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Purpose: To evaluate the stability of different intraocular lenses (IOLs) after phacovitrectomy with air or gas tamponade.
Patients and Methods: This retrospective cross-sectional study included 28 patients who underwent phacovitrectomy with air or
sulfur hexafluoride gas tamponade and postoperative anterior segment optical coherence tomography assessments. Patients who
received any DIBOOV (Johnson & Johnson Surgical Vision, Inc. Irvine, CA, USA), XY-1 (HOYA Surgical Optics Co. Chromos,
Singapore), or NX70s (Santen Pharmaceutical Co. LTD, Osaka, Japan) IOL implantation were analyzed. The anterior chamber depth
(ACD) and IOL position values at each measurement (100%, 50%, 0%) and between IOLs were compared. The IOL displacement
force (mN) was measured with a verification experiment and recorded at each 0.1 mm anterior movement until anterior displacement
reached 0.5 mm.

Results: The average patient age was 66 (59-73) years. ACD values increased progressively as the postoperative gas decreased for all
IOLs. Compared to the preoperative ACD, postoperative ACD was significantly greater at 50% and 0% gas for all IOLs. The DIBOOV
had significantly larger ACD values than the XY-1 at 100% gas or air (P = 0.023) and the NX70s at 0% gas or air (P = 0.008). The IOL
position gradually shifted significantly posteriorly for all IOLs as the gas or air disappeared. No significant change was observed in the
DIBO0V and NX70s between the gas 50% and gas 0% conditions (DIBOOVP = 0.019 with Bonferroni correction, NX70s; P = 0.148
with Bonferroni correction). The DIBOOV were significantly more posterior than the XY-1at 100% (P = 0.046).

Conclusion: The DIBOOV had greater IOL displacement force against push from the retinal surface compared to the XY-1 and NX70s
and exhibited excellent z-axis stability in phacovitrectomy with air or gas tamponade.
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Introduction

Postoperative refractive error has long been of great interest to cataract surgeons aiming for superior postoperative visual
function after cataract surgery. Although advancements in various formulas have improved the accuracy of postoperative
refraction in cataract surgery alone, challenges persist, particularly in cases involving phacovitrectomy.'™

One study suggests that simultaneous vitreous surgery does not change refractive error compared to cataract surgery
alone,® whereas others suggest that it causes myopia.” ® Thus, managing postoperative refractive error in phacovitrect-
omy is more complex than in cataract surgery alone.

In particular, when gas tamponade is performed during vitrectomy, the postoperative anterior chamber depth (ACD) is
shallower compared to cases without tamponade.® Additionally, ACD increases with gas loss when gas tamponade is
performed.’® A recent study has demonstrated that a myopic shift can occur when combined surgery is performed with
gas tamponade, such as in eyes with retinal detachment.” Furthermore, the myopic shift after vitrectomy for retinal
detachment is more pronounced when the IOL is implanted primarily rather than secondarily.'' These findings are
considered due to IOL anterior displacement caused by pressure from the intraocular gas.
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Various intraocular lens (IOL) types, including one-piece, three-piece, 6 mm, and 7 mm lenses, exhibit different lens
stability.'*'* TOL stability in the z-axis direction for gas tamponade may be one of the factors that influences post-
operative refraction.

This study evaluated the stability of different IOLs after phacovitrectomy with air or gas tamponade.

Materials and Methods

Study Design

This retrospective cross-sectional study was approved by the Ethics Committee of Saitama Medical University, [ruma,
Japan. (Application No. 2023-095) The study adhered to the tenets of the Declaration of Helsinki and opt-out informed
consent was obtained from each participant.

Study Participants and Examinations

Twenty-eight patients who underwent phacovitrectomy with air or sulfur hexafluoride (SF¢) gas tamponade at Saitama
Medical University Hospital between January and July 2023 and underwent postoperative anterior segment optical
coherence tomography assessments using CASIA2 (TOMEY, Inc., Nagoya, Japan), were included in the study.

