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Background: Surgically induced astigmatism (SIA) and corneal high-order aberrations (HOAs) are the two
main causes of poor visual quality after cataract surgery. Changes in the parameters of corneal HOAs after
cataract surgery and their effects on and relationships with changes in corneal curvature have not yet been
reported. This study aimed to explore changes in anterior, posterior and total corneal curvature, astigmatism
and HOAs after microincision cataract surgery.

Methods: Sixty-one age-related cataract patients (61 eyes) were included in this prospective study. The
total, anterior and posterior corneal astigmatism and corneal HOAs were analyzed by anterior segment
optical coherence tomography (AS-OCT) and iTrace before, one day, one week and three months after
2.2 mm temporal microincision coaxial phacoemulsification to evaluate the changes in anterior, posterior and
total corneal curvature, astigmatism and corneal HOAs.

Results: The mean JO and J45 values of anterior, posterior and total corneal curvature obtained by AS-
OCT showed no statistically significant difference between preoperatively and any postoperative follow-
up. SIA occurred on the anterior, posterior and total corneal surfaces and showed no statistically significant
difference at any postoperative follow-up. No significant changes in 3rd-order oblique trefoil, vertical coma
or 4th-order spherical aberrations were observed after surgery except for a significant increase in horizontal
coma at postoperative day 1 (PODI).

Conclusions: There were no significant changes in corneal curvature after 2.2 mm temporal microincision
coaxial phacoemulsification, and the corneal HOAs were not changed significantly except for the increase
in horizontal coma at POD1, which may be one of the main reasons of poor visual quality at POD1 in some

cataract patients who have good uncorrected or corrected distance vision.
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Introduction

The refractive power of the cornea accounts for two-
third of the total refractive power (1). In recent years,
with the development of refractive cataract surgery, an
increasing number of cataract surgeons have paid attention
to accurately evaluating the corneal shape and refractive
properties of patients. It is of great significance for reducing
surgically induced astigmatism (SIA), accurately implanting
suitable multifocal or toric intraocular lenses (IOLs) and
eventually elevating the visual quality of patients after
cataract surgery (2-4).

STIA and corneal high-order aberrations (HOAs) are
the two main causes of poor visual quality after cataract
surgery (2,5). Previously, SIA was evaluated mainly based
on changes in anterior corneal curvature, which reflected
the astigmatism of the anterior corneal surface without
considering the curvature of the posterior corneal surface
(6,7). The role of posterior corneal curvature in total
corneal astigmatism remains unclear. Previous studies have
found that corneal HOAs account for most whole-eye
aberrations, which is one of the important factors affecting
the visual quality of patients after cataract surgery (8,9).
However, changes in the parameters of corneal HOAs after
cataract surgery and their effects on and in relationships
with changes in corneal curvature have not been reported.

In this study, we investigated the changes in and effects
of anterior, posterior, total corneal curvature and corneal
HOAs after 2.2 mm temporal microincision coaxial
phacoemulsification to identify ideal methods to achieve
the best visual quality in patients after cataract surgery.
We present the following article in accordance with the
STROBE reporting checklist (available at https://aes.
amegroups.com/article/view/10.21037/aes-22-4/rc).

Methods
Subjects

According to the Declaration of Helsinki, this prospective
study was conducted at the Zhongshan Ophthalmic Center
of Sun Yat-sen University from April 1 to August 31, 2019
for consecutive patients undergoing phacoemulsification
with IOL implantation. Only right eyes were included
for patients undergoing surgery in both eyes. All patients
provided written informed consent after a thorough
explanation of the study process, risks and possible
complications. This study was performed in compliance
with the principles of the Declaration of Helsinki (as

© Annals of Eye Science. All rights reserved.

Annals of Eye Science, 2022

revised in 2013) and approved by the ethical committee of
Zhongshan Ophthalmic Center (No. 2019KYPJ091).

Age-related cataract patients with a lens opacification
classification system III (LOCS III) grade >3.0 aged 55—
90 years were included. The exclusion criteria were as
follows: a history of eye surgery or ocular diseases, inability
of the pupil to dilate to >6 mm, risk of posterior capsular
rupture, lens dislocation, and LOCS III nuclear opalescence
grade >6.0. Diabetic patients were also excluded from the
study as the blood glucose levels associated with the disease
can alter the biomechanical properties of the cornea.

