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1. Introduction
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Objective. To observe the stability of intraocular lenses (IOLs) in primary angle-closure glaucoma by ultralong scan depth spectral-
domain optical coherence tomography (UL-OCT) after phacoemulsification. Methods. A prospective, randomized study. 73
patients (82 eyes) with primary closed-angle glaucoma and age-related cataract were included in the study. 42 eyes were implanted
with ZCB00, while 40 eyes were implanted with Softec HD after phacoemulsification. The tilt, decentration, and space between
IOL and posterior capsule (IOL-PC space) were analyzed using UL-OCT at 1 week, 1 month, and 3 months after surgery. The
intergroup difference was compared with the paired t-test. Result. The difference of decentration and tilt was not statistically
significant (both P >0.05) both in the horizontal and vertical positions at 1 week, 1 month, and 3 months postoperatively. The
horizontal IOL-PC space is 0.111+0.091 mm?, 0.044 +0.066 mm?, and 0.055+0.055mm? in the Softec HD group and
0.458 +0.488 mm?, 0.497 +0.363mm?’ and 0.492+0.441 mm® in the ZCBOO group. The vertical IOL-PC space is
0.102 % 0.061 mm?, 0.037 + 0.052 mm?, and 0.053 + 0.079 mm? in the Softec HD group and 0.692 + 0.815 mm?, 0.510 = 0.415 mm?,
and 0.691 + 0.635 mm? in the ZCB0O group. The difference was statistically significant (P < 0.05) both in the horizontal and vertical
positions except for the first week on the horizon. The Softec HD group is smaller than the ZCB00 group. Conclusion. There is no
difference in the stability of the IOL although the IOL-PC space is different. The thickness of IOL may affect the IOL-PC space.

spectral-domain optical coherence tomography (UL-OCT)
makes the state of IOL in the capsular bag clear. In this study,
UL-OCT was used to measure the decentration, tilt, and

Primary angle-closure glaucoma (PACG) is the most
common type of glaucoma in the clinic. The anatomical
structures such as shortness of the axial eye length, shallow
anterior chamber, increased thickness, and curvature of the
crystalline lens were different from cataract [1]. Most of the
patients are combined with cataract and phacoemulsifica-
tion which can relieve pupillary block. At present, there is no
intraocular lens designed for glaucoma patients and no
report on the selection of IOL in relevant research. However,
the stability of IOL in the capsular bag is crucial for patients
in visual quality [2]. The application of ultralong scan depth

IOL-PC space of IOL and analyze the factors for the better
selection of IOL in the clinic.

2. Materials and Methods

A total of 82 eyes (73 patients) with PACG were randomly
divided into 2 groups. Randomization was done using
computer-generated tables (Microsoft Excel; Microsoft
Corporation, Redmond, Washington). ZCB00 was per-
formed in 42 eyes (37 patients), and Softec HD was
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performed in 40 eyes (36 patients) of patients who visited the
Eye Hospital, Wenzhou Medical University, from May 2017
to May 2019 (Table 1).

Each patient has undergone a complete ophthalmo-
logical evaluation. Patients with other eye and systemic
diseases, such as high myopia, uveitis, retinal diseases,
corneal disease, and previous corneal or intraocular surgery,
were excluded from the study. The study protocol was ap-
proved by the Zhejiang Eye Hospital Ethics Committee
(another name of Zhejiang Eye Hospital is Eye Hospital,
Wen Zhou Medical University) and adhered to the Decla-
ration of Helsinki. All of the participants signed an informed
consent form.

The Softec HD group was implanted with one-piece
aspherical IOL (Softec HD, Lenstec, USA), which is a one-
piece, biaspheric, square edge, 12 mm diameter, hydrophilic
acrylic IOL. The ZCB00 group was implanted with one-piece
aspherical IOL (ZCB00, AMO, USA), which is a plate-haptic,
aspheric surface, 13 mm diameter, square edge hydrophobic
acrylate IOL.

Phacoemulsification was performed by one experienced
surgeon under topical anesthesia with a 3.2 mm clear corneal
incision. A 4.5mm capsulorhexis, centered on the dilated
pupil, was performed with the aid of capsulorhexis forceps.
The incision of the right eyes was on the temporal side while
the left eyes on the paranasal side. The residual viscoelastic
was absorbed completely.

A custom spectrometer with a unique design was de-
veloped to achieve an experimental scan depth of 7.2 mm in
air based on the technology of spectral-domain OCT. The
modification includes a transmission grating and a line scan
CCD camera (Aviiva SM2 CL 2010, 2048 pixels; Atmel, San
Jose, CA). X-Y cross-aiming was applied to align the UL-
OCT scanning position necessary to image the entire IOL in
the capsule and the posterior capsule (PC). The UL-OCT has
an approximately 6-ym axial resolution and a scan width up
to 20 mm. The accuracy and repeatability of the instrument
have been confirmed in previous works [3, 4]. The ZCB00
IOL and Softec HD IOL are shown in Figure 1.

