EUROPEAN

EYE

RESEARCH

DOI:10.14744/eer.2026.75436
Eur Eye Res 2026;6(2):143-148

ORIGINAL ARTICLE

Investigation of macula and optic disc microvascular
circulatory changes in patients undergoing pediatric
cataract surgery

Selma Mesen, (°) ElInara Zahidzade, (> Ali Mesen

Department of Ophthalmology, Kahramanmaras Sutcu Imam University Health Practice and Research Hospital,
Kahramanmaras, Turkiye

Abstract

Purpose: This study reports changes in macular and optic disc microvascular parameters using optical coherence tomography
angiography (OCTA) in pseudophakic patients undergoing pediatric cataract surgery.

Methods: This observational, controlled, cross-sectional study included patients who had previously undergone pediatric cataract
surgery and age-matched healthy controls. Seventeen subjects aged 5-18 years were recruited to the treatment group (Group 1).
Sixteen volunteers of similar age were recruited to the control group (Group 2). A total of 33 subjects underwent detailed ophthalmologic
examinations and OCTA scans. The two groups were compared in terms of their foveal, parafoveal, and optic disc blood flow and
vascular density (VD) parameters on OCTA images.

Results: The mean ages of the participants in Groups 1 and 2 were similar (11.88+3.60 years vs. 11.63+2.24 years, respectively). Foveal
superficial and deep blood flow were lower in Group 1 than in Group 2 (1.33+0.12 vs. 1.47+0.13 and 1.23+0.34 vs. 1.56+0.23, respectively,
p<0.05). A wider deep layer foveal avascular zone was observed in Group 1 thanin Group 2 (0.414+0.19 vs. 0.31+0.12, respectively, p=0.02).
Parafoveal superficial VD and optic disc head VD were lower in Group 1 than in Group 2 (51.46+4.00 vs. 55.35+4.69 and 56.46+3.01 vs.
59.37+3.06, respectively, p<0.05).

Conclusion: Macular and optic disc vascular parameters were lower in patients who had undergone pediatric cataract surgery than in
healthy controls. This result may be insightful for investigating processes that may affect retinal microvascular circulation.
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Pediatric cataracts are the most common cause of
treatable childhood blindness. Cataracts account for

5-20% of pediatric blindness worldwide, with a higher
incidence in developing countries.['l In 27% of congenital
cataract cases, abnormalities are associated
with 22% of systemic abnormalities. The etiology of

ocular

childhood cataracts is quite broad. It can be hereditary,

usually autosomal dominant; metabolic, such as
galactosemia; infectious, such as toxoplasmosis, syphilis, or
cytomegalovirus-related; traumatic; or uveitic. Exclusion of
these causes results in classifying a cataract as idiopathic.
Associated ocular anomalies may include microphthalmia,
buphthalmos, nystagmus, or persistent fetal vasculature.?]

Amblyopia is defined as a dysfunction in the processing

@ Cite this article as: Mesen S, Zahidzade E, Mesen A. Investigation of macula and optic disc microvascular circulatory changes in patients

undergoing pediatric cataract surgery. Eur Eye Res 2026;6(2):143-148.

Correspondence: Selma Mesen, M.D. Department of Ophthalmology, Kahramanmaras Sutcu Imam University Health Practice and

Research Hospital, Kahramanmaras, Turkiye
E-mail: drselmamesen@gmail.com

Submitted Date: 05.10.2025 Revised Date: 24.12.2025 Accepted Date: 19.01.2026 Available Online Date: 04.08.2026

OPEN ACCESS This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).



https://orcid.org/0000-0002-5556-8635
https://orcid.org/0009-0003-1537-8938
https://orcid.org/0000-0002-0361-9066

144

European Eye Research

of visual information.B! In amblyopia, a unilateral or
bilateral decrease in visual acuity is detected during an
eye examination. Causes of amblyopia include strabismus,
anisometropia, and sensory deprivation, such as cataracts
and ptosis. In these cases, there is abnormal functional
development of the lateral geniculate nucleus and striate
cortex.l Cataract formation in the pediatric age group
leads to deprivation amblyopia by reducing retinal image
quality and light transmission. The risk of amblyopia is
higher in patients with unilateral cataracts. The reversibility
of amblyopia depends on how early surgical intervention
occurs (e.g., before visual maturation is complete) and how
well visual rehabilitation is managed.

