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Abstract

e AIM: To compare the changes of pupil parameters and
visual quality after cataract surgery and explore their
potential correlations.

e METHODS: This retrospective cohort study analyzed
clinical data of Han Chinese patients who received cataract
surgery from June 2016 to October 2016. Visual acuity,
pupil size, pupil shift, wavefront aberrations, point spread
function (PSF), and modulation transfer function (MTF) were
detected preoperatively, 1d and 1mo postoperatively. Pupil
parameters and visual outcomes were compared across the
three time points.

e RESULTS: A total of 110 eyes from 110 patients (42
males and 68 females) were enrolled, with a mean age
of 66.8+7.9y (range: 53-88y). Under both photopic and
mesopic conditions, pupil diameter and pupil shift at 1d
and 1mo after surgery were significantly lower than baseline
levels. Corneal aberrations decreased postoperatively.
Photopic and mesopic modulation transfer function
derived from higher-order (HO) aberrations increased
significantly from postoperative day 1 to postoperative
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month 1. Pupil size was positively correlated with wavefront
aberrations, and negatively correlated with total PSF and
HO-PSF. Significant correlations were identified between
preoperative pupil diameter and 1-month postoperative
visual quality indicators (including aberrations, PSF and
modulation transfer function). A preoperative mesopic pupil
diameter over 5.60 mm effectively predicted poor 1-month
postoperative visual quality (HO aberrations >0.5 pm), with
an area under the curve (AUC) of 0.71.

e CONCLUSION: Pupil parameters and visual quality
alter significantly after cataract surgery, and moderate
correlations exist between pupil diameter and visual quality
at each time point. Preoperative pupil diameter is correlated
with 1-month postoperative visual quality.

e KEYWORDS: aberrations; cataract surgery;
modulation transfer function; point spread function; pupil
diameter
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INTRODUCTION
‘ x J ith the development of cataract surgery techniques
and the innovative design of intraocular lenses (IOLs),
patients and surgeons are more focused on refractive correction
and optimal visual quality than only regaining visual acuity.
Wavefront aberrations play a key role in reducing the optimal
visual quality!". Other metrics for quantifying visual quality
have been proposed, such as the point spread function (PSF)
and modulation transfer function (MTF)®.
Previous studies have shown that the pupil diameter and shift
are reduced after cataract surgery under both photopic and
mesopic conditions” . The pupil plays an important role in
visual function since its size directly affects field depth, retinal
illuminance and so on. For example, previous studies have
shown that eyes with larger pupils are more likely to have
greater aberrations and worse MTF'*”), Notably, pupil size is
influenced by various factors, including age, sex, and anterior
chamber depth*.
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In this study, we evaluated changes in pupil parameters and
visual quality at preoperative, 1d, and 1mo postoperative time
points, and explored the potential associations between pupil
parameters and visual quality. Simultaneously, we analyzed
the correlation between preoperative pupil parameters and
postoperative visual outcomes to determine whether the former
can be regarded as a predictor of the latter.

PARTICIPANTS AND METHODS

Ethical Approval This study was approved by the Ethics
Committee of the Eye & ENT Hospital of Fudan University,
Shanghai, China (ethical permit number: 2013021) and was
conducted according to the principles of the Declaration
of Helsinki. All participants provided written informed
consent prior to their involvement in the study. No monetary
compensation was provided to any participant.

Participants Han Chinese patients who underwent cataract
surgery between June 2016 and October 2016 at the Eye
& ENT Hospital of Fudan University were enrolled in this
retrospective cohort study. The exclusion criteria were as
follows: 1) patients who had previously undergone any ocular
surgery; 2) patients with any intraoperative or postoperative
complications; 3) patients with corneal edema during the
early postoperative period; 4) patients with any other ocular
pathology or neuropathy, including corneal disease, glaucoma,
or trauma, that could reduce visual acuity. Patients with
diabetes or high myopia who had fundus pathology were
excluded. Patients for whom bilateral surgery was performed,
only one eye, selected using a computer-generated random
number table, was included in the final analysis to avoid inter-
eye correlation bias.