Follow-up assessments were performed at 1 week and 1
and 3 months postoperatively. The horizontal and vertical
position of IOL was performed. Then, using Image-pro plus
version 6.0, the OCT images were analyzed. The tilt angle
and decentration length were measured according to the
method by Alberto de Castro et al. [5, 6]. The method was
based on the Scheimpflug system: IOL decentration is ob-
tained from the distance between the IOL center and the
pupillary axis. Total decentration, determined by trigo-
nometry analysis, shows the magnitude of the result vector
of horizontal and vertical decentration [7]. The tilt was
calculated by dividing the slope of IOL by the slope of the
limbus [8]. The OCT images were taken as in Figure 1, the
curve of the surface of the IOL and the PC was drawn, and
then it was substituted into the two-dimensional coordinate
plane to get the scatter plot as in Figure 2. The area between
the IOL and posterior capsular region was evaluated through
the function of the software [9].

Statistical analyses were performed to compare the
differences in the biometric data between the ZCB00 group
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TaBLE 1: The age and gender distribution.

Softec HD group  ZCB00 group P value
Age (year) 65.34+11.32 68.25+10.68 >0.05
Gender (M : F) 13:24 11:25 >0.05

and the Softec HD group using SPSS 19.0. The Kolmo-
gorov-Smirnov test was used to confirm the normal dis-
tribution. The tilt and decentration were compared with the
paired ¢-test. The IOL-PC space was compared with the rank
sum test. Differences were considered statistically significant
when the P value was less than 0.05.

3. Results

Table 2 shows the postoperative visual acuity results in the
two IOL groups. At the 3-month visit, no significant dif-
ference was found in corrected-distance visual acuity
(CDVA), uncorrected-distance visual acuity (UDVA), and
axial length between the groups. The thickness of IOL was
significantly different between the two groups. Softec HD
was thicker than ZCB00.

The total decentration is  0.182+0.054 mm,
0.232+0.081 mm, and 0.183+0.089 mm in the Softec HD
group and 0.311+0. 212mm, 0. 214+0. 111 mm, and 0.
228 £ 0.156 mm in the ZCB0O group at 1 week, 1 month, and
3 months postoperatively. The difference was not statistically
significant.

The horizontal tilt is 1.65+6.23°, 0.45+4.29°, and
-1.76 £7.37°in the Softec HD group and 0.05+6.21°,
0.34 +8.51°, and —0.17 + 6.30"in the ZCB0O0 group at 1 week,
1 month, and 3 months postoperatively. The vertical tilt is
3.67 £6.61°, —0.94 +4.73°, and 0.54 + 9.51°in the Softec HD
group and —0.73 +£7.33°, 0.32+7.20°, and 0.07 +5.52°in the
ZCB00 group. The difference was not statistically significant
both in the horizontal and vertical positions.

Table 3 shows the horizontal IOL-PC space in the two
study groups. The difference was statistically significant
(P <0.05) except for the first week. Table 4 shows the vertical
IOL-PC space. The difference was statistically significant
(P <0.05). The IOL-PC space in the Softec HD group is
smaller than the space in the ZCB00 group (Figure 3).

4, Discussion

The quality of visual acuity will be improved without
decentration and tilt [10]. However, a previous study had
reported that IOL tilt was more extensive in the eyes with
glaucoma than normal cataract [11]. The increased thick-
ness, curvature of the crystalline lens, and a more anterior
lens position indicate that lens capsule configuration is also
abnormal in eyes with angle-closure glaucoma. It is therefore
reasonable to conclude that the implanted IOL is apt to be
tilted or decentered in eyes with CAG. Another study found
AL is negatively correlated with crystalline lens tilt, which
means IOLs are more prone to tilt in patients with a short AL
[12]. The possible explanation is that the crystalline lens is
more likely to tilt in the crowded intraocular space. In
addition, Chen et al. [13] have found that the thicker lens was
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FiGure 1: The UL-OCT detects the boundaries of intraocular lens (IOL), posterior capsule (PC), and the space between IOL and posterior
capsule (IOL-PC space). (a) The ZCB00 IOL. (b) The Softec HD IOL. UL-OCT =ultralong scan depth spectral-domain optical coherence

tomography.
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FIGUre 2: The scatter plot.

TaBLE 2: Postoperative results in the two study groups.

Softec HD ZCB00 P
UDVA (logMAR) 018+0.13 0214009  0.28
CDVA (logMAR) 0.10 £0.09 0.13+0.12 0.24
Axial length (mm) 22.84+1.92 22.92+2.11 0.32
Thickness of IOL (mm) 1.47 +0.355 1.19+0.287 0.03

CDVA = corrected-distance visual acuity; UDVA = uncorrected-distance
visual acuity; logMAR = logarithm of the minimum angle of resolution.

TaBLE 3: Horizontal IOL-PC space (mm?) postoperative.

