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Subjective and objective changes in visual quality after implantable collamer lens implantation for myopia
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With the wide application of implantable collamer lens (ICL) surgery for myopia correction, the range of refractive correction has expanded (up to −18.00 D for myopia), and the safety, effectiveness, predictability and stability of ICLs have been well documented. However, achieving good visual quality after ICL implantation has also become very important. This article systematically reviews objective and subjective visual quality after ICL surgery. First, parameters used to assess objective visual quality after ICL surgery are introduced, including higher-order aberrations, the modulation transfer function (MTF) cutoff (cycles per degree [cpd]), the Strehl 2D ratio (SR), and the objective scatter index (OSI). Notably, various post-operative objective visual quality measurements have been improving over time. However, halos and glare caused by ICL implantation are notable postoperative complications. In further discussions, we also focus on factors that can affect visual quality, such as ICL position changes, pupil size, and the ICL optical zone. Furthermore, measures to improve postoperative visual quality, such as the selection of the surgical incision and mode, are provided. This review explores the potential mechanisms, emphasizes the importance of pre- and postoperative measures, and provides guidance for good postoperative visual quality. Additionally, this review aims to address the factors influencing visual quality and postoperative outcomes to optimize vision after ICL implantation.
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1 Introduction

Myopia, a common refractive error, has become a significant public health problem worldwide. It is estimated that by 2050, 50% of the world’s population will be myopic, and 10% will be highly myopic (≤ −6.00 D), which places a heavy economic burden on society as a whole (1). Over the past decade, refractive surgery has moved beyond traditional laser surgery. Since 2005, the U.S. Food and Drug Administration has approved the use of the implantable collamer lens (ICL™; STAAR Surgical, Nidau, Switzerland) as a supplement to increase the effect of the natural lens and achieve a wider range of refractive correction (up to −18.00 D for myopia).

The influence of different types of refractive surgery on postoperative visual quality has become a hot topic in ophthalmology. During the procedure, the ICL is inserted between the eye’s natural lens and the iris. The ICL works with the natural lens to refract light onto the retina, improving visual clarity without relying on glasses or contact lenses and without altering the structure of the eye. Additionally, the procedure is reversible, as the ICL can be removed if necessary (2). However, good visual acuity cannot fully reflect the visual function of the human eye, and some patients experience visual quality degradation, such as glare, blurred vision at night, monocular diplopia, a star-shaped change in vision and discomfort in near vision after surgery. Visual quality reflects not only the clinical effectiveness after surgery to a certain extent but also the subjective feelings of surgical patients, such as their visual comfort level. With increasing demand for better eye health, visual quality, and overall quality of life, whether ICLs can provide good optical quality after surgery is also worth studying. As with any surgical intervention, ICL surgery also has inherent risks and potential complications (Table 1). To date, many studies have compared the effects of ICLs and corneal refractive surgery on the basis of visual quality, corneal refractive power and quality of life. The purpose of this review is to summarize the data on postoperative visual quality after ICL surgery for the correction of myopia and myopic astigmatism, as well as to outline the control factors affecting visual quality and measures to improve vision after surgery.



TABLE 1 Complications of ICL implantation surgery.
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2 Visual quality after ICL implantation