Cataract surgery was performed through a 2.4 mm corneal incision, along with simultaneous 25- or 27-gauge pars
plana vitrectomy by a retinal specialist. A continuous curvilinear capsulotomy was created to completely cover the IOL
optics. The trocar was inserted into the vitreous cavity at an angle of 30° to the scleral surface, positioned 3.5 mm
posterior to the corneal limbus. All patients underwent peripheral vitreous shaving and fluid-air exchange. The
intraocular vitreous cavity was replaced with 20% SF¢ from air, depending on intraoperative findings. Surgery was
completed with the IOL and vitreous cavity filled with either air or 20% SF.

The patients who received implantation with the DIBOOV (a one-piece, 6 mm acrylic IOL manufactured by Johnson
& Johnson Surgical Vision, Inc. Irvine, CA, USA), the XY-1 (a one-piece, 6 mm acrylic IOL manufactured by HOYA
Surgical Optics Co., Chromos, Singapore), or the NX70s (a three-piece, 7 mm acrylic IOL with polyvinylidene fluoride
haptics manufactured by Santen Pharmaceutical Co., LTD, Osaka, Japan) were included in the analyses.

CASIA 2 (TOMEY, Inc.) was used to measure ACD preoperatively, and at 100%, 50%, and 0% residual air or SF6
gas. To minimize the influence of preoperative ACD measurements when comparing postoperative ACDs among
different IOLs, the IOL position was calculated as the ratio of the change in ACD before and after surgery to the
preoperative lens thickness, defined as: (postoperative ACD — preoperative ACD) / preoperative lens thickness, as
previously reported'? (Figure 1).

A fundus examination was performed on the day after surgery and eyes in which the vitreous cavity was completely
filled with air or gas were defined as “gas 100%”. Based on the fundus examination and wide-field fundus photography,
eyes in which air or gas extended over the macular area were defined as “gas 50%”, and eyes in which gas had
completely disappeared were defined as “gas 0%”.

The difference between the subjective refraction value at 0% gas and the preoperatively predicted refraction value,
measured using OA2000 (TOMEY, Inc.) and CASIA 2 (TOMEY, Inc.), was defined as the refractive error. The ACD and
IOL position values at each measurement time point were compared using the Wilcoxon signed-rank test with Bonferroni
correction for each IOL. Comparisons of ACD and IOL position between IOLs at each time point were evaluated using
the Steel-Dwass test.

All values are presented as medians with interquartile ranges. Statistical analyses were performed using JMP version
10.1 (SAS Institute, Cary, NC, USA).

A P value of < 0.05 was considered significant. However, for comparisons of ACD and IOL position at each time
point, Bonferroni correction was applied, and the significance levels were set as: ACD P < 0.0083, IOL position P <
0.0167.

Verification Experiment

The IOL displacement force was measured as previously reported.'*!?
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Figure 1 Measurement of intraocular lens (IOL) position. The left images depict preoperative and postoperative CASIA 2 scans; the preoperative image is above and the
postoperative image is below. The right image shows a superimposition of the preoperative and postoperative CASIA 2 images. The IOL position was measured as the ratio
of the difference between the preoperative and postoperative anterior chamber depths (ACD) to the lens thickness, expressed as (postoperative ACD — preoperative ACD)
versus the lens thickness. The corneal side was assigned a value of 0, and the retinal side was assigned a value of I.

All selected IOLs were +21 diopters. The IOLs were placed in a 10 mm diameter holder at room temperature (31 °C).
To simulate the drag force produced when the IOL is pushed from the retinal surface side, the posterior side of the IOL
was pushed by a digital micrometer head (3.0 mm diameter; Mitutoyo, Kawasaki, Japan) until they moved 0.5 mm
anteriorly. The IOL displacement force (mN) was measured when the values were stabilized using an electronic balance
(SHIMADZU, Kyoto, Japan) and recorded at each 0.1 mm anterior movement until the anterior displacement reached
0.5 mm (Figure 2A).

To further evaluate IOL reversibility, the axial-distance in the z-axis direction between the optics and haptics was
measured immediately after the IOL was pushed 0.5 mm (0 h) and 48 h later. All distances were measured with the IOL
removed from the fixture and the push-in was released (Figure 2B).

