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Visual and refractive outcomes of opposite clear corneal incision combined with rotationally asymmetric multifocal intraocular lens implantation
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Purpose: To evaluate the visual and refractive outcomes of astigmatic cataract patients following opposite clear corneal incision (OCCI) combined with rotationally asymmetric multifocal intraocular lens (IOL) implantation.

Setting: Department of Ophthalmology, Zhongshan Hospital (Xiamen), Fudan University, People’s Republic of China.

Design: Retrospective cohort study.

Methods: This study comprised 58 cataract eyes of 54 patients with corneal astigmatism who underwent phacoemulsification and rotationally asymmetric multifocal IOL implantation which received either OCCI (OCCI group) or a single clear corneal incision (SCCI group). The follow-up period was 3 months after surgery. Distance, intermediate and near visual acuity, refractive outcomes, and corneal anterior keratometry were compared between the two groups. Vector analysis was used to evaluate astigmatism correction.

Results: Three months after surgery, the distance, intermediate and near visual acuity, and sphere remained comparable between the two groups, but a significant difference was detected in residual astigmatism and anterior corneal keratometric astigmatism. In the OCCI group, the residual astigmatism and keratometric astigmatism were −0.60 ± 0.29 D and 0.59 ± 0.28 D, respectively, which were lower than those in SCCI groups (−1.18 ± 0.47 D and 1.15 ± 0.45 D, both p < 0.05). In vector analysis, the difference vector (DV), angle of error (AoE), absolute AoE, index of success (IoS) and correction index (CI) were statistically significantly different between the two groups (p < 0.05).

Conclusion: OCCI combined with rotationally asymmetric multifocal intraocular lens implantation showed predictable and desirable efficacy in treating cataract patients with astigmatism.

Keywords
corneal curvature, astigmatism, cataract surgery, incision position, multifocal intraocular lens


1 Introduction

Cataract is a leading cause of visual disability in the elderly. With the advances in the development of multifocal intraocular lenses (IOLs), the goal of contemporary cataract surgery is shifting toward achieving desirable refractive outcomes and visual quality, rather than simply restoring vision (1, 2). By generating several foci at different distances, multifocal IOLs are designed to reduce the dependence on spectacle after surgery by restoring distance, intermediate, and near vision. The traditional concentric refractive, diffractive, or a combination of refraction and diffraction multifocal IOLs, however, trade off the image quality for spectacle independence. Because the incoming light rays are split to produce 2 or more focal points, patients implanted with those IOLs can experience decreased contrast sensitivity, glare disability, halos, and other optical phenomena (3). Refractive rotationally asymmetrical multifocal IOLs have been introduced to reduce such side effects (4, 5). The design has been shown to improve visual outcomes and provide good patient satisfaction (6–8).

Corneal astigmatism is another refractive error that should be managed to achieve postoperative emmetropia and spectacle-free. We have demonstrated that nearly half of the cataract surgery candidates have corneal astigmatism ≥ 1.00 D, and the magnitude of astigmatism increases with age (9). Meanwhile, 78% of cataract patients over the age of 65 had astigmatism greater than 0.5D (10). According to the EUREQUO database, even for those whose postoperative absolute mean biometry prediction error (spherical equivalent refraction, SEQ) was no more than 0.5 D, 21.2% of them have postoperative cylinder more than 1.0 D (11). Studies of Steven and Shen provided that even low levels of residual astigmatism can degrade visual acuity (12, 13). Therefore, reliable corneal astigmatism control or correction in cataract surgery is critically important for better visual outcomes and patient satisfaction. There are various options for the reduction of corneal astigmatism during cataract surgery, including the position selection of cataract incision, peripheral corneal relaxing incisions, Toric intraocular lens implantation, intrastromal ring implantation and surface ablation (14–16).

Opposite clear corneal incision (OCCI) involves a pair of incisions in the clear cornea that flattens the corneal curvature in that meridian (17). Studies have shown, in terms of reducing postoperative astigmatism, that the procedure is effective and safe in combination with spherical or aspherical monofocal IOL implantation (18–20). However, it was not clear whether OCCI with rotationally asymmetrical multifocal IOL implantation can improve the optical and visual outcomes for cataract patients with astigmatism, thus far achieving the goal of spectacle-free.

