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Purpose: To evaluate clinical and subjective outcomes of a segmented bifocal IOL with a 2.0 D near addition.

Patients and Methods: Retrospective analyses of patients who had undergone refractive lens exchange with bilateral implantation of the
SBL-2 IOL (Lenstec, Inc., Christ Church, Barbados) were performed. The number of patients included in the study was 389 (778 eyes).
Refractive, visual and patient-reported outcomes were presented for the last available visit (mean follow-up 2.05 £ 1.33 months).
Results: The percentage of eyes within £0.50D and £1.00D of emmetropia was 82.5% (642/778) and 97.8% (761/778), respectively.
The mean uncorrected intermediate visual acuity (66 cm) of the last available visit was 0.08 + 0.15 logMAR monocularly and 0.04 +
0.14 logMAR binocularly. The mean monocular and binocular uncorrected near visual acuity (40 cm) were 0.30 + 0.15 logMAR and
0.24 £ 0.14 logMAR, respectively. Of all patients, 97.2% (378/389) claimed never to use any correction for distance vision, while
93.1% (362/389) of patients did not require any correction for near vision. The mean scores for visual phenomena (on the scale from
1 —no difficulty to 7 — severe difficulty) were 1.8 1.3, 1.7 £ 1.2, 1.7 £ 1.2 and 1.6 + 1.2 for glare, halo, starburst, and ghosting/double
vision, respectively.

Conclusion: Despite the lower near addition of SBL-2 segmented bifocal IOL, patients achieved reasonable rates of spectacle
independence and a low incidence of visual phenomena.
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Introduction

Multifocal intraocular lenses (IOLs) enjoy increasing popularity among presbyopic patients.' It is important that premium
IOLs provide good vision for distance and a wide range of intermediate and near distances, while maintaining high contrast
sensitivity and low visual phenomena. Achieving this goal is the biggest challenge IOL manufacturers currently face. Various
multifocal lenses are currently available on the market and can be divided into three distinct types — diffractive, refractive, or
a combination of the two.? Furthermore, the optics of an IOL can be rotationally symmetric (consisting of concentric rings) or
rotationally asymmetric (segmented zones with a superior segment for distance vision and an inferior segment with near
addition). All diffractive IOLs and most refractive IOLs are rotationally symmetric, while some refractive IOLs are
rotationally asymmetric.” The IOLs of different manufacturers vary in many other features, such as the asphericity, strength
of the near addition, or the number of focal points (bifocal or trifocal IOLs).

Changing lifestyles have generated different expectations and an emphasis upon good intermediate vision (desktop
computers, tablets, mobile phones for example). In clinical practice, this has been achieved by extending the depth of
focus (eg EDOF technology),** the introduction of trifocal lenses,™® or simply by lowering the near addition of existing
high-add multifocal IOLs.” The availability of lenses with various reading strengths allows surgeons to customize the
lens selection to suit patient’s lifestyle needs.

From the wide choice of multifocal IOL designs, asymmetric segmented bifocal IOLs have undergone tremendous
development over the last decade.® In our initial experience with the segmented bifocal SBL-3 IOL (Lenstec, Inc., Christ
Church, Barbados), we reported good restoration of near vision with a relatively smooth defocus curve.” Further studies
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corroborated our ﬁndings,lo*14

and the IOL is currently undergoing an FDA clinical trial in the United States. Recently,
the manufacturer released a new IOL based on the same platform with a lower near addition (SBL-2). To our knowledge,
there are no published studies reporting the outcomes and spectacle independence achieved with this IOL. The aim of this

study is to present early clinical and patient-reported outcomes of this novel intraocular lens.

Patients and Methods

A retrospective review of patients who had undergone a refractive lens exchange with the Lenstec SBL-2 (Lenstec, Inc.,
Christ Church, Barbados) segmented bifocal intraocular lens was conducted. The study was deemed exempt from full
review by the Committee on Human Research at the University of California, San Francisco, because it used only
retrospective, de-identified patient data. Patients were well informed about the procedure, the type of implanted IOL and
signed a consent form. All participants also consented to the use of their de-identified and anonymized data for statistical
analysis and research purposes.

