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Purpose: To assess the outcomes of implanting a new polymethylmethacrylate (PMMA) ring (Neoring; AJL Ophthalmic) in pre-descemet deep anterior lamellar keratoplasty (PD-DALK) procedure for moderate-advanced keratoconus.

Methods: This prospective study included 10 eyes of 10 patients with moderate-advanced keratoconus who underwent PD-DALK with Neoring implantation. Neoring was implanted in a pre-descemetic pocket. The post-operative examination included refraction, corrected distance visual acuity (CDVA), corneal tomography, and endothelial cell density (ECD). The root mean squares (RMSs) for coma-like aberrations and spherical aberration were evaluated for a pupil size of 4.5 mm. The junctional graft (Tg) and host (Th) thicknesses were measured. The post-operative follow-up was 24 months.

Results: Post-operative CDVA was 0.82 ± 0.14 (decimal scale), 100% of the eyes achieved a CDVA of 0.7 (decimal scale). The refractive cylinder was −2.86 ± 1.65 2-years after surgery. No eyes had a post-operative refractive cylinder ≥5.00 D and in five eyes (50%), it was ≤2.50 D. At the last visit, the mean keratometry was 45.64 ± 1.96 D, the RMS for coma-like aberrations was 0.30 ± 0.15 μm and spherical aberration was 0.22 ± 0.09. The mean ECD remains without changes over the follow-up (P = 0.07). At the last visit, Tg and Th were 679.9 ± 39.0 and 634.8 ± 41.2 μm, respectively. The thickness of the complex (host-Neoring) was 740.6 ± 35.6 μm. In all cases, this thickness was thicker than Tg.

Conclusion: The results of this study suggest that PD-DALK along Neoring implantation is a viable, effective, and safe option to optimize the post-operative results for moderate-severe keratoconus.
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INTRODUCTION

Deep anterior lamellar keratoplasty (DALK) is a surgical procedure in which a corneal donor, free from endothelium and Descemet's membrane (DM), is transplanted in patients affected by a corneal disease, in which the endothelium is healthy and can be preserved. DALK may be classified into two types according to the technique used: with and without DM exposure, known as Descemet-DALK (D-DALK), and pre-descemet DALK (PD-DALK), respectively. Overall, DALK has significant advantages over penetrating keratoplasty (PKP), including reduced risk of endophthalmitis, no immune reaction, and minor loss of endothelial cell density (ECD), among others (1). However, DALK is not free of potential intra- and post-operative complications. Some of these complications are related to the corneal transplantation itself (complications associated with the graft-host interface, graft epithelial problems, graft or host cornea vascularization, suture-related complications, stromal rejection, post-operative refractive errors) (1–6). Others are more technique-dependent (D-DALK seems to provide a faster visual recovery than PD-DALK; however, D-DALK is associated with a higher risk of intraoperative complications) (7, 8).

The ocular disease leading to corneal transplantation might also influence the DALK-related complications (6, 9–11). Advanced keratoconus is the most common indication for corneal transplantation in many countries (12, 13). The most common intraoperative complication is the DM rupture (14), being mainly associated with the D-DALK technique (2, 7, 8, 15). Complications related to the graft-host interface and the irregularity of the recipient corneal bed may make it difficult to achieve an optimal visual restoration in patients with severe keratoconus (16, 17).

We designed a new ring made of polymethylmethacrylate (PMMA), named Neoring (AJL Ophthalmic, Spain), to overcome the potential complications of DALK in advanced keratoconus. First, the Neoring is conceived for the PD-DALK technique owing to the fact that it is implanted in a PD pocket created through the trephination periphery. As previously pointed out, the most common intraoperative complication (rupture DM) is mainly associated with D-DALK. Second, the Neoring implantation aims to regularize the graft-host interface and recipient corneal bed. Notedly, that corneal graft conforms, in part, to the recipient bed. Hence, the Neoring implantation might lead to a better corneal morphology restoration, consequently, improve the visual and refractive outcomes after surgery.

In the current prospective study, 10 eyes of 10 patients who underwent PD-DALK with Neoring implantation for advanced keratoconus were case per case analyzed over a follow-up of at least 24 months.



PATIENTS AND METHODS

This is a prospective case series study that included patients with moderate-advanced keratoconus, who underwent PD-DALK surgery with Neoring implantation at the Fernández-Vega Ophthalmological Institute in Oviedo, Spain. This study was conducted in compliance with the tenets of the Declaration of Helsinki. The study was approved by the Ethics Committee of the “Principado de Asturias” (Oviedo, Spain). After receiving a complete description of the nature of the study and the possible consequences of surgery, all patients provided informed consent.

