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ABSTRACT

Introduction: Understanding the relationship
between postoperative intraocular lens (IOL)
shift and refractive change is crucial for the
accuracy of predicted postoperative refraction
(PPR). We assessed the relationships between
different IOL fixation methods, haptic designs,
and several metrics.
Methods: Single-center, open-label study
which included 69 eyes. We preoperatively
measured the anterior chamber depth (ACD),
lens thickness (LT), axial length (AL), and PPR.
AcrySof IQ (n = 27) and FineVision (n = 24)
were fixed in the bag, and FEMTIS (n = 18) was
fixed in capsulorhexis. At 1 day, 1 week, and
1 month postoperatively, we checked the IOL

position and refraction and compared the IOL
shift, refraction change, and the margin of error
of the predicted PPR (PR-PPR difference). We
also analyzed the correlation between postop-
erative and preoperative variables.
Results: FEMTIS showed the highest stability in
terms of IOL shift and refraction. The in-the-
bag-fixated IOLs showed a significant forward
shift between 1 day and 1 week postoperatively.
There were significant differences in the PR-PPR
difference between the IOLs. ACD and AL
showed significant positive correlations, and LT
showed a significant negative correlation with
IOL shift and change in PR between 1 day and
1 week, but not between 1 week and 1 month
postoperatively.
Conclusion: The relationship between postop-
erative IOL shift and refraction change varied
according to IOLs with different haptic types.
Capsulorhexis fixation may be more stable than
in-the-bag fixation. Furthermore, preoperative
ACD, LT, and AL may be useful factors to pre-
dict IOL shift, change in PR, and to a lesser
extent the degree of the margin of error in
clinical practice. Our findings may improve the
accuracy of PPR and refractive outcomes.
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Key Summary Points

Why carry out this study?

Understanding the nature of postoperative
intraocular lens (IOL) shift, refractive
change, and margin of error in predicted
postoperative refraction (PPR) is crucial
for the accuracy of PPR.

We aimed to assess the relationships
between different fixation methods of
IOLs with different haptic designs and
describe the correlation between IOL shift,
postoperative refraction, margin of error
in PPR, and preoperative biometric
variables.

What was learned from the study?

The relationship between the
postoperative IOL shift and refraction
change varied among IOLs with different
haptic designs; preoperative anterior
chamber depth, lens thickness, and axial
length may have predictive roles.

The study results indicate that
capsulorhexis may be more stable than in-
the-bag IOL fixation, leading to improved
accuracy of PPR and better refractive
outcomes.

INTRODUCTION

Cataract surgery has become a routine part of
refractive surgery. One of the main causes of
postoperative patient dissatisfaction is residual
refractive error [1]. An ultrasonography-based
A-scan was traditionally used to measure axial
length (AL), which is the most common cause
of error in intraocular lens (IOL) calculations
[2]. The use of partial coherence interferometry
improved the accuracy of AL measurements to
five times that of the A-scan [3]. Additionally,
new IOL calculation formulae have increased
the accuracy of predicted postoperative

refraction (PPR) [4]. However, postoperative
refraction changes are sometimes observed,
even in the early postoperative period. This
makes choosing the IOL power of the fellow eye
challenging.

Previous studies have reported a relationship
between postoperative IOL shift and postoper-
ative refraction. Nejima et al. indicated that
postoperative IOL shift could induce postoper-
ative refractive changes [5]. Erickson demon-
strated the influence of the postoperative IOL
position on the postoperative refractive error
[6]. The results of these studies suggest that the
stability of IOLs may be an important factor in
improving the accuracy of PPR. Remón et al.
investigated the influence of material and hap-
tic design on the mechanical stability of IOLs
and concluded that haptic design had more
influence on stability than material properties
[7]. Regarding IOL placement methods, in-the-
bag fixation is the most common procedure,
while capsulorhexis has been recently intro-
duced [8, 9, 10].

Given that postoperative refraction in the
operated eye is often considered when choosing
the IOL power of the fellow eye, knowledge of
the postoperative IOL shift and its influence on
postoperative refraction changes in the early
postoperative period is crucial for improving
the accuracy of PPR.