Preoperative Examinations All the patients underwent
basic ophthalmic examinations in the same fixed examination
room with consistent indoor illumination conditions, including
uncorrected distance visual acuity (UDVA; measured as the
logarithm of the minimum angle of resolution, logMAR),
corrected distance visual acuity (CDVA), slit-lamp microscopy,
corneal topography (Pentacam HR; Oculus Optikgerite,
Wetzlar, Germany), and measurement with an IOL Master
700 (Carl Zeiss Meditec AG, Jena, Germany). The pupil data,
including pupil size, PDist (distance between the photopic
pupillary center and visual axis center), MDist (distance
between the mesopic pupillary center and visual axis center),
and MPDist (also called pupil shift, which refers to a shift in
the pupil center from photopic to mesopic conditions), were
measured by using an OPD-Scan III aberrometer (Nidek Co.,
Ltd., Gamagori, Japan) under photopic (125.6 Ix) and mesopic
(3.5 Ix) conditions. Prior to measurements, the device was
realigned and the subject was instructed to remain seated. The
subject was then exposed to normal room lighting (56 Ix) for
Imin, followed by a 2-minute dark adaptation period with the

examination room lights turned off (2 Ix). OPD measurements
were subsequently performed in the darkened room (2 Ix).
To ensure consistent illuminance across all measurements, a
photometer was used to verify the ambient light level before
each subject’s assessment (relative indication error < +4%).
Wavefront aberrations [total, higher-order aberrations (HOAs),
coma-like, trefoil, and spherical aberrations and astigmatism]
were measured with the same instrument. OPD-Scan III
aberrometer’s precision limits for measuring pupil diameter,
pupil shift and visual quality parameters (aberrations, MTF
and PSF) were 0.02, 1, and 0.001 mm, respectively. All the
measurements were performed in the afternoon.

Surgical Procedure All surgeries were performed by an
experienced doctor (Zheng TY) using the same procedure for
all patients in the morning. A 2.3 mm clear corneal incision
was made on the steep axis, which was marked preoperatively,
followed by a 5.5 mm continuous curvilinear capsulorhexis.
After performing standard phacoemulsification, the Tecnis
ZCBO0O (Johnson & Johnson, USA) was implanted in the
capsular bag and centered relative to the visual axis. The Tecnis
ZCBO0O is an aspheric, hydrophobic acrylic, monofocal IOL
with a negative spherical aberration, featuring a 6.0 mm optic
diameter and C-loop haptics. After surgery, all the patients
were treated with topical medications, including levofloxacin
and prednisolone acetate four times a day for 2wk and
pranoprofen four times a day for 4wk. Standard instructions
for eye drop administration (at morning, noon, evening, and
bedtime) were also provided.

Postoperative Follow-up The patient was followed up with
postoperative examinations, including UDVA and CDVA,
on the 1d and then 1mo after surgery in the afternoon. Prior
to these follow-ups, all patients underwent routine slit-lamp
examinations, and those with corneal edema were excluded
from the study. OPD-Scan III was used to assess the pupil size,
pupil shift, presence of wavefront aberrations, PSF and MTF,
under conditions consistent with preoperative assessments. The
MTF is provided as the area ratio, and the PSF is described
using the Strehl ratio (SR). The MTF calculated from only
HOAs [MTF (HO)] and the SR of PSF (HO) values were
retrieved from only HOAs corresponding to the MTF and SR
values with the correction of refractive errors. The root mean
square values for aberrations were calculated and recorded for
all pupils with small and large diameters as they changed under
photopic or mesopic conditions. It is worth noting that none of
the patients received mydriatic eye drops within 24h prior to
the postoperative examinations.