2.1 Objective visual quality

In addition to the standard parameters of refractive surgery, such as postoperative intraocular pressure (IOP), anterior chamber depth (ACD), the optical quality of eyes implanted with ICLs has been evaluated in vivo to understand their optical performance. Optical quality has been evaluated in terms of ocular higher-order aberrations, retinal imaging quality, and intraocular scatter (3–9). Corneal higher-order aberrations (HOAs) are complex optical aberrations caused by the non-ideal aspherical surface of the cornea and cannot be corrected by glasses. HOAs have a significant effect on the quality of human vision, as they cause glare, halos, and loss of night vision. Higher-order aberrations also include spherical aberrations, coma aberrations, and trefoil aberrations (9, 10). Several studies have shown significant increases in the number of HOAs, including the RMSs of spherical, comet, clover, and higher-order aberrations, within 1 week after ICL implantation, which decrease at 3 months after surgery to a level similar to that noted before surgery (7, 11, 12). HOAs may be induced by the corneal incision (size and location), lens optics (higher magnification or higher spherical aberration) (13), or lens location (centration and/or tilt) (14) at the time of ICL implantation (11). The tilt of the ICL may be related to an increase in non-rotational symmetric aberrations, namely, coma, whereas the change in spherical aberration may be related to an increase in the negative spherical aberration of one’s own lens when the magnification of the ICL is increased. A significant increase in the number of HOAs after ICL may also be caused by the procedure itself or the inherent optical properties of the lens. Kayhan et al. reported that the number of corneal aberrations did not change after ICL implantation, whereas the number of internal aberrations and total HOAs (tHOAs) significantly changed (15). Similarly, Chen et al. (16) reported that the numbers of coma and spherical aberrations increased after ICL implantation. Ping-hui Wei et al. also proposed that the significant difference in the number of internal aberrations is due to the design of the ICL and its effect on the passage of light (12). Moreover, the number of ocular HOAs increases with increasing pupil diameter (17–19).

However, the potential advantages of ICL implantation over corneal refractive laser surgery (LASIK, SMILE, etc.) include higher contrast sensitivity (8, 20–22), higher magnification of retinal images, and fewer HOAs (3, 8, 23, 24). Luo et al. reported that the incidence of spherical and coma aberrations in SMILE-treated eyes was significantly greater than that in ICL-treated eyes and that the incidence of vertical and horizontal coma aberrations after ICL implantation was significantly lower than that of horizontal coma aberrations after SMILE. In addition, clover aberrations were more often observed after ICL compared with SMILE. Zheng et al. also analyzed the reasons why optical and visual qualities, such as tear film instability, corneal flaps, laser ablation, inflammatory stimulation, and edge effects, were better after ICL implantation compared with LASIK surgery (6). In addition, because the optical zone of larger pupils is easier to cover, patients with large dark pupils are recommended for ICL implantation to avoid visual quality problems caused by LASIK and spherical aberrations.

A double-pass optical quality analysis system (OQAS II; Visiometrics, Terrassa, Spain) was used to objectively measure retinal image quality and intraocular scatter, as the system is known for good repeatability and reliability. Three objective parameters were recorded: the modulation transfer function cutoff (MTF cutoff, cycles per degree [cpd]), the Strehl2D ratio (SR), and the objective scatter index (OSI) (25). The first two parameters are retinal image quality parameters, with higher values indicating higher optical quality. The OSI quantifies intraocular scattering, with lower values indicating lower intraocular scattering and better optical quality. The MTF cutoff is the frequency at which the MTF reaches a value of 0.01, i.e., the frequency at which the eye is able to focus an object on the retina with a contrast of 1%. The SR is the ratio of the central maximum of the point spread function (PSF) illuminance in the eye with aberrations to the central maximum expected in the corresponding aberration-free system; values range between 0 and 1, with an SR of 1 indicating a perfect, aberration-free system (26). Qin Qin et al. reported that the MTF and SR at 1 and 3 months after ICL implantation were increased compared with the preoperative values (7). Compared with those after corneal refractive surgery, the MTF cutoff values and Strehl2D ratios after SMILE and ICL implantation were not significantly different, suggesting that both procedures provide long-term good visual quality (3, 27). However, in terms of the MTF cutoff values, the evidence is contradictory. Qin et al. (28) reported higher postoperative MTF cutoff values in ICL-treated eyes than in SMILE-treated eyes, whereas Niu et al. (9) reported no significant difference between the two treatments. Scattering is another important factor affecting optical quality. The OSI was calculated as the ratio between the amount of light outside the dual-pass retinal intensity PSF image in the peripheral region (circles between 12 and 20 arc minutes) and the central region of the retinal image (circles with a radius of 1 arc minute). The OSI of the normal eye is approximately 1, whereas values above 5 indicate a highly dispersed system. However, Qin et al. reported that an ICL does not result in increased intraocular scattering because the thickness of the EVO-ICL ring is 100 to 200 microns, the thickness of the optical zone is only 40 to 50 microns, and the ICL is located in the ciliary sulcus with minimal tilt or displacement (28). Zhan et al. reported no statistically significant differences in the OSI or SR at 1, 3, or 6 months after ICL implantation (5). Moreover, Luo et al. reported no significant differences in the OSI or SR before and after surgery (24). In addition, age and preoperative SE are correlated with the postoperative OSI (25). Similarly, the optical quality parameters improved after ICL implantation. These positive results, including contrast sensitivity and optical quality, were also confirmed under different lighting conditions, namely, dark or glare conditions (29, 30).