In this study, we aim to investigate the efficacy and safety of the technique by comparing the visual and refractive outcomes of a group of cataract patients with or without OCCI during phacoemulsification and rotationally asymmetric multifocal IOL implantation.



2 Patients and methods


2.1 Patient selection

In this study, patients received phacoemulsification and rotationally asymmetric multifocal intraocular lens implantation (Lentis Comfort LS-313 MF15, TELEON GmbH, Berlin, Germany) from 1 December 2022 to 30 April 2023 at Zhongshan Hospital (Xiamen), Fudan University were reviewed. The inclusion criteria were as follows: (1) Age 50 years or older; (2) Preoperative magnitude of manifest astigmatism ≥ 0.5D; (3) Preoperative magnitude of corneal astigmatism between 0.50 and 3.00 D; (4) Preoperative corrected distance visual acuity (CDVA) was 1.0 LogMAR or better.

The exclusion criteria were as follows: (1) patients with concomitant ophthalmic or systemic diseases affecting visual acuity, such as macular degeneration, retinal vascular diseases, glaucoma, or neurological disease; (2) missing key data on the pre- or post-operative measurement.

In total, 58 eyes of 54 patients were enrolled in this study. These patients were separated into two groups based on whether they underwent the OCCI or single clear corneal incision (SCCI) surgical procedure. The study was conducted in agreement with the tenets of the Declaration of Helsinki and was approved by the Review Board of Zhongshan Hospital (Xiamen), Fudan University (B2023-106R).


2.1.1 Perioperative management

All patients underwent bio-measurement (IOL-Master 500, Carl Zeiss Meditec.AG) and had their IOL target refraction calculated by Barrett Universal II Formula preoperatively.1 Levofloxacin eye drops (Ofloxacin, Santen) were used 4 days prior to surgery. Following surgery, tobramycin dexamethasone eye drops and cream (Tobradex, Alcon) were used to provide anti-microbial and anti-inflammatory action for two weeks.




2.2 Surgical technique

All surgeries were performed by an expert surgeon (Dr. Yao P). Proparacaine hydrochloride eye drops (Alcaine, Alcon) were administered to induce surface anesthesia. The surgical procedures differed between the two groups when performing corneal incisions, as described below.

In the OCCI group, limbal marks were made before surgery at 3 and 9 o’clock positions on corneal while patients sitting in front of the slit lamp and looking straightly ahead to avoid cyclotorsion. Patients underwent topography examination (OCULUS 77000) before surgery, and the axis position of maximum keratometry from axial map was selected as main incision position.

The main incision was performed at the crosspoint of the steep K axis and corneal limbal near the right hand (2.4 mm in width). An assisted incision was performed beside the main incision near the left hand (1 mm in width). Viscoelastic material was injected from the assisted incision to maintain the anterior-chamber depth. Continuous central circular capsulorhexis (approximately 5.5 mm in diameter) was performed. Hydrodissection and phacoemulsification were performed to remove the lens nucleus (Centurion, Alcon), followed by aspiration of the cortex. The IOL was implanted in the capsular bag through main incision using a Viscoject Bio 2.2 injector (Medicel AG, Altenrhein, Switzerland). The position of the intraocular lens (IOL) was adjusted by using a hook to ensure that the distance vision function area of the IOL was aligned with the optical axis, while the near vision function area was positioned at the sub-nasal region (Figure 1). The OCCI was made on the opposite position of the main incision at steep meridian using the same knife (2.4 mm in width). The irrigation-aspiration system was used to remove residual cortex. Finally, only the phacoemulsification incision and the assisted incision were hydrated at the end of the surgery.
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FIGURE 1
Slit lamp sample images of multifocal IOL implantation position. Gray part of optical zone: near vision function area. Transparent part of optical zone: distance vision function area. Red part of optical zone: transition region. Green point: intersection of visual axis and corneal anterior surface located in distance vision function area. OD: right eye. OS: left eye.


In the SCCI group, limbal marks were not required. The main and assisted incisions were made at the sites of 11 and 1 o’clock (2.4 and 1 mm in width, respectively). The remaining surgical procedures were identical to those of the OCCI group, excluding the OCCI.