Results

The overall patient age was 66 (59, 73) (median [quartiles]) years. The median ages for the IOL groups were DIBOOV
(Johnson & Johnson Surgical Vision, Inc.) (n = 11) 67 (58, 76) years, NX70s (Santen Pharmaceutical Co., LTD) (n = 8)
66 (58, 77) years, and XY-1 (HOYA Surgical Optics Co.) (n = 9) 64 (59, 73) years; without significant differences
between the IOLs. No significant differences in sex, axial length, lens thickness, ratio of air and SFg, or time to CASIA2
(TOMEY, Inc., Japan) examinations were observed (Table 1).

The refractive error values were 0.04 (—=0.50, 0.51) diopters for DIBOOV, —0.03 (—0.45, 0.45) diopters for NX70s, and
0.16 (—0.20, 0.70) diopters for XY-1, without significant differences observed between the three IOL groups.

As listed in Table 2, the ACD values increased progressively as the postoperative gas decreased for all IOLs.
Compared to the preoperative ACD measurements, the postoperative ACD measurements were significantly greater at
50% and 0% gas for all IOLs. However, the XY-1 demonstrated no significant difference in ACD values between
preoperative and 100% air or gas (P = 0.098 with Bonferroni correction); the DIBOOV and NX70s showed no significant
difference between 50% and 0% air or gas (DIBOOV P= 0.019 with Bonferroni correction, NX70s; P = 0.117 with
Bonferroni correction). Additionally, DIBOOV had significantly larger ACD values compared to the XY-1 at 100% gas or
air (P = 0.023) and NX70s at 0% gas or air (P = 0.008) (Table 2 and Figure 3).
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Figure 2 Measurement of intraocular lens (IOL) displacement force and reversibility. This figure illustrates the methods used to assess the displacement force and
reversibility of IOLs, each with +21 diopters, placed in a 10 mm diameter holder at 31 °C. (A) Displacement force is evaluated by applying a digital micrometer head
(diameter 3.0 mm; Mitutoyo, Kawasaki, Japan) to the posterior side of the IOL, gradually pushing it 0.5 mm anteriorly. The force required to stabilize the IOL at each 0.] mm
anterior movement is measured in mN using an electronic balance (SHIMADZU, Kyoto, Japan). (B) Reversibility is evaluated by recording the distance in the z-axis between
the optics and haptics immediately after the IOL is pushed in 0.5 mm (0 h) and again 48 h later. The measured axial distance reflects the distance from the retinal surface side
of the optics to the corneal surface side of the haptics.

As presented in Table 3, the IOL position gradually shifted significantly posteriorly for all IOLs as the gas or air
disappeared. However, no significant change was observed in the DIBOOV and NX70s between the 50% and 0% air or
gas conditions (DIBOOV P = 0.019 with Bonferroni correction, NX70s P = 0.148 with Bonferroni correction). IOL-by-
IOL comparisons at each time point determined that the DIBOOV were significantly more posterior than the XY-1 at
100% gas or air (P = 0.046) (Table 3 and Figure 4).

In the verification experiment, the DIBOOV required a greater IOL displacement force against a push from the retinal
surface compared to the XY-1 and NX70s (displacement force at 0.5 mm: DIBO0V, 2.45 mN; XY-1, 1.04 mN; NS70s,
0.64 mN) (Figure 5).

Table | Demographic and Clinical Characteristics of Each Intraocular Lens Group

Overall (n = 28) | DIBOOV (n = 11) NX70s (n = 8) XY-1 (n=9) P Value
Age, years 66 (59, 73) 67 (58, 76) 66 (58, 77) 64 (9, 73) 0.800°
Sex women/men, n 12/16 417 6/2 217 0.077°
Axial length, mm 24.2 (23.2, 25.0) 24.2 (233, 25.3) 23.6 (23.2, 24.5) 24.2 (22.7, 25.3) 0.790°
Lens thickness, mm 4.56 (4.38, 4.85) 4.5 (4.4, 4.6) 4.5 (4.2, 49) 4.8 (4.3, 5.0 0.384°
Refractive error, diopter 0.08 (—0.41, 0.53) | 0.04 (-0.50, 0.51) | —0.03 (—0.45, 0.45) | 0.16 (-0.20, 0.70) 0.786"
Air/sulfur hexafluoride, n 10/18 6/5 2/6 2/7 0.246°
Time to examination (50%), days 64,7 6 (5, 8) 6(4,7) 6 (3, 10) 0.811*

(Continued)
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Table | (Continued).

