Medical hypothesis discovery and innovation in ophthalmology Open Access

Original Article

Intracorneal ring segment implantation for eyes with
keratoconus and corneas thinner than 400 microns

Hazem Mohamed Abdelhameed !, Ahmed S. Abo Obaia 2, Akram Fekry Elgazzar ! , Ramy Saleh Abd Ellatief Amer !,
Haitham Beshr Soliman !, Riad Elzaher Hassan Ahmed !, and Shaimaa M. Mostafa 3

! Department of Ophthalmology, Faculty of Medicine, Al-Azhar University, Damietta, EQypt
2 Department of Ophthalmology, Research Institute of Ophthalmology, Giza, EQypt
3 Department of Ophthalmology, Faculty of Medicine for Girls, Al-Azhar University, Assiut, EQypt

ABSTRACT

Background: Intracorneal ring segment (ICRS) implantation is a promising and effective treatment option for keratoconus.
However, a corneal thickness of less than 400 microns presents a unique challenge. This study assessed the clinical course and
visual outcomes in patients with Amsler-Krumeich stage 2 or greater keratoconus and clear corneas, with a minimal corneal
stromal thickness of 350 microns but less than 400 microns in the proposed implantation area, up to 6 months after ICRS
implantation.

Methods: This non-randomized, prospective, interventional case series was conducted at a single tertiary center, consecutively
recruiting patients with keratoconus scheduled for ICRS implantation who fulfilled the eligibility criteria. Detailed
ophthalmological assessments were performed at baseline and 6 months postoperatively, including measurements of uncorrected
distance visual acuity (UCDVA), best corrected distance visual acuity (BCDVA), and manifest refraction with documentation of
the spherical component of the refractive error (in diopters [D]), cylindrical component of refractive error (in diopter cylinder
[DC]), and axis of astigmatism (in degrees). Corneal topographic and pachymetric evaluations were performed using Pentacam
HR, including keratometry (K) values in D (flat K or K1, steep K or K2, and mean K or Km), corneal astigmatism in DC, central
corneal thickness (CCT), and corneal asphericity coefficient (Q value).

Results: We included nine eyes of nine patients with keratoconus and a mean (standard deviation) age of 33.2 (8.2) years (range:
2544 years). Five patients were women (56%), and four were men (44%). All eyes experienced a statistically significant
improvement in the mean visual and refractive outcomes at the 6-month postoperative visit, including UCDVA, BCDVA, sphere,
and cylinder (all P < 0.05). Similarly, we recorded a statistically significant improvement in the mean corneal tomographic and
topographic data, including the K1, K2, Km, CCT, and Q values (all P < 0.05). No serious complications occurred for up to 6
months of follow-up. Only one patient complained of night glare, which was successfully treated with pilocarpine 1% eyedrops
for 3 months.

Conclusions: ICRS implantation may offer a safe and effective option for selected patients with keratoconus and corneal thickness
less than 400 microns, as evidenced by short-term improvements in visual, refractive, topographic, and tomographic parameters.
No vision-threatening complications occurred. However, given the case-series study design, limited sample size, and short follow-
up period, these findings should be interpreted with caution. Further controlled trials are required to validate these preliminary
results.
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ICRS for eyes with keratoconus and corneas thinner than 400 microns
I —

INTRODUCTION

In advanced keratoconus, the cornea becomes excessively thin, rendering glasses or soft contact lenses insufficient for

visual acuity improvement [1]. Under these circumstances, surgical procedures may improve corneal shape and vision. A

common surgical intervention for keratoconus is intracorneal ring segment (ICRS) implantation, sometimes referred to as

Keraring or Intacs [2, 3]. ICRS implantation entails the insertion of synthetic ring segments into the corneal stroma to

straighten the central corneal curvature, diminish astigmatism, and enhance vision [2, 3].

The efficacy of ICRS implantation in enhancing vision and preventing disease progression is widely documented in
the literature [4, 5]. Implantation of an ICRS can result in substantial enhancements in best corrected distance visual acuity
(BCDVA) and decreases in refractive error, especially in patients with mild-to-moderate keratoconus. Moreover, ICRS
implantation is a reversible and less invasive treatment than full-thickness corneal transplant surgery and is a viable
alternative for many patients with keratoconus [2, 6, 7].