2.3 Preoperative and postoperative evaluations

Before surgery, all patients underwent measurements of corrected distance visual acuity (CDVA), manifest refraction, and keratometric astigmatism (IOL-master 500, Carl Zeiss Meditec AG). Three months post-surgery, in addition to reassessing CDVA, manifest refraction and keratometric astigmatism, we further evaluated uncorrected distance visual acuity (UDVA) and uncorrected near visual acuity (UNVA). All visual acuity outcomes were analyzed and reported in LogMAR units. The distance for near visual acuity was set at 30 cm and 60 cm. The changes of manifest refraction astigmatism and keratometric astigmatism were analyzed by using vector analysis method to assess the efficacy of astigmatism correction (21). Astigmatism was divided into three types according to cylinder axis: with the rule (WTR), against the rule (ATR) and obilque. WTR was defined as a negative cylinder from 0° to 29° or 151° to 180°, ATR between 90° ± 29° (61° and 119°), oblique between 120° and 150° and 30° and 60°. Astigmatism data was converted from the spectacle plane to the corneal plane.

Vector analysis was performed by ASSORT calculator,2 which was provided by Dr. Alpins in the official website of International Society Refractive Surgery (ISRS). The parameters of vector analysis were calculated as follows:

Target induced astigmatism (TIA): the astigmatism change that was supposed to be induced by surgery.

Surgically induced astigmatism (SIA): the astigmatism change that was induced actually by surgery.

Difference vector (DV): the vector difference of TIA and SIA.

Magnitude of error (ME): the arithmetic difference of SIA and TIA.

Angle of error (AoE): the angle difference of axis between TIA and SIA.

Correction index (CI): the ratio of SIA to TIA, this parameter could notice an astigmatic undercorrection or overcorrection when CI < 1 or > 1.

Index of success (IoS): the ratio of DV and TIA. A result of astigmatism correction was more desirable when IoS was closer to 0.



2.4 Statistical analysis

All data analysis were performed by using SPSS Statistic (version 27, IBM Corp). The normality of all data was first checked by Kolmogorov-Smirnov test. Normally distributed data was compared using the independent Student’s t-test, and non-normally distributed data was analyzed by Mann-Whitney U-test. A p-value less than 0.05 was considered statistically significant.




3 Results


3.1 Basic information

Fifty-four patients (58 eyes) were enrolled in this study, including 26 females (48.1%). The patients’ age was 69.8 ± 8.8 (range 51–86) years old. The SCCI group consisted of 28 patients (30 eyes), with 15 females (53.6%), and the age was 70.2 ± 7.4 (range 54–86) years old. The age of the 26 patients (28 eyes) in the OCCI group was 69.3 ± 10.1 (range 51–83) years old, with 11 females (42.3%). The age (t = −0.38, p = 0.71) and gender (X2 = 1.04, p = 0.71) were balanced across the two groups. Differences in axial length, CDVA, manifest refraction outcomes, keratometric astigmatism and scotopic pupil diameter between the two groups were comparable (Table 1). All surgeries were performed uneventfully, and no complications were observed during or after the procedure.


TABLE 1 Preoperative visual acuity and biometrical measures of the OCCI and SCCI groups.
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3.2 Visual and refractive outcomes

Three months after surgery, no complications were detected in either group. The UDVA, CDVA, 60 cm-UNVA, and 30 cm-UNVA were 0.22 ± 0.18, 0.11 ± 0.11, 0.27 ± 0.16, 0.48 ± 0.17 separately in the OCCI group, and 0.20 ± 0.10, 0.12 ± 0.10, 0.26 ± 0.68 and 0.43 ± 0.78 in the SCCI group, respectively. There was no statistically significant difference in these measures between the two groups (Table 2).


TABLE 2 Postoperative visual acuity and biometrical measures of the OCCI and SCCI groups.
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As for manifest refractive outcomes and anterior corneal curvature, the OCCI group had significantly lower postoperative manifest astigmatism (−0.60 ± 0.29 D vs. −1.18 ± 0.47 D, P < 0.01) and anterior corneal keratometric astigmatism (0.59 ± 0.28 D vs. 1.15 ± 0.45 D, P < 0.01). However, there was virtually no difference in the residual spherical refractive error between the 2 groups (Table 2).