Inclusion criteria were the presence of keratoconus, poor or unsatisfactory corrected distance visual acuity (CDVA) with spectacle ( ≤ 20/40), intolerance to contact lens, mean keratometry ≥50 D, corneal thickness in the area of the central 3 mm ≤450 μm, and axial length ≥23.50 mm. Exclusion criteria were an active ocular disease (other than keratoconus) and a history of ocular disorders with a potential impact on the variables under study (cataract, macular degeneration, glaucoma, retinal detachment, neuro-ophthalmic diseases, or ocular inflammation).

All DALK surgeries were performed by the same surgeon (JFA) using Anwar's technique (18). Neoring (AJL Ophthalmic, Spain) was implanted in all cases. This ring is made of PMMA with a circular cross-section, a thickness of 0.21 mm, and it is available with three diameters (8, 8.5, and 9 mm). Neoring is conceived to be implanted in a pre-descemetic pocket created in the periphery of the trephination performed at the host cornea. The diameter of the Neoring must be 0.5 mm larger than the trephination diameter performed at the host cornea to achieve a correct ring fitting in the pre-descemetic pocket (Figure 1).


[image: Figure 1]
FIGURE 1. Image of Neoring before implantation.


Briefly, the more significant steps of the surgical procedure were as follows: a partial trephination of the host corneal was performed with a diameter of 8 mm. The donor graft was cut 0.25 mm larger than the size used for the recipient corneal trephination. A manual layer-by-layer stromal dissection was performed, starting at the trephination edge down to the deepest stromal layer adjacent to DM. A thin stromal layer was left behind (between 50 and 70 μm at the central zone). A pre-descemetic pocket was created to 0.25 mm outside the trephination of the recipient cornea. Subsequently, a Neoring of 8.5 mm of diameter was implanted in the pre-descemetic pocket. The ring was provisionally fixated to the recipient cornea with two 8-0 silk sutures at 12 and 6 o'clock. Then, the donor button free from DM and endothelium was transferred to the recipient bed and sutured to the host corneal with four interrupted 10-0 nylon sutures (from 90% of the donor button depth and going the suture needle over Neoring to ensure that it is placed at pre-descemetic level). Finally, the silk sutures for the ring fixation were removed, and the 16 interrupted 10-0 nylon sutures were completed.

Post-operatively, selective suture removal started at 6 months after DALK, and it was completed at 15 months. The post-operative treatment consisted of a regimen of 1% dexamethasone and ciprofloxacin 0.3% drops four times a day for 1 week. Antibiotic drops were then discontinued, and dexamethasone was progressively tapered down over the next 3 months. Subsequently, we maintained dexamethasone in a regimen of one drop per day for a year. Furthermore, Plasma Rich in Growth Factors (PRGF) eye drops were added topically four times daily for at least 3 months.

Post-operative follow-up visits were scheduled 1-, 7-days, and 1 month after surgery and then every 3 months until 24 months (Figure 2). The post-operative examination included Manifest refraction, CDVA, slit lamp examination, corneal tomography (Sirius, CSO, Italy), ECD (SP 3000P, Topcon Europa), and corneal thickness (CCT) (Casia II- OCT, Tomey, Japan). Furthermore, at the last follow-up visit (24 months), the root mean square (RMS) for coma-like aberrations [computed for the Zernike terms Z (3, 1) and Z (3, −1)] and spherical aberration [Zernike coefficient Z (4, 0)] of the total cornea and the posterior corneal surface were evaluated for a pupil size of 4.5 mm. Finally, at the last visit, we used Casia II–OCT to measure the junctional graft thickness (Tg) and junctional host thickness (Th) and calculate the absolute value of the difference between Tg and Th (Tg-Th) according to the study of Zhao et al. (16). The corneal thickness of the complex host + Neoring was also measured.
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FIGURE 2. Neoring 24-months post-operatively.


Statistical analysis was carried out using Statistical Product and Service Solutions (SPSS) software for Windows (version 15.0, SPSS, Inc.). Pre-operative and post-operative data were compared using the Friedman test. A P < 0.05 was considered statistically significant. Data are reported as the mean ± SD.