The objective of this study was to investigate
the postoperative IOL shift in three different
IOLs with different haptic designs and different
IOL fixation methods, as to the best of our
knowledge no previous study has done so. In
addition, we aimed to measure their effect on
postoperative refraction changes in the early
postoperative period. The correlations between
IOL shift, postoperative refraction changes, and
preoperative biometric variables were also
analyzed.

METHODS

This single-center, open-label study was con-
ducted at the Yokosuka Chuo Eye Clinic, and
operations were performed between May 2018
and November 2019. Detailed information
about this research was provided and informed
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consent was obtained from all participants. All
research procedures were performed in accor-
dance with the Declaration of Helsinki. This
study was approved by the Ethics Committee of
the Yokosuka Chuo Eye Clinic.

Patient and IOL Selection

The study included 69 eyes of 69 patients. The
AcrySof IQ (model SN60WF; Alcon, Fort Worth,
TX, USA), FineVision Pod F (PhysIOL, Liège,
Belgium), and FEMTIS (Oculentis, Berlin, Ger-
many) lenses were used in 27, 24, and 18 eyes,
respectively. All operations were performed by
the same surgeon at the Yokosuka Chuo Eye
Clinic. All participants had age-related cataracts
with a nucleus grading of[ 2 based on the
Emery–Little classification and were randomly
chosen by an ophthalmologist. Patients with
pseudoexfoliation glaucoma, uveitis, prolifera-
tive diabetic retinopathy, or a history of
intraocular surgery, laser treatment, and retinal
problems, or subjects with corrected postoper-
ative visual acuity 20/40, were excluded.

The eye specialist informed all patients about
the characteristics of each IOL. The IOLs were
selected according to patient demands. FEMTIS

is a haptic-designed, hydrophilic, acrylic plate
with four flanges for capsulorhexis fixation
(Fig. 1a). It has an anteroposterior, aspheric,
biconvex optic with a diameter of 5.7 mm, an
overall length of 10.5 mm, and no haptic
angulation (0�). FineVision is a hydrophobic,
acrylic, single-piece IOL with double C-loop
haptics (Fig. 1b). It has an anteroposterior,
aspheric, biconvex optic with a diameter of
6.0 mm, an overall length of 11.4 mm, and a
haptic angulation of 5�. AcrySof IQ is a
hydrophobic, acrylic, single-piece IOL with a
single C-loop haptic (Fig. 1c). It has an antero-
posterior, aspheric. biconvex optic with a
diameter of 6.0 mm, an overall length of
13.0 mm, and a haptic angulation of 0�.

Pre- and Postoperative Examinations

All patients underwent complete preoperative
ophthalmic examinations. Nucleus grading was
classified according to slit-lamp examination
findings by the same eye specialist. The vision
test for subjective refraction was performed by
the same technician for all patients. Swept-
source anterior segment optical coherence
tomography imaging was performed using the

Fig. 1 Types of IOLs: AcrySof IQ (a), FineVision (b), FEMTIS (c)
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CASIA2 system (Tomey Corp., Nagoya, Japan)
to detect anatomical abnormalities. Anterior
chamber depth (ACD), lens thickness (LT), and
AL were measured using an IOLMaster 700
device (Carl Zeiss, Oberkochen, Germany). The
PPR and recommended IOL power were calcu-
lated using the IOLMaster 700.

In addition to the ophthalmic examinations,
the IOL position was measured using CASIA2 on
postoperative day 1, week 1, and month 1. The
lens position was measured from the apex of the
corneal surface to the center of the IOL (Fig. 2).
Subjective postoperative refraction was evalu-
ated by the same technician. Refraction was
reported as the spherical equivalent (SE). Due to
a possible margin of error caused by different
examiners, vision and postoperative IOL posi-
tions were measured by the same experienced
examiner.

