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ABSTRACT

Purpose: To evaluate changes in scotopic pupil diameter before and after cataract surgery performed
by phacoemulsification with intraocular lens implantation. Methods: This prospective longitudinal
observational study included patients who underwent cataract surgery. Scotopic pupil diameter was
measured preoperatively and 30-40 days postoperatively using an automated keratometer after a
standardized dark-adaptation period under controlled ambient illumination. Each eye was considered
an independent unit of observation. Because some participants contributed both eyes, intraindividual
correlation was accounted for using a linear mixed-effects model with random patient intercepts.
Time of assessment (preoperative versus postoperative), age, sex, and eye laterality were included as
fixed effects. Results: A total of 354 eyes from 251 patients were analyzed. The mean patient age was
69.3+7.2 yr. Mean scotopic pupil diameter decreased from 5.3+0.9mm preoperatively to 4.8+0.8mm
postoperatively, representing a mean reduction of 0.5mm (9.4%). In the linear mixed-effects model,
cataract surgery was associated with a significant reduction in pupil diameter, with an adjusted
mean difference of 0.45mm (95% confidence interval [95% Cl], 0.39-0.51; p<0.001). Age (p=0.061), sex
(p=0.920), and eye laterality (p=0.152) were not significantly associated with the magnitude of pupil
diameter change. Conclusion: Phacoemulsification with intraocular lens implantation was associated
with a significant reduction in scotopic pupil diameter, independent of age, sex, and eye laterality. This
finding should be considered during preoperative planning, particularly when selecting intraocular

lenses whose optical performance depends on postoperative pupil size.
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INTRODUCTION

Cataract, defined as opacification of the crystalline lens, is most commonly asso-
ciated with aging and remains the leading reversible cause of blindness worldwide®.
In Brazil, approximately 73.3% of individuals older than 75yr are affected by the
condition®. Cataract-related visual impairment is considered reversible because vision
can be restored through phacoemulsification with intraocular lens (IOL) implantation,
in which the opacified crystalline lens is replaced with an artificial lens.
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Several studies have shown that cataract surgery per-
formed by phacoemulsification with I0L implantation
reduces pupil diameter by approximately 10% in the general
population under both photopic and mesopic conditions&.
Thisreductionhasbeenattributedprimarilytoimprovedciliary
muscle function following cataract extraction. Replacing the
crystalline lens, whose anteroposterior thickness frequently
exceeds 4mm, with an IOL of approximately 1mm thickness
increases the available intraocular space and deepens the
anterior chamber(®. In addition, postoperative inflammatory
mechanisms affecting the ciliary muscle and anterior
chamber have been proposed as contributing factors to the
observed reduction in pupil diameter®.

More recently, increasing attention has been directed
toward predicting postoperative pupil diameter because
the performance of multifocal and extended depth-of-focus
IOLs is highly dependent on pupil size®. These advanced
intraocular implants can provide improved visual performance
across a range of focal distances, enabling patients to
perform near tasks, such as reading and sewing as well as
distance activities, including driving and sports. However,
the effectiveness of these technologies is closely linked to
pupillary function, which can be assessed before surgery.

The number of cataract surgeries performed within the
Brazilian Unified Health System has increased substantially
in recent years and has, for the first time, reached a level
sufficient to offset the incidence of new cataract cases
in the country®. In addition to highlighting the public
health relevance of cataract treatment, this trend creates
opportunities for further advances in surgical techniques and
clinical knowledge. Therefore, investigating postoperative
changes in pupil diameter is important for improving
the understanding of ocular physiology and optimizing
outcomes following phacoemulsification surgery.

METHODS

This prospective, longitudinal, observational study eva-
luated scotopic pupil diameter before cataract surgery and
approximately 1 month after the procedure. The study was
conducted as part of a research project approved by the
Human Research Ethics Committee of the Federal University
of Santa Catarina (UFSC; Certificate of Ethical Approval
No. 81492624.0.0000.0121). Written informed consent was
obtained from all participants before enrollment.