RESULTS

The study included 10 eyes of 10 patients with a mean age of 36.90 ± 2.28 years (range 34–40 years). All patients completed the follow-up period of 2 years and attended all the follow-up visits. Table 1 summarizes the pre-operative data of the patients. All the surgeries were uneventful, with no intra or post-operative complications. No cases required conversion to PKP.


Table 1. Pre-operative data of the patients.
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Table 2 shows the pre-operative and post-operative clinical outcomes. All visual and refractive parameters significantly improved after DALK. CDVA was progressively improving visit by visit in all eyes until 24 months of follow-up. Figure 3 shows the changes in CDVA for each case studied over the whole follow-up. At the last visit, 100% of the eyes achieved a CDVA of 0.7 (decimal scale) and 50% of the eyes achieved a CDVA of 0.8 (decimal scale) or better. The safety index (ratio between the post-operative CDVA and the pre-operative CDVA) was 1.87.


Table 2. Pre-operative and post-operative clinical outcomes.
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FIGURE 3. Variation in corrected distance visual acuity (CDVA) over the whole follow-up for each case.


The spherical component of the refraction dropped from a pre-operative −7.80 ± 3.79 D to a 24-month post-operative value of −3.39 ± 2.58 D (P = 0.0001). At the last visit, only four eyes had a spherical refractive error ≥4.00 D. In these cases, the axial length was longer than 25 mm (Figure 4). The refractive cylinder changed from −8.40 ± 4.12 D pre-operatively to −2.86 ± 1.65 D 2 years after surgery (P < 0.001). At the last visit, no eyes had a post-operative refractive cylinder ≥5 D, and in five eyes (50%), it was ≤2.50 D. Both, the maximum and minimum K reading values, declined significantly after surgery. At the last visit, the mean keratometry was 45.64 ± 1.94 D (ranging from 43.47 to 49.57 D).


[image: Figure 4]
FIGURE 4. Plots showing axial length vs. post-operative spherical refractive error.


Regarding corneal aberrometry, the 24-month post-operative RMSs for coma-like and spherical aberrations of the posterior corneal surface were 0.12 ± 0.09 and 0.08 ± 0.18 μm, respectively. In turn, the RMS for coma-like aberrations of the total corneal was 0.30 ± 0.15 μm and the spherical aberration was 0.22 ± 0.09 μm.

There were no significant changes in the mean ECD at any timepoint (P = 0.07). The mean CCT increased from 389.4 ± 51.58 μm pre-operatively to 541.7 ± 34.6 μm at 6 months post-operatively (P = 0.0006), and then it remains unchanged over the follow-up (566.56 ± 30.65 μm at the last visit).

At the last visit, Tg and Th were 679.9 ± 39.0 and 634.8 ± 41.2 μm, respectively. Consequently, the (Tg-Th) was 45.1 ± 24.02 μm. The thickness of the complex host + Neoring was 740.6 ± 35.6 μm, and in all cases, this thickness was thicker than Tg (Figure 5).


[image: Figure 5]
FIGURE 5. Anterior Segment Optical Coherence Tomography (AS-OCT; Casia II- OCT, Tomey, Japan) 24-months post-operatively.




DISCUSSIONS

Advanced keratoconus is a corneal disease that causes severe visual impairment and is a leading indication for corneal transplantation (12, 13). Notedly, keratoconus, even in its most advanced stages, affects young people; consequently, achieving a good visual quality that lasts for a lifetime must be the main aim.

DALK in keratoconus aims to improve visual quality through the restoration of corneal morphology. The graft-host matching is a key factor to achieve optimal visual and refractive outcomes (16). The thickness of the corneal bed is also a factor that limits the visual acuity restoration after DALK, a recipient thickness of more than 80 μm reduces the post-operative visual acuity (17). In turn, the posterior corneal surface is also affected by keratoconus (19). It should be kept in mind that the graft conforms, at least in part, to the recipient DM, which remains intact after DALK. Therefore, the changes and the irregularities induced by keratoconus in the posterior corneal surface could contribute to worsening the optical quality of the corneal graft.

This pilot study evaluated the clinical outcomes of implanting a new PMMA ring (Neoring) in a pre-descemetic pocket in the PD-DALK procedure. PD-DALK for keratoconus may provide comparable CDVA outcomes to D-DALK (2, 7, 8, 20, 21), as long as, as noted above, the recipient bed thickness is thinner than 80 μm (17). Consequently, in our study, the stromal layer left behind was thinner than 70 μm at the central zone in all cases. Furthermore, the Neoring implantation aimed to achieve a better corneal morphology restoration by increasing the thickness of the retained peripheral recipient cornea and regularizing the recipient corneal bed.