Optical coherence tomographic angiography (OCTA)
is a high-resolution, rapid, and non-invasive method
of producing images of blood flow in the retina and
choriocapillaris. It detects motion contrast based on
vascular blood flow and visualizes the vascular structure.
While fluorescent angiography, which uses fluorescent
material, only visualizes superficial vascular plexuses,
OCTA allows for visualization of both superficial and deep
capillary plexuses (DF) without the need for fluorescent
material.l>} OCTA provides quantitative data, enabling a
more objective evaluation. Previous studies have found
that macular and optic disc head vascular blood flow is
lower in amblyopic patients compared to healthy control
groups.[®71We found only one study on macular blood flow

and foveal avascular zone (FAZ) in pseudophakic children.
(8]

This study compared the retinal and optic disc head blood
flow in patients who had previously undergone pediatric
cataract surgery with that of a healthy control group.

Materials and Methods

Study Population

This cross-sectional study was conducted after receiving
Institutional Ethics Committee approval (ethics approval
letter number: April 07, 2025-109). The study was
conducted in accordance with the principles of the
Declaration of Helsinki.

Children aged 5-18 years who had undergone cataract
surgery were included in this study. Children who
underwent pediatric cataract surgery between January
2018 and December 2024 were retrospectively screened.
A matched healthy control group (with a similar age and
gender distribution) was also included. The exclusion
criteria were the presence of any additional ocular
pathology that would prevent reliable data interpretation

(e.g., corneal opacity, posterior capsular opacification, or
nystagmus), patients who developed glaucoma during
postoperative follow-up, and systemic diseases that
could affect vascular circulation (e.g., diabetes mellitus or
cardiovascular disease). Participants with a signal strength
index >60 in OCTA images were included in the evaluation.

Seventeen eyes of seventeen pediatric cataract patients
met the study criteria (Group 1). Seven of the seventeen
patients underwent bilateral cataract surgery. The right
eyes of these patients were included in the study. Sixteen
volunteers with a similar age and gender distribution were
recruited to the control group (Group 2). Demographic
data of the treatment group, age at cataract surgery, pre-
operative and post-operative best-corrected visual acuity
(BCVA, logMAR), post-operative refractive error, intraocular
pressure, and post-operative follow-up duration were
recorded. All surgeries were performed by a single
surgeon (A.M.). Posterior capsulotomy was routinely
performed during surgery for participants aged 5-8
years. Topical steroids, antibiotics, and mydriatic agents
were prescribed for a 1-month post-operative period.
OCTA imaging was performed after a follow-up period
of at least 1 year following surgery. The healthy control
group underwent detailed ophthalmologic examination,
including biomicroscopic anterior and posterior segment
examination, followed by OCTA imaging.

OCTA Imaging

All patients underwent pupil dilation, which was induced
using a combination of 0.5% tropicamide and 2.5%
phenylephrine HCL, and OCTA scans were performed.
OCTA scans and measurements were performed by two
experienced ophthalmologists (E.Z. and S.M.). Imaging
was performed with a spectral-domain OCTA RTVue XR
AngioVue (version 2015.1.0.90; Optovue, Inc., Fremont, CA,
USA). This device uses the erythrocyte motion-dependent
split-spectrum  amplitude-decorrelation  angiography
algorithm. It provides 304 x 304 A volumetric exposures at
a rate of 70,000 A scans per second with an 840 nm light
source with an axial resolution of 5 mm. In addition, 5 repeat
B scans were performed at 216 scanning positions during
imaging, providing 3D scans per 3 x 3 mm region. In OCTA
scans, the device automatically calculates and provides
quantitative data on vascular density (VD) and flow area.
VD represents the percentage of vessels and micro-vessels
in a selected region. Flow area is obtained by calculating
the total vascular area in mm? within the selected region
for measurement. Analysis of the perifoveal region, foveal
region, and FAZ was performed using a 3 x 3mm frame from
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the acquired images. The device automatically calculated
the flow area of the superficial capillary plexuses (SF) and
the DF in the foveal and parafoveal regions. Similarly,
the device automatically calculated the superficial FAZ
and deep FAZ measurements. Two independent raters
evaluated the OCTA images (S.M. and E.Z.).

Statistical Analysis

The Statistical Package for the Social Sciences Statistics
version 23.0 (IBM, Armonk, NY, USA) was used to analyze
the data obtained in this study. Descriptive statistics for
the continuous variables were expressed as means and
standard deviations as well as medians (min-max), while
categorical variables were expressed as numbers and
percentages. Statistical analysis of the results that met the
parametric measurement conditions was calculated using
the independent Student’s t-test. The linear relationship
between the variables was examined using Pearson’s
correlation analysis. A p<0.05 was considered statistically
significant. Inter-rater reliability was assessed using Cohen’s
kappa.

