refractive status and the state
of binocular vision at three months after surgery were
compared with baseline values to evaluate the efficacy of
treatment.

Statistical analyses were conducted using Statistica 10.0
(StatSoft, Tulsa, OK, USA) software. A non-parametric
Mann-Whitney test was used for preoperative comparison
among the eyes. A paired Wilcoxon signed rank test was
used to compare postoperative and preoperative values.
The level of significance p < 0.05 was assumed.

Results

We reviewed visual outcomes of cataract surgery
with IOL implantation in eyes with various severity of
hyperopia and amblyopia. A patient was considered to
have anisometropic amblyopia if there was more than 1.0
mm difference in the axial length and/or more than 2.0
D difference in the refractive error between the two eyes
(Table 1).

The median difference in the axial length between
the two eyes was 0.84 mm for group 1 (P =0.00001) and
0.64 mm (P = 0.0005) for group 2, and, in all cases, the
axial length was shorter than 22 mm, indicating that the
eyes were hyperopic (Table 1). The median difference in
the IOL spherical power between the two eyes was 3.0 D
for group 1 and 2.54 D for group 2, and this difference
was significant. No significant difference was, however,
observed for the axial length in dominant eyes, axial length
in amblyopic eyes, IOL spherical power in dominant eyes,
or IOL spherical power in amblyopic eyes between the
two groups at baseline, indicating similar tendencies in the
formation of presumptive anisometropic amblyopia. No
intraoperative or postoperative complication was observed
in either group. Additionally, in both groups, the mean
error of predicted refraction did not exceed 0.5 D (range,

Table 1. Biometric characteristics of study groups (median + standard deviation [interquartile range])

Group 1 Group 2
Parameters
Amblyopic eye Dominant eye Amblyopic eye Dominant eye
21.6240.12
21.75+0.56 20.98+0.66
Axial length (mm) 20.9120.84 (20.21-22.84) (19.89-22.36) (20'31_22'36)
(19.13-22.36) - _ P=0.0005
P=0.00001 P1=0.84 ~
P1=0.82
29140.14 2.62+0.18 2.1740.08 é?gfggg)
Anterior chamber (mm) (2.07:2.76) (2.22-3.15) (2.04-2.36) P.=O 00(')00
' ' P=0.0000 P1=0.86 -
P1=0.78
5 315041 5.0410.19 5.2740.48 5’4084_*50505
Lens (mm) (3'_5_'5.:91) (4.66-5.56) (3.5-5.91) P.=0.0(.)O4
P=0.00005 P1=0.78 P1-0.84
28.07+0.55
Calculated 10L power 30.72+3 54 %Zﬁgg;‘; (3’205;6()1}32‘1'75‘5) (24.0-34.0)
(D) (23.5-36.0) P=0.0004 P1=0.83 FI’D=1(1809277

Note: P, Mann-Whitney test P-value for the difference between the amblyopic eye and the dominant eye; P1, P-value for the
difference between group 1 and group 2
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Table 2. Uncorrected visual acuity values in groups (mean + standard deviation)

Eye Before surgery After surgery P-value
Group 1A
amblyopic 0.15+0.09 0.71+£0.11 <0.00001
dominant 0.29 +0.07 0.96 + 0.05 < 0.00001
Group 1B
amblyopic 0.15+0.09 0.51+0.08 =0.000006
dominant 0.510.07 0.96 + 0.06 =0.00004
Group 2
amblyopic 0.22+0.09 0.320.07 =0.0014
dominant 0.50 +0.11 0.95%0.05 =0.000018
Note: P-value, Wilcoxon test P-value
Table 3. Best-corrected visual acuity values in groups (mean * standard deviation)
Eye Before surgery After surgery P-value
Group 1A
amblyopic 0.25+0.08 0.76 £0.13 <0.00001
dominant 0.33+0.06 0.98+0.03 <0.00001
Group 1B
amblyopic 0.330.09 0.54 + 0.07 =0.00007
dominant 0.81+0.10 0.99+0.03 =0.00011
Group 2
amblyopic 0.32+0.07 0.33+0.06 =0.0678
dominant 0.58 £ 0.08 0.99+0.02 =0.000018

Note: P-value, Wilcoxon test P-value

0.11-0.75 D), and it was this that caused the difference
between BCVA and UCVA.

It was of interest to evaluate the efficacy of surgical
strategy depending on whether the amblyopic eye or the
dominant eye received phaco with IOL implantation first,
with UCVA and BCVA serving as major efficacy outcome
measures (Tables 2 and 3).

After surgery, mean UCVA improved significantly in
all groups (1A, 1B and 2), with the greatest improvement
observed in the amblyopic eye in group 1A (A=+0.56),
indicating the greatest vision improvement with a smaller
baseline difference in BCVA between the two eyes. The
smallest improvement in UCVA (A= + 0.10) was observed
in Group 2 (comprising patients in whom the amblyopic
eye was operated second). The postoperative improvement
in BCVA in the amblyopic eye was statistically significant
also only in group 1A, supposing a favorable effect of early
intervention in the weakest eye. Additionally, there was
actually no postoperative change in BCVA (p = 0.0678) in
the amblyopic eye in group 2.

Taking into account that, in all groups, cataract
surgery in the dominant eye resulted in complete UCVA
and BCVA recovery, a question arose on the quantitative
extent of improvement in visual function compared to
baseline in amblyopic eyes. To address this question, we
analyzed cumulative visual acuity (UCVA and BCVA) in
all amblyopic eyes; visual outcome was categorized as
good (0.7 or better), moderate (0.6-07) or poor (0.3-04).
The data obtained are presented in Figs 1 and 2.