The results showed satisfactory visual acuity. At the last visit, the CDVA was 0.82 ± 0.14 (decimal scale) (range from 0.7 to 1.0), 100% of the eyes achieved a CDVA of 0.7 (decimal scale), and 50% of the eyes achieved a CDVA of 0.8 (decimal scale) or better. Furthermore, it is important to note that three of the five eyes with a CDVA of 0.7 (decimal scale) had an axial length longer than 26.5 mm and a posterior staphyloma that reached the macular area. Hence, it seems that likely these cases obtained their maximum potential visual acuity. The safety index ratio was 1.87. Our visual results were better than those previously reported in the more advanced keratoconus. In the study of Feizi et al. (11), the CDVA was 0.19 and 0.20 logMAR (around 0.6 in decimal scale) for stage III and IV, respectively. Javadi et al. (22), in turn, reported a CDVA of 0.16 and 0.18 logMAR (about 0.7 decimal scale) for moderate and severe keratoconus using D-DALK. This study reported significantly worse CDVA for severe keratoconus with the PD-DALK technique (0.29 logMAR; around 0.5 in decimal scale). We should be cautious with these comparisons because although our cases were prospectively analyzed, this is a pilot study including 10 eyes. However, it seems plausible that the Neoring implantation might benefit visual acuity restoration, as will be argued below.

Regarding refractive outcomes, at the last visit, only four eyes had a spherical refractive error ≥ 4 D. In these cases, the axial length was longer than 25 mm (Figure 4). Furthermore, the mean keratometry at the last visit was 45.64 ± 1.94 D. These results indicate that the post-operative sphere refraction was mainly associated with the elongation of the posterior segment, and not with a significant steepness of the corneal graft. The refractive cylinder changed from −8.40 ± 4.12 D pre-operatively to −2.86 ± 1.65 D 2 years after surgery (P < 0.001). The average reported refractive cylinder after DALK for keratoconus may vary among studies between 2.50 and 5.00 D (2, 23, 24). For the moderate and severe keratoconus, the reported post-DALK astigmatism is around 3.50 D but may reach up to 10.00 D (11). In the present study, at the last visit, no eyes had a post-operative refractive cylinder ≥5.00 D and in five eyes (50%), it was ≤ 2.50 D.

According to the visual and refractive outcomes found in this pilot study, it seems that PD-DALK along Neoring implantation might represent a viable option to optimize the post-operative results in moderate-severe keratoconus. We have reasons to accept the assumption that Neoring implantation influenced these results. First, it should be noted that the donor graft conforms, at least in part, to the morphology of the recipient intact bed. Therefore, it would imply that the more irregular the recipient bed, the worse regain the corneal refractive regularity. Advanced keratoconus has steeper corneas, and the posterior cornea is more irregular. Hence, it should be expected that an action to regularize the recipient bed might improve the post-operative visual and refractive outcomes. We hypothesized that a healing process mediated by activated keratocytes might occur around Neoring. In a similar way to what happens after intracorneal ring segment implantation (25). This wound-healing process might apply a pushing force on the periphery, which might lead to a flattening of the recipient corneal bed. Consequently, and considering that the recipient corneal radii of curvature are a factor influencing the post-operative graft radii of curvature (26), it might result in a less steep keratometry of the corneal graft. The post-operative mean keratometry in our study was 45.64 ± 1.94 D with no cases exceeded 50 D. In contrast, the post-operative mean keratometry reported by Feizi et al. (11) in stages III and IV were around 1.0 and 1.5 D stepper, respectively, and some cases had a Km up to 53.50 and 56.50 D, respectively.