Statistical Analysis All continuous data are presented as
the mean+tstandard deviations. One-way repeated-measures
analysis of variance with a Bonferroni post hoc correction was
applied to compare the pupil parameters and visual quality at
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different time points. A paired z-test was applied to compare
visual quality between 1d and Imo after surgery. Pearson’s
correlation was used to analyze the relationships between pupil
size and pupil shift and between pupil data and visual quality.
Power analysis and sample size software were used to calculate
the sample size. Sample size calculation was performed for
the primary endpoint of photopic diameter, measured at three
repeated time points. With assumed means of 3.73, 2.74, and
3.05 across the time points, a standard deviation of 1.7, a two-
sided a 0f 0.05, and a power of 0.90, a minimum of 38 subjects
per time point was required to ensure adequate statistical
power.

A receiver operating characteristic (ROC) curve was
constructed to assess the relationship between preoperative
mesopic pupil diameter and worse 1mo postoperative visual
quality (total HOAs >0.5 pm). The area under the curve
(AUC) was used to evaluate the diagnostic performance
of the preoperative mesopic pupil diameter in predicting
Imo postoperative visual quality. Youden’s index (YI) was
calculated using the formula: YI=sensitivity+specificity—1. The
cutoff point for the preoperative mesopic pupil diameter was
determined based on the maximum Y.

All P values were 2-sided, and a P value <0.05 was considered
statistically significant. Statistical analysis was performed
using SPSS version 25.

RESULTS

Changes in Pupil Parameters In total, the final sample in
the study was composed of 110 eyes of 110 patients (42 men,
68 women). The age range of the patients was 53—88y, and the
mean age of the patients was 66.8+7.9y.

The mean preoperative photopic and mesopic pupil diameters
were 3.73+1.21 and 5.65+1.07 mm, respectively. The mean
photopic and mesopic pupil diameters on postoperative day
1 were 2.74+0.41 and 4.28+0.74 mm, respectively. The mean
photopic and mesopic pupil diameters at 1mo postoperatively
were 3.05+0.53 and 4.73+0.85 mm, respectively (Figure 1).
The photopic and mesopic pupil sizes at 1d postoperatively
were significantly smaller than the baseline values [photopic:
mean difference=0.98; 95% confidence intervals (CI; 0.77,
1.19); Cohen’s d=0.88; mesopic: mean difference=1.37;
95%CI (1.20, 1.54); Cohen’s d=1.53; both P<0.001]. The
photopic and mesopic pupil sizes at 1mo postoperatively were
also significantly smaller than the baseline values [photopic:
mean difference=0.68; 95%CI (0.45, 0.91); Cohen’s d=0.56;
mesopic: mean difference=0.92; 95%CI (0.73, 1.10); Cohen’s
d=0.92; both P<0.001]. Significant differences were also
observed between 1d and Imo after cataract surgery under
both photopic and mesopic conditions [photopic: mean
difference=-0.31; 95%CI (-0.37, -0.25); Cohen’s d=-0.98;
mesopic: mean difference=-0.45; 95%CI (-0.56, -0.35);
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Figure 1 Pupil diameter under photopic and mesopic conditions
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conditions °P<0.01 between the 2 time points. The error bars
represent the standard deviation of the mean value. PDist: Distance
between the photopic pupillary center and visual axis center; MDist:
Distance between the mesopic pupillary center and visual axis center;
MPDist: A shift in pupil center from photopic to mesopic conditions;
Pre: Before cataract surgery; 1d: 1d after cataract surgery; 1mo: 1mo

after cataract surgery.

Cohen’s d=-0.81; both P<0.001)]. Our results indicated that
the pupil diameter decreased under both photopic and mesopic
conditions after surgery and was partially restored at 1mo after
surgery but was not restored to the preoperative level.