Corneal thickness is crucial for intracorneal ring planning and success [8]. The corneal stroma must be sufficiently
thick to accommodate ring segments without stressing or deforming them. ICRS implantation in individuals with thin
corneas may lead to problems such as corneal perforation, elevated intraocular pressure, and poor visual outcomes [9, 10].
Mechanical stress on an already thin cornea can cause gradual thinning or rupture, necessitating corneal transplantation
or other invasive surgery [9, 10].

Despite these concerns, several studies have suggested that ICRS implantation may still benefit certain patients with
thin corneas [11, 12]. In such cases, careful preoperative assessment, including detailed topographic and tomographic
analyses, is crucial for determining the suitability of the procedure. Furthermore, advances in ring design, surgical
techniques, and postoperative management have improved the outcomes of certain patients with thin corneas, offering
the potential to delay or prevent the need for corneal transplantation [12-14].

Although ICRS implantation is promising as an effective treatment for keratoconus, a corneal thickness of less than
400 um presents unique challenges [12]. We evaluated the 6-month clinical course and visual outcomes following ICRS
implantation in patients with stage 2 or greater keratoconus, clear corneas, and a minimal corneal stromal thickness of 350

um but less than 400 um in the proposed implantation area.

METHODS
This non-randomized, prospective, interventional case series was conducted at a single tertiary center from August 2023
to October 2024, consecutively recruiting patients with keratoconus scheduled for ICRS implantation. The study adhered
to the principles of the Declaration of Helsinki and received ethical approval from the Damietta Faculty of Medicine, Al-
Azhar University, Damietta, Egypt. Written informed consent was obtained from each individual at the time of
recruitment.

We included eyes with stage 2 or greater keratoconus (according to the Amsler-Krumeich classification) [15] with
clear corneas, contact lens and glasses intolerance, a minimal corneal stromal thickness of 350 pm but less than 400 pm in
the proposed implantation area, with or without a history of corneal collagen cross-linking (CXL), and patient age > 18
years. The exclusion criteria were history of any corneal surgery except CXL; history of infectious keratitis, retinal
detachment, or glaucoma; and breastfeeding or lactation.

All patients underwent a complete medical history review, demographic data collection, and general examination.
Detailed ophthalmological assessments were performed at baseline and 6 months postoperatively, including the
measurement of uncorrected distance visual acuity (UCDVA) and BCDVA using a Snellen chart (Auto Chart Projector, CP
670; Nidek Co., Ltd., Gamagori, Japan) and recorded in decimal notation. Manifest refraction was conducted using a
commercial autorefractor (KR-800; Topcon, Japan), and the recorded data included the spherical component of the
refractive error (in diopters [D]), cylindrical component of the refractive error (in diopter cylinder [DC]), and axis of
astigmatism (in degrees). Corneal topographic and pachymetric evaluations were accomplished using the Scheimpflug
imaging-based system, Pentacam HR (Oculus Optikgerate GmbH, Wetzlar, Germany), including keratometry (K) values
in D (flat K or K1, steep K or K2, mean K or Km); corneal astigmatism in DC; central corneal thickness (CCT) in pum; and
corneal asphericity coefficient (Q value) at the baseline and 6-month postoperative visits.
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A senior fellowship-trained corneal subspecialist (A.F.E.) performed all operations using topical anesthetic eye drops
(benoxinate hydrochloride 0.4%, Benox; Epico, Egypt). An FS 200 femtosecond laser platform (Alcon Laboratories, Inc.,
Fort Worth, TX, USA) was used to generate the corneal tunnels. To maintain at least 100 um of corneal tissue under the
tunnels, the corneal tunnels were made at 70% of the corneal depth. In all cases, Keraring segments from Mediphacos in
Belo Horizonte, Brazil, were implanted. The number of segments, their diameters (SI5 or SI6), arc lengths, and thicknesses
were chosen based on the manufacturer’s nomogram and the measured scotopic pupil size [16]. Topical 0.5% moxifloxacin
(Vigamox; Alcon Pharmaceuticals, Fort Worth, TX, USA) was instilled intraoperatively. Postoperatively, tobramycin
0.3%/dexamethasone 0.1% (Tobradex®; Alcon Laboratories Inc., Fort Worth, TX, USA) eyedrops were prescribed four
times daily for 2 weeks.