Surgical Technique

All operations involved femtosecond laser-
assisted cataract surgery using the LenSx plat-
form (Alcon Laboratories, Inc., Fort Worth, TX,
USA). The same surgeon performed the laser
and manual operations. Before the laser process,
topical anesthesia with 0.4% oxybuprocaine eye
drops (Benoxyl; Santen Pharmaceutical Co.,
Osaka, Japan) was administered after maximal
dilation of the pupil with 0.5% tropicamide and
0.5% phenylephrine hydrochloride (Mydrin-P,
Santen Pharmaceutical, Osaka, Japan). Preoper-
ative planning of capsulotomy and lens frag-
mentation was performed using the LenSx
platform. A 5.0 mm capsulotomy and chop-

and-cylinder fragmentation pattern was selec-
ted, with three chops, each measuring 6 mm in
length. The posterior offset was set at 800 lm.
No dock-related issues were observed while
using SoftFitTM (Alcon Laboratories, Inc., Fort
Worth, TX, USA) in all cases. A 5.0 mm capsu-
lotomy centered on white-to-white was created
with 8.0 mJ of energy (spot and layer separa-
tions: 9 lm each). Nuclear fragmentation was
performed using the chop-and-cylinder tech-
nique with 8.0 mJ of energy (spot and layer
separations: 9 lm each). The anterior and pos-
terior delta values were 350 lm.

A temporal clear corneal incision of 2.40 mm
was made using an ophthalmic knife (MANI
Ophthalmics, Tochigi, Japan). The anterior
chamber was filled with a dispersive viscoelastic
VISCOAT (Alcon Laboratories, Fort Worth, TX,
USA) and a cohesive viscoelastic OPELEAD
(Senju Pharmaceutical Co., Ltd., Osaka, Japan)
using the soft-shell technique. Capsulotomy
was carefully performed using capsule forceps,
and cortico-cleaving hydrodissection was per-
formed. Emulsification and aspiration of the
fragmented lens and aspiration of the cortex
were conducted using the Centurion� Vision
System (Alcon Laboratories, Inc., Fort Worth,
TX, USA). After filling the capsule bag with
OPELEAD, the IOLs were inserted into the bag
using an IOL injector. The attachment of the
enclaved flanges to the rim of the capsulorhexis
was performed using the reverse optic capture
technique. The viscoelastic material was
removed before watertight corneal wound clo-
sure was confirmed.

Data Analysis

The postoperative IOL longitudinal shift was
calculated as follows: the IOL shift between
1 day and 1 week was the IOL position on
postoperative day 1 minus the position at
postoperative week 1; the IOL shift between
1 week and 1 month was defined as the IOL
position on postoperative week 1 minus the
position on postoperative month 1. A positive
IOL shift indicates that the IOL showed a for-
ward shift, whereas a negative number indicates
a backward shift during a particular period.

Fig. 2 Measurement of the postoperative IOL position
(corneal F to lens F)
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The postoperative refraction change was
calculated as follows: the refraction change
between 1 day and 1 week was the PR in post-
operative week 1 minus the PR on postoperative
day 1; the refraction change between 1 week
and 1 month was defined as the PR in postop-
erative month 1 IOL minus the PR in postop-
erative week 1. These were analyzed in terms of
both the real and absolute values. In real values,
a positive number refraction change indicates a
hyperopic shift, whereas a negative number
indicates a myopic shift during a particular
period. In absolute values, the numbers indicate
the degree of refraction change during a par-
ticular period.

The margin of error of postoperative refrac-
tion, which was calculated as the postoperative
refraction minus the predicted postoperative
refraction (PR-PPR) in three different types of
IOLs, was also analyzed at 1 day, 1 week, and
1 month after surgery. These results are shown
as real and absolute values. When analyzing real
values, a positive PR-PPR value indicates that
the postoperative refraction (PR) showed a
hyperopic shift compared to the PPR, whereas a
negative PR-PPR value indicated that the post-
operative refraction showed a myopic shift
compared to the PPR.

