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Purpose: To evaluate the efficacy of optical coherence tomography (OCT) in identifying
subclinical cystoid macular edema (CME) following Nd: YAG laser capsulotomy for
posterior capsular opacification (PCO).
Study Design: Descriptive case series.
Methods: Seventy-five eyes with visually significant PCO after uncomplicated cataract

surgery were included. Exclusion criteria included corneal opacities, glaucoma,

Keywords: retinopathy, maculopathy, optic neuropathy, or high refractive errors (+6.0 diopters). Best-
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corrected visual acuity (BCVA), slit-lamp examination, posterior segment evaluation, and
macular thickness via spectral-domain OCT (TOPCON 3D OCT) were assessed pre-laser,
Posterior capsular opacification at 1 week, and 1 month post-laser.

Results: Mean age was 56.12 + 5.40 years (95% CI: 55.30-56.94). Of the 75 patients, 42
(56%) were male, and 33 (44%) were female. Subclinical CME was detected in 12 (16%)
eyes. Of these, 4 were aged 40-55 years, and 8§ were aged 56-70 years (P=0.042).

Conclusion: OCT is an effective, non-invasive tool for early detection of subclinical CME

Optical coherence tomography
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INTRODUCTION non-invasive outpatient procedure that uses a neodymium-doped

Cataract surgery remains one of the most frequently performed
surgical procedures worldwide, significantly improving visual
outcomes for millions of patients with lens opacification [1].
Advances in surgical techniques, such as phacoemulsification, and
the use of posterior chamber intraocular lenses (IOLs) have
enhanced the safety and efficacy of cataract surgery [2]. However,
despite these advancements, postoperative complications can
compromise visual recovery, with posterior capsular opacification
(PCO) being the most common late complication [3]. PCO, also
known as secondary cataract, occurs when residual lens epithelial
cells proliferate and migrate across the posterior capsule, leading to
visual impairment due to opacification [4]. The incidence of PCO
varies, with studies reporting rates ranging from 10% to 50% within
5 years post-cataract surgery, depending on patient demographics,
IOL material, and surgical technique [5,6].

The standard treatment for PCO is Nd: YAG laser capsulotomy, a

yttrium aluminum garnet (Nd:YAG) laser to create an opening in the
opacified posterior capsule, thereby restoring visual clarity [7].
Introduced in the 1980s, Nd:YAG laser capsulotomy has become the
definitive management strategy for PCO due to its high success rate
and minimal invasiveness [8]. The procedure is typically performed
under topical anesthesia, with patients experiencing immediate
improvement in visual acuity in most cases [9]. However, like any
medical intervention, Nd:YAG laser capsulotomy is associated with
potential complications, including transient intraocular pressure (IOP)
elevation, lens pitting, retinal detachment, and cystoid macular edema
(CME)[10,11]. Among these, CME is particularly significant due to its
potential to cause persistent visual morbidity if not detected and
managed early [12].

Cystoid macular edema is characterized by the accumulation of fluid in
the macula, the central region of the retina responsible for high-acuity
vision [13]. CME manifests as cyst-like spaces primarily in the outer
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plexiform and inner nuclear layers of the retina, leading to
retinal thickening and distortion of the normal macular
architecture [14]. Clinically significant CME is defined by a
retinal thickness exceeding 300 um and is often accompanied
by a noticeable decline in visual acuity [15]. However,
subclinical CME, where retinal thickening is less than 300
pm, may not produce overt symptoms and is frequently
undetectable by conventional slit-lamp biomicroscopy [16].
The incidence of CME following cataract surgery ranges
from 0.8% to 2.8%, with higher rates reported after
complicated surgeries or in patients with predisposing
conditions such as diabetes mellitus or uveitis [17,18]. Post-
Nd:YAG laser capsulotomy, the reported incidence of CME
varies widely, from 0.85% to 9.6%, reflecting differences in
study populations, diagnostic modalities, and follow-up
durations[19,20].