Surgical technique

All surgeries were performed by the same ophthalmologist
(YL) following a standardized procedure for microincision
coaxial phacoemulsification with IOL implantation. One
drop each of topical tropicamide 0.5% (Shenyang Xingqi,
Shenyang, China) and promecaine hydrochloride 0.5%
(Novartis, Antwerp, Belgium) was administered to the
surgical eye every 5 minutes for a total of three times
before surgery. A 2.2-mm dual-bevel keratome (Alcon
Labs, Clear Cut Intrepid SB, Fort Worth, TX, USA) was
used to make a transparent temporal two-plane corneal
incision. Injection of an ophthalmic viscoelastic device
consisting of medical sodium hyaluronate gel (Hangzhou
Singclean Medical Products Co., Ltd, Hangzhou, China)
was used to maintain the stability of the anterior chamber.
A 26G capsulotomy needle was used to create a continuous
circular capsulorhexis of 5.5-6.0 mm in diameter.
Hydrodissection was done through the main incision.
The Centurion Vision System (Alcon Labs) was used to
perform phacoemulsification, including nucleus chopping
with a 0.9-mm Ultra-sound tip, a CENTURION® OZil®
handpiece (Alcon Labs) and a straight-headed coaxial tip for
irrigation-aspiration (I/A). Torsional phacoemulsification
was set between 60% and 100%, suction velocity was 33—
35 mL/min, and negative pressure was maintained in the
range 330-350 mmHg during phacoemulsification. A
monofocal IOL (SN60WF) was implanted. The parameters
included the operation time, cumulative dissipated energy
(CDE), ultrasound time, I/A time and total fluid volume.

Patient assessment

The patients were examined before the operation and at
1 day (POD1), 7 days (POD7) and 3 months (POM3)
postoperatively. Refraction, intraocular pressure, slit lamp
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72 age-related cataract patients
were assessed for eligibility

11 excluded

® 4 met exclusion criteria
> - 2 with high myopia

- 2 with glaucoma
e 7 declined to participate

A

61 patients (61 eyes) recruited

3 (4.9%) lost to follow-up
> ¢ 1 lost contact
¢ 2 declined to return

A

61 included in the intention-to-treat
analysis for corneal astigmatism
and HOAs

Figure 1 The flow plan showing processes followed during
enrollment, follow-up, and analysis in the study. HOAs, high-order

aberrations.

and fundus examinations and anterior segment optical
coherence tomography (AS-OCT) (Tomey SS-1000, Aichi,
Japan) were used to evaluate the total, anterior and posterior
corneal astigmatism and direction for its good repeatability
and precision (10-12). iTrace (Tracey Technologies,
Houston, TX, USA) was used to assess corneal HOAs with
the pupil diameter at 5.0 mm.

The nuclear opalescence of the lens was graded by
the LOCS III (13). The corrected distance visual acuity
(CDVA) was measured on decimal charts, and the decimal
visual acuity was converted to the logarithm of the
minimum angle of resolution (logMAR) scale for statistical
analysis. Corneal astigmatism was defined as with-the-rule
astigmatism (W'TR), which is a steep corneal curvature
between 60° and 120°, and against-the-rule astigmatism
(ATR), which is corneal curvature both between 0° and 30°
and between 150° and 180°; others were defined as oblique
astigmatism. Corneal astigmatism was analyzed by the
method of power vectors, in which corneal power (K., @01
and Ky, @02) is converted into the Jackson cross-cylinder
with axes at 180° and 90° (JO) and the Jackson cross-cylinder
with axes at 45° and 135° (J45) (14). The SIA was calculated
at each postoperative visit using polar value analysis (15).
The parameters of corneal HOAs were recorded by
Zernike coefficient data as follows: 3rd-order trefoil,
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Z (3, -3) (vertical trefoil) and Z (3, +3) (oblique trefoil);
coma Z, (3, -1) (vertical coma) and Z (3, +1) (horizontal
coma); and 4th-order spherical aberration, Z (4, 0).