Results

Demographic and Clinical Features

The mean age was 11.88+3.60 years in Group 1 and
11.63+£2.24 years in Group 2; no statistically significant
difference was found (p=0.80). In Group 1, 47.1% of the
patients were female and 52.9% were male, while in
Group 2, 43.75% were female and 56.25% were male. No
significant difference between the groups in terms of
gender was found using the Chi-square test (p=0.18).

The mean age at diagnosis in Group 1 was 9.53+3.90 years.
The mean follow-up period after surgery in Group 1 was
2.53+1.32 years. The mean axial length (AL) in Group 1
was 22.22+1.30 mm. In Group 1, the BCVA was 0.90+0.73
preoperatively and 0.12+0.17 logMAR postoperatively
(p<0.01). The mean post-operative refractive deviation
was calculated as a spherical equivalent, and its mean was
—0.95+1.00.

OCTA Measurement Values

Inter-rater reliability was calculated as 0.76. The
comparative results of retinal microvascular changes in
pediatric cataract surgery patients and healthy controls
are summarized in Table 1. The statistical analysis revealed
lower foveal superficial and deep blood flow in Group 1
than in Group 2 (1.33£0.12 vs. 1.4740.13 and 1.23+0.34
vs. 1.56+0.23, respectively, p<0.05). While sFAZ was
similar across the groups (p=0.87), dFAZ enlargement was

Table 1. Comparative analysis of OCT-A data of pediatric cataract
cases and healthy control group
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Fovea SF (um2) 1.33+0.12 1.47+0.13 <0.01
Fovea DF (um?) 1.23+0.34 1.56+0.23 <0.01
Fovea sFAZ (pmz) 0.29+0.08 0.29+0.13 0.87
Fovea dFAZ (um?2) 0.41+0.19 0.31+0.12 0.02
Fovea sVD (%) 34.50+5.06 35.25+£8.96 0.76
Fovea dVD (%) 36.57+5.42  37.15+£10.88 0.84
Parafovea sVD (%) 51.46+4.00 55.35+4.69 0.01
Parafovea dVD (%) 60.57+4.15 62.76+7.11 0.28
OD head flow (um?2) 1.68+0.14 1.69+0.14 0.96
OD head VD (%) 56.46+3.01 59.37+3.06 0.01

SF: Superficial flow; DF: Deep flow; sFAZ: Superficial foveal avascular zone; dFAZ: Deep
foveal avascular zone; sVD: Superficial vascular density; dVD: Deep vascular density;
OD: Optic disc; OCTA: Optical coherence tomography angiography

observed in Group 1 (0.41£0.19 vs. 0.31£0.12, respectively,
p=0.02). Our analysis revealed similar VD parameters in the
foveal region in both groups. However, superficial VD in the
parafoveal region was found to be lower in Group 1 than in
Group 2 (51.46+4.00 vs. 55.35+4.69, respectively, p=0.01).
In addition, optic disc head VD was lower in Group 1 thanin
Group 2 (56.46+3.01 vs. 59.37+3.06, respectively, p=0.01).

In Group 1, nine patients had mild amblyopia during
the post-operative period; eight patients did not have
amblyopia. To determine whether there was a difference
between post-operative BCVA and OCTA parameters,
eyes with and without amblyopia were compared using
subgroup analysis. No significant difference was found
between the two groups in terms of OCTA parameters. In
addition, a Pearson correlation analysis was performed
between the BCVA and OCTA parameters. Moderate
negative correlations were found between BCVA (logMAR)
and foveal superficial blood flow (r=—0.38, p=0.03) and
foveal deep blood flow (r=—0.44, p=0.01).

Discussion

This study evaluated post-operative retinal microvascular
circulation in pediatric cataract patients. Compared to the
control group, decreased blood flow in the superficial and
deep layers of the foveal region, widening of the deep
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layer FAZ, and decreased VD in the superficial layer of the
parafoveal region and the optic disc head were observed in
the treatment group.

Previous studies have investigated OCTA parameters in
healthy pediatric groups. Yang et al.!¥] reported that gender
may affect retinal blood flow, VD, and FAZ data. They found
that SF, DF, FAZ, and VD values were higher in girls than
in boys. icel et al.l'® showed that VD in the deep capillary
plexus decreased significantly with increasing age. In this
study, we assume that the results are not affected because
both groupsare similarinterms ofageand gender. Although
some studies have proposed formulas that include AL
to correct retinal VD and FAZ measurements for optical
magnification resulting from refractive errors,!" these
formulas are not universally accepted because they may not
account for all refractive components of the eye. The mean
AL data of the cataract-surgical patients in our study were
within normal limits, and to our knowledge, there were no
developmental defects such as microphthalmia. Lonngi et
al.’®l found reduced VD in the superficial and deep capillary
plexus of children with amblyopia compared to healthy
controls. They suggested that this finding may be related
to stalled vascular development in amblyopic eyes due to
a lack of visual stimulation.!®! Salerni et al.l'?! compared
OCTA findings in children who responded to amblyopia
treatment with those of children who did not respond to
it and those with normal eyes. In their study, macular VD
and perfusion were higher in the group that responded to
amblyopia treatment than in the other two groups.['?]