The study patients were treated between September 2020 and June 2021 by four surgeons in 12 surgical centers.
Inclusion criteria were the presence of presbyopia and/or mild cataract (with corrected distance visual acuity 20/40 or
better), bilateral implantation of Lenstec SBL-2 IOL, attendance of at least one-month postoperative exam, and
a completed patient experience questionnaire (PEQ). Patients with significant ocular pathology or previous laser vision
correction were excluded. The data from the last available visit of each patient was used in all analyses.

Prior to surgery, patients underwent a detailed ophthalmic examination consisting of visual acuities, manifest
refraction, slit lamp examination, dilated fundus examination, biometry, wavefront aberrometry, endothelial cell count,
corneal topography and retinal optical coherence tomography.

Visual acuity measurements consisted of corrected distance (CDVA), uncorrected distance (UDVA), uncorrected near
(UNVA), and uncorrected intermediate (UIVA) visual acuities. Near and intermediate visual acuities were measured with
an ecarly treatment diabetic retinopathy study (ETDRS) chart at 40 cm and 66 cm, respectively.

On post-operative visits, patients were asked to complete a patient experience questionnaire. The questionnaire
assessed the overall satisfaction with vision, as well as patient’s functional vision when performing a variety of tasks. The
difficulty with visual phenomena (glare, halo, starburst, and ghosting/double vision) was rated on a 7-point discrete scale
from no difficulty to severe difficulty. The frequency of glasses or contact lens use was assessed on a 5-point scale (never
use glasses or contact lenses, up to 25% of the time, 25% to 50% of the time, 50% to 75% of the time, and 75% to 100%
of waking hours).

Intraocular Lens and Surgical Technique

The SBL-2 is a segmented bifocal intraocular lens (Figure 1). The IOL combines a distance sector and a surface-
embedded 2.00 D near addition sector positioned in the anterior optic of the IOL. It is a hydrophilic acrylic IOL (26%
water content) with a neutral aberration profile, 5.75 mm optic diameter, and an 11.00 mm overall length.

All surgeries were performed under topical anesthesia using the standard phacoemulsification technique. A 2.75 mm
clear corneal incision was created and typically placed on the steepest meridian to neutralize existing corneal astigma-
tism. In patients with corneal astigmatism less than 0.50, the incision was placed either superiorly or temporally,
according to the surgeon’s preference. The corneal astigmatism used in surgical planning was determined by
IOLMaster (IOLMaster 700, Carl Zeiss Meditec AG, Jena, Germany).

The typical size of anterior capsulorhexis was 5.00 to 6.00 mm. The SBL-2 IOL was inserted into the capsular bag
with the near addition segment positioned inferiorly and slightly nasally. Postoperative medications included topical
antibiotics (levofloxacin 5 mg/mL, four times/day) and steroidal anti-inflammatory drugs (dexamethasone 0.1%, four
times/day) for 2 weeks.

All lens calculations were performed with IOLMaster 700 (Carl Zeiss Meditec AG, Jena, Germany) utilizing the
Barrett Universal II formula.
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Figure | SBL-2 intraocular lens.

Statistical Analysis

The outcomes were presented with the standard graphs required to report the outcomes of refractive surgery with an
addition of cumulative UIVA and UNVA. The normality of the data was assessed with the Kolmogorov—Smirnov test.
Preoperative to postoperative change in continuous variables was calculated with the paired ¢-test for normally
distributed data and with the Wilcoxon signed-rank test for non-parametric data. The responses to questionnaire
items were presented as percentages. Statistical analysis was performed with Microsoft Excel software (Microsoft

Corp.).

Results

The number of eyes included in this study was 778 (389 patients). The mean follow-up of the study group was 2.05 +
1.33 months. Of all patients, 51.4% (200/389) were female, and 48.6% (189/389) were male. The preoperative age
ranged between 36 and 85 years (median 55 years, mean 55.6 + 6.9 years). Table 1 summarizes the main preoperative
and postoperative clinical variables of the study cohort.