We performed an analysis of variance
(ANOVA) test for the numerical values that
followed a normal distribution (assessed with
the Shapiro–Wilk test), the Kruskal–Wallis test
for numerical values not following a normal
distribution, and Fisher’s exact test to analyze
data from categorical variables. We tested the
following numerical variables: IOL shift
between 1 day and 1 week and 1 week and
1 month postoperatively, and the PR-PPR at
1 day, 1 week, and 1 month postoperatively. We
investigated whether there were statistically
significant differences in terms of eye laterality
(right/left), sex, age, preoperative ACD, LT, and
AL; IOL shift and change in PR between 1 day
and 1 week and 1 week and 1 month among the
types of IOLs; and PR-PPR difference at 1 day,
1 week, and 1 month postoperatively among
the categories (types) of IOLs.

Furthermore, we used Dunn’s test [11] to
perform multiple comparisons with a Bonfer-
roni adjustment of the p-value. We determined

which categories (types) of IOLs had significant
differences in IOL shifts and changes in PR
between 1 day and 1 week and 1 week and
1 month. Moreover, we determined the PR-PPR
differences at 1 day, 1 week, and 1 month
postoperatively.

Spearman’s rank correlation coefficients
were used to examine whether preoperative
ACD, preoperative LT, and preoperative AL
correlated with the following variables during
each study period: postoperative IOL shifts, the
degree of change in PR, and the degree of mar-
gin of error. The above tests were only per-
formed for two types of IOLs (FineVision and
AcrySof IQ) to ensure consistency in the types of
lenses being compared (i.e., in-the-bag-fixation
IOLs) and also because of the small number of
patients in the capsulorhexis (FEMTIS) group.

The significance level was set at p\ 0.05. All
statistical analyses were performed using R (R
Foundation for Statistical Computing, Vienna,
Austria; https://www.R-project.org/).

RESULTS

The descriptive statistics and the results of the
ANOVA, Kruskal–Wallis test, and Fisher’s exact
test, according to the three IOL types, are pre-
sented in Table S1. Biometric measurements are
presented in Table 1. The proportion of male
patients in the AcrySof IQ, FineVision, and
FEMTIS lens groups was 35%, 42%, and 43%,
respectively.

Eye laterality (right/left) and sex were not
significantly different (p[0.05) among the
different IOL groups. Age was significantly dif-
ferent (x2 = 6.2706, p = 0.043) between the IOL
groups, which was not confirmed by Dunn’s
test with the Bonferroni adjustment (all
p values[ 0.05).

The results of the ANOVA for preoperative
ACD and LT and the Kruskal–Wallis test for AL
also showed that they were not significantly
different (p[0.05) among the different types of
IOLs.

The IOL shift from 1 day to 1 week postop-
eratively, tested in both real and absolute val-
ues, showed significant differences (for both
cases: p\0.01) among the IOL types (Fig. 3a, b,
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Table 1 Clinical characteristic of the eyes in each intraocular lens group

Lens type n Median Confidence level Lower percentile Upper percentile

Age

1. FEMTIS 18 68 0.95 59 72.5

2. FineVision 24 73 0.95 70 76

3. AcrySof IQ 27 75 0.95 69 77

ACD (mm)

1. FEMTIS 18 2.85 0.95 2.26 3.02

2. FineVision 24 2.77 0.95 2.47 3.06

3. AcrySof IQ 27 2.76 0.95 2.52 2.92

LT (mm)

1. FEMTIS 18 4.53 0.95 4.45 4.72

2. FineVision 24 4.61 0.95 4.25 4.7

3. AcrySof IQ 27 4.62 0.95 4.43 4.72

AL (mm)

1. FEMTIS 18 23.7 0.95 22.9 24.4

2. FineVision 24 23.6 0.95 23.2 24.9

3. AcrySof IQ 27 23.4 0.95 23.1 24.3

ACD anterior chamber depth, LT lens thickness, AL axial length

Fig. 3 a, b Graph showing mean lens shift (in mm) in real
(a) and absolute (b) values between 1 day and 1 week
postoperatively by lens type. Square dots represent the

median values of the shifts, and the upper and lower
whiskers represent the upper and lower percentiles

994 Ophthalmol Ther (2021) 10:989–1002



respectively). The IOL shift was significantly
lower with FEMTIS than with both FineVision
and AcrySof IQ (Z = -5.199565, p\0.01; and
Z = -5.9472881, p\0.01, respectively). The
IOL shift in real values was negative for the

FEMTIS and positive for both FineVision and
SN60WF (Fig. 3a).

