 


		
TITLE: 
Ye’s Swing Technique for Small-incision Lenticule Extraction Surgery

AUTHORS AND AFFILIATIONS: 
Jun Zhu*, Dong-ye Xu*, Fen-Fen Li, Qi Dai, Dan Cheng, Fang-Jun Bao, Yu-Feng Ye

National Clinical Research Center for Ocular Diseases, Eye Hospital, Wenzhou Medical University, Wenzhou, China

Email addresses of co-authors:
Jun Zhu			(zhujun@eye.ac.cn)			
Dong-ye Xu			(xudongye@eye.ac.cn
Fen-Fen Li			(lifenfen@eye.ac.cn)
Qi Dai				(dq@mail.eye.ac.cn)
Dan Cheng			(15957132622@eye.ac.cn)
Fang-Jun Bao			(baofjmd@wmu.edu.cn)

Corresponding author:
Yu-Feng Ye			(yyf0571@mail.eye.ac.cn)

*These authors contributed equally to this work.

SUMMARY:
We introduced an optimized surgical approach for small incision lenticule extraction, termed the Ye’s Swing Technique. This technique enables the surgeon to perform lenticule separation and extraction more easily while minimizing the risk of incision-edge tears and lenticule fragmentation. The results of this study proved its safety and efficacy.

ABSTRACT: 
[bookmark: OLE_LINK69][bookmark: _Hlk167289806]We propose a novel approach for small incision lenticule extraction (SMILE) surgery, termed the Ye’s Swing Technique. The separation and removal of the lenticule are among the most challenging steps of SMILE surgery. An improper technique can result in difficulties during lenticule extraction, lenticule rupture, and the presence of residual fragments. This technique was developed to address intraoperative challenges by preserving an unseparated peripheral edge on the posterior surface of the lenticule—a feature absent in conventional methods. In this study, 490 eyes with myopia or myopic astigmatism and lenticule thicknesses ranging from 52–148 µm were included, of which 38.6% were classified as thin lenticules. The results demonstrated that the stromal lenticule could be successfully dissected and completely removed in all participants without any incidence of incision margin tearing. The safety index was 1.06 ± 0.12, and the efficacy index was 1.11 ± 0.13 at 1 week postoperatively. These findings indicate that the modified technique is safe and effective, even with thinner lenticules.

INTRODUCTION: 
Over the past decade, small incision lenticule extraction (SMILE) has been frequently used for myopia correction. Although the lenticule scanning step in SMILE is fully automated using a femtosecond laser, the lenticule separation and extraction processes remain surgeon-dependent. These manual steps require substantial technical proficiency and may be associated with complications such as lenticule breakage or remnant fragments1-4. Such complications can lead to stromal damage, heightened inflammatory responses, delayed visual recovery, and more severe issues such as diffuse lamellar keratitis, corneal opacities, and compromised visual quality5,6.

The goal of this study is to introduce and evaluate a novel technique, the Ye’s Swing Technique, designed to enhance lenticule separation and extraction during SMILE. The rationale behind developing this approach is to address existing challenges: less experienced surgeons and those working with low myopia cases often face greater difficulty performing these critical steps7-9, with large-scale studies reporting an intraoperative complication rate of approximately 1.9%10. This includes incision-edge tears at 1.8%, corneal cap perforations at 0.3%, and major tears at 0.1%11. Additionally, lenticule tearing has been observed in 0.27% of cases in other studies4. 

To improve outcomes, various modified lenticule separation techniques have been proposed12-15. However, these approaches primarily focus on reducing friction during lenticule separation without adequately addressing the lenticule’s fragility at its most stressed points. Unlike traditional methods, Ye’s Swing Technique deliberately preserves a residual peripheral zone on the posterior surface of the lenticule—a feature absent in conventional approaches16. This innovation mitigates the risk of fragmentation in highly stressed areas, decreasing the chances of lenticule deformation and tearing, particularly in thinner lenticules.