We offer several potential explanations for the decreased
microvascular blood flow and VD in our treatment group.
The first concerns developmental cataracts themselves.
Foveal development is primarily supported by the force
exerted by intraocular pressure on the foveal avascular
space and by retinal tensile forces occurring during
ocular growth.['3] The developmental defect causing
cataract development may also lead to insufficient retinal
microvascular development.

The second mechanism is cataract-induced deprivation
amblyopia. Zhang et al!8! reported increased superficial
foveal VD, narrowing of the FAZ area, and decreased deep
parafoveal VDin pediatric cataract surgery patients compared
to healthy controls. They attributed the narrowing of the FAZ
area to relative retinal immaturity compared with healthy
eyes.[8l However, our results indicate that the FAZ area was
wider in eyes that underwent pediatric cataract surgery.
This result supports the reduction of vascular flow in other
retinal layers. The widening of the FAZ area may be related to

delayed retinal vascular development rather than to retinal
development itself. Earlier cataract surgery in children is
important to prevent the development of deprivation
amblyopia. However, when examining the factors that affect
visual acuity after cataract surgery, the age at which cataracts
significantly impact vision and the time elapsed between
cataract development and surgery stand out. Ledoux et
all' showed that surgery performed at an older age was
associated with better visual acuity in both unilateral and
bilateral cataracts. In our study, only mild amblyopia was
present in half of the cases. This may have been due to the
fact that the age of cataract onset was after 1-3 years, which
is the most critical period for the development of amblyopia.
Although our results apply to patients who underwent
surgery at age 5 years or older, conclusions regarding OCTA
parameters in patients operated on at a younger age cannot
be drawn. Lempert et al.l' observed narrowing of the optic
disc margins in amblyopic eyes. This suggests that subclinical
optic disc hypoplasia may be a component of vision loss in
amblyopia.['*] Optic disc VD was reduced in amblyopic eyes
compared to healthy eyes[”1 Li et all'®l observed that
optic disc and macular vascular blood flow were lower in
amblyopic eyes than in contralateral eyes before treatment.
After amblyopia treatment, VD improved significantly with
an increase in VA and was even at levels similar to those of
healthy eyes."® In our study, the decrease in optic disc head
VD compared to the healthy group was consistent with the
data in the literature.

Finally, the fact that visual stimulation is reduced due to cataracts
may explain our results. This can slow vascular development
in the retina and optic disc head, which can be explained by
a decrease in vascular formation due to a decrease in oxygen
demand resulting from inadequate visual stimulation. Some
studies have reported changes in adult patients after cataract
surgery, such as FAZ reduction and increased superficial and
deep foveal/parafoveal vessel density compared to pre-surgical
levels.['”1This could be explained by neurovascular remodeling.
Neurovascular remodeling after cataract surgery is the process
by which increased neuronal activity following the elimination
of visual deprivation reorganizes the retinal microvascular
structure according to metabolic needs. Even if postsurgical
remodeling occurs, there may still be a permanent delay in
patients’ vascular development compared to a healthy control
group. More detailed studies are needed to confirm these
hypotheses.

The limitations of our study include its small sample
size, its cross-sectional design, and its lack of repeated
measurements. This study was not designed to compare
vascular flow changes before and after surgery. Because
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the presence of cataracts can affect the quality of OCTA
scans, our study was designed to compare the treatment
group (which consisted of patients who had undergone
surgery) with a healthy control group. Furthermore,
conditions such as inflammation-related cystoid macular
edema and increased foveal thickness can develop after
cataract surgery. Because these conditions could bias the
data, only patients who were at least 1 year postoperatively
were included. There was no significant ocular pathology
other than congenital cataract in our treatment group, but
we were unable to determine the presence of underlying
systemic diseases. Finally, this study had a retrospective
design, so our findings do not imply causality; they only
suggest a possible association. Although it reflects a
decrease in vascular parameters in pediatric cataract cases,
a longitudinal study is needed to confirm causality.

Conclusion

This study found decreased macular and optic disc
microvascular circulation and widening of the FAZ area
in pediatric cataract surgery patients. Whether this result
is directly related to pediatric cataract development or
cataract-induced amblyopia can be clarified via further
comprehensive studies.
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