2.2 Subjective visual quality

The objective visual quality after ICL implantation, as described previously, has been extensively studied. However, the subjective visual quality after ICL implantation has also been studied to some extent. In most studies, researchers have used McAlinden’s Quality of Vision (QoV) questionnaire (31) and the NEI-RQL-42 questionnaire (32) to investigate subjective visual parameters. More than 90% of patients experienced halos to some extent (Figure 1), and more than half experienced glare (Figure 2). Halos are described as glowing foggy rings surrounding a light source, whereas glare is defined as a contrast-reducing effect of stray light in a visual scene. However, most patients report that halos and glare only slightly disturb their vision or not at all. Notably, Eom et al. (33) reported that the mean durations of glare and halos after the implantation of a V4c ICL were 3.0 ± 3.4 and 3.1 ± 3.6 months, respectively. Liu et al. (34) reported that halos were no longer visible 3 months after ICL implantation. It has also been reported that a halo is the most common long-term visual disturbance after ICL implantation (35). Siedlecki et al. (36) reported an 80% incidence of halos and 60% for glare 2 years after surgery.

[image: Figure 1]

FIGURE 1
 Halo: A bright colored ring around a light source.
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FIGURE 2
 Glare: A bright spot in the center of a light source.


Recent studies revealed that annular visual impairment has become the third most frequently reported visual symptom in questionnaires (33, 37). Ring-shaped dysphotopsia differs from a halo that occurs after ICL implantation with a central hole and may appear alone or in combination with a halo (Figure 3). The former can be described as a relatively large and sharp circular halo around a bright light source, whereas the latter is a ring with significantly less glare. Eppig et al. and Eom et al. reported that ring-shaped dysphotopsia may be directly related to the presence of the central hole in the ICL and is a specific visual sequelae caused by the implantation of a V4c ICL (33, 37). However, annular visual impairment is not thought to be related to the central foramen, as it has also been reported to occur after the implantation of an ICL without a central hole (2). Circumferential visual disturbance was initially high at 1 week after surgery and gradually decreased to a lower level at 1, 3, and 6 months after surgery, with a mean time to complete cessation of 2.9 ± 3.8 months (29).

[image: Figure 3]

FIGURE 3
 Ring-shaped dysphotopsia: A relatively large, sharp circular halo around a bright light source.


In addition, Martinez-Plata et al. (29) reported no effect of the preoperative ICL power or pupil diameter on the ring-shaped dysphotopsia subscale.