This technique is intended for the lenticule separation and extraction steps following the scanning process in SMILE surgery (when no obvious black zones appear during scanning) and is particularly well-suited for cases involving thin lenticules. To aid readers in evaluating the applicability of this method, we provide a detailed description of the technique and analyze its postoperative visual outcomes and complications. 

PROTOCOL: 
This prospective study consecutively included patients who underwent SMILE surgery between May 1st and July 30th, 2022, at the Eye Hospital of Wenzhou Medical University, Hangzhou, China. All the surgical procedures were performed by the same ophthalmologist. This study was conducted in accordance with the principles of the Declaration of Helsinki. Ethical approval was obtained from the Ethics Committee of the Eye Hospital of Wenzhou Medical University (No. H2022-002-K-02-01), and written informed consent was obtained from all participants. 

1. Patient selection

NOTE: A total of 246 patients (490 eyes) were included in this study, with a mean age of 26.66 ± 7.44 years (range, 18 to 46 years), and 43.5% of the participants were male. 

1.1 Use the following inclusion criteria.
 
[bookmark: _Hlk152064379]1.1.1	Ensure the spherical equivalent power is > –10.0 D. Confirm the refractive status has remained stable for at least 2 years. Verify that corrected distance visual acuity (CDVA) > 20/25 (Snellen acuity).

1.2 Use the following exclusion criteria.

1.2.1	Exclude patients with central corneal thickness < 480 μm. Exclude patients with corneal topography suggestive of keratoconus or evidence of cataract, ocular inflammation, or other active ocular diseases identified during preoperative examinations.

1.3 Perform contact lens wear management as described below.

1.3.1 Instruct soft contact lens wearers to discontinue use for at least 2 weeks before surgery.

1.3.2 Advise rigid contact lens wearers to stop use for at least 4 weeks preoperatively.

1.3.3 Require orthokeratology lens wearers to cease usage for a minimum of 3 months before surgery.

2. Preoperative examination

[bookmark: OLE_LINK96]2.1	Uncorrected distance visual acuity (UDVA): Measure UDVA using a standardized LogMAR chart at a distance of 5 m.

[bookmark: OLE_LINK7]2.2	Subjective refraction and corrected distance visual acuity (CDVA): Perform an initial autorefraction, followed by refinement of the measurements using a phoropter to determine the sphere, cylinder, and axis, ensuring optimal corrected visual acuity under standardized conditions.

2.3	Slit-lamp biomicroscopy: Examine the anterior segment of the eye (eyelid margins, conjunctiva, cornea, anterior chamber, iris, and lens) using a slit-lamp. Use a fundus lens to evaluate the posterior segment (vitreous, optic disc, and retina).

[bookmark: OLE_LINK8]2.4	Intraocular pressure: Measure intraocular pressure using non-contact tonometry. Participants were seated comfortably with proper head positioning and instructed to fixate on the internal target. The tonometer, aligned centrally with the cornea, delivered an air puff automatically recording intraocular pressure. Measurements were repeated three times per eye, and the average was used for analysis.

[bookmark: OLE_LINK2]2.5 Scheimpflug-based corneal topography: Perform corneal topography using the Pentacam HR (Type 70900). Instruct the patient to fixate on the internal target while the examiner aligned the device with the corneal apex. Only results labeled OK with a quality score exceeding 95% are considered valid.

[bookmark: OLE_LINK1]2.6	Spectral-domain optical coherence tomography (SD-OCT): Anterior segment imaging was performed using SD-OCT. Seat the participants with proper head alignment and instruct them to fixate on the internal target. Acquire cross-sectional images of the cornea in high-resolution mode.

3. Surgical technique

[bookmark: OLE_LINK31][bookmark: OLE_LINK5][bookmark: OLE_LINK4]3.1	Anesthetization: Prior to SMILE surgery, instill one drop of topical anesthetic (0.5% proparacaine hydrochloride) into the conjunctival sac approximately 5 min before the procedure, followed by a second application about 10 s before initiation to ensure optimal anesthesia. The surgeon should then verify adequate corneal anesthesia by gently touching the corneal surface with a swab to confirm minimal patient discomfort.