Data collection

The study included patients who underwent cataract
surgery at Hospital IGAPS, Tijucas, Santa Catarina, Brazil,
between October 2024 and January 2025. All procedures
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were performed by a single experienced surgeon using the
Constellation Vision System (Alcon Laboratories, Fort Worth,
Texas). A biconvex hydrophilic acrylicintraocular lens (MFR2;
Mediphacos, Belo Horizonte, Brazil) was implanted in the
capsular bag in all cases. Data collected included age, sex,
operated-eye laterality, and preoperative and postoperative
pupil diameters.

Because some participants contributed data from both
eyes, each eye was treated as an observational unit, and
intraindividual correlation was accounted for in the statistical
analysis using a linear mixed-effects model. Exclusion
criteria included pupillary abnormalities, intraoperative
complications, glaucoma, use of topical medications known
to affect pupil size (e.g., brimonidine or pilocarpine), white
or traumatic cataracts, a history of uveitis, and previous
intraocular surgery.

Horizontal pupil diameter under scotopic conditions
was measured before phacoemulsification and repeated
30-40 days after surgery. Before each assessment, partici-
pants underwent dark adaptation for at least 15 min.
Measurements were obtained using the pupillometry func-
tion of the PRK-8000 keratometer (Potec, Daejeon, South
Korea) by a trained examiner. Ambient illumination was
standardized using identical artificial lighting conditions
and verified with a lux meter positioned between the
participant and the keratometer.

All data were recorded in a digital database under in-
vestigator supervision and analyzed in anonymized form.

Statistical analysis

Statistical analyses were performed using Statistical
Package for the Social Sciences version 23.0 for Windows
(1IBM Corp., Armonk, New York). Quantitative variables were
expressed as meansstandard deviation (SD) when normally
distributed and as median andinterquartile range (IQR) when
normality assumptions were not met. Categorical variables
were presented as absolute and relative frequencies.

To account for intraindividual correlation arising from
bilateral surgeries, a linear mixed-effects model with a
random intercept for each participant was fitted. Time point
(preoperative vs. postoperative), age, sex, and eye laterality
were included as fixed effects. Model parameters were
estimated using restricted maximum likelihood.

Additional exploratory analyses were performed to
characterize the preoperative profile of the study popula-
tion. The distribution of preoperative pupil diameter was
assessed using the Shapiro-Wilk test. As the data were
normally distributed, Student’s t-test was used to compare
preoperative pupil diameter between sexes. The association
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between age and preoperative pupil diameter was evaluated
using Pearson’s correlation coefficient.

RESULTS

Atotal of 354 eyes from 251 patients were included in the
analysis. The demographic and clinical characteristics of the
study population are summarized in table 1. Participants who
underwent bilateral surgery contributed two observations,
one for each eye, to analyses involving age and sex.

The mean age of the participants was 69.3+7.2 years
(range, 38-88 yr). Of the 354 eyes evaluated, 171(48.3%) were
right eyes and 183 (51.7%) were left eyes. Female patients
accounted for 229 eyes (64.7%), whereas 125 eyes (35.3%)
belonged to male patients.

Mean preoperative scotopic pupil diameter was 5.3+0.9mm,
decreasing to 4.8+0.8mm postoperatively (Figure 1). This
corresponded to a mean reduction of 0.5mm, representing
a 9.4% decrease in pupil diameter. The median reduction was
0.4mm (IQR, 0.7mm).

Preoperative pupil diameter did not differ significantly
between male and female patients (5.34*0.9mm vs.
5.24+0.9 mm, respectively; p=0.320). Likewise, no significant
correlation was observed between preoperative pupil
diameter and age (Pearson’s r=-0.089; p=0.096).

Thelinear mixed-effectsmodeldemonstrated asignificant
reduction in pupil diameter following surgery, with an
adjusted mean difference of 0.45 mm between preoperative
and postoperative measurements (95% confidence interval
[95% CI], 0.39-0.51; p<0.001). In the adjusted analysis, age
(p=0.061), sex (p=0.920), and eye laterality (p=0.152) were
not significantly associated with the magnitude of pupil
diameter change.

Postoperatively, pupil diameter decreased in 271 eyes
(76.6%), remained unchanged in 25 eyes (7.1%), and increased
in 58 eyes (16.4%).