3 Factors affecting the quality of vision


3.1 Position change of the ICL

Accurate alignment of the ICL is the basis for obtaining satisfactory visual outcomes. ICL dislocation (eccentricity and tilt) is thought to contribute to HOA development and optical quality, and ICL dislocation is a major cause of a variety of postoperative complications (38–40). Although the centralization and axis alignment of a V4c ICL are important for improving optical quality after implantation, issues with alignment or axis rotation are unavoidable. The eccentricity of the ICL was detected by estimating the deviation of the center of the ICL from the center of the cornea (Figure 4), and the central hole of the ICL is usually not located in the center of the pupil. A study of ICLs in which the pupil center was used as the reference revealed that 48.9 and 93.6% of eyes were within 0.36 mm and 0.72 mm of decentration after ICL implantation, respectively (41). Niu et al. reported that 47.4% of the cases were within 0.2 mm of eccentricity, and 98.5% were within 0.5 mm. In addition, the maximum eccentricity value did not exceed 0.6 mm (31). Several studies have analyzed the associations between ICL eccentricity and ocular aberrations. Perez et al. previously compared the effects of different degrees of decentration on the development of HOAs after ICL implantation and reported that an increased number of coma aberrations was significantly associated with decentration (14). In another study, the degree of eccentricity did not affect HOA development (42). However, regardless of whether the results are relevant, all of these investigators revealed an ICL eccentricity of less than 0.5 mm, which is not sufficient to affect visual quality. Therefore, additional studies are needed to confirm the effect of ICL eccentricity on HOA induction. The ICL tilt was calculated as the angle between the pupil axis and the ICL axis (Figure 5). In a study by Niu et al., 28.1% of ICLs were within 2.0° after surgery, and 91.85% were within 4.0° after surgery, with a maximum tilt of 5.0° (31). However, the average tilt angle of the ICL in Wei et al.’s study was 2.43 ± 1.35°, which was not sufficient to cause changes in the number of HOAs (12). Similarly, the smaller the inclination angle after ICL is, the better the visual outcome. Tilt was divided into horizontal tilt and vertical tilt, but total tilt and horizontal tilt were positively correlated with the frequency and severity of vision-specific distress symptoms. Owing to the aspherical shape of the ICL optical zone, decentration and tilt have minimal effect on objective visual quality, and the effect on postoperative visual acuity is not clinically significant. In Holladay’s study, the critical values of decentration and tilt were found to be 0.4 mm and 7°, respectively, beyond which visual function was affected (43). Moreover, a significant positive correlation was noted between tilt and eccentricity. ICL rotation is the angle between the expected and actual axes of the ICL after mydriasis (Figure 6). Wei et al. reported a significant negative correlation between the postoperative vault and ICL rotation but a positive correlation with the preoperative anterior chamber depth (ACD) (12). In the study by Park et al., the rotation angle was also significantly correlated with the spherical power of the ICL (44).
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FIGURE 4
 The point of the cross line of the upper and lower cornea is the corneal center. The arrows indicate the central hole of the ICL. The central hole shown is not in the same position as the central point of the cornea.
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FIGURE 5
 The red line represents the axis of the pupil. The black line indicates the axial position of the ICL. The angle between the two lines is the angle at which the ICL is tilted.


[image: Figure 6]

FIGURE 6
 The yellow line represents the achieved axis position after ICL implantation. The red line represents the intended axis position after ICL implantation. The angle between the two is the angle rotated at a certain time after ICL implantation.




3.2 Pupil size

On the other hand, the diameter of both scotopic and photopic pupils are reduced after ICL implantation, which also causes changes in postoperative visual quality. Pupil diameter decreases after ICL implantation, and mechanical stimulation of uveal tissue by lens implantation and surgical intervention is presumed to be responsible for this phenomenon (18). In refractive surgery, the correlation and influence of pupil diameter on postoperative visual quality (QoV) have been demonstrated (45–48). The study revealed a negative correlation between pupil diameter and daytime and nighttime QoV, indicating that a larger pupil diameter is associated with worse postoperative QoV scores (18). Zhang et al. reported that individuals with scotopic pupil diameters between 4.00 and 4.99 mm had a better mean QoV at night (18). Pupil diameter is a major factor affecting the development of HOAs. A larger pupil diameter is associated with larger aberrations and has a significant effect on retinal images. The main reasons for the degradation of retinal image quality are diffraction, aberration, and scattering. Although diffraction is clinically relevant for small pupils (3 mm), aberrations and scattering (stray light) tend to affect the QoV of pupils with larger diameters (49). Therefore, the pupil diameter is a key parameter to consider before ICL implantation. The contrast and spatial resolution of retinal images can be improved by eliminating ocular optical aberrations. This mainly depends on the pupil diameter, especially in patients with large pupil diameters at night. Therefore, the reduction in pupil diameter after ICL implantation may be beneficial to patients to some extent, as a smaller pupil diameter could help patients achieve better QoV and lower visual impairment scores after surgery. Small pupils improve visual acuity and thus discrimination of subtle stimuli, whereas large pupils increase light influx and thus detection of faint stimuli. Similarly, Chen et al. reported that patients with a smaller pupil diameter also had a smaller halo radius after ICL implantation (50).