Refractive Outcomes

There was a wide range or refractive errors included in the cohort, with the preoperative sphere ranging between —10.5D
and +7.50D (Table 1). Figure 2 depicts the distribution of postoperative manifest spherical equivalent (MSE). The
percentage of eyes within £0.50D and £1.00D of the intended target was 82.5% (642 eyes of 778) and 97.8% (761/778),
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Table | Preoperative and Postoperative Clinical Data (778 Eyes of 389 Patients)

Preoperative Last Available Visit P value
Mean * SD (Median) Mean * SD (Median)
[Range] [Range]
Age (years) 55.62 + 6.89 (55)
[36 to 85]
Sphere (D) +1.19 £ 2.18 (+1.50) +0.06 + 0.42 (0.00) <0.01
[-10.50 to +7.50] [-2.00 to +1.50]
Cylinder (D) —0.53 + 0.38 (—0.50) —0.36 + 0.37 (—0.25) <0.01
[-2.50 to 0.00] [-2.50 to 0.00]
Manifest spherical equivalent (D) +0.92 £ 2.18 (+1.25) —0.13 * 0.42 (0.00) <0.01
[-10.625 to +7.25] [-2.25 to +1.375]
Monocular UDVA (logMAR) 0.44 £ 0.34 (0.40) 0.02 + 0.12 (0.00) <0.01
[-0.18 to 1.60] [-0.18 to 0.70]
Binocular UDVA (logMAR) —0.04 + 0.08 (—0.08)
[-0.18 to 0.52]
Monocular UIVA (logMAR) 0.78 £ 0.29 (0.8) 0.08 + 0.15 (0.08) <0.01
[0.1 to 1.6] [-0.22 to 0.78]
Binocular UIVA (logMAR) 0.04 + 0.14 (0.08)
[-0.22 to 0.56]
Monocular UNVA (logMAR) 0.80 + 0.31 (0.8) 0.30 £ 0.15 (0.3) <0.01
[-0.18 to 1.6] [0.00 to 0.90]
Binocular UNVA (logMAR) 0.24 £ 0.14 (0.2)
[-0.08 to 0.90]
Monocular CDVA (logMAR) —0.06 + 0.06 (—0.08) —0.05 + 0.06 (—0.08) <0.01
[-0.18 to 0.30] [-0.18 to 0.40]

Abbreviations: UDVA, uncorrected distance visual acuity; UIVA, uncorrected intermediate visual acuity; UNVA, uncorrected
near visual acuity; D, diopter; logMAR, logarithm of the minimum angle of resolution; SD, standard deviation.

respectively. The mean manifest spherical equivalent of the last available visit was —0.13 + 0.42D (range: —2.25D,
+1.38D). A scatter plot of attempted vs achieved manifest spherical equivalent is shown in Figure 3.

The mean refractive cylinder changed from the preoperative value of —0.53 + 0.38D (range: 0.00D to —2.50) to —0.36
+ 0.37D (range: 0.00D to —2.50) at the last available visit (p<0.01). Figure 4 depicts the distribution of preoperative and
postoperative refractive astigmatism. At the last available visit, 78.8% (613/778), 91.3% (710/778) and 96.4% (750/778)
of eyes had the absolute postoperative refractive astigmatism <0.50D, <0.75D and <1.00D, respectively.

Visual Outcomes
Figure 5 depicts postoperative monocular and binocular UDVA compared to preoperative monocular CDVA. Of all eyes,
70.6% (549/778) and 98.2% (764/778) achieved postoperative monocular UDVA of 20/20 and 20/40 or better, respec-
tively. The percentage of patients with binocular UDVA 20/20 and 20/40 or better was 89.7% (349/389) and 99.7%
(388/389).

Figure 6 displays the difference between preoperative CDVA and postoperative UDVA. Of all eyes, 75.3% (586/778)
had postoperative monocular UDVA within one line of their preoperative CDVA.

Intermediate visual acuity is shown in Figure 7. Monocular UDVA of 20/32 or better was achieved in 88.6% (689/
778) of eyes, while the same level of binocular UIVA was achieved in 93.8% (365/389) of patients. The mean UIVA of
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Figure 4 The distribution of preoperative and postoperative refractive astigmatism (D — diopter).