The IOL shift from 1 week to 1 month post-
operatively, tested in both real and absolute
values, showed significant differences (p\ 0.01)
among the IOL types (Fig. 4a, b). Dunn’s test

Fig. 4 Graph showing mean lens shift (in mm) in real
(a) and absolute (b) values between 1 week and 1 month
postoperatively by lens type. Square dots represent the

median values of the shifts, and the upper and lower
whiskers represent the upper and lower percentiles

Fig. 5 Graph showing the mean change in PR in real
(a) and absolute (b) values between day 1 and week 1
postoperatively by lens type. Square dots represent the

median values of the shifts, and the upper and lower
whiskers represent the upper and lower percentiles
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showed that the IOL shift from 1 week to
1 month postoperatively was significantly
smaller with FEMTIS than with FineVision and
AcrySof IQ (Z = 3.474281, p\ 0.01; and
Z = 6.099305, p\ 0.01, respectively). In addi-
tion, the IOL shift showed significant differ-
ences (Z = 2.754178, p\0.05) between the
FineVision and AcrySof IQ IOL types. The IOL
shift in real values was negative for all three
FEMTIS, FineVision, and AcrySof IQ IOLs
(Fig. 4a).

The overall mean postoperative refraction
(PR) was -0.090 ± 0.153. The change between
1 day and 1 week, tested in both real and abso-
lute values, showed significant differences
(p\ 0.01) among the IOL types (Fig. 5a, b), with
the FEMTIS IOL showing smaller changes than
both the FineVision and AcrySof IQ IOLs. The
PR change between 1 week and 1 month, tested
in both real and absolute values, showed sig-
nificant differences (p\ 0.01) between the IOL
types (Fig. 6a, b), with the FEMTIS IOL showing
smaller changes than both the FineVision and
AcrySof IQ IOLs.

The PR-PPR difference was -0.059 ± 0.063.
On day 1, tested in absolute values, significant
differences (p\ 0.01) were found among the
IOL types (Fig. 7a), with the AcrySof IQ IOL

having the highest absolute values at this time
point. Dunn’s test showed that the absolute
values for the PR-PPR differences at 1 day after
the operation were not significantly different
(Z = -1.24, p[ 0.05) between the FEMTIS and
FineVision lenses, while they were significantly
different between the FEMTIS and AcrySof IQ
lenses (Z = -4.53, p\ 0.01) and the FineVision
and AcrySof IQ lenses (Z = -3.54, p\ 0.01;
Table S2). The PR-PPR difference at 1 week, tes-
ted in absolute values, showed significant dif-
ferences (p\0.05) among the IOL types
(Fig. 7b). The absolute value of the PR-PPR dif-
ference at 1 week after the operation was sig-
nificantly different (Z = -3.38, p\ 0.01)
between the FEMTIS and FineVision lenses,
while it was not significantly different between
the FEMTIS and AcrySof IQ lenses (p[ 0.05) or
the FineVision and AcrySof IQ lenses
(p[ 0.05). The PR-PPR difference at 1 month,
tested in absolute values, showed significant
differences (p\0.05) among the IOL types
(Fig. 7c). Dunn’s test showed that the absolute
value of the PR-PPR difference at 1 month after
the operation was significantly different
(Z = -3.33, p\ 0.01) between the FEMTIS and
FineVision lenses, while it was not significantly
different between the FEMTIS and AcrySof IQ

Fig. 6 Graph showing the mean change in PR in real
(a) and absolute (b) values between week 1 and month 1
postoperatively by lens type. Square dots represent the

median values of the shifts, and the upper and lower
whiskers represent the upper and lower percentiles
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lenses (p[ 0.05) or the FineVision and AcrySof
IQ lenses (p[ 0.05).