3.3 Different types of ICLs

One of the most commonly used intraocular phasic lenses worldwide is the implantable collamer lens (ICL; STAAR Surgical, Inc., Monrovia, CA, United States) (51, 52). ICL models have been designed progressively, from the previous models (V0, V1, V2, V3, and V4) to the currently available V4b, V4c, and V5. The implantation of V4b, as well as the previous models, requires peripheral iridotomy to facilitate aqueous humor flow. On the other hand, the V4c (also known as EVO) and V5 (EVO+) models are designed with a central hole, which allows aqueous humor to circulate naturally and allows sufficient fluid to flow to maintain the normal physiology of the anterior segment, thus avoiding laser iridotomy and reducing the risks of cataract development and endothelial cell loss (Figure 7), (53, 54). Both models can be used to correct myopia and myopic astigmatism. The V4c ICL model has been widely used for the past decade. According to the results of in vitro and in vivo optical experiments, the optical quality of the V4c ICL model is good and comparable to that of the same model without the central hole (55). Both models provided good optical quality, and no significant effect on postoperative visual acuity or optical quality was noted. Two models of the ICL are available for EVO and EVO+ (29, 56, 57). The optical diameter region of the EVO model is between 4.9 and 5.8 mm. The EVO+ optical area has been expanded from 5.0 to 6.1 mm, resulting in better visual quality, especially under low light conditions. Kojima et al. reported that because the optical zone of the EVO+ model is larger, less night vision impairment is noted after implantation, and postoperative visual impairment is reduced (58). Contrast sensitivity improved after both ICL EVO and ICL EVO+ implantation, and optical quality parameters such as the modulation transfer function and scatter also improved after ICL implantation.

[image: Figure 7]

FIGURE 7
 The arrow indicates the central hole in the V4c ICL model.


Toric ICLs (TICLs) also offer effective vision restoration for astigmatism sufferers. Implantable ICLs and TICLs have comparable efficacy, safety, and predictability; induce acceptable amounts of HOAs; and achieve satisfactory correction of myopia and myopic astigmatism (19). However, ICL astigmatism is a risk factor for increased halo frequency, severity, and distress effects. Some studies have shown that the incidence of halos after TICL is significantly greater than that after ICL (19). Kamiya et al. reported increases in the numbers of third-order aberrations and total HOAs in both 4-mm and 6-mm pupils 1 year after TICL implantation for the correction of moderate to high myopic astigmatism (59). However, TICL did not induce more HOAs than ICL did. One possible explanation is that the curvature gradient at the edge of the optical zone is more complex because of the astigmatism of the ICL, with different lens powers for different axes. If the TICL is too small, the vault after surgery is low and increases the possibility of IOL rotation, which reduces the astigmatism correction effect. Stabilizing the rotation of astigmatic ICLs is key to achieving efficacy. It is generally accepted that 10° rotation away from the predetermined axis after ICL implantation increases the diopter and reduces the optical performance (60). When the rotation degree reaches 30°, the astigmatism correction effect disappears (61, 62).