Overall (n = 28) | DIBOOV (n = 11) NX70s (n = 8) XY-1 (n=9) P Value
Time to examination (0%), days 26 (12, 39) 26 (17.8, 41.3) 30 (14, 43) 18 (12, 42) 0.937¢
Underlying pathology, n
ERM 2 2 0 0
MH 18 5 6 7
RRD 4 2 2 0
PDR 4 2 0 2

Notes: *Kruskal-Wallis test; ®Fisher’s exact test.

Abbreviations: ERM, epiretinal membrane; MH, macular hole; PDR, proliferative diabetic retinopathy; RRD, rhegmatogenous retinal detachment.

Table 2 Comparison of Anterior Chamber Depth Values for Each Intraocular Lens

Pre 100% 50% 0% Pre vs Pre vs Pre vs 100% vs 100% vs 50% vs
100% 50% 0% 50% 0% 0%

DIBOOV 2.87 (2.39, 3.17) 3.46 (3.21, 3.87) 421 (3.68, 4.38) 424 (4.07, 4.75) P=0.001° P=0.001° | P=0.001° P=0.001° P=0.001®> | P=0.019°
XY-1 2.55 (241, 3.19) 2.82 (2.73, 3.34) 3.72 (340, 4.12) 420 (3.89, 4.30) P=0.098° P=0.008° | P=0.004" P=0.004° P=0.004®> | P=0.008"
NX70s 2.59 (2.36, 2.74) 3.18 (3.00, 3.45) 3.82 (3.61, 3.91) 3.92 (3.70, 4.02) P=0.008" P=0.008" | P=0.008" | P=0.008" P=0.008" | P=0.117°
DIBOOV vs XY-I P=0.872* P=0.023" P=0.123 P=0.469
DIBOOV vs NX70s P=0.502° P=0.253" P=0.152° P=0.008"
XY-I vs NX70s P=0.857" P=0.6312 P=0.989" P=0.119*

Notes: *Steel-Dwass test; Wilcoxon signed-rank test with Bonferroni correction.

The mean axial distances immediately after the 0.5 mm push (0 h) were 0.775 mm for the DIBOOV, 0.441 mm for XY-
1, and 1.213 mm for NX70s. After 48 h of 0.5 mm push, the mean axial distances were 0.770 mm for the DIBOOV,
0.386 mm for XY-1, and 1.038 mm for the NX70s. The percentage change in axial distance was smallest for the DIBOOV
(0.65%), compared to 12.5% for the XY-1 and 14.4% for the NX70s (Figure 6).

5.0

4.5

4.0

mm)

~—35

ACD

3.0

2.5

2.0

Pre

10

T p=0.023

0%

—DIBO0OV —NX70s

50%
XY-1

p=0.008

0%

Figure 3 Temporal changes in anterior chamber depth (ACD) for different intraocular lenses (IOLs). This figure shows the changes in the ACD at different time points for
each |IOL. The DIBOOV demonstrate significantly greater ACD compared to the XY-1 at 100% gas or air (P = 0.023) and compared to the NX70s at 0% gas or air (P = 0.008).
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Table 3 Comparison of Intraocular Lens Position Values for Each Intraocular Lens

100% 50% 0% 100% vs 50% | 100% vs 0% | 50% vs 0%
DIBOOV 0.13 (0.08, 0.21) | 031 (0.18, 0.36) | 0.35 (0.29, 0.39) | P=0.001° P=0.001" P=0.019"
XY-I 0.06 (0.02, 0.10) | 0.26 (0.11, 0.30) | 0.29 (0.27, 0.33) | P=0.004° P=0.004° P=0.008"
NX70s 0.14 (0.08, 0.20) | 0.25 (0.22, 0.29) | 0.29 (0.26, 0.31) | P=0.008" P=0.008" P=0.148"
DIBOOV vs XY-I | P=0.046 P=0.278 P=0.246
DIBOOV vs NX70s | P=0.936 P=0.456 P=0.120°
XY-1 vs NX70s | P=0.119° P=0.989" P=1.000°

Notes: *Steel-Dwass test; "Wilcoxon signed-rank test with Bonferroni correction.