The pathogenesis of CME following Nd:YAG laser
capsulotomy is multifactorial and not fully elucidated. One
prevailing hypothesis implicates the disruption of the blood-
aqueous barrier, triggered by the release of inflammatory
mediators such as prostaglandins and cytokines [21]. The
mechanical energy delivered by the Nd: YAG laser may cause
microtrauma to the vitreous, leading to its liquefaction and
movement, which in turn destabilizes the vitreoretinal
interface [22]. This disruption facilitates the leakage of fluid
from retinal capillaries into the extracellular spaces of the
macula, forming cystoid spaces [23]. Additionally, the anterior
hyaloid face, which acts as a barrier between the vitreous and
aqueous humor, may be compromised during capsulotomy,
further exacerbating fluid transudation [24]. Other
contributing factors include the total laser energy used, the
number of laser shots, and patient-specific factors such as age
and ocular comorbidities [25]. Older patients, for instance,
may be more susceptible to CME due to age-related changes
invitreous consistency and retinal vascular integrity [26].

The clinical impact of CME lies in its potential to cause
permanent damage to the macular architecture if it becomes
chronic [27]. Chronic CME can lead to photoreceptor loss,
retinal pigment epithelial atrophy, and irreversible visual
impairment, even with subsequent treatment [28]. Therefore,
early detection of CME, particularly in its subclinical form, is
critical to initiate timely interventions such as topical non-
steroidal anti-inflammatory drugs (NSAIDs) or
corticosteroids, which can mitigate inflammation and restore
macular anatomy [29]. Traditional diagnostic methods, such
as slit-lamp biomicroscopy with a fundus lens, are limited in
their ability to detect subclinical CME due to their reliance on
visualizing gross retinal changes [30]. Fundus fluorescein
angiography (FFA), while sensitive to vascular leakage, is
invasive, time-consuming, and carries risks of allergic
reactions to the dye [31]. In contrast, optical coherence
tomography (OCT) has emerged as a non-invasive, high-
resolution imaging modality that revolutionizes the diagnosis
and monitoring of macular diseases [32].
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OCT utilizes low-coherence interferometry to produce
detailed cross-sectional images of the retina, allowing for
precise measurement of macular thickness and visualization
of subtle structural changes [33]. Spectral-domain OCT
(SD-OCT), such as the TOPCON 3D OCT system, offers
superior axial resolution (approximately 5-6 um) compared
to time-domain OCT, enabling the detection of early cystoid
spaces and retinal thickening [34]. Studies have
demonstrated OCT's ability to identify subclinical CME in
various clinical scenarios, including post-cataract surgery
and retinal vascular diseases [35,36]. In the context of
Nd:YAG laser capsulotomy, OCT is particularly valuable
for monitoring macular thickness changes at short intervals
(e.g., 1 week and 1 month post-procedure), facilitating the
identification of transient versus persistent edema [37]. The
non-invasive nature of OCT, coupled with its
reproducibility and patient comfort, makes it an ideal tool
for routine clinical practice [38].

Previous studies have explored the incidence of CME
following Nd:YAG laser capsulotomy, with varying results.
Adnan et al. reported a 14% incidence of subclinical CME
detected by OCT in a cohort of 72 eyes, with a significant
association with older age [39]. Ari et al. observed increased
macular thickness in patients receiving higher laser energy,
suggesting a dose-dependent effect [40]. Conversely, other
studies, such as those by Altiparmak et al., found no
significant changes in foveal thickness over a 1-year period
post-capsulotomy, highlighting the transient nature of some
cases of CME [41]. These discrepancies underscore the need
for standardized protocols for laser delivery and
postoperative monitoring, as well as the importance of
advanced imaging to capture subtle changes [42].
Additionally, the role of laser parameters, such as energy
levels and capsulotomy size, remains underexplored, with
conflicting evidence on their impact on CME risk [43].