Furthermore, Neoring implantation might mitigate the irregularities of the recipient bed induced by advanced keratoconus, and as a consequence, the total corneal aberrations. The 24-month post-operative RMSs for coma-like and spherical aberrations of the posterior corneal surface were 0.12 ± 0.09 and 0.08 ± 0.18 μm, respectively. In turn, the RMS for coma-like aberrations of the total corneal was 0.30 ± 0.15 μm and the spherical aberration was 0.22 ± 0.09 μm. We cannot compare it with the pre-operative values. However, considering that posterior corneal aberrations increase in advanced keratoconus, it should be expected that the posterior coma-like and spherical aberrations were significantly higher before surgery. Besides, our research group has recently shown that long-arc-length intrastromal corneal ring (ICRS) implantation provides significant changes in the anterior and posterior corneal surface morphology of moderate-advanced keratoconus, becoming both surfaces more regular (27). Although both, ICRS and Neoring, have different indications and mechanisms of action, it seems plausible to expect that Neoring might also have a regularization effect on the recipient bed. Moreover, the continuous improvement in CDVA visit by visit (Table 2) could be related, obviously, to the removal of the sutures and an ongoing regularization process that, in turn, would be influenced by the healing process around the ring previously explained.

Finally, it is essential to note that the implant added volume to the retained peripheral recipient cornea (Figure 5), decreasing the difference between the Tg and Th (Tg-Th). Zhao et al. (16) found that the larger the (Tg-Th) value, the worse the visual and refractive outcomes. The (Tg-Th) value was lower in our study than that reported by Zhao et al. (16) (45.1 and 85.74 μm, respectively). Furthermore, the thickness of the complex (host + Neoring) was thicker than Tg in all cases. All these findings suggest that Neoring implantation in PD-DALK would provide that the posterior corneal surface became more regularized and flattened post-operatively and a smoother transition graft-host junction, providing encouraging outcomes in advanced keratoconus.

In the current study, no complications occurred during surgery or over the entire follow-up time. The most common and significant intraoperative complication is the DM perforation, being mainly associated with the D-DALK technique (2, 7, 8, 15). The endothelial cell count remained stable over the follow-up, suggesting that Neoring implantation did not cause alterations in the endothelium. A late post-operative complication after DALK is the recurrent keratoconus (2, 28, 29). The difference between Tg and Th might provoke a progressive thinning of the graft-host junction over time, which might induce high irregular astigmatism. As previously explained, the implant added volume to the retained peripheral recipient cornea (Figure 5), decreasing the difference between Tg and Th, and making the thickness of the complex (host + Neoring) thicker than Tg. Furthermore, as Krumeich proposed (30), ring implantation might secure the stability of the wound. Hence, the approach of implanting Neoring might minimize the risk for recurrent keratoconus. However, further studies with a larger sample and longer follow-ups are required to address these potential benefits.

Despite the encouraging results in the prospective study, it should be pointed out that this is a pilot study including 10 cases and it only represented a single-center experience. It is important also to note that all surgeries were carried out by an experienced surgeon. Therefore, further prospective, randomized, and multicenter studies with a larger sample and longer follow-ups are required to deeply address the potential benefits of this procedure. Notedly, Neoring was initially conceived for the PD-DALK technique because it is implanted in a PD pocket. However, it should be noted that femtosecond laser can be safely and effectively used to create cutting patterns (31) in the host and donor corneas that might allow Neoring implantation in a PD pocket in the periphery, leaving bared a central region of Descemet's membrane. Hence, we consider it interesting to evaluate the outcomes of Neoring implantation in femtosecond laser-assisted DALK using those cutting patterns (31) in future studies.

In conclusion, the findings of this pilot study suggest that Neoring implantation in the PD-DALK procedure might represent a viable option to optimize the post-operative results in moderate-severe keratoconus. Further, long-term follow-up studies, including a larger number of cases, are needed to properly analyze the stability of this surgery and confirm the safety of the procedure.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article, further inquiries can be directed to the corresponding author.



ETHICS STATEMENT

The study was approved by the Ethics Committee of the Principado de Asturias (Oviedo, Spain). The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

BA-B: conception and design of the study, analysis and interpretation of data, writing the manuscript, and critical revision of the manuscript. CL and LF-V-C: conception and design of the study, analysis and interpretation of data, and critical revision of the manuscript. DM-C and JA: conception and design of the study, analysis and interpretation of data, critical revision of the manuscript, and supervision. All authors read and approved the final manuscript.



FUNDING

Fernández-Vega Ophthalmological Institute has an unrestricted Grant from AJL Ophthalmic.