Cumulative percentage of eyes

Figure 5 Postoperative monocular and binocular uncorrected distance visual acuity (UDVA) compared to preoperative monocular corrected distance visual acuity (CDVA).

the last available visit was 0.08 + 0.15 logMAR (=20/25"") monocularly and 0.04 + 0.14 logMAR (=20/20?)

binocularly.

Figure 8 depicts cumulative uncorrected near visual acuity. UNVA of 20/40 or better was recorded in 67.2% (523/
778) of eyes monocularly and 79.9% (311/389) of patients binocularly. The mean monocular and binocular UNVA were
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0.30 + 0.15 logMAR (=20/40) and 0.24 + 0.14 logMAR (=20/30"?), respectively.
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Figure 7 Postoperative monocular and binocular uncorrected intermediate visual acuity (UIVA).

Safety (the change between preoperative and postoperative CDVA) is shown in Figure 9. Of all eyes, only one eye
(0.1%) had CDVA reduced by more than 2 lines at the last available visit, which was due to cystoid macular edema.
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Patient Experience Questionnaire
Table 2 shows a summary of outcomes from the postoperative questionnaire. Of all patients, 89.5% (348/389) were “very
satisfied” or “satisfied” with their postoperative vision, and 96.4% (375/389) would recommend the procedure to their
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Table 2 Patient Experience Questionnaire Outcomes

glasses or contact lenses)?

Thinking about your vision during the last week, how satisfied are you with your vision? (without the use of

Very Satisfied 57.8%
Satisfied 31.6%
Neither 5.9%
Dissatisfied 3.6%
Very Dissatisfied 1.0%

current vision?

Compared to your vision with glasses or contact lenses before your surgery, how satisfied are you with your

Much more satisfied 59.6%
More satisfied 31.6%
No difference 2.6%
Less satisfied 4.9%
Much less satisfied 1.3%

Would you recommend the vision correction surgery to your friends and relatives?

Yes 96.4%
No 3.6%
Difficulties with tasks

Night Driving Close-up Sports or outdoor activities ©

work ®

No difficulty at all 68.9% 76.6% 86.6%
A little difficulty 14.4% 15.9% 6.4%
Moderate difficulty 4.4% 4.4% 2.1%
A lot of difficulty 1.8% 2.8% 0.3%
| am unable to this because of my vision 1.5% 0.3% 0.3%
| do not do these activities for other reasons 9.0% 0.0% 4.4%

Spectacle dependence

Distance vision ¥

Near vision ©

Never use glasses or contact lenses 97.2% 93.1%
Up to 25% of the time | am awake 1.3% 3.3%
25 to 50% of the time | am awake 0.3% 0.3%
50 to 75% of the time | am awake 0.3% 1.5%
75 to 100% of the time | am awake 1.0% 1.8%

Notes: ¥Because of your eyesight, how much difficulty do you have driving at night? ®Because of your eyesight, how much difficulty do you have
doing work or hobbies that require you to see things clearly that are close to you (like cooking, fixing things around the house, sewing, using
hand tools, reading or working with a computer)? “Because of your eyesight, how much difficulty do you have taking part in active sports or
other outdoor activities that you enjoy (like golf, swimming, aerobics, jogging)? DWhile you are awake, how often do you wear glasses or contact
lenses in either eye to improve your distance vision? ®While you are awake, how often do you wear glasses or contact lenses in either eye to

improve your near vision?
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friends or family. Furthermore, 91.3% (355/389) of patients reported they were more satisfied with their vision post-
surgery compared to their vision with contact lenses or glasses before surgery.

The percentage of patients having a lot of difficulty or unable to drive because of their vision was 3.3% (13/389),
while 83.3% (324/389) had no difficulty or only a little difficulty with night driving.

When questioned about the difficulty with a variety of tasks that include near or intermediate vision (eg, cooking,
fixing things around the house, sewing, using hand tools, reading or working with a computer), 11 patients reported a lot
of difficulty (incidence 2.8%, 11/389) and only 1 patient (incidence 0.3%, 1/389) claimed to be unable to do these tasks
because of the vision. The majority of patients (92.5%, 360/389) had no difficulty or only a little difficulty performing
near vision tasks.