[bookmark: OLE_LINK122][bookmark: OLE_LINK27]3.2	Lenticule scanning: Perform the lenticule scanning step using a femtosecond laser system (500 Hz) with a pulse energy 140 nJ. Set the following parameters: a lenticule diameter of 6.0–7.0 mm, an intended cap thickness of 110–120 μm, a 0.10 mm transition zone for cylindrical errors, and a 2 mm incision at 110°. 

[bookmark: OLE_LINK73][bookmark: OLE_LINK3]3.3	Use Ye’s Swing Technique for lenticule separation and extraction, as follows: Open the full-length corneal cap incision from left to right using a small surgical hook. Dissect half the length of the lenticule incision from right to left (Figure 1A).

[bookmark: OLE_LINK6][bookmark: OLE_LINK78]3.4	Use a blunt spatula to separate the anterior surface of the lenticule. Start at the 8 o’clock position (Figure 1B, point a) and proceed counterclockwise to the 12 o’clock position (Figure 1B, point d). Leave the remaining portion of the lenticule undisturbed to prevent displacement.

[bookmark: OLE_LINK89]3.5	Insert a blunt spatula underneath the posterior surface of the lenticule and proceed with partial counterclockwise dissection from the 8 o’clock position (Figure 1C, point a) to the 4 o’clock position (Figure 1C, point c), preserving the peripheral edge zone of the lenticule. Subsequently, guide the spatula along the peripheral edge toward the 12 o’clock position (Figure 1D, point d).

[bookmark: OLE_LINK9]3.6	Grasp the free edge of the lenticule using femtosecond lenticule forceps, push it toward the center, and gently remove it using a continuous clockwise tearing motion (Figure 1E).

3.7	For left-handed surgeons, reverse all procedural directions.

3.8	Examine the integrity of the lenticule under the surgical microscope. Gently smooth the corneal cap and incision using an irrigation needle to complete the procedure.

4. Postoperative management

[bookmark: OLE_LINK100][bookmark: OLE_LINK121]4.1	After surgical procedures, add a drop of tobramycin dexamethasone at the surgical site.

4.2	Following surgery, instruct patients to use 0.5% levofloxacin eye drops 4x daily for 1 week. Subsequently, instruct to use 0.1% fluorometholone eye drops 4x daily, and taper the dose to one instillation per week. Additionally, administer artificial tears 4x daily for 3 months.

5. Outcome evaluation

5.1 Primary outcome measures

5.1.1 Assess lenticule integrity microscopically after extraction. Under the surgical microscope, flatten and examine the lenticule to ensure it forms a complete circular shape with no edge defects.

5.1.2 AT 1 day after surgery, perform SD-OCT using the Line scan mode to detect any residual lenticule fragments between the stromal layers. Ask the technician to adjust the handle according to the indicator arrow on the screen, allowing the instrument to scan automatically once properly focused. Consider results with an imaging quality marked as OK and a quality score exceeding 95% as valid for analysis.

5.1.3 Calculate the safety index as the ratio of postoperative CDVA to preoperative CDVA17.

5.2 Secondary Outcome Measures

5.2.1 Determine surgical efficacy by calculating the efficacy index as the ratio of the postoperative UDVA to the preoperative CDVA17. For the measurement methods for UCVA and CDVA, follow the same procedures as those used preoperatively, as described in steps 2.1 and 2.2.

5.3 Follow-up

5.3.1	Do not hospitalize the patients and schedule for follow-up examinations 1 day and 1 week after surgery. Evaluate UDVA, CDVA, subjective refraction, corneal topography, SD-OCT, and complications on postoperative day 1 and at 1 week. 

RESULTS: 
[bookmark: OLE_LINK68]Ye’s Swing Technique was successfully applied to 246 patients (490 eyes). Table 1 summarizes the clinical characteristics and postoperative data of enrolled patients. The lenticule thickness was 106.30 ± 23.27 µm (ranging from 52–148 µm), with 38.6% classified as thin lenticules (<100 µm).