REFERENCES

 1. Reinhart WJ, Musch DC, Jacobs DS, Lee WB, Kaufman SC, Shtein RM. Deep anterior lamellar keratoplasty as an alternative to penetrating keratoplasty: a report by the American academy of ophthalmology. Ophthalmology. (2011) 118:209–18. doi: 10.1016/j.ophtha.2010.11.002

 2. Feizi S, Javadi MA, Karimian F, Abolhosseini M, Moshtaghion SM, Naderi A, et al. Penetrating keratoplasty versus deep anterior lamellar keratoplasty in children and adolescents with keratoconus. Am J Ophthalmol. (2021) 226:13–21. doi: 10.1016/j.ajo.2021.01.010

 3. Khattak A, Nakhli FR, Al-Arfaj KM, Cheema AA. Comparison of outcomes and complications of deep anterior lamellar keratoplasty and penetrating keratoplasty performed in a large group of patients with keratoconus. Int Ophthalmol. (2018) 38:985–92. doi: 10.1007/s10792-017-0548-9

 4. Jones MN, Armitage WJ, Ayliffe W, Larkin DF, Kaye SB. Penetrating and deep anterior lamellar keratoplasty for keratoconus: a comparison of graft outcomes in the United Kingdom. Invest Ophthalmol Vis Sci. (2009) 50:5625–9. doi: 10.1167/iovs.09-3994

 5. Huang T, Hu Y, Gui M, Zhang H, Wang Y, Hou C. Large-diameter deep anterior lamellar keratoplasty for keratoconus: visual and refractive outcomes. Br J Ophthalmol. (2015) 99:1196–200. doi: 10.1136/bjophthalmol-2014-306170

 6. Huang T, Zhang X, Wang Y, Zhang H, Huand A, Gao N. Outcomes of deep anterior lamellar keratoplasty using the big-bubble technique in various corneal diseases. Am J Ophthalmol. (2012) 154:282–9. doi: 10.1016/j.ajo.2012.02.025

 7. Sarnicola V, Toro P, Gentile D, Hannush SB. Descemetic DALK and predescemetic DALK: outcomes in 236 cases of keratoconus. Cornea. (2010) 29:53–9. doi: 10.1097/ICO.0b013e3181a31aea

 8. Abdelkader A, Kaufman HE. Descemetic versus pre-descemetic lamellar keratoplasty: clinical and confocal study. Cornea. (2011) 30:1244–52. doi: 10.1097/ICO.0b013e318219bc1a

 9. Einan-Lifshitz A, Belkin A, Sorkin N, Mednick Z, Boutin T, Kreimei M, et al. Evaluation of big bubble technique for deep anterior lamellar keratoplasty in patients with radial keratotomy. Cornea. (2019) 38:194–7. doi: 10.1097/ICO.0000000000001811

 10. Myerscough J, Friehmann A, Bovone C, Mimouni M, Busin M. Evaluation of the risk factors associated with conversion of intended deep anterior lamellar keratoplasty to penetrating keratoplasty. Br J Ophthalmol. (2020) 104:764–7. doi: 10.1136/bjophthalmol-2019-314352

 11. Feizi S, Javadi MA, Kheiri B. Effect of keratoconus severity on clinical outcomes after deep anterior lamellar keratoplasty. Am J Ophthalmol. (2019) 202:15–22. doi: 10.1016/j.ajo.2019.01.030

 12. Ali Javadi M, Kanavi MR, Safi S. A 27-year report from the central eye bank of Iran. J Ophthalmic Vis Res. (2020) 15:149–59. doi: 10.18502/jovr.v15i2.6731

 13. Zare M, Javadi MA, Einollahi B, Baradaran-Rafii A, Zarei Ghanavati S, Farsani MR, et al. Indications for corneal transplantation at a tertiary referral center in tehran. J Ophthalmic Vis Res. (2010) 5:82–6.

 14. Parker JS, van Dijk K, Melles GR. Treatment options for advanced keratoconus: a review. Surv Ophthalmol. (2015) 60:459–80. doi: 10.1016/j.survophthal.2015.02.004

 15. Anwar M, Teichmann KD. Deep lamellar keratoplasty: surgical techniques for anterior lamellar keratoplasty with and without baring of Descemet's membrane. Cornea. (2002) 21:374–83. doi: 10.1097/00003226-200205000-00009

 16. Zhao Y, Zhuang H, Hong J, Tian L, Xu J. Malapposition of graft-host interface after penetrating keratoplasty (PK) and deep anterior lamellar keratoplasty (DALK): an optical coherence tomography study. BMC Ophthalmol. (2020) 20:41. doi: 10.1186/s12886-020-1307-7