Spearman’s rank correlation coefficient tests
for the two in-the-bag IOLs (FineVision and
AcrySof IQ) are shown in Tables S3–S5. The IOL
shift from 1 day to 1 week showed a strong
positive correlation with both ACD and AL
(rho = 0.83, rho = 0.90, respectively; p\0.01),
and a strong negative correlation with LT
(rho = -0.90; p\0.01). The changes in PR

(absolute values) from 1 day to 1 week showed a
strong positive correlation with both ACD and
AL (rho = 0.71, rho = 0.77, respectively;
p\0.01), and a strong negative correlation
with LT (rho = -0.77; p\ 0.01).

The PR-PPR difference on day 1 in absolute
values showed a weak positive correlation with
both ACD and AL (rho = 0.44, rho = 0.36,
respectively; p\ 0.05), and a weak negative
correlation with LT (rho = -0.36; p\0.05). The

Fig. 7 Graph showing PR-PPR difference at 1 day (a), 1 week (b), and 1 month (c) postoperatively by lens type. Square
dots represent the median values of the shifts, and the upper and lower whiskers represent the upper and lower percentiles
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PR-PPR difference at week 1 in absolute values
did not show any significant correlation with
ACD, AL, or LT (p[0.05). The PR-PPR differ-
ence at month 1 in absolute values did not show
any significant correlation with ACD (p[0.05),
but it did show a weak positive correlation with
AL (rho = 0.28, p\ 0.05) and a weak negative
correlation with LT (rho = -0.31; p\ 0.05).

DISCUSSION

Outcomes following IOL implantation have
become an important research area [12, 13].
Based on our clinical experience, we wondered
why some patients showed refraction changes
after surgery and why these changes varied from
patient to patient and by IOL type. Erickson
insisted that postoperative longitudinal shifts
might be the principal contributors to postop-
erative refractive errors [6]. Considering that
one of the main causes of patient dissatisfaction
after IOL implantation is postoperative refrac-
tive errors [1], ophthalmologists need to
understand postoperative IOL longitudinal
shifts and their influence on postoperative
refractive changes [14]. This knowledge can also
help clinicians better predict postoperative
refraction in the early postoperative period and
choose a suitable IOL power for the fellow eye
[14]. Furthermore, understanding the relation-
ship between preoperative biometric variables,
postoperative IOL shifts, and postoperative
refraction changes is also useful for improving
the accuracy of PPR.

In this study, the FEMTIS IOL, which was
fixed to the anterior capsule, showed the least
postoperative IOL longitudinal shift, the least
change in postoperative refraction, and the
smallest difference between PPR and actual
postoperative refraction in the early postopera-
tive period. These results are in line with pre-
vious studies that also used a capsulorhexis-
fixated IOL with slightly different designs and
indicated greater stability with FEMTIS. Ganesh
et al. and Dick et al. reported similar results in
terms of postoperative IOL longitudinal shift
and postoperative refraction changes [8, 9]. Kim
et al. investigated lens stability and refractive
outcomes after cataract surgery using primarily

posterior capsulorhexis fixation and concluded
that this fixation method was useful in stabi-
lizing the postoperative IOL position and min-
imizing postoperative refractive changes [15].

The success of the capsule fixation technique
requires a consistent size and shape of the cap-
sulorhexis [16]. However, ensuring a consistent
size and shape of the capsulorhexis is chal-
lenging even for an experienced surgeon.
Recently released cutting-edge devices, such as
femtosecond laser systems, selective capsulo-
tomy laser systems, and precision pulse capsu-
lotomy, can be used to tackle these challenges
[17–21]. Among these, the femtosecond laser
system is the only device that is used to create
the capsulorhexis on the visual axis. One pre-
vious study reported that aspheric IOLs can be
very sensitive in quality of vision due to
decentration depending on the aberration cor-
rection concept of the IOL design. In aberra-
tion-correcting IOLs, coma aberration and
astigmatism significantly increase with increas-
ing decentration [22]. Kránitz et al. showed that
IOL decentration was six times as likely to occur
when the capsulorhexis was created manually
as when it was created using the femtosecond
laser technique [20]. Some studies have reported
that IOL decentration can also induce postop-
erative astigmatism [6]. The results of these
studies imply that a combination of anterior
capsule fixation of the IOL and capsulorhexis
creation with a femtosecond laser may be ideal
for stabilizing the postoperative IOL position
and postoperative quality of vision.