The rationale for the present study stems from the need to
optimize postoperative care for PCO patients undergoing
Nd:YAG laser capsulotomy. While the procedure is highly
effective, the risk of CME, even if subclinical, warrants
proactive surveillance to prevent long-term visual
consequences [44]. By leveraging OCT's diagnostic
capabilities, clinicians can detect early macular changes and
tailor interventions to individual patient needs [45]. This is
particularly relevant in resource-limited settings, where
access to advanced diagnostic tools like FFA may be
restricted, making OCT a cost-effective alternative [46].
Furthermore, understanding the demographic and clinical
factors associated with CME, such as age and gender, can
inform risk stratification and guide follow-up schedules
[47].

The primary objective of this study is to evaluate the utility
of spectral-domain OCT in detecting subclinical CME
following Nd:YAG laser capsulotomy in patients with PCO.
By conducting a descriptive case series in a well-defined
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cohort, we aim to quantify the incidence of subclinical CME,
explore its association with patient characteristics, and
highlight the role of OCT in facilitating early diagnosis. The
study also seeks to contribute to the growing body of evidence
on the safety profile of Nd:YAG laser capsulotomy and the
importance of postoperative imaging. Through this
investigation, we hope to underscore the value of integrating
OCT into routine clinical protocols for PCO management,
ultimately improving visual outcomes for patients.

Methods

Study Design and Setting

The study aimed to evaluate the role of spectral-domain
optical coherence tomography (OCT) in detecting subclinical
cystoid macular edema (CME) following Nd:YAG laser
capsulotomy in patients with posterior capsular opacification
(PCO). A descriptive case series design was chosen to
systematically document the incidence of subclinical CME
and its association with patient characteristics in a well-
defined cohort, providing observational data to inform
clinical practice.

Sample Size Calculation

The sample size was calculated using the World Health
Organization (WHO) sample size calculator, based on an
estimated prevalence of CME post-Nd:YAG laser
capsulotomy of 10%, as reported in prior studies [48]. With a
margin of error of 6% and a 95% confidence interval (CI), the
required sample size was determined to be 75 eyes. To
account for potential dropouts or incomplete data, we aimed
to recruit a minimum of 75 eligible eyes. A non-probability
consecutive sampling technique was employed to enroll
patients presenting with PCO during the study period,
ensuring a practical and feasible approach to participant
recruitment in a clinical setting.

Inclusion Criteria

Patients were eligible for inclusion if they met the following
criteria: (1) age between 40 and 70 years, (2) unilateral or
bilateral visually significant PCO following uncomplicated
cataract surgery with posterior chamber intraocular lens
(IOL) implantation, (3) a minimum interval of 6 months since
cataract surgery, and (4) a clear fundal view on non-contact
lens fundoscopy, allowing for accurate OCT imaging.
Visually significant PCO was defined as a reduction in best-
corrected visual acuity (BCVA) attributable to posterior
capsule opacification, as confirmed by slit-lamp examination.
Both male and female patients were included to ensure a
representative sample.

Exclusion Criteria

Patients were excluded if they had any of the following
conditions: (1) corneal opacities that could interfere with
OCT imaging or laser delivery, (2) glaucoma, (3) retinopathy
(e.g., diabetic retinopathy, retinal vein occlusion), (4)
maculopathy (e.g., age-related macular degeneration), (5)
optic neuropathy, (6) diabetes mellitus, (7) history of
complicated cataract surgery (e.g., posterior capsule rupture),
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(8) previous ocular surgery other than cataract surgery, or (9)
high refractive errors (greater than -6.0 or +6.0 diopters).
These exclusion criteria were applied to minimize
confounding factors that could independently contribute to
macular edema or affect the accuracy of OCT measurements.
Ethical Considerations

Written informed consent was obtained from all participants
prior to enrollment, in accordance with the principles of the
Declaration of Helsinki. Participants were informed about
the study's purpose, procedures, potential risks, and benefits,
and their right to withdraw at any time without affecting their
clinical care.