3.3 Vector analysis and residual astigmatism distribution

Manifest astigmatism was analyzed by vector analysis (Table 3). The DV in the OCCI group was less than that in the SCCI group (0.59 ± 0.29 vs. 1.15 ± 0.46, p < 0.001). The AoE and absolute AoE in the OCCI group (3.17 ± 17.25° and 8.82 ± 11.33°) were also less than those in the SCCI group (−12.17 ± 34.10° and 20.52 ± 22.86°). The differences between the two groups were statistically significant (p = 0.04 and p = 0.004, respectively). The IoS in the OCCI group was less than that in the SCCI group (0.60 ± 0.22 vs. 1.10 ± 0.37, P < 0.001). However, the differences in the SIA, ME and CI between the two groups were not considered statistically significant (p = 0.17, 0.16, and 0.08, respectively).


TABLE 3 Vector analysis of corneal astigmatism.
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We also analyzed the distribution of residual astigmatism of the two groups. When compared with the SCCI group, residual astigmatisms of the OCCI group were more centralized in the double angle plot (Figures 2B, D). In the OCCI group, the 95% CI of astigmatism distribution reduced noticeably after surgery, and the astigmatism axial distribution was similar to the preoperative state (Figures 2A, B). In the SCCI group, however, the 95% CI of distribution was similar to the preoperative state, and the axial distribution changed evidently after surgery (Figures 2C, D).
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FIGURE 2
Astigmatism double angle plot, prior to and following surgery. The 95% confidence ellipse area of astigmatism distribution was similar in the OCCI group (A) and the SCCI group (C) preoperatively. Three months after surgery, the 95% confidence ellipse area of astigmatism distribution in the OCCI group (B) decreased significantly, while the SCCI group (D) remained similar to its preoperative distribution. OCCI, opposite clear corneal incision; SCCI, single clear corneal incision.


Astigmatic measures of vector analyze were shown in Figures 3A–D for OCCI group and a, b, c, d for SCCI group. In addition, we found that the slope was smaller in the OCCI group than in the SCCI group in the scatter diagram of TIA & SIA (Figures 3E, e). In the OCCI group, the angle of error was within ± 5° in 25% of eyes, and within ± 15° in 75% of eyes, compared to 18 and 39% in the SCCI group, respectively (Figures 3F, f).
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FIGURE 3
Vector analysis of corneal astigmatism in the OCCI group (A,B,C,D,E,F) and the SCCI group (a,b,c,d,e,f). The astigmatism axis distribution of surgically induced astigmatism (SIA) was more similar to target induced astigmatism (TIA) in the OCCI group than in the SCCI group (A,a). Additionally, the distributions of difference vector (DV) and correction index (CI) were closer to the preferred values (i.e., 0 and 1, respectively) in the OCCI group compared to the SCCI group (C,c). The scatterplots of TIA against SIA indicate that the OCCI group were more predictable than the SCCI group (E,e). As for the angle of error, it was within the range of ± 15° for 75% of eyes in the OCCI group, while it was only 39% in the SCCI group (F,f). OCCI, opposite clear corneal incision; SCCI, single clear corneal incision.





4 Discussion

In the current study, we found that the opposite clear corneal incision (OCCI) effectively reduces residual astigmatism following multifocal IOL implantation. Patients receiving OCCI exhibited desirable visual acuity outcomes and superior refractive profiles compared to those with conventional incisions.

Modern cataract surgery strives to achieve spectacle-free vision, liberating patients from the constraints of cumbersome eyewear such as thick glasses and bifocals. This ultimately translates into enhanced comfort, convenience, and visual clarity. Correcting presbyopia and astigmatism is crucial for this objective.

The IOLs (Lentis Mplus LS-313 MF15) used in the study feature a rotational asymmetry design with a near add of +1.50 D. The design’s advantage lies in its ability to provide optimal visual outcomes at near to intermediate distances without compromising distance visual acuity, additionally exhibiting a low incidence of photic phenomena (4–8). We found that the patients in both groups had relatively good uncorrected distant, intermediate visual acuity and acceptable near vision (Table 2). This significantly reduces their reliance on spectacles. Throughout the follow-up period, no patients reported glare, halos, dysphotopsia or other postoperative optical symptoms.