The mean preoperative, 1d and Imo postoperative PDist
values were 0.25+0.14, 0.24+0.13, and 0.21£0.13, respectively
(Figure 2). The PDist decreased after cataract surgery and
continued to decrease for 1mo. The differences between before
and 1mo after surgery [mean difference=0.04; 95%CI (0.01,
0.06); Cohen’s d=0.30; P=0.007] and between 1d and 1mo
after surgery [mean difference=0.03; 95%CI (0.01, 0.05);
Cohen’s d=0.35; P=0.001] were statistically significant,
whereas the difference between before surgery and 1d after
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surgery was not statistically significant (P=1.000). The mean
preoperative, 1d and 1mo postoperative MDist values were
0.18+0.16, 0.15+0.13, and 0.18+0.21, respectively. The MDist
decreased after surgery and increased from 1d to 1mo after
surgery. However, the differences between before and 1d
after (P=0.405) and 1d after and 1mo after (P=0.566) were
not statistically significant. The mean preoperative, 1d and
Imo postoperative MPDist values were 0.32+0.19, 0.26+0.14
and 0.28+0.21, respectively. Significant differences were
observed between the preoperative and 1d postoperative values
[mean difference=0.06; 95%CI (0.02, 0.10); Cohen’s d=0.29;
P=0.008], whereas the slight decrease between the preoperative
and 1mo postoperative values and a slight increase between
the 1d and 1mo postoperative values were not statistically
significant (P=0.375 and P=0.709, respectively).

Correlations Between Different Pupil Parameters There
was a correlation between pupil size before and after surgery.
Larger photopic pupils preoperatively tended to be larger 1d
and Imo postoperatively [Pearson’s correlation coefficient
r=0.387 and r=0.202, respectively, both P<0.05), as did
mesopic pupils (#=0.559 and r=0.485, respectively, both
P<0.05)]. There was also a correlation between the 1d and
Imo postoperative values (photopic =0.808, mesopic 7=0.762,
respectively; both P<0.001). Moreover, there was a certain
correlation between photopic and mesopic pupil size at every time
point (+=0.767, 0.672, and 0.830, respectively; all P<0.001).
We also noted that both the PDist and MPDist were positively
correlated with the preoperative and 1d postoperative values,
the preoperative and 1mo postoperative values, and the 1d and
Imo postoperative values (PDist: 7=0.596, r=0.578, r=0.784,
respectively; MPDist: 7=0.196, r=0.217, r=0.283, respectively;
all P<0.05). No significant differences were found in the
MDist between the preoperative and 1d postoperative values
(P=0.444), between the preoperative and 1mo postoperative
values (P=0.060), or between the 1d and 1mo postoperative
values (P=0.058). There was a correlation between photopic
pupil size and PDist at 1d and 1mo after cataract surgery
(7=0.190, P=0.047; =0.259, P=0.006, respectively), but there
was no correlation between mesopic pupil size and MDist at
1d or Imo after surgery (P=0.492, P=0.600, respectively).
We also found correlations between photopic pupil size and
MPDist at 1mo after surgery (r=0.237, P=0.013). Both the
PDist and the MDist were correlated with the MPDist at each
time point (pre, 7=0.576, r=0.605; 1d, =0.478, r=0.290; 1mo,
=0.478, r=0.693, respectively, all P<0.05).

Changes in Visual Quality The mean preoperative UDVA
and 1mo postoperative UDVA of the patients were 0.89+0.40
and 0.22+0.24 logMAR, respectively. The CDVAs were
0.75+0.39 and 0.04+0.12 logMAR, respectively. Cataract
surgery statistically improved both the UDVA [mean

difference=0.67; 95%CI (0.59, 0.74); Cohen’s d=1.60;
P<0.001] and the CDVA [mean difference=0.71; 95%CI (0.63,
0.78); Cohen’s d=1.76; P<0.001].