DISCUSSION

The study sample was well balanced with respect to
eye laterality, with a predominance of female patients at
an approximate ratio of 2:1. The mean age of 69.3 yr was
consistent with expectations for a cataract population,
as this disease predominantly affects older individuals.
Nevertheless, younger patients were alsoincluded (youngest
age, 38 yr), which may be explained by factors associated
with cataract development, including corticosteroid use,
smoking, and diabetes(™,

Analysis of preoperative pupil diameter revealed no
significant difference between sexes, with a mean scotopic
pupil diameter of 5.3mm. A weak negative correlation
between age and preoperative pupil diameter was observed,
consistent with the age-related miosis reported in the
general population®), although this association was not
statistically significant.

This study demonstrated a significant and consistent
reduction in pupil diameter following cataract surgery, with
a mean decrease of approximately 9.4% under scotopic
conditions. This finding remained significant after adjustment
for intraindividual correlation using a linear mixed-effects
model, supporting the robustness of the results and con-
firming that phacoemulsification has a measurable effect on
pupillary dynamics.

Demographic and clinical characteristics of the sample.

Variable Value
Number of patients 251
Number of eyes 354
Age (yr), mean+SD 69.347.2
Age (yr), minimum-maximum 38-88
Sex, n (%)

Male 125 (35.3%)

Female 229 (64.7%)

Laterality, n (%)

Right eye 171(48.3%)

Left eye 183 (51.7%)
Preoperative pupil diameter (mm), mean=SD 5.3¥0.9
Postoperative pupil diameter (mm), mean+SD 4.8+0.8
Mean pupil diameter reduction (mm) and mean (%) 0.5 (9.4%)
Pupil diameter reduction (mm) and median (IQR) 0.4(0.7)

Preoperative and postoperative pupil diameter

Pupil diameter (mm)
o
1

Preoperative Postoperative

Boxplot showing the distribution of preoperative and postoperative pupil
diameter.
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The magnitude of the reduction observed is consistent
with previous reports describing a decrease in pupil diameter
of approximately 10% following phacoemulsification5
under both photopic and mesopic conditions. Previous
studies have suggested that this phenomenon is partly
attributable to the replacement of the relatively thick
crystalline lens with a thin 10L®), resulting in increased
anterior chamber depth and more efficient ciliary muscle
contraction. In addition, transient inflammatory mechanisms
associated with the surgical procedure have been proposed
as contributors to postoperative pupillary changes.

From a clinical perspective, the reduction in postoperative
pupil diameter is particularly relevant given the increasing
use of multifocal and extended depth-of-focus intraocular
lensest. The optical performance of these lenses is closely
dependenton postoperative pupil size,and overestimation of
pupil diameter based solely on preoperative measurements
may lead to suboptimal visual outcomes. Therefore, the
present findings highlight the importance of considering
the tendency toward postoperative miosis during surgical
planning and IOL selection.

In the adjusted model, pupil diameter variation was not
significantly associated with sex, laterality, orage, suggesting
that postoperative pupillary reduction is primarily related to
the surgical procedure itself rather than to demographic or
anatomical characteristics.

The large sample size also enabled characterization of
individual pupillary behavior. Although a clear population-
level trend toward reduced pupil diameter was observed,
a smaller proportion of eyes exhibited stable or increased
pupil diameter postoperatively. This finding highlights the
persistence of interindividual variability and reinforces the
need for individualized clinical assessment.

This study has several limitations. Pupil diameter is
influenced by multiple physiological, environmental, and
clinical factors. Although efforts were made to standardize
these variables, complete control was not possible.
Postoperative pupil diameter was assessed at a single
time point, precluding evaluation of temporal changes.
In addition, measurements were performed exclusively
under scotopic conditions, limiting extrapolation of the
findings to photopic or mesopic environments. Finally,
examiner masking was not feasible because preoperative
and postoperative assessments were conducted during
separate clinical visits.

Despite these limitations, the present study provides
objective and statistically robust data on pupil diameter
changes following cataract surgery in a Brazilian population.
The findings reinforce the importance of preoperative
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pupillary assessment and suggest that postoperative
miosis following phacoemulsification should be routinely
considered during surgical planning, particularly when
implanting IOL whose optical performance depends on pupil
diameter. Future studies involving different populations,
longer follow-up periods, and multiple lighting conditions
may furtherimprove understanding of this phenomenon and
its clinical implications.
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