In the OCCI group, placing incisions at the steep keratometry meridian significantly reduced the residual astigmatism compared to the SCCI group. Two-thirds of the eyes in the SCCI group had postoperative astigmatism exceeding 0.5 D, with one-third exceeding 1.0 D. Conversely, three-fourths of OCCI eyes had postoperative astigmatism below 0.5 D, with none exceeding 1.0 D (Figure 4). Vector analysis further support OCCI’s efficacy. Both difference vector (DV) and index of success (IoS) were statistically significantly smaller in the OCCI group, and the polar plots showed a more centralized distributions of astigmatic indices. These findings align with studies using similar incision techniques for monofocal IOLs (22–24), confirming the efficacy of corneal curvature optimized incision planning with multifocal IOLs. Combined with the astigmatism analysis, OCCI emerges as a readily available and cost-effective alternative to expensive toric multifocal IOLs for mild to moderate astigmatism correction.
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FIGURE 4
Refractive and keratometric outcomes of the OCCI group (A,B,C) and SCCI group (a,b,c). The percentage of eyes achieving the ± 0.50 D target spherical equivalent refraction (SEQ) was 70%, and the ± 1.00 D target was 83% in the OCCI group (A), indicating greater satisfaction compared to the SCCI group (a). In the OCCI group, astigmatism decreased significantly following surgery in both manifest refractive (B) and keratometric outcomes (C), compared to the SCCI group, which showed no changes (b,c). OCCI, opposite clear corneal incision; SCCI, single clear corneal incision.


Intriguingly, the improved astigmatism correction observed with the OCCI did not translate directly into a difference in uncorrected visual acuity (UCVA) across distance, intermediate and near distances between the two groups (Table 2). This discrepancy between astigmatic and visual outcomes can be attributed to several factors.

First, while the difference in residual astigmatism between the two groups was statistically significant, it was relatively small (only around 0.5 D). Moreover, approximately 40% of the eyes in both groups exhibited with-the-rule (WTR) astigmatism postoperatively. It has been reported that cylindrical correction offers limited visual acuity improvement for WTR astigmatism when the magnitude of astigmatism is lower than −0.75 D (25). The combination of the relatively small astigmatic reduction and the mixed effects of astigmatic orientation may partly explain the comparable visual outcomes.

Second, patients with multifocal IOLs demonstrate some tolerance for residual astigmatism (12). And it is particularly true for low levels of astigmatism. Hayashi observed that when astigmatism was less than 1.0 D, eyes implanted with a multifocal IOLs performed better in terms of the visual acuity at both distance and near (26). Additionally, studies have suggested that a lower IOL addition shows better astigmatic defocus tolerability (27, 28). The optical design of IOLs may also influence astigmatic tolerance. McNeely reported high tolerance for residual astigmatism with the Mplus LS-312 MF30, which shares the rotationally asymmetric multifocal design as the MF15 IOL used in the current study, albeit with a higher IOL addition (29).

Third, the current study only measured visual acuity as visual outcomes, which may not fully capture the impact of astigmatism on other aspects of visual performance, such as contrast sensitivity, functional vision, and patient satisfaction (12, 26, 29). Other factors can also affect visual acuity after multifocal IOL implantation, including high order aberrations (30). This may further explain why a significant difference was observed in astigmatism correction but not in visual acuity. Further studies examining these parameters are warranted to fully evaluate the relationship between residual astigmatism and overall visual wellbeing in patients with multifocal IOLs.

The limitations of this study should also be mentioned here. Firstly, due to the retrospective non-randomized design, although the baseline characteristics were balanced between the two groups, potential confounders cannot be fully controlled for. Secondly, only anterior corneal curvature was assessed in the study. The posterior curvature is also an important component of corneal refraction. However, the keratometric astigmatism was consistent with the manifest refractive measurements, both prior to and following surgery. Thirdly, as mentioned earlier, only the visual acuity and refractive outcomes were measured and analyzed in the present study, in addition to the relatively shorter follow-up, further studies should be conducted to include other visual-related measurements, such as contrast sensitivity, wavefront parameters, and patient satisfaction or scales of vision-related quality of life.

In conclusion, the current study confirms that incisions placing at steep K meridian can safely reduce residual astigmatism after cataract surgery. Corneal curvature optimized incision planning, specifically opposite clear corneal incision, combined with rotationally asymmetric multifocal intraocular lens implantation provides optimal visual and refractive outcomes.
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Footnotes

1      https://calc.apacrs.org/barrett_universal2105

2      https://www.aao.org/calculator
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