We found that corneal aberrations were decreased after cataract
surgery in both photopic (Figure 3A) and mesopic (Figure
3B) states. For 1d postoperative aberrations, the total, coma
and spherical aberrations and astigmatism were significantly
lower than the preoperative values under both photopic and
mesopic states (all P<0.05), and the HOAs were significantly
lower than the preoperative values under mesopic states (all
P<0.05). The total, HOA, coma and spherical aberrations and
astigmatism were significantly lower at 1mo after cataract
surgery than before surgery in both the photopic and mesopic
states, and trefoil aberrations were significantly lower at 1mo
after cataract surgery than before surgery in the photopic state
(all P<0.05). Compared with those at 1d after cataract surgery,
trefoil aberrations under photopic conditions decreased, and
spherical aberrations under mesopic conditions increased
significantly at Imo after cataract surgery (all P<0.05). No
difference was found in terms of intraocular aberrations from
1d to 1mo after cataract surgery under photopic conditions
(Figure 3C), whereas intraocular spherical aberrations
increased from 1d to 1mo after cataract surgery under mesopic
conditions (P=0.004; Figure 3D). No difference was found
in terms of ocular aberrations from 1d to 1mo after cataract
surgery (Figure 3E), whereas spherical aberrations increased
from 1d to 1mo after cataract surgery under mesopic conditions
(P=0.030; Figure 3F).

A comparison of the total MTF and MTF (HO) between 1d
and 1mo after cataract surgery at different spatial frequencies
under photopic and mesopic conditions is provided in
Figure 4. No statistically significant differences were detected
in the total MTF at 1mo after surgery compared with that at
1d after surgery at any spatial frequency, except 5 cycles per
degree (cpd) under photopic conditions (Figure 4A, 4B). MTF
(HO) demonstrated significantly greater performance at all
spatial frequencies under photopic conditions at 1mo after
cataract surgery than at 1d (Figure 4C). Additionally, MTF
(HO) showed significantly enhanced performance at 5, 10,
15, and 50 cpd under mesopic conditions at 1mo after cataract
surgery compared to 1d after surgery (Figure 4D).

The SRs of the total PSF and PSF (HO) at both 1d and 1mo
after cataract surgery under photopic and mesopic conditions
are presented in Table 1. No differences were detected in the
PSF or PSF (HO) between 1d and 1mo after surgery.
Correlation Between Pupil Parameters and Visual Quality
We analyzed the relationships between the pupil parameters
and visual quality at each time point. At 1d after cataract
surgery, photopic and mesopic pupil sizes were positively
correlated with ocular and corneal aberrations (all P<0.05).
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Intraocular aberrations, except trefoil aberrations in the mesopic ~ the MTF and MTF (HO) at all spatial frequencies from 5 to

60 cpd (every 5 cpd). Mesopic pupil size was significantly
negatively correlated with MTF (HO) at spatial frequencies of
10, 15, 20, 25, 30, 35, 40, and 45 cpd (all P<0.05). Photopic

condition (P=0.375), were positively correlated with pupil
size in the corresponding condition (all P<0.05). Photopic and
mesopic pupil sizes were negatively correlated with total PSF