Statistical analysis

The sample size was calculated based on the change of
corneal HOAs at 1 day after surgery (16). A sample size
of 52 achieving for 80% power was required to detect a
mean change of 0.08 with standard deviation of 0.20 using
paired #-test with a two-sided significance level (alpha) of
0.05. Anticipating 10% loss to follow-up at 3 months, we
aimed to enrolled 58 participants. PASS 16.0 (NCSS, LLC,
Kaysville, UT, USA) was used to calculate the sample size.
SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) was used for the
data analyses. All missing data were imputed by creating 20
copies of the data, in which missing values were imputed
using multiple imputation in Stata (17). The differences
between preoperative and postoperative data were
analyzed by mixed-model analysis of variance for repeated
measures. Subsequent mean comparisons were made by
the Bonferroni method. The paired #-tests were used to
compare the preoperative data and postoperative data at
each visit. P values <0.05 were considered to be statistically
significant.

Results

A total of 61 patients (61 eyes) were included (Figure I).
The demographic characteristics of these patients are
summarized in Table 1. The types of corneal astigmatism
and the distribution of astigmatism of the anterior, posterior
and total corneal surfaces before cataract surgery are
shown in Table 2 and Figure 2. As shown in Figure 3, for the
anterior corneal surface, the ratio of WTR was dramatically
increased at 3 months postoperatively (39.3%) compared
with preoperatively (21.3%). Conversely, the ratio of
ATR at 3 months postoperatively (32.8%) was decreased
compared with preoperatively (49.2%). This tendency
was also observed for the total corneal surface. These
changes induced similar ratios for WTR, ATR and oblique
astigmatism for the anterior and total corneal surfaces at
3 months postoperatively. Changes in the astigmatism type
of the posterior corneal surface were less than those of
the anterior and total corneal surfaces. WTR astigmatism
was the main type of astigmatism of the posterior corneal
surface (96.7%) before surgery, and while this proportion
decreased slightly at 3 months after surgery (85.2%), it was
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Table 1 Demographic characteristics of patients in the study

Characteristics Finding
Age (mean + SD) 72.2+7.87
Sex, n (%)
Male 30 (49.2)
Female 31 (50.8)
Eye (right/left) 31/30
Lens nuclear opalescence grade 3.33+0.820
(LOCS lll, mean + SD)
UCDVA, logMAR (mean + SD) 0.961+0.461
CDVA, logMAR (mean + SD) 0.819+0.492

LOCS lll, lens opacification classification system Ill; UCDVA,
uncorrected distance visual acuity; logMAR, logarithm of the
minimum angle of resolution; CDVA, corrected distance visual
acuity.

Table 2 Types of preoperative corneal astigmatism (n=61)

Astigmatism Preoperative, n (%)

Anterior cornea

With the rule 13 (21.3)

Against the rule 30 (49.2)

Oblique 18 (29.5)
Posterior cornea

With the rule 59 (96.7)

Against the rule 1(1.6)

Oblique 1(1.6)
Total cornea

With the rule 8 (13.1)

Against the rule 38 (62.3)

Oblique 15 (24.6)

still the main type of astigmatism. Notably, the proportion
of posterior oblique astigmatism increased dramatically
at 3 months postoperatively (11.5%) compared with
preoperatively (1.6%).

The mean JO and J45 values of anterior, posterior and
total corneal curvature obtained by AS-OCT showed no
statistically significant differences between preoperative data
and any postoperative follow-up data in the mixed-model

analysis (Tuble 3). No statistically significant differences
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between preoperative and 3-month postoperative data were
found using paired z-tests (Table 4). SIA occurred on the
anterior, posterior and total corneal surfaces, as shown in
Table 5, with no statistically significant differences at any
postoperative follow-up (Table 5).

The time-dependent changes in corneal aberrations of
the total corneal surface are shown in Figure 4. On the day
after surgery, there was a significant increase in corneal 3rd-
order horizontal coma (difference, -0.096; 95% CI: -0.177
to -0.015; P=0.012), which then gradually returned to
baseline values at 3 months postoperatively (Figure 44,4D).
However, no significant changes in 3rd-order oblique
trefoil, vertical coma or 4th-order spherical aberrations
were observed after surgery (Figure 4B,4C,4E).