3.4 Dry eye complications

Dry eye is a common postoperative complication of refractive surgery and a multifactorial chronic ocular surface disease that is characterized by abnormal tear quality, volume and dynamics, leading to hyperosmolarity of the tear film, an imbalance in tear film homeostasis, further inflammatory responses, structural and functional damage, and abnormal ocular surface nerve sensation. Eventually, patients may experience eye discomfort, such as dryness, burning, photophobia, foreign body sensation, swelling and pain, and fluctuating vision, all of which can negatively impact their daily work, quality of life, and mental health (63–65). Compared with corneal laser surgery, ICL implantation surgery involves changing the refractive state by implanting an artificial lens without altering the ocular surface structure, thus minimally impacting tear film stability and reducing the incidence of postoperative dry eye and meibomian gland loss. The possible causes of dry eye complications after ICL implantation surgery are as follows: 1. Incision injury: Incision injury to nerve fibers leads to decreased corneal sensation and reduced levels of nutritional factors. 2. Drugs: Antibiotics and anesthetic drugs used during the perioperative period may have toxic effects. 3. Surgical stimulation: Mechanical damage during surgery and postoperative inflammatory responses can cause cell apoptosis or dysfunction, thereby reducing tear film stability. Moreover, a study by Yao et al. revealed that ICL implantation with larger and deeper incisions led to poorer postoperative tear film stability, with a greater decline than that noted after SMILE surgery and a slower recovery. The instability of the tear film causes light scattering, reducing visual quality and causing visual fatigue (66). The increase in optical aberrations may further cause various discomforts, such as blurred vision, halos, glare, and diplopia (67), which can exacerbate visual fatigue. Therefore, routine examinations of accommodative function and the non-invasive tear break-up time (NBUT) before ICL surgery are recommended to identify risk factors and design personalized treatment plans to minimize postoperative visual fatigue symptoms and optimize surgical outcomes.




4 Measures to improve visual quality after ICL implantation

Current measures to improve visual quality after ICL implantation include reducing the pupil size, modifying the procedure, and using relaxing corneal incisions. As mentioned above, a smaller pupil is conducive to improving the quality of vision after ICL implantation and achieving good visual outcomes. Brimonidine tartrate (0.2%) ophthalmic solution (68), which shrinks the pupil, is an effective postoperative treatment option to improve night vision quality early after ICL implantation; it also improves glare or halo symptoms in patients after LASIK under scotopic conditions (69). Chen et al. (68) revealed that the visual quality of eyes implanted with ICLs improved and reached the maximum value 1.5 h after the use of brimonidine eye drops. In addition, the pupil diameter reached the minimum value during scotopia, and the OSI value began to decrease 0.5 h after the administration of the medication and reached the minimum value at 1.5 h. Moreover, the patient’s subjective visual symptoms, such as glare or halo symptoms, decreased or even disappeared as the pupil diameter decreased. However, excessive miosis may increase patient discomfort by causing visual dimming, diffraction, and other visual disturbances due to the presence of the central foramen itself.

On the other hand, some studies have been performed to improve postoperative visual quality by altering the ICL implantation procedure. Quin et al. modified traditional ICL implantation to “pure ICL implantation” (70). The pure ICL implantation method with continuous infusion of balanced salt solution (BSS).

through a lateral incision without the use of an ophthalmic viscosurgical device (OVD) allows faster ICL implantation without contacting the lens or corneal endothelium and without the need to rinse the OVD, thus shortening the operation time, reducing the cost of the material, and improving patients’ and surgeons’ experiences. Moreover, the quality of vision in the early period after pure ICL implantation is reported to be better than that after conventional implantation, as evidenced by 1-day postoperative MTF and SR values and 1-week postoperative OV100%, OV20%, and OV9% values that were greater than those after conventional implantation (70). Wang et al. also modified the double-incision ophthalmic viscosurgical device (OVD)-free approach to improve visual quality after ICL implantation (71). The incidence of ring-shaped dysphotopsia was significantly lower in the no-OVD group than in the standard group, and the severity of this symptom and the level of distress were significantly lower in the no-OVD group. Wang et al. suggested that OVD retention in the foramen may cause stray light, which induces ring-shaped dysphotopsia, and that the disappearance of this symptom is accompanied by OVD absorption (71). Uncorrected distance visual acuity (UDVA) and corrected distance visual acuity (CDVA) were also greater in the simple group compared with the conventional ICL implantation group on the first postoperative day, as ICL implantation alone facilitated the control of early postoperative intraocular pressure (IOP) and the anterior chamber inflammatory reaction (ACR). At 3 months after ICL implantation, good visual quality was observed. Liu et al. studied surgical incisions to minimize preexisting low-grade astigmatism (up to 1.0 D) as well as surgically induced astigmatism affecting postoperative visual quality (72). A steep meridian corneal release incision (SM-CRI) was found to reduce corneal astigmatism by flattening the steep meridian and steepening the flat meridian through a corneal release incision. Moreover, this simple, cost-effective procedure has been widely used in cataract surgery to correct low to moderate corneal astigmatism. Hei et al. reported that patients with an SM-CRI had a significantly lower incidence of postoperative corneal astigmatism, a significantly lower incidence of postoperative irregular astigmatism, and better postoperative visual quality than patients with a non-steep meridional corneal release incision (NSM-CRI) did (73). The advantage of an SM-CRI over other types of incisions is that an SM-CRI in ICL implantation avoids TICL misalignment, thereby reducing the risk and cost of ICL placement complications.