and PSF (HO) in the corresponding condition (all P<0.05).
Then, we analyzed the correlation between the pupil size and
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pupil size had no significant correlation with MTF or MTF
(HO) at any of the spatial frequencies (all P>0.05).
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At 1mo after cataract surgery, photopic pupil size was
positively correlated with UDVA (logMAR, P=0.023).
Photopic and mesopic pupil sizes were positively correlated
with ocular and corneal aberrations (all P<0.05). Intraocular
aberrations, except trefoil aberrations in the photopic condition
(P=0.158), were positively correlated with pupil size in the
corresponding condition (all P<0.05). Similar to 1d after
cataract surgery, photopic and mesopic pupil sizes were
negatively correlated with total PSF and PSF (HO) in the
corresponding conditions (all P<0.05). Photopic pupil size
was significantly negatively correlated with MTF at a spatial
frequency of 5 cpd (P<0.05) but not significantly correlated
with MTF (HO) at any of the spatial frequencies. Mesopic
pupil size was significantly negatively correlated with MTF at
spatial frequencies of 5, 10, 15, 20, 25, 30, 35, and 50 cpd and
with MTF (HO) at all spatial frequencies (all P<0.05).
Preoperative Pupil Data as a Correlated Factor for
1mo Postoperative Visual Quality To determine whether
preoperative pupil data can serve as a correlated factor of
postoperative visual quality, factors including preoperative
pupil size and pupil shift were analyzed for their associations
with 1mo postoperative visual quality. There was a significant
positive correlation between preoperative mesopic pupils
and postoperative ocular aberrations (total, 7=0.258, HOAs,
r=0.316, coma, r=0.317, spherical, »=0.322, all P<0.05),
corneal aberrations (total, 7=0.275, HOAs, »=0.230, trefoil,
r=0.228, spherical, »=0.301, astigmatism, 7=0.218, all P<0.05),
and intraocular aberrations (total, »=0.313, HOAs, =0.326,
coma, r=0.303, spherical, 7=0.364, astigmatism, =0.193, all
P<0.05). There was a significant negative correlation between
preoperative pupil size and postoperative PSF (HO; photopic
r=-0.258, mesopic r=-0.290, both P<0.05). There was a
significant negative correlation between preoperative mesopic
pupil size and postoperative MTF (HO; 5 cpd, r=-0.264,
10 cpd, r=-0.233, 15 cpd, r=-0.254, 20 cpd, r=-0.255,
25 cpd, =-0.222, 30 cpd, r=-0.203, 50 cpd, =-0.195, 55 cpd,
r=-0.225, 60 cpd, =-0.202, all P<0.05).

Given the significant correlation between preoperative mesopic
pupil diameter and postoperative aberrations, we constructed
an ROC curve to assess the diagnostic performance of
preoperative mesopic pupil diameter in predicting 1mo
postoperative visual quality deterioration (Figure 5). The
AUC was 0.71 (95%CI=0.61-0.81; P<0.001). The maximum
YT value of 0.38 corresponded to a preoperative mesopic
pupil diameter of 5.60 mm. At this cutoff, the sensitivity and
specificity for predicting 1mo postoperative visual quality
deterioration (total HOAs >0.5 um) were 0.76 and 0.62,
respectively.

DISCUSSION

Similar to previous studies™, the pupil diameter decreased
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Figure 5 Receiver operating characteristic curve illustrating the
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diagnostic performance of preoperative mesopic pupil diameter
in predicting 1mo postoperative visual quality deterioration Total

higher-order aberrations >0.5 um.

Table 1 Comparison of the Strehl ratios of total PSF and PSF (HO) at

1d and 1mo after cataract surgery

. 1d after cataract 1mo after
Variable
surgery cataract surgery
SR of photopic PSF 0.062+0.068 0.061+0.069 0.925
SR of photopic PSF (HO) 0.271+0.216 0.313+0.212 0.113
SR of mesopic PSF 0.022+0.027 0.020+0.023 0.396
SR of mesopic PSF (HO) 0.071+0.082 0.074+0.062 0.769

PSF: Point spread function; HO: Calculated from only higher-order

aberrations; SR: Strehl ratio.

1d after cataract surgery and then recovered gradually, but the
diameter had not recovered to baseline when it was measured
at 1mo after surgery. In a previous study, the reason for the
decrease was the increased depth and volume of the anterior
chamber and the free movement of the constrictor iris muscles
and their more flexible response to illumination after the
extraction of bulky and turbid lenses"’. On the other hand, it is
possible that the sphincter pupillac muscle contracted because
of stimulation during surgery.

We evaluated the relationships between the pupil parameters
and visual outcomes at ecach time point. After cataract
surgery, in general, pupil size was positively associated with
aberrations at 1d and 1mo under both photopic and mesopic
conditions. Many studies have reported that a larger pupil size
is associated with increased ocular aberrations'**"'”. Corneal
aberrations, especially corneal spherical aberrations, are
positively correlated with pupil size'"'"?. Visual quality may
change from day to night in patients who have undergone
cataract surgery due to the change in pupil size and its effect on
wavefront aberrations, especially HOAs.