Several studies have investigated postopera-
tive refractive changes and postoperative IOL
longitudinal shifts in in-the-bag fixated IOLs
[5, 23–25]. In our study, the capsulorhexis-fix-
ation IOL FEMTIS was the most stable through-
out the study period. In contrast, in-the-bag-
fixation IOLs AcrySof IQ and FineVision
showed significant forward shifts between 1 day
and 1 week, which means that these IOLs
showed myopic shifts during this period. The
degree of the shift between 1 day and 1 week
was the most significant compared to the other
periods. One of the main differences between
previous research and our work are the periods
of the assessments. While most previous studies
assessed shifts of in-the-bag-fixation IOLs
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during a relatively long postoperative period,
we compared them in the early postoperative
period, up to 1 month after surgery. Similar to
our study, Koeppl et al. [26] investigated post-
operative IOL longitudinal shifts and postoper-
ative refraction changes among in-the-bag-
fixation IOLs in the early postoperative period;
they reported that the changes in both were the
most remarkable between 1 day and 1 week
after the operation, after which they became
more stable, which corresponds to our findings.
Both their and our results indicate that IOL
longitudinal shifts and refraction changes may
be observed even in the early postoperative
period. Therefore, it may be wise to consider
these tendencies when choosing the IOL power
of the fellow eye.

In our study, AcrySof IQ and FineVision
showed similar overall effects on postoperative
IOL longitudinal shift, but the magnitudes of
the effects were different. These two in-the-bag-
fixation IOLs have different specifications,
including the material they are made of, their
length, edge designs, and haptic designs, all of
which can cause differences in the magnitude of
the postoperative shift. In fact, previously pub-
lished studies reported that capsular bag
shrinkage, IOL design (haptic or optic), and IOL
material may influence changes in postopera-
tive longitudinal IOL shifts. Koeppl et al. insis-
ted that significant shrinkage of the capsular
bag in the first postoperative week was corre-
lated with a forward IOL shift [26]. Petternel
et al. assessed the influence of optic-edge design
and optic-haptic angulation of IOLs on post-
operative longitudinal shifts [27] and found
that the influence of optic-haptic angulation
was significantly greater than that of edge
design. Wirtitsch et al. investigated the effect of
haptic design on postoperative IOL longitudinal
shifts and reported that single-piece IOLs were
more stable than three-piece IOLs [14]. It has
also been reported that the IOL material influ-
ences postoperative IOL shifts [23]. Thus, the
various specifications and characteristics of dif-
ferent IOLs may cause postoperative IOL shifts.
Therefore, it is difficult to conclude which IOL
specification and characteristics primarily
resulted in the differences in magnitudes of the
postoperative IOL shifts in both acrylic single-

piece IOLs with different haptics. These issues
will be addressed in future studies.

Our results also indicated significant differ-
ences in the margin of error of predicted post-
operative refraction (PR-PPR) between in-the-
bag-fixation IOLs and capsulorhexis-fixation
IOLs. Although these differences were not con-
sistent over time, the capsulorhexis-fixation IOL
FEMTIS showed a smaller margin of error than
the in-the-bag-fixation IOLs throughout the
study period. In particular, the PR-PPR with
FEMTIS was significantly smaller than that of
the in-the-bag-fixation IOLs at 1 day
postoperatively.

As a result, FEMTIS was most stable in all
aspects in this study including postoperative
IOL shift, change in postoperative refraction
(PR), and PR-PPR. Taken together, these results
suggest that optic capture in capsulorhexis fix-
ation may be more stable in terms of the post-
operative IOL position and possibly refractive
outcomes than in-the-bag fixation. Therefore,
capsulorhexis fixation may be associated with
improved PPR accuracy. This notion is sup-
ported by previous research on the mechanism
of postoperative movement of in-the-bag fix-
ated IOLs. They reported that postoperative IOL
decentration and dislocation can be attributed
to a combination of the high flexibility of in-
the-bag-fixation IOLs, their haptic configura-
tion, and the postoperative fibrosis and shrink-
age of the capsular bag [28–30]. Therefore, we
can theoretically assume that since the optics of
the capsule-fixated IOLs are fixed in the capsu-
lorhexis, they may be less influenced by post-
operative fibrosis and shrinkage of the bag.