A representative case is shown in Figure 7. With the one-piece IOLs (DIBO0V, XY-1), the ACD deepenedand the IOL
position shifted toward the retinal plane as the tamponade material decreased. In contrast, the three-piece IOL(NX70s)
showed minimal changes in ACD and IOL position between 50% and 0% air or gas conditions. At all time points, the
DIB0O0V were positioned closer to the retinal plane than the XY-1 and NX70s.

Discussion

This study examined the z-axis stability of the one-piece DIBOOV and XY-1and the three-piece NX70 IOLs under air or
SF¢ gas tamponade. In phacovitrectomy, three-piece IOLs and large-diameter IOLs are generally preferred because of
their intracapsular stability and better fundus visibility through the TOL.'*'> However, in recent years, insertion of
premium IOLs has been attempted in cases of epiretinal membrane.'®!” Given the importance of refractive correction in
phacovitrectomy, there is a growing need for one-piece IOLs.

Previous studies have shown that when IOL optics are pushed in the z-axis from the posterior side, the stability of the
NS60YG (NIDEK Co., LTD, Japan), YP2.2R (KOWA Co., LTD, Japan), and ZCB0OOV (Johnson & Johnson Surgical
Vision, Inc.) is higher than that of the SN6OWF (Alcon Laboratories Inc, USA), XY-1, and 255 (HOYA Surgical Optics
Co.)."* Additionally, the NS60YG has demonstrated superior stability compared to X70 (Santen Pharmaceutical Co.,
LTD), which is a large aperture three-piece lens.'? In our clinical study, the DIBOOV exhibited greater ACD and IOL
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IOL position (mm)
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Figure 4 Temporal changes in intraocular lens (IOL) position. The figure illustrates the changes in IOL position for each IOL across time points. The DIBOOV exhibit
a significantly more posterior position compared to the XY-I at 100% gas or air (P = 0.046), indicating greater posterior stability under full tamponade conditions.
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Figure 5 Intraocular lens (IOL) displacement force response to push. This figure demonstrates the relationship between IOL displacement force and IOL travel distance. For all
IOLs, the displacement force increases with increasing IOL travel distance. The DIBOOV show a greater displacement force in response to a push from the retinal surface side
compared to the XY-I and NX70s. The drag forces at 0.5 mm displacement are recorded as follows: DIBOOV at 2.45 mN, XY-1 at 1.04 mN, and NX70s at 0.64 mN.
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Figure 6 Reversibility of intraocular lens (IOL) shape after 48 h of compression. This graph shows the axial distance change in each IOL immediately after applying 0.5 mm of
pressure (0 h) and after 48 h of compression. The percentage change in axial distance after 48 h is minimal for DIBOOV (0.65%), compared to XY-1 (12.5%) and NX70s
(14.4%), indicating that the DIBOOV have greater resistance to deformation over time.
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position values at 100% gas or air than the XY-1. From the results of the validation experiments, the DIBOOV was more
resistant to IOL displacement forces than XY-1 and NX70s.

The DIBOOV has the same lens design as the ZCBOOV (TECNIS series, Johnson & Johnson), which has been reported
to be more stable than the XY-1 against pressure loading from behind the IOL (in the z-axis direction) in an experimental
system,'? as in this study. This indicates that the TECNIS series lens design has excellent z-axial stability.
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Figure 7 Comparison of anterior chamber depth (ACD) and intraocular lens (IOL) positions in representative cases. This figure compares the changes in ACD and IOL
position among different IOL types as the tamponade material diminishes. In the one-piece IOLs (DIBOOV, XY-1), the ACD deepens, and the IOL position moves posteriorly
toward the retinal plane as the tamponade material decreases. In contrast, the three-piece IOL(NX70s) show minimal change in both ACD and IOL position between 50%
and 0% tamponade. Throughout all time points, the DIBOOV consistently demonstrate a more posterior IOL position compared to the XY-1 and NX70s.