 17. Ardjomand N, Hau S, McAlister JC, Bunce C, Galaretta D, Tuft SJ, et al. Quality of vision and graft thickness in deep anterior lamellar and penetrating corneal allografts. Am J Ophthalmol. (2007) 143:228–35. doi: 10.1016/j.ajo.2006.10.043

 18. Anwar M. Dissection technique in lamellar keratoplasty. Br J Ophthalmol. (1972) 56:711–3. doi: 10.1136/bjo.56.9.711

 19. Tomidokoro A, Oshika T, Amano S, Higaki S, Maeda N, Miyata K. Changes in anterior and posterior corneal curvatures in keratoconus. Ophthalmology. (2000) 107:1328–32. doi: 10.1016/S0161-6420(00)00159-7

 20. Schiano-Lomoriello D, Colabelli-Gisoldi RA, Nubile M, Oddone F, Ducoli G, Villani CM, et al. Descemetic and predescemetic DALK in keratoconus patients: a clinical and confocal perspective study. Biomed Res Int. (2014) 2014:123156. doi: 10.1155/2014/123156

 21. Lu Y, Grisolia AB, Ge YR, et al. Comparison of femtosecond laser-assisted descemetic and predescemetic lamellar keratoplasty for keratoconus. Indian J Ophthalmol. (2017) 65:19–23. doi: 10.4103/ijo.IJO_688_16

 22. Javadi MA, Mohammad-Rabei H, Feizi S, Daryabari SH. Visual outcomes of successful versus failed big-bubble deep anterior lamellar keratoplasty for keratoconus. J Ophthalmic Vis Res. (2016) 11:32–6. doi: 10.4103/2008-322X.180711

 23. Song Y, Zhang J, Pan Z. Systematic review and meta-analysis of clinical outcomes of penetrating keratoplasty versus deep anterior lamellar keratoplasty for keratoconus. Exp Clin Transplant. (2020) 18:417–28. doi: 10.6002/ect.2019.0123

 24. Henein C, Nanavaty MA. Systematic review comparing penetrating keratoplasty and deep anterior lamellar keratoplasty for management of keratoconus. Cont Lens Anterior Eye. (2017) 40:3–14. doi: 10.1016/j.clae.2016.10.001

 25. Ibares-Frías L, Gallego P, Cantalapiedra-Rodríguez R, Valsero MC, Mar S, Merayo-Lloves J, et al. Tissue reaction after intrastromal corneal ring implantation in an experimental animal model. Graefes Arch Clin Exp Ophthalmol. (2015) 253:1071–83. doi: 10.1007/s00417-015-2959-5

 26. Feizi S, Javadi MA. Factors predicting refractive outcomes after deep anterior lamellar keratoplasty in keratoconus. Am J Ophthalmol. (2015) 160:648–53. doi: 10.1016/j.ajo.2015.07.005

 27. Alfonso JF, Torquetti L, Fernández-Vega-Cueto L, et al. Visual and tomographic outcomes of a 300° arc-length ICRS implantation in moderate to advanced central keratoconus. J Refract Surg. (2021) 37:249–55. doi: 10.3928/1081597X-20210115-01

 28. Feizi S, Javadi MA, Rezaei Kanavi M. Recurrent keratoconus in a corneal graft after deep anterior lamellar keratoplasty. J Ophthalmic Vis Res. 2012; 7: 328e31.

 29. Patel N, Mearza A, Rostron CK, Chow J. Corneal ectasia following deep lamellar keratoplasty. Br J Ophthalmol. (2003) 87:799–800. doi: 10.1136/bjo.87.6.799

 30. Krumeich JH, Duncker G. Intrastromal corneal ring in penetrating keratoplasty: evidence-based update 4 years after implantation. J Cataract Refract Surg. (2006) 32:993–8. doi: 10.1016/j.jcrs.2006.02.020

 31. Gadhvi KA, Romano V, Fernández-Vega Cueto L, Aiello F, Day AC, Gore DM, et al. Femtosecond laser-assisted deep anterior lamellar keratoplasty for keratoconus: multi-surgeon results. Am J Ophthalmol. (2020) 220:191–202. doi: 10.1016/j.ajo.2020.07.023

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Alfonso-Bartolozzi, Lisa, Fernández-Vega-Cueto, Madrid-Costa and Alfonso. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-08-771365-g005.gif