5 Conclusion

The negative effects of myopia, especially high myopia, on patients’ visual function, quality of life, and productivity have been well described. For patients with high myopia or a thin cornea, implantable lenses (ICLs) may represent an alternative to corneal refractive surgery (CRS). Implantable collagen lens (ICL) implantation, a safe, effective, predictable and stable refractive surgery, has received extensive attention in recent years. ICLs are removable and can correct a wide range of myopia (−0.50D to −18.00D), which is suitable for patients with high myopia, moderate myopia, mild myopia and myopic astigmatism. Owing to its unique advantages, the ICL can also be used for the treatment of vision regression after corneal refractive error correction, when good postoperative visual quality has also been achieved. ICLs can effectively improve visual acuity in patients with super high myopia, especially young patients. ICLs may completely correct refractive errors and therefore improve patients’ quality of life and reduce the burden on public health. Although most patients are satisfied or highly satisfied with the outcome of ICL implantation, subjective symptoms such as halos and glare remain sources of concern. These symptoms may affect patients’ visual quality and quality of life. Methods to improve visual quality after ICL implantation are the subject of current research. Studies have focused on improving visual quality by optimizing surgical techniques, selecting appropriate ICL models, and providing postoperative treatment.

Owing to advancements in science and technology, new ICLs are being developed. These new models may have better optical properties, a lower risk of complications, and wider applicability. Although the tilt and decentration of the ICL after implantation are within acceptable limits, their effects on visual quality are still the subject of intense research. Research to explore measures to localize the ICL more accurately and to reduce its potential impact on visual quality is ongoing. Before ICL surgery, anterior segment (AS) OCT can guide diagnostic assessment of the anterior segment and help select the correct ICL model. Moreover, new techniques to further improve the safety and effectiveness of surgery will be the focus of future research. During the ICL implantation procedure, intraoperative optical coherence tomography (iOCT) can help evaluate the qualitative and quantitative impacts of surgical intervention on tissues, provide real-time dynamic feedback, and offer better parameters for intraoperative and postoperative management. These new techniques may include methods to achieve more accurate surgical positioning, methods to improve surgical efficiency, and methods to reduce surgical complications. Although ICL implantation has been shown to be safe and effective in the short term, its long-term effects still need to be further evaluated. Future studies should focus on long-term visual quality and complications after ICL implantation, as well as patient satisfaction with surgical outcomes. In the future, ICL implantation may be integrated with other ophthalmic technologies, such as corneal cross-linking technology and laser surgery, to further improve surgical outcomes and patients’ visual quality.

In conclusion, ICL implantation, as a safe and effective refractive surgical procedure, has broad application prospects in the correction of myopia and myopic astigmatism. However, methods to improve the safety and effectiveness of surgery, enhance postoperative visual quality and reduce the risk of complications are topics of current research. Future research will focus on personalized treatment, the development of new surgical techniques, the evaluation of long-term results, and integration with other technologies.
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