Moreover, pupil size was negatively associated with PSF and
PSF (HO) at 1d and 1mo under both photopic and mesopic
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conditions. Watson'" plotted mean radial MTFs at various
pupil diameters and reported that the mean MTFs decreased
as the pupil diameter increased at low and medium spatial
frequencies. Our findings concur in that there are negative
associations between pupil diameters and MTFs, and the
related coefficients are generally greater at low and medium
spatial frequencies than at high spatial frequencies.

Compared with those at baseline, corneal aberration decreased
at 1d and 1mo under both photopic and mesopic conditions
overall. The results of other studies concerning corneal
aberration changes due to incisions are controversial. A
previous study indicated that corneal and internal aberrations
were greater in those who received cataract surgeries than
in those in the control group because of a loss of balance of
internal and corneal spherical aberrations, aberration of the
IOL, and tilt and centration of the IOL"". In the present study,
we hypothesize that the decrease in corneal aberrations may be
related to the type of surgical incision used. The incision, made
on the steep axis in each patient, could potentially explain the
reduction in corneal aberrations and astigmatism. A previous
study revealed that patients with steep-axis incisions have
significantly less corneal astigmatism and better visual quality,
such as HOAs, MTF, and PSF, than do those with nonsteep-
axis incisions!"”. The intraocular spherical aberrations and
total ocular aberrations increased from 1d to Imo after surgery.
It can be hypothesized that the change is attributable to the
increase in pupil diameter during the same period. A previous
study noted that the diffuse spot centered on the optical axis

becomes larger as the pupil dilates, which leads to worse visual
11]

quality™".
We found that MTF (HO) significantly increased, while no
significant difference was observed in total MTF (except
at 5 c¢pd under photopic conditions) from 1d to 1mo
postoperatively. The improvement in MTF (HO) may be due
to the stabilization of the IOL, which decreased HOAs"*"".
However, residual astigmatism and scatter likely prevented
significant improvement in total MTF. This indicates that while
HOAs improved, lower-order aberrations or scatter may have
remained unchanged!".

Although HOAs decreased, both PSF (HO) and total PSF
remained unchanged from 1d to 1mo. This may be due to the
dominant effect of lower-order aberrations on the Strehl ratio,
where minor changes in HOAs have minimal impact when
lower-order aberrations are not fully corrected”. Despite a
reduction in HOAS, residual astigmatism and scatter persisted.
Our results revealed that preoperative mesopic pupil size was
positively correlated with postoperative ocular, corneal and
intraocular aberrations and negatively correlated with PSF
(HO) and MTF (HO). Preoperative photopic pupil size was
negatively correlated with postoperative PSF (HO). This means
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that patients with larger preoperative mesopic pupil diameters
tend to have greater aberrations, worse PSF (HO) and worse
MTF (HO) after cataract surgery, and larger preoperative
photopic pupil sizes are also related to worse postoperative
PSF (HO). An ROC curve analysis demonstrated moderate
diagnostic performance (AUC=0.71). The optimal cutoff for
predicting 1mo postoperative visual quality deterioration (total
HOAs >0.5 pm) was a preoperative mesopic pupil diameter
of 5.60 mm, with a sensitivity of 0.76 and specificity of 0.62.
This suggests that preoperative mesopic pupil diameter can
be regarded as a correlated factor of 1mo postoperative visual
outcomes.

In summary, pupil parameters, especially the pupil diameter,
are important in cataract surgery. Pupil size and pupil shift
decreased after cataract surgery compared with baseline
under both photopic and mesopic conditions. Considering the
moderate correlations between the pupil parameters and visual
quality, we suggest that the preoperative pupil diameter may
be regarded as a correlated factor of 1mo postoperative visual
quality, including aberrations, PSF and MTF.
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