Data Collection and Procedures

All enrolled patients underwent a comprehensive baseline
ocular examination before Nd: YAG laser capsulotomy. The
examination included: (1) measurement of BCVA using a
Snellen chart, converted to logMAR for statistical analysis,
(2) slit-lamp biomicroscopy to assess anterior segment
structures and confirm PCO, (3) posterior segment
examination using a 90-diopter non-contact lens to rule out
retinal abnormalities, and (4) macular thickness
measurement using spectral-domain OCT (TOPCON 3D
OCT, Topcon Corporation, Tokyo, Japan). The OCT
protocol involved a 6x6 mm macular cube scan centered on
the fovea, providing high-resolution cross-sectional images
of the retina. Macular thickness was quantified as the
average thickness in the central 1-mm subfield of the Early
Treatment Diabetic Retinopathy Study (ETDRS) grid.
Pupils were dilated with 1% tropicamide eye drops to
facilitate fundoscopy and laser capsulotomy. The Nd:YAG
laser capsulotomy was performed by an experienced
ophthalmologist using a standardized technique. A contact
lens (e.g., Abraham capsulotomy lens) was used to focus the
laser, and a central opening of approximately 3—4 mm was
created in the posterior capsule. The laser energy settings
and number of shots were adjusted based on the thickness of
the PCO, but these parameters were not recorded as part of
the study protocol, which is a noted limitation. Post-
procedure, patients were prescribed 1% prednisolone
acetate eye drops four times daily for 5 days to reduce
inflammation.

Follow-up assessments were conducted at 1 week and 1
month post-laser capsulotomy. At each visit, patients
underwent the same ocular examinations as at baseline,
including BCVA, slit-lamp biomicroscopy, posterior
segment evaluation, and OCT imaging. Subclinical CME
was defined as an increase in central macular thickness on
OCT (>30 um from baseline) with the presence of cystoid
spaces in the outer plexiform or inner nuclear layers, without
a corresponding decline in visual acuity. All OCT scans were
reviewed by two independent ophthalmologists to ensure
consistency, with discrepancies resolved by consensus.
Data Analysis

Data were analyzed using IBM SPSS Statistics version 22
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IBM Corp., Armonk, NY, USA). Descriptive statistics were
computed for all variables. Continuous variables, such as age
and BCVA (logMAR), were expressed as mean + standard
deviation (SD) with 95% ClIs. Categorical variables,
including gender, eye laterality (right/left), and CME status
(yes/no), were reported as frequencies and percentages. The
chi-square test was used to assess associations between CME
and potential effect modifiers, such as age group (4055 years
vs. 56-70 years) and gender, with a P-value <0.05 considered
statistically significant. To control for confounding, analyses
were stratified by age, gender, and eye laterality. Missing
data, if any, were handled using listwise deletion, and the
impact of missing data on results was assessed in a sensitivity
analysis.

Quality Control

To ensure data quality, all clinical assessments were
performed by trained ophthalmologists using calibrated
equipment. The TOPCON 3D OCT device was regularly
maintained and calibrated per manufacturer guidelines. Data
entry was double-checked by two independent researchers to
minimize errors. The study adhered to the STROBE
(Strengthening the Reporting of Observational Studies in
Epidemiology) guidelines for reporting observational
studies, ensuring transparency and reproducibility.
RESULTS

The study enrolled 75 eyes from 75 patients who underwent
Nd:YAG laser capsulotomy for visually significant posterior
capsular opacification (PCO). All participants completed the
baseline assessment and follow-up visits at 1 week and 1
month post-procedure, ensuring no loss to follow-up and
complete data for analysis. The primary objective was to
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evaluate the incidence of subclinical cystoid macular edema
(CME) detected by spectral-domain optical coherence
tomography (OCT) and to explore its association with
demographic and clinical factors, such as age, gender, and
eye laterality.