Overall, the patients scored very well in the tasks requiring good distance vision (eg, sport or outdoor activities). As
little as 0.6% (2/389) of patients claimed to have a lot of difficulty or were unable to do these tasks because of their
vision.

When questioned about the postoperative use of glasses or contact lenses, 97.2% (378/389) of patients claimed not to
use any correction for distance vision, while 93.1% (362/389) of patients did not require any correction for near vision
tasks. The questions about spectacles/contact lens usage were combined to calculate the percentage of patients who
achieved total spectacle independence. Of all patients, 92.0% (358/389) claimed not to use any correction for either
distance or near vision.

Figure 10 depicts the distribution of the scores for postoperative visual phenomena, rated on the scale from 1 to 7 (no
difficulty to severe difficulty). The percentage of patients reporting no visual phenomena or very mild symptoms
(combined score 1 and 2) was 77.4% (301/389), 80.2% (312/389), 78.1% (304/389), 85.3% (332/389) for glare, halo,
starburst, and ghosting/double vision, respectively. An equal proportion of patients (1.8% or 7/389) experienced
significant glare, halo, or starburst (combined score 6 and 7), while 3.3% (13/389) reported significant ghosting or
double vision. The mean scores for visual phenomena were 1.8 £ 1.3, 1.7 £ 1.2, 1.7 £ 1.2 and 1.6 + 1.2 for glare, halo,
starburst and ghosting/double vision, respectively.

Discussion
Segmented refractive bifocal IOLs with an inferior near addition have been successfully used in presbyopic patients
undergoing cataract surgery.® The first models to enter the market were the IOLs from the Lentis Mplus range, followed
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by the later release of the Lentis Comfort range (Teleon Surgical B.V., Spankeren, Netherlands; formerly manufactured
by Oculentis GmbH, Berlin, Germany). These IOLs are available in near additions of 3.00D, 2.00D, and 1.50D. Despite
some issues with the biocompatibility of these IOLs," the optical principle of rotational asymmetry has been well-
tolerated in patients, and their advantages and shortcomings have been described in the literature in detail.®'®

Lenstec (Lenstec, Inc., Christ Church, Barbados) is the second manufacturer to introduce an asymmetric segmented
bifocal IOL into the market, and their current portfolio consists of the SBL-3 IOL (3.00D near addition) and SBL-2 IOL
(2.00D near addition). Although the intraocular lenses of the two manufacturers seem to have a very similar optic design,
there are some distinct differences. Intraocular lenses from the Lentis Mplus range have posterior sector-shaped near
vision segment, while the SBL IOLs have the near-vision segment in the anterior optic of the IOL. The near vision
segment of SBL IOLs extends closer to the periphery of the IOL optic, a feature that can, in theory, result in better near
vision and less visual phenomena.'* The configuration of the near segment of SBL IOLs also seems to be different as the
segment covers a larger surface of the IOL and extends closer to the central part of the optic.

To our knowledge, there are two studies directly comparing the outcomes of segmented refractive bifocal IOLs of
these two manufacturers.'®'? A retrospective study by McNeely et al'® compared the asymmetric multifocal IOLs with
variations in near segment placements and near additions. Authors concluded that bilateral implantation of a 3.00D near
add IOL (Lentis Mplus LS-312 MF30 in one group and SBL-3 in the second group) with the reading segment in
inferonasal position resulted in similar outcomes. However, the outcomes were compared with the third group of patients
having a low near add IOL in the dominant eye (Lentis Mplus LS-312 MF20) with a supertemporal position of the near
segment and an inferonasally-placed higher addition IOL (SBL-3) in the non-dominant eye. The third group had similar
visual acuity outcomes but better scores for quality of vision. The same authors later published a prospective study
comparing bilateral implantation of Lentis Mplus LS-312 MF30 and bilateral implantation of SBL-3. However, in
this second study, authors found slightly superior outcomes for near vision and spectacle independence for the SBL-3
IOL, despite the same near addition of the two IOLs.'?