OPS/images/fmed-08-771365-t001.jpg
Mean + SD
Age (years) 36.90+2.28
Refraction sphere (D) ~7.80£3.79
Refraction cylinder (D) —8.40+4.12
CDVA (Snellen Scale) 0.44:£007
Avial length (mm) 2545+ 1.41
Minimum keratometry (D) 51.85+3.41
Maximum keratometry (D) 59.55 & 5.20
Mean keratometry (D) 5570 +3.98
Corneal thickness (um) 390 & 52
ECD (cells/mm?) 2,450 + 543

Range (Min, Max)

(34, 40)
(~14.00, -3.00)
(~16.00, —4.00)

(0.30,0.50)
(23.51,26.94)
(48.12,57.56)
(63.18, 66.75)
(50.65, 61.50)

(299, 444)
(1,674,8,522)

D, diopters; CDVA, corrected distance visual acuity; ECD, endothelial cell density; SD,

standard deviation.





OPS/images/fmed-08-771365-g003.gif





OPS/images/fmed-08-771365-g004.gif





OPS/images/fmed-08-771365-t002.jpg
Refraction sphere (0) Range
Refraction cylinder (D) Range
CDVA (Snellen scale) Range
Keratometric cylinder (D) Range
Minimum keratometry (D) Range
Maximum keratometry (D) Range
Mean keratometry (D) Range
Corneal thickness (wm) Range

ECD (cells/mm?) Range

Pre-operative

~7.80+£8.79
(~14.00t0 ~3.00)
—8.40 £ 4.12
(~16.00 to —4.00)
0.44 0,07 (030
100.50)
7.70£38.73(2.25
to 14.49)
51,85 +3.41
(48.12 10 57.56)
5955 +5.20
(53.18 10 66.75)
56.70 +3.98
(50.65 to 61.50)
380.50 + 51.58
(294 to 444)
2,450 + 543
(1,674 10 3,522)

6-month*

1.90 +3.90"
(~9.00 to +4.00)
340 1.71"
(~6.00to ~0.50)
0520.11% 0.40
100.70)
409+ 2.92% (049
108.39)
42.19 % 4.00*
(35.6210 48.78)
46.27 313"
(42.411051.34)
44.23+3.28¢
(39.02t0 50.06)
641.70 + 34.60"
(502 to 595)
2,306 + 399
(1874103,157)

12-month

—1.76+2.20
(~5.00t0 +1.00)
~3.651.80
(~6.00 to —1.50)
061 £0.13" (0.50
10.0.90)

356 = 1.44 (2.08
105.59)
4314 +2.88
(38.66 10 47.91)
46.70 £ 2.01
(44.181050.88)
44.92 +2.37
(41.46 10 49.40)
550,50  30.17
(501 to 589)
2,498 + 277
(2,162103,101)

18-month**

—3.08 +2.42%
(~7.00t0 0.00)
-2.75£201*
(550 to ~0.25)
0.72 £0.19" (0.50
101.0)
312+ 1.43(1.04
t04.82)
4388+2.36
(39.83t047.21)
47.00 & 2.40
(44.231052.03)
45.44 227
(42.01t0 49.62)
554.56 + 21.89
(51010 580)
2,501 + 444
(2,065 t03,210)

24-month

-3.39 258
(~8.0010 ~0.50)
—2.86+1.65
(~5.00t0 ~1.00)
082+ 0.14" (0.70
t01.0)
3194 1.26 (104
104.87)
44,05 +1.89
(42.13 10 47.21)
47.22 £2.19
(448010 51.92)
45.64 + 1.94
(43.47 10 49.57)
566.56 = 30.65
(520 to 620)
2,584 4 283
(2,185103,109)

*Starting of sutures removal (16 interrupted 10-0 nylon sutures in place); **3 months after completed sutures removal; *Statistically significant differences with the previous follow-up
visit; D, diopters; CDVA, Corrected Distance Visual Acuity; ECD, endothelial cell density.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		A New Pre-descemetic Corneal Ring (Neoring) in Deep Anterior Lamellar Keratoplasty for Moderate-Advanced Keratoconus: A Pilot 2-Year Long-Term Follow-Up Study



		Introduction



		Patients and Methods



		Results



		Discussions



		Data Availability Statement



		Ethics Statement



		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
’ frontiers
in Medicine

A New Pre-descemetic Corneal Ring

(Neoring) in Deep Anterior Lamellar

Keratoplasty for Moderate-Advanced
Keratoconus: A Pilot 2-Year
Long-Term Follow-Up Study





OPS/images/fmed-08-771365-g001.gif





OPS/images/fmed-08-771365-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Medicine