Demographic and Baseline Characteristics

The mean age of the participants was 56.12 + 5.40 years
(95% confidence interval [CI]: 55.30-56.94), reflecting a
middle-aged to elderly population typical of patients
presenting with PCO post-cataract surgery. The age
distribution was relatively balanced, with 38 (50.7%)
patients in the 40—55-year age group and 37 (49.3%) in the
56—70-year age group. Gender distribution showed a slight
male predominance, with 42 (56%) male patients and 33
(44%) female patients, consistent with the demographics of
cataract surgery cohorts in similar settings [1]. Eye laterality
was nearly evenly split, with 38 (50.7%) right eyes and 37
(49.3%) left eyes affected by PCO, indicating no significant
bias toward one eye in the presentation of this condition.
Visual Acuity at Baseline

Baseline best-corrected visual acuity (BCVA) was assessed
using a Snellen chart and categorized into three groups to
reflect the degree of visual impairment caused by PCO
(Table 1). Fourteen (18.7%) eyes had a BCVA of 6/6 to 6/9,
indicating relatively mild visual compromise. Thirty (40%)
eyes fell within the 6/12 to 6/18 range, representing
moderate visual impairment, while 31 (41.3%) eyes had a
BCVA of 6/24 to 6/60, reflecting severe visual deterioration
attributable to PCO. This distribution underscores the
significant impact of PCO on visual function, justifying the
need for Nd: YAG laser capsulotomy to restore clarity.

Table 1: Baseline Visual Acuity Distribution

Visual Acuity Frequency (n) Percentage (%)
6/6—-6/9 14 18.7
6/12-6/18 30 40.0
6/24-6/60 31 41.3

Incidence of Subclinical Cystoid Macular Edema
Subclinical CME, defined as an increase in central macular
thickness of >30 um from baseline with cystoid spaces
visible on OCT without a corresponding decline in visual
acuity, was detected in 12 (16%) eyes at the 1-week follow-
up visit. This incidence is slightly higher than the 14%
reported in a comparable study by Adnan etal. [ 1], potentially
due to the marginally larger sample size (75 vs. 72 eyes) and
differences in patient characteristics. By the 1-month follow-
up, OCT imaging revealed significant resolution of
subclinical CME in most cases, with only 2 (2.7%) eyes
showing persistent cystoid changes, which resolved
completely by the 3-month follow-up (data not shown, as per
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study protocol). The transient nature of subclinical CME in
this cohort aligns with prior reports suggesting that post-
capsulotomy macular edema often resolves spontaneously
with appropriate anti-inflammatory management, such as
topical corticosteroids [35].

OCT Findings

Spectral-domain OCT (TOPCON 3D OCT) provided high-
resolution images that facilitated the identification of
subclinical CME. In the 12 affected eyes, the mean increase
in central macular thickness at 1 week was 42.5 £ 8.3 um
(range: 32-58 um), with cystoid spaces predominantly
located in the outer plexiform and inner nuclear layers of the
retina. These findings were consistent across all cases of
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subclinical CME, with no evidence of subretinal fluid or
disruption of the ellipsoid zone, indicating that the edema was
confined to the intraretinal layers. The OCT scans were
reviewed independently by two ophthalmologists, achieving
a high inter-observer agreement (kappa = 0.92), which
underscores the reliability of OCT as a diagnostic tool in this
context.

Subgroup Analyses

To explore potential risk factors for subclinical CME,
subgroup analyses were conducted based on age, gender, and
eye laterality. Among the 12 eyes with CME, 4 (33.3%)
belonged to patients in the 40—55-year age group, while 8
(66.7%) were in the 56—70-year age group. A chi-square test
revealed a statistically significant association between older
age (5670 years) and the development of subclinical CME
(P =0.042), suggesting that age-related changes in vitreous
consistency or retinal vascular permeability may predispose
older patients to macular edema post-capsulotomy [35]. This
finding is consistent with previous studies that have reported
increased CME risk in elderly patients due to degenerative
changes in the vitreoretinal interface [4].

Gender analysis showed no significant association with CME
incidence. Of the 12 eyes with CME, 7 (58.3%) were from
male patients, and 5 (41.7%) were from female patients,
yielding a non-significant P-value of 0.530 (chi-square test).
This lack of gender predominance aligns with the broader
literature, which indicates that CME affects both genders
equally in the context of cataract surgery and its
complications [15]. Similarly, eye laterality was not
significantly associated with CME, with 6 (50%) cases
occurring in right eyes and 6 (50%) in left eyes (P = 0.945),
suggesting that the procedure's effect on macular edema is
independent of the affected eye.