1 week 1 month 3 months P value
Softee 0.11+0.091 0.044+0.066 0.055+0.055 0.189
(mm”®)
ZCB0o 0.458 +0.488 0.497+0.363 0.492+0.441 0.823
(mm”®)
P value 0.15 0.002 0.001

TABLE 4: Vertical IOL-PC space (mm?”) postoperative.

1 week 1 month 3 months P value
Softec 0.102+0.061 0.037+0.052 0.053+0.079 0.035
(mm”®)
ZCBOO 0.692+0.815 0.510+0.415 0.691+0.635 0.997
(mm”®)
P value 0.013 0.001 0.006

strongly correlated with larger decentration. Therefore, the
decentration and tilt in PACG may be different from cat-
aract, so the research may have a reference value for the
choice of IOL in clinical work.

We have found that the IOL-PC space of Softec HD,
which is constituted by hydrophilic acrylate, is significantly
smaller than that of ZCB00 made of hydrophobic acrylate
material. The finding is different from some research: hy-
drophobic acrylates have better biocompatibility, which can
make the optical part of IOL close to the posterior capsule
and reduce the incidence of posterior cataract and the
shrinkage of the capsule. However, the hydrophilic acrylate
material could not be closely attached to the posterior
capsule, which provided space for LECs growth and pro-
liferation [9]. The reasons may be as follows: the thickness of
IOL is determined by the material and the diopter. In this
experiment, the average thickness of Softec HD is
1.47+£0.355mm and ZCBO00 is 1.19+0.287 mm. The dif-
ference is statistically significant. If the IOL is assumed to be
a standard ellipsoid, according to the ellipse volume formula
V=4/3mabc (a, b, and ¢, respectively, represent half of each
axis), where the length of a and b takes the radius of the
optical surface and c takes half of the thickness, then it can be
inferred that the volume of Softec HD is about
50.87 +12.28 mm® and ZCBOO is about 44.83 +10.81 mm®.
Takuhei et al. have reported that the lens thickness is pos-
itively correlated with axial length [14]. Another study found
that equatorial capsular bag diameter is correlated with axial
length [15]. A significant difference in axial length was not
found between the study groups, which means a difference
in capsular bag size is not a likely reason for the larger IOL-
PC space observed in the ZCB00 group. Then, we can
speculate that Softec HD with a larger volume fills the
capsular bag better. As a result, the IOL-PC space in Softec
HD is smaller than ZCB00.

The IOL-PC space on visual function is in agreement
with the concept “no space, no cell, no PCO” [16]. Studies
have reported that, with increasing severity of PCO, visual
acuity and stray light deteriorate [17]. In our study, a thicker
IOL could promote the elimination of IOL-PC space. So, we
can infer that the incidence of posterior cataract is reduced
and vision will be maintained better with a thicker IOL.

There was no statistical difference between the tilt and
decentration although the IOL-PC space was significantly
different. The result is similar to the research of Katayama
et al. [18]: decentration and tilt did not change significantly
although the posterior capsular opacity (PCO) value in the
hydrophilic group increased significantly with time and was
statistically significantly higher than in the hydrophobic
group at 18 and 24 months postoperatively in either group.
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FIGURE 3: Postoperative IOL-PC space (SD) at different time points. Significant difference was found between the horizontal and vertical
positions when compared at 1 week, 1 month, and 3 months postoperatively (P < 0.05) except for the first week on the horizon.

The reasons may be as follows: first, Modesti et al. [19]
considered that the maximum diameter of the lens capsule at
any time after cataract surgery was < 12.0 mm, which was
smaller than that of the IOLs in this study (12 mm in Softec
HD and 13 mm in ZCB00). But, the lens capsule is thicker
than the intraocular lens, so the IOL is stuck in the center of
the capsule without bound to the posterior capsule tightly.
As a result, haptic provides most of the strength for the
stability of the IOL. This finding explains that IOLs with a
diameter greater than 12 mm were more stable than IOLs
with a diameter less than 12 mm [20]. Besides, the two IOL’s
haptics are made of acrylate, which is soft and firm. When
the capsule is contracted, the soft haptic can be compressed
independently without transmitting this force to the IOL
optics. Therefore, in the case of different IOL-PC space,
stability is less affected.

The limitations of this trial were that it was limited by
clinical work and only followed up for 3 months. PCO
begins three months after surgery, and the long-term
stability of IOL in patients with PACG remains unknown.
Besides, studies have shown that mathematics can be used
based on cross-sectional and sagittal images. Modeling
restores the 3D stereo image of the IOL to accurately
calculate the maximum tilt and decentration of the IOL
[21]. But in clinical work, mathematical modeling requires
a lot of time and effort.

In summary, by using UL-OCT, we could clearly observe
the IOL and posterior capsule. The objective quantification
of thickness demonstrated a correlation with IOL-PC space.
Maybe the haptic and diameter of IOL length play a more
important role in stability than IOL-PC space. These results
suggested that UL-OCT could be used as a powerful method
to evaluate the IOL-PC space and the tilt and decentration of
IOL.
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