As expected, the UNVA reported in this study was approximately 1 to 2 Snellen lines worse compared with the
outcomes achieved with SBL-3 IOL.'*'* Nevertheless, the majority of patients achieved good functional near visual
acuity, with 79.9% of participants having 20/40 or better binocular UNVA. On the other hand, the achieved binocular
intermediate visual acuity was excellent with the mean value close to 20/20 (0.04 = 0.14 logMAR). This outcome is
difficult to compare with the performance of the SBL-3 IOL, because the intermediate vision reported in the literature has
typically been measured further away (70 to 80 cm,”'* as opposed to 66 cm in the current study). Also, there is a large
variation of reported UIVA outcomes (between 0.10 and 0.411ogMAR®'#) for the SBL-3 IOL, possibly attributed to the
differences in testing methodology and reading charts. Defocus curve testing would provide more information about
intermediate VA performance and should be pursued in further studies.

The total spectacle independence (92.0%) was above the rate generally expected with premium multifocal IOLs.'”'8
This outcome is surprising for an IOL with a lower near addition. A possible explanation is that SBL-2 IOL has been
specifically selected by patients who have a stronger preference for intermediate vision. Additionally, the patients
included in this study had very good preoperative corrected vision and little or no ocular pathology. This could result
in better overall visual and refractive outcomes and subsequent increased spectacle independence.

It is claimed that segmented bifocal intraocular lenses reduce the incidence of optical side effects by incorporating
only two refractive zones into their design. Fewer transition zones between different powers should lead to less energy
loss and improved vision quality and contrast sensitivity.® On the other hand, the asymmetric sectorial design of these
lenses is more sensitive to tilt or decentration, which means that malpositioning of the IOL results in poorer visual
quality.'®° In the current study, very few patients reported significant optical side effects. The mean scores for visual
phenomena (measured on a scale from 1 to 7), were on average 1 to 1.5 score better than those of our initial experience
with the SBL-3 TOL.? This suggests that lower near addition might result in less photic phenomena, however, this claim
would need to be verified in a matched comparison of the two IOL types. Interestingly, of all questioned side effects,
ghosting or double vision had the lowest score, a notable finding given the widespread perception of increased coma
aberrations for segmented multifocal IOLs.'*'* However, it has been postulated that the amount of measured coma may
be due the limitations of commercially available wavefront sensors in patients with asymmetric IOLs.*!
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Our study has some limitations that need to be acknowledged. The most important is the retrospective design and
a relatively short follow-up. A longer follow-up is needed to assess refractive stability and the impact of neuroadaptation
on subjective outcomes. Furthermore, given the retrospective nature of this study, selection bias could not be excluded.
A low near addition IOL could have been implanted specifically in patients with certain visual requirements, which could
have affected some of the patient-reported outcomes. In addition, some aspects that might affect the performance of the
IOL need to be evaluated further, including the role of pupil size or angle kappa. Consideration of angle kappa in
asymmetric segmented bifocal IOLs is a frequently discussed topic.”>>* Yet, customized angle kappa implantation
showed little impact on outcomes of the SBL-3 IOL,% the predecessor of the IOL evaluated in the current study.
However, another small study found that pupil size might be of some relevance for this type of intraocular lens, and these
findings deserve further investigation.”® Another limitation of the study is the use of a non-validated questionnaire.
However, the questions are derived from a well-established PROWL?’ questionnaire and have been successfully used in
other large population analyses of refractive surgery outcomes.”*>’

In conclusion, the evaluated segmented bifocal IOL successfully restored distance and near vision in presbyopic
patients with a low incidence of severe visual side effects. The reported spectacle independence was surprisingly high for
an IOL with a lower near addition, an outcome that possibly highlights the growing importance of good intermediate
vision among presbyopic patients. The reported subjective outcomes presented in this study can help to set realistic
expectations during the preoperative informed consent process of refractive lens exchange candidates. Due to the
limitations of the study, such as its retrospective nature, relatively short follow-up, and the use of a non-validated
questionnaire, the outcomes need to be further verified in prospective studies, ideally in direct comparison to other
multifocal IOLs on the market. However, the large number of patients included in the analysis and the real-world clinical
settings of the study should mitigate some of the limitations of this retrospective cohort.
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