For the one-piece lenses, the IOL position progressively shifted backward, and the IOL position value increased as the
pressure load decreased due to the decrease in gas or air; however, the NX70s group showed no significant change from
50% to 0% air or gas. The ACD at 0% in the NX70s group was significantly smaller than that of the DIBOOV group. The
IOL position value was previously reported as approximately 0.35-0.36 for cataract surgery alone.® In our study, the IOL
position for the DIBOOV at 0% was 0.35, indicating that, even with phacovitrectomy with tamponade, the DIBOOV
returned to the same IOL position with cataract surgery alone once the tamponade material disappeared. Conversely, for
the NX70s, the IOL positions were more anterior than those reported for cataract surgery alone, without change in ACD
or IOL positions from 50% to 0% air or gas. The validation experiments showed that 48 h of loading caused IOL
deformation, particularly in the NX70s, which had the greatest deformation.

In the NX70s group, backward loading with air or gas in the z-axis direction may have caused IOL deformation,
which resulted in the IOL position remaining fixed anteriorly after the tamponade material disappeared. Although there
were no significant differences in refractive error among the three groups, the median values showed a shift toward
hyperopia in the DIBOOV and myopia for NX70s, suggesting an effect of the IOL position. However, this study could not
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identify the factors that influence reversibility of the lens position. IOL stability depends on the haptic junction area,'
number of haptics, and shape.'® The shape and material of the haptics may also influence IOL reversibility.

After cataract surgery, the IOL tends to shift anteriorly over time, resulting in a myopic shift.'"” Some reports have
suggested that the use of a capsular tension ring can suppress postoperative myopization by preventing ACD from
becoming shallower through inhibition of capsular contraction.® Therefore, in addition to tamponade, capsular contrac-
tion may be an important factor that influences postoperative IOL position and refractive change. Previous studies have
reported that capsular contraction tends to occur after 3 weeks postoperatively.2 ! Since the average follow-up period after
gas absorption in our study was 26 (12, 39) days, capsular contraction may have already occurred. Moreover, one-piece
lenses are more prone to capsular contraction than three-piece lenses.>' In our study, both the DIBOOV and XY-1 were
one-piece lenses and may have been more susceptible to anterior displacement due to capsular contraction. However, our
results showed that the DIBOOV and XY-1 had greater ACD and IOL position values even after gas absorption compared
to the NX70s, indicating that the one-piece IOLs were positioned more posteriorly. Therefore, even if capsular
contraction occurred, its influence on the outcomes of this study is considered minimal.

Although a significant difference was observed in postoperative ACD and IOL position between the three IOLs, no
significant difference was found in postoperative refractive error. This may be attributed to the absence of individualized
A-constant optimization for each IOL, as well as variability among surgeons, both of which could have affected
postoperative refractive outcomes. To assess refractive error more precisely after surgery, prospective studies that
incorporate personalized A-constants and minimize surgeon variability are warranted.

This study has several limitations, including a small sample size, multiple surgeons, and the use of two tamponade
materials. However, continuous curvilinear capsulorhexis provided complete coverage of the IOL optics in all surgeries,
and the ratio of air to SF¢ gas did not significantly differ among the three groups. The degree of peripheral vitreous
shaving likely varies depending on the underlying disease. Careful vitreous dissection may have been performed,
particularly in cases where NX70s were selected. When the most peripheral vitreous is shaved, the IOL should be
shifted posteriorly due to the vulnerability of the ligament of Zinn.*? This study showed that the NX70s were more
anteriorly positioned than other IOLs. Therefore, even if the NX70s group included more eyes with careful vitreous
shaving, the ACD depth may have been underestimated; however, this would have had minimal impact on the study
results. The clinical data in this study were obtained approximately 30 days postoperatively. The experimental data also
evaluated lens shape recovery after 48 h and immediately after the release of compression. Therefore, long-term changes
in IOL shape after the loss of air or gas could not be assessed. Additionally, postoperative positioning and resting periods
may differ depending on the causative disease, and the degree of backward pressure on the IOL may differ depending on
the postoperative positioning. However, these effects were not considered in the present study. Further validation is
needed through conducting studies with larger sample sizes that focus on specific underlying diseases and gas types used.

Conclusion

In combined surgeries with gas tamponade, the DIBOOV may offer greater stability against tamponade compared to the
XY-1 and NX70s. Although its impact on postoperative refraction was minimal, the findings of this study are based on
a small cohort and caution should be exercised in generalizing the results.
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ACD, anterior chamber depth; IOL, intraocular lens; SF¢, sulfur hexafluoride.
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