Group 1A showed the greatest postoperative
improvements (0.5 or larger) in cumulative UCVA
and cumulative BCVA (Figs 1 and 2), with a good
visual outcome achieved in 67% and 77% of patients,
respectively and a moderate visual outcome, in 33% and
23% of patients, respectively. Therefore, patients with a
smaller baseline difference in visual acuity between the
two eyes have higher plasticity of the binocular system.
Additionally, performing cataract surgery first on the
amblyopic eye creates the preconditions for integrating
it into the visual system before the brain will overcome
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the dominant eye. These data indicate that, with a proper
surgical strategy and the presence of moderate amblyopia
and minimal anisometropia, visual function can be
restored even in adults. In group 1B the improvements
in cumulative UCVA and cumulative BCVA, although
statistically significant, were smaller than in group 1A,
with moderate UCVA outcome and moderate BCVA
outcome seen in 68% and 86% of patients, respectively
and poor UCVA outcome and poor BCVA outcome, in 34%
and 23% of patients, respectively. A good VA outcome was
seen in no patient in group 1B. That is, with a large baseline
difference in VA between the two eyes, the amblyopic
eye has a lower capacity for activation. Even under these
conditions, however, performing cataract surgery first on
such an eye allows partial implementation of the potential
of adult brain neuroplasticity. This is important for the
patients in whom the postoperative VA in the dominant
eye approached that in the amblyopic eye. In such cases, it

Uncorrected visual aculty

a7 GE
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g

was reasonable to perform the second intervention 1 to 3
months after the first intervention.

Group 2 (comprising patients in whom the dominant eye
was operated on first) showed the smallest postoperative
improvement in visual acuity in the amblyopic eye, with
moderate UCVA outcome and moderate BCVA outcome
seen in 4% and 8% of patients, respectively and poor
UCVA outcome and poor BCVA outcome, in 96% and 93%
of patients, respectively. Therefore, with cataract surgery
performed first on the dominant eye, it is from this eye that
visual information becomes steadily processed. However,
thereafter, the amblyopic eye becomes increasingly
suppressed by the CNS, even if the emmetropic refractive
target in this eye has been met. It is especially important
to take this into account in patients with anisometropic
amblyopia who have not used spectacle or contact lens
correction previously (their brain is accustomed to
processing information from one eye).
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Fig. 1. Postoperative cumula-
tive uncorrected visual acuity
in amblyopic eyes
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Fig. 2. Postoperative cumu-
lative best-corrected visual
acuity in amblyopic eyes
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Discussion

Although phaco in patients with cataract is technically
successful, functional recovery of the amblyopic eye is still
unpredictable [10, 11]. This can be explained by several
factors. First, cerebral sensory dominance is formed in
childhood and is preserved even with an improved visual
signal. In such cases, the amblyopic eye is not involved
in the visual process even after surgery due to binocular
suppression [12]. Second, the ability of the visual cortex to
adapt to the new conditions of visual perception after [OL
implantation is preserved in a portion of patients, whereas
in the rest it has been suppressed for years, and the visual
cortex cannot adapt to new sensory inputs [13]. Finally,
there are no clear criteria for predicting (1) the potential for
a particular patient to restore vision and (2) the stability of
the visual outcome obtained [14]. In the current study, we
did not investigate the predictive criteria for the restoration
of visual function after surgery on the amblyopic eye, but
demonstrated the surgical eye sequence in surgery for
bilateral cataract is important for the final visual outcome
in patients with amblyopia or hyperopia. The best UCVA
outcome and BCVA outcome were seen in group 1A in
which patients the amblyopic eye was operated on first and
a baseline difference in BCVA between the two eyes was
not more than 0.1.

Our findings are in agreement with the literature data
on the possibility of functional recovery of the amblyopic
eye in adult patients [11,15,16]. A systematic review and
narrative synthesis reported on spontaneous recovery
from amblyopia following fellow eye vision loss due to
enucleation, injury, or disease [14]. It is believed that,
in such cases, the brain has to switch over to using the
weaker eye, which results in partial reactivation of visual
function. These cases of spontaneous recovery from
amblyopia, however, were unpredictable, and the degree
of improvement in amblyopic eye visual acuity ranged
from minimal to clinically meaningful and depended
on the baseline visual function. In contrast to the above
scenario with a spontaneous improvement in amblyopic
eye visual acuity, in the current study, the improvement
in the visual function of the amblyopic eye was achieved
through a purposeful intervention. That is, phaco with IOL
implantation in the non-dominant eye enabled achieving
a statistically significant improvement in UCVA and
BCVA. Thus, in group 1A, the UCVA in the amblyopic
eye increased after surgery from 0.15 +0.09 to 0.71 £0.11
(p £0.0001); however, the change in group was minimal
and less significant statistically.

Therefore, our findings confirmed those of previous
studies on the presence of residual neuroplasticity in
the adult visual system, but also demonstrated that this
mechanism can be activated under controlled conditions
using a properly selected surgical strategy. This provides
new prospects for the treatment of amblyopic patients
with cataract, which in the past was believed to hold little
promise for visual rehabilitation. A relatively small sample
size was a limitation of this study.

In conclusion, cataract surgery by phacoemulsification
in adults with amblyopia provides a clinically significant
improvement in visual acuity. An improvement in visual
acuity in the amblyopic eye indicates the preservation
of residual neuroplasticity in the adult visual system.
The surgical eye sequence is critical in cataract
surgery: operating on the amblyopic eye first creates
the preconditions for its more active involvement in the
visual process, which improves the chances for functional
rehabilitation, especially in the presence of a small baseline
difference in visual acuity between the two eyes.
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