Interestingly, when comparing the two in-
the-bag IOLs with each other, the AcrySof IOL
had a significantly higher absolute PR-PPR dif-
ference (and thus margin of error) than the
FineVision lens at day 1, week 1, and month 1.
Of note, the margin of error with the AcrySof
IOL showed a hyperopic shift that was the most
pronounced on day 1. Given the fact that
AcrySof showed significant postoperative IOL
shifts and changes in refraction in the very early
postoperative period, it may be wiser for eye
surgeons to wait until week 1 to choose the IOL
power.
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Limited research on the correlation between
preoperative biometric variables and postoper-
ative IOL longitudinal shift motivated us to
analyze the relationship between such variables,
such as ACD, LT, and AL [31], and postoperative
IOL longitudinal shift, refraction change, and
PR-PPR. In analyzing the in-the-bag IOLs, we
found significant positive correlations between
IOL shifts and changes in PR from day 1 to week
1 postoperatively in terms of preoperative ACD
and AL. We also observed a significant negative
correlation between IOL shifts from postopera-
tive day 1 to week 1.

Our results indicate that the larger the pre-
operative ACD and the longer the preoperative
AL, the more the IOLs shifted and the more the
PR changed in the early postoperative period. In
addition, the smaller the preoperative LT, the
more the IOLs shifted, and the more the PR
changed. Therefore, preoperative ACD, AL, and
LT appear to be predictive factors for estimating
the degree of IOL shift and changes in PR. These
results indicate that these preoperative variables
may be promising predictive factors. A larger
preoperative ACD, longer preoperative AL, and
smaller preoperative LT were all associated with
a larger margin of error of postoperative refrac-
tion, but to a lesser degree than observed with
IOL shift and PR changes.

There were some limitations to our study.
First, the detailed mechanism of postoperative
IOL longitudinal shift in the in-the-bag fixated
IOLs SN60WF and FineVision was not investi-
gated. In addition, the effect of IOL material,
which may potentially play an important role,
was not assessed. Future research will be needed
to assess whether the differences can be
explained, even in part, due to IOL material.
Second, this study investigated only one type of
capsulorhexis-fixation IOL. Different capsu-
lorhexis-fixation IOLs with different materials
and designs should be investigated in the
future. Third, one of the main research objec-
tives of this study was to compare postoperative
IOL behaviors between in-the-bag and capsu-
lorhexis fixations. However, since the three
types of IOLs are associated with various factors
that may affect their postoperative behavior,
this study did not precisely investigate the dif-
ference between in-the-bag and capsulorhexis

fixation. To precisely compare different IOL
fixation methods, the same IOL should be used
in different placements. Finally, only a single
center was used for the recruitment of patients
in this study, which may have affected the
generalizability of our results. Further studies
across multiple institutions are needed to vali-
date our results.

CONCLUSIONS

When eye surgeons choose in-the-bag-fixation
IOLs, it is vital that they understand the nature
of potential postoperative refraction changes
and the margin of postoperative refraction
error. Preoperative ACD, LT, and AL may be
useful factors for predicting IOL shift, change in
PR, and to a lesser extent the degree of margin
of error in clinical practice. Familiarity with
these points could also contribute to improved
accuracy of PPR. Additionally, our results indi-
cate that in the early postoperative stage, cap-
sulorhexis-fixation is more stable than in-the-
bag IOLs in terms of postoperative IOL shifts
and changes in postoperative refraction; it also
showed the lowest margin of error of predicted
postoperative refraction. Capsulorhexis fixation
may be the most stable and promising IOL fix-
ation method for improving the accuracy of
PPR.
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