[bookmark: OLE_LINK104]Using Ye’s Swing Technique, lenticule dissection and extraction can be completed in approximately 30–60 s. All lenticules were extracted completely and successfully. No incision-edge tears, corneal cap tears, lenticule tears, residual lenticule fragments, or mislayered dissections occurred during surgery. No infection, diffuse lamellar keratitis, haze, or other severe complications were observed. At 1 day postoperatively, UCVA in LogMAR was 0.03 ± 0.09, improving to -0.04 ± 0.06 at 1 week. The proportion of eyes achieving UCVA of 20/20 or better increased from 64.48% on the 1st postoperative day to 92.90% by 1 week. The safety index at 1 week postoperatively was 1.06 ± 0.12, and the efficacy index was 1.11 ± 0.13. This study demonstrated the favorable safety and efficacy of Ye’s Swing Technique, and the findings have been published in18.

[bookmark: OLE_LINK105]The results indicate that during SMILE surgery using Ye’s Swing Technique, no complications occurred during the lenticule separation and extraction processes, such as difficulties in lenticule removal, lenticule fragmentation, or residual fragments. This demonstrates that the modified technique is both safe and effective, successfully reducing intraoperative complications and optimizing the surgical procedure. Moreover, in this study, 38.6% of the cases involved thin lenticules, confirming the technique’s efficacy in addressing the extraction challenges posed by thinner lenticules. Additionally, at 1 week postoperatively, both refraction and visual acuity reached satisfactory levels, further underscoring the safety of this technique.

FIGURE AND TABLE LEGENDS:
Figure 1: Schematic diagram of lenticule separation and extraction. (A) The incision was entirely opened from left to right, and the lenticule edge was dissected halfway in the opposite direction, from right to left. (B) A blunt spatula was employed to perform a counterclockwise swinging motion along the anterior surface from point a to point d. (C) The spatula was introduced into the posterior surface of the lenticule, and a counterclockwise dissection was carried out from point a to point c, preserving an unseparated peripheral rim. (D) Dissection was continued along this rim toward point d. (E) Lenticule extracted by microforceps. (F) The dissection of the anterior lenticule surface was guided by the yellow dotted line, whereas the posterior surface dissection followed the red dotted line. The rim of the lenticule is indicated by the blue circle. This figure has been modified from17. 

Figure 2: Edge stress model based on Ye’s Swing Technique. (A) Calculation of edge stress at point a. (B) Schematic diagram of the conventional technique. (C) Schematic diagram of the Ye’s Swing Technique. This figure has been modified from17.

Table 1: Clinical characteristics and postoperative data of 246 patients (490 eyes). Abbreviations: D = diopters; logMAR = logarithm of the minimum angle of resolution; CDVA = corrected distance visual acuity; UDVA = uncorrected distance visual acuity; NA = not available. This table has been modified from17.

DISCUSSION: 
Lenticule separation and extraction are the most challenging steps of SMILE. Inappropriate manipulation during this process may lead to complications such as incision-edge tears, corneal cap tears, epithelial defects, lenticule remnants, and delayed visual recovery4. In certain difficult cases, repeated attempts at lenticule dissection may be required, increasing corneal tissue manipulation and prolonging the surgical time19. This study describes the Ye’s Swing Technique, which is characterized by preserving a peripheral, unseparated rim on the posterior surface of the lenticule. This technique was applied to 490 eyes in the present study, achieving a 100% success rate for lenticule extraction, with all lenticules remaining intact.

Several advantages of Ye’s Swing Technique are noteworthy. First, only two swings of the spatula are required for lenticule separation, potentially shortening the operative time and reducing the incidence of postoperative corneal edema. Second, during posterior lenticule dissection, the spatula remains within the lenticule margin, moving from 8 o’clock to 4 o’clock position, with the thin peripheral rim of the lenticule kept intact to maintain stability. This step is the critical step within the new technique. During lenticule removal, the continuous tearing technique overcomes the minimal resistance, thereby enabling complete and intact extraction. 