Visual Acuity Outcomes

Post-capsulotomy BCVA improved significantly in all
patients, reflecting the efficacy of Nd: YAG laser capsulotomy
in treating PCO. At the 1-month follow-up, 62 (82.7%) eyes
achieved a BCVA of 6/6 to 6/9, 10 (13.3%) were in the 6/12 to
6/18 range, and 3 (4%) remained in the 6/24 to 6/60 range.
Notably, the presence of subclinical CME at 1 week did not
correlate with a decline in visual acuity at either follow-up
visit, reinforcing the subclinical nature of the edema detected
by OCT. This dissociation between structural changes
(macular thickening) and functional outcomes (visual acuity)
highlights the importance of advanced imaging to identify
early pathological changes that may not yet impact vision.
Statistical Robustness

The statistical analyses were conducted using SPSS version
22, with all tests performed at a 5% significance level. The
sample size of 75 eyes provided sufficient power (estimated
at 80%) to detect a CME prevalence of 10% with a 6% margin
of error, as calculated a priori. Stratification by age, gender,
and eye laterality controlled for potential confounders, and
the absence of missing data enhanced the reliability of the
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findings. Sensitivity analyses excluding outliers (e.g., eyes
with borderline macular thickness increases) confirmed the
robustness of the reported CME incidence and associations.
Clinical Implications

The 16% incidence of subclinical CME underscores the
utility of OCT as a sensitive tool for detecting early macular
changes post-Nd:YAG laser capsulotomy. The significant
resolution of CME by 1-3 months, coupled with the lack of
visual impact, suggests that routine OCT monitoring at 1
week and 1 month is sufficient to identify and manage
transient edema. The association with older age highlights
the need for heightened surveillance in patients aged 56—70
years, who may benefit from prophylactic anti-inflammatory
therapy to reduce CME risk. These findings advocate for the
integration of OCT into standard post-capsulotomy care
protocols, particularly in settings where subclinical
complications may otherwise go undetected.

DISCUSSION

This study demonstrates that optical coherence tomography
(OCT) is a valuable tool for detecting subclinical cystoid
macular edema (CME) following Nd:YAG laser
capsulotomy for posterior capsular opacification (PCO),
with a 16% incidence (12/75 eyes) observed at 1-week post-
procedure. This rate is slightly higher than the 14% reported
by Adnan et al. [40], likely due to our larger sample size (75
vs. 72 eyes) and variations in patient demographics. The
significant association with older age (P=0.042) aligns with
prior studies, suggesting that age-related vitreous changes
increase CME risk [12]. The transient nature of subclinical
CME, resolving in most cases by 1-3 months, supports
findings by Karahan et al., who noted temporary macular
thickening post-capsulotomy [23].

Our results underscore OCT's sensitivity in identifying early
macular changes undetectable by slit-lamp biomicroscopy,
facilitating timely intervention with anti-inflammatory
agents to prevent chronic macular damage [4]. The lack of
gender association (P=0.530) is consistent with literature
indicating no sex predilection for CME [5]. However, the
absence of data on laser energy and shot count, a study
limitation, may obscure potential dose-dependent effects, as
suggested by Ari et al. [19]. Future studies should standardize
laser parameters and assess their impact on CME incidence.
Additionally, long-term OCT monitoring could clarify the
natural history of subclinical CME.

In conclusion, routine OCT screening at 1 week and 1 month
post-capsulotomy is recommended, particularly for older
patients, to optimize visual outcomes in PCO management.
CONCLUSION

This study confirms that spectral-domain optical coherence
tomography (OCT) is a highly effective, non-invasive tool for
the early detection of subclinical cystoid macular edema
(CME) following Nd:YAG laser capsulotomy in patients
with posterior capsular opacification (PCO). With a 16%
incidence of subclinical CME observed in 75 eyes, our findings
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highlight the importance of routine OCT screening at 1 week
and 1 month post-procedure to identify transient macular
changes that may progress to chronic damage if untreated.
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