Discussion

Cataract surgery-induced corneal astigmatism consists of
changes in anterior and posterior corneal curvature (18,19).
Previously, astigmatism of the posterior surface was not
considered for calculating the total corneal astigmatism
because of the lack of equipment for exact measurement of
the posterior surface (7,20). However, a recent study showed
that if the total corneal astigmatism is calculated based only
on the anterior surface and neglecting the posterior surface,
the magnitude of astigmatism will be overestimated in
WTR and underestimated in ATR (6,21). Moreover, Koch
DD and Cheng ez a/. demonstrated that the omission of SIA
of the posterior cornea may have a significantly detrimental
impact on some patients after cataract surgery (19,21).

In this study, we explored changes in anterior, posterior
and total corneal curvature after 2.2 mm temporal two-
plane corneal incision phacoemulsification with IOL
implantation for its common incision size in clinic (22), in
which subjects mainly showed WTR astigmatism of the
posterior corneal surface preoperatively. SIA, JO and J45
of the anterior, posterior and total corneal surfaces did not
show any statistically significant differences at any time
point. These results indicate that 2.2 mm temporal two-
plane corneal incision phacoemulsification was an ideal
and stable incision for the tiny change in corneal shape.
Changes in the astigmatism type of the posterior corneal
surface were significantly less than those of the anterior and
total corneal surfaces. These differences might be due to the
diverse astigmatism types of the anterior and total corneal
surfaces. Moreover, our results show that the magnitude
of total corneal SIA, if based only on the anterior corneal
surface, would be overestimated at any postoperative time
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A Preoperative anterior corneal astigmatism
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Preoperative posterior corneal astigmatism
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Figure 2 Double-angle plot of the distribution of astigmatism of the anterior, posterior and total corneal surfaces before cataract surgery.

(A) The distribution of preoperative anterior corneal astigmatism (yellow dots). The centroid was 0.15D@80°+1.04D (black block). The

mean absolute value was 0.86D+0.60D. (B) The distribution of preoperative posterior corneal astigmatism (yellow dots). The centroid was
0.19D@2°+0.14D (black block). The mean absolute was -0.21D=0.10D. (C) The distribution of preoperative total corneal astigmatism
(vellow dots). The centroid was 0.32D@175°+0.98D (black block). The mean absolute was 0.84D+0.56D. The red circle indicates the 95%
confidence ellipse of the centroid. The blue circle indicates the 95% confidence ellipse of the dataset. Each ring was 1.0D.
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Figure 3 The distribution of anterior, posterior and total corneal astigmatism types preoperatively and 3 months postoperatively.
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Table 3 Changes in anterior, posterior and total corneal curvature after cataract surgery

Variable Preop POD1 POD7 POM3 P
Anterior curvature (mean = SD)
Jo -0.035+0.373 -0.002+0.450 -0.050+0.382 -0.006+0.372 0.899
J45 -0.063+0.367 -0.032+0.498 -0.036+0.398 0.028+0.398 0.654
Posterior curvature (mean + SD)
Jo 0.012+0.095 -0.108+0.807 -0.0150+0.093 -0.008+0.094 0.308
J45 -0.0002+0.072 -0.001+0.168 -0.011+0.083 -0.017+0.097 0.732
Total curvature (mean + SD)
Jo 0.022+0.337 0.004+0.562 0.045+0.375 0.005+0.396 0.937
J45 -0.024+0.386 -0.006+0.406 0.020+0.367 0.016+0.327 0.892

Preop, preoperative; POD1, postoperative day 1; POD7, postoperative day 7; POM3, postoperative month 3.