[bookmark: OLE_LINK119]Ye’s Swing Technique can be applied to most SMILE procedures in which the suction and laser scanning processes proceed smoothly. It is particularly advantageous in cases involving thin lenticules, where the risk of lenticule tearing or fragmentation is higher. Given its simplicity and adaptability, this technique may serve as a valuable enhancement to standard SMILE protocols, especially in eyes with low myopia. It is worth noting that if any obvious black zones appear during laser scanning, if the lenticule edge is incompletely cut, or if difficulty arises in lenticule removal after separation, we recommend suspending this technique and reverting to standard management protocols for such cases, ensuring all dissection and handling remain gentle and controlled.

Previous studies have reported various modifications to the conventional SMILE technique, yet each has certain limitations12. Zhao et al. proposed a continuous curvilinear lenticulerrhexis (CCL) technique to separate and extract the lenticule using a continuous circular motion13. However, the formation rate of the opaque bubble layer during femtosecond laser scanning can be as high as 52.5%, making lenticule extraction difficult and restricting the implementation of the CCL technique20. Other approaches have evaluated lenticule separation and extraction following the injection of balanced salt solution into the interface, but some patients subsequently exhibited stromal edema or interlamellar foreign bodies21,22. Kim et al. introduced Chung’s Swing Technique, which involves swinging and lifting the lenticule15. However, lifting at the 8–11 o’clock or 12–3 o’clock positions may induce edge tears and corneal cap rupture. Another modified technique, the segmental dissection method, divides lenticule edge separation into 4–5 segments; however, lenticule mobility during this process may result in incomplete separation at the final stage23.

[bookmark: OLE_LINK76][bookmark: OLE_LINK82][bookmark: OLE_LINK109][bookmark: OLE_LINK83][bookmark: OLE_LINK77][bookmark: OLE_LINK81][bookmark: OLE_LINK84]Edge tearing or lenticule breakage may occur when the applied force exceeds the tensile strength of the lenticule edge. Thinner lenticules are more challenging to separate and susceptible to tearing. Based on finite element analysis, we constructed an edge stress model, which was simulated using COMSOL Multiphysics 5.518. The simulations revealed that under Ye’s Swing Technique, the force exerted on the lenticule edge remains below its tensile threshold (Figure 2). The spatula motion on the posterior surface prevents lenticule tearing or damage, thereby ensuring lenticule integrity. Theoretically, this approach reduces the risk of lenticule breakage, particularly for thinner lenticules.

[bookmark: OLE_LINK108]In Ye’s Swing Technique, a small surgical hook is first used to open the full-length corneal cap incision, while only half the length of the lenticule incision is opened. During spatula insertion, if it enters the upper layer, movement is unimpeded due to the pre-opened space. However, if it inadvertently enters the lower layer, a lenticule edge can be observed above the spatula, and the entry space becomes noticeably tighter, resulting in greater resistance to movement. This asymmetrical incision approach effectively reduces the likelihood of dissecting in the wrong plane. During anterior surface separation, the lenticule remains attached to the stromal bed, minimizing the risk of fragmentation even when the spatula reaches the lenticule edge at the 8 o’clock position. For posterior surface separation, as the spatula approaches the 8 o’clock position, maintaining the peripheral edge zone and ensuring the spatula does not pass beyond that margin effectively prevents lenticule edge rupture.

Our study has several limitations. First, no control group (patients who underwent conventional SMILE) was included. Ideally, if the conventional and modified techniques were applied to fellow eyes of the same patient, the comparisons would yield more robust reference values. Second, the refractive status at 1 week postoperatively may not have been fully stabilized, and an extended follow-up period is necessary to evaluate the long-term outcomes. Third, this study did not use confocal microscopy to evaluate postoperative inflammatory responses or microscopic changes in the cornea. Incorporating confocal microscopy or histological examinations could provide a more comprehensive assessment of the effects of this modified technique.
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