Table 4 Change in anterior, posterior and total corneal curvature after cataract surgery by paired 7-tests

Variable Preop POM3 P
Anterior curvature (mean = SD)

Jo -0.035+0.373 -0.006+0.372 0.670

J45 -0.063+0.367 0.028+0.398 0.185
Posterior curvature (mean + SD)

Jo 0.012+0.095 -0.008+0.094 0.288

J45 -0.000+0.072 -0.017+0.097 0.313
Total curvature (mean + SD)

Jo 0.022+0.337 0.005+0.396 0.786

J45 -0.024+0.386 0.016+0.327 0.510
Preop, preoperative; POM3, postoperative month 3.
Table 5 Change in anterior, posterior and total SIA
Variable POD1 POD7 POM3 P
Anterior SIA (mean + SD) 1.57+0.432 1.31+£0.317 1.07+0.235 0.261
Posterior SIA (mean + SD) 0.099+0.019 0.061+0.008 0.070+0.011 0.104
Total SIA (mean + SD) 1.35+0.354 1.01+0.156 0.866+0.151 0.225

SIA, surgically induced astigmatism; POD1, postoperative day 1; POD7, postoperative day 7; POM3, postoperative month 3.

point. It is suggested that posterior corneal SIA is important
for the exact evaluation of vision quality after cataract
surgery.

Some cataract patients achieved good uncorrected
or corrected distance vision after surgery (Table S1),
however, they complained of visual disturbances, including

© Annals of Eye Science. All rights reserved.

starbursts, halos and glare, which were induced by ocular
HOAs generated by the cornea, intraocular lens, or other
intraocular optical structures (9,23). It is worth noting
that 80% of ocular aberrations occurred on the corneal
surface (24). In addition, previous studies have found that
patients treated with cataract surgery have larger corneal
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Figure 4 Time-dependent changes in corneal HOAs of the total corneal surface, including 3rd-order vertical trefoil, oblique trefoil, vertical

coma, horizontal coma and 4th-order spherical aberrations after cataract surgery. *, P<0.05, statistically significant differences between the

preoperative aberration data and certain postoperative aberration data were found for the total corneal surface. Error bars indicate standard

error values. Preop, preoperative; POD1, postoperative day 1; POD7, postoperative day 7; POM3, postoperative month 3; HOAs, high-

order aberrations.

aberrations than those not treated with cataract surgery,
and changes in corneal HOAs after surgery should not be
ignored (16,24,25). In our study, we observed changes in
corneal HOAs, including 3rd-order trefoil and coma and the
4th-order spherical aberrations that constitute the majority
of HOAs after microincision coaxial phacoemulsification

(26-28). Interestingly, the peak changes in horizontal coma

© Annals of Eye Science. All rights reserved.

among corneal HOAs occurred on POD1 and gradually
returned to baseline on POD?7. Other parameters of corneal
HOAs did not change significantly at any postoperative
time point compared with preoperatively. Horizontal coma
represents the effect of horizontal incisions (8). Our results
show that horizontal coma increased significantly at POD1,
which implied that the CDVA was good, however, visual
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complaints were still presented by some patients after
cataract surgery, especially at POD1.

The limitations of this study include the small sample
size, and there was no analysis on changes in corneal
curvature in patients of different ages after cataract surgery,
which will be part of our work in the future. Moreover, we
will use a new instrument such as Pentacam to investigate
changes in anterior, posterior and total corneal HOAs after
cataract surgery and the relationships among changes in
anterior, posterior, and total corneal curvature and HOAs
for the iTrace used in this study only detecting the total
corneal HOAs.

Conclusions

We demonstrated that there were no significant changes in
anterior, posterior or total corneal curvature after 2.2 mm
temporal microincision coaxial phacoemulsification and that
the corneal HOAs did not change significantly except for an
increase in horizontal coma at POD1, which indicated poor
visual quality at PODI in some cataract patients which have
good uncorrected or corrected distance vision.
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Supplementary

Table S1 The UCDVA and CDVA at preoperative and each follow-up

Visual acuity Preop POD1 POD7 POM3
UCDVA, logMAR (mean + SD) 0.961+0.461 0.279+0.241 0.143+0.153 0.101+0.117
CDVA, logMAR (mean + SD) 0.819+0.492 0.147+0.189 0.0669+0.101 0.0345+0.0715

Preop, preoperative; POD1, postoperative day 1; POD7, postoperative day 7; POM3, postoperative month 3; UCDVA, uncorrected
distance visual acuity; logMAR, logarithm of the minimum angle of resolution; CDVA, corrected distance visual acuity.
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