Statistical analyses were performed using IBM SPSS Statistics for Windows (version 26.0; IBM Corp., Armonk, NY,
USA). The normality of data distribution was tested using the Kolmogorov—-Smirnov test. Qualitative data are presented
as numbers and percentages. Quantitative data are presented as means and standard deviations (SDs). Statistically
significant differences between the baseline and 6-month postoperative visual, refractive, topographic, and tomographic
parameters were determined using a paired t-test. P-values < 0.05 were considered significant.

RESULTS
We included nine eyes of nine patients with keratoconus and a mean (SD) age of 33.2 (8.2) years (range: 25-44 years).
Five patients were women (56%), and four were men (44%) (Table 1).

All eyes demonstrated a statistically significant improvement in the mean visual and refractive outcomes at the 6-
month postoperative visit, including UCDVA, BCDVA, sphere, and cylinder, as presented in Table 2 (all P < 0.05).
Similarly, we recorded statistically significant improvements in the mean corneal tomographic and topographic data,
including K1, K2, Km, CCT, and Q value, as demonstrated in Table 3 (all P < 0.05). Table 4 presents the detailed
demographic and clinical characteristics of each participant. No serious complications occurred during the 6-month
follow-up. Only one patient (Patient 2, Table 4) reported postoperative night glare. The symptoms were managed with
topical pilocarpine 1% eye drops administered over 3 months, resulting in complete resolution without recurrence.

Table 1. Demographic characteristics of study participants

Variables Values
Age (y), Mean = SD (Range) 33.2 +8.2 (25 to 44)
Sex (Men / Women), n (%) 4 (44%) / 5 (56%)

Abbreviations: y, years; SD, standard deviation; n, number of participants; %, percentage.

Table 2. Comparison of baseline and 6-month postoperative visual and refractive parameters

Variables Baseline 6 months postoperative P-value
UCDVA (decimal), Mean = SD 02+0.2 0.3+0.1 0.002
BCDVA (decimal), Mean + SD 04+0.2 0.6+0.2 0.002
Sphere (D), Mean + SD -4.50 +2.50 -3.50 £1.90 0.001
Cylinder (DC), Mean = SD -4.00 +4.40 -2.60 +1.50 0.001

Abbreviations: UCDVA, uncorrected distance visual acuity; BCDVA, best corrected distance visual acuity; sphere,
spherical component of the refractive error; D, diopter; cylindrical component of the refractive error; DC, diopters
cylinder. Note: P-values < 0.05 are shown in bold.

Table 3. Comparison of baseline and 6-month postoperative corneal topographic and tomographic parameters

Variables Baseline 6 months postoperative P-value
K1 (D), Mean = SD 504 +3.1 46.7 +3.2 0.002
K2 (D), Mean = SD 55.5+4.9 49.1+35 0.001
Km (D), Mean + SD 52.8+3.9 47.8+3.2 0.001
CCT (um), Mean = SD 380.6 + 19 396.8 +26.8 0.01
Q-value -1.3+0.6 -0.61+0.6 0.005

K1, flat keratometry value; D, diopter; SD, standard deviation; K2, steep keratometry value; Km, mean keratometry
value; CCT, central corneal thickness; Q-value, corneal asphericity coefficient. Note: P-values < 0.05 are shown in bold.
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Table 4. Individual demographic and clinical characteristics of study participants

Patient Age
1 25y
2 25y
3 39y
4 3y
5 39y
6 26y
7 26y
8 44y
9 44y

Sex

Woman

Woman

Woman

Woman

Man

Man

Man

Man

Woman

KCN
Stage
Stage 3

Stage 3

Stage 4

Stage 2

Stage 3

Stage 4

Stage 3

Stage 3

Stage 3

H/O
CXL
Yes

Yes

Yes

No

No

Baseline

UCDVA: 0.1 decimal

BCDVA: 0.3 decimal

Sphere: - 4.00 D, Cylinder: 7.00 DC
K1:54.3 D, K2: 60.9 D, Km: 57.4 D
CCT: 381 um

Q-value: - 1.42

UCDVA: 0.3 decimal

BCDVA: 0.5 decimal

Sphere: - 1.75 D, Cylinder: 8.00 DC
K1:50.4 D, K2: 57.7 D, Km: 53.8 D
CCT: 397 um

Q-value: - 1.42

UCDVA: 0.05 decimal

BCDVA: 0.2 decimal

Sphere: - 4.75 D, Cylinder: - 6.00
K1:52.8 D, K2: 58.3 D, Km: 55.4 D
CCT: 350 um

Q-value: - 1.70

UCDVA: 0.2 decimal

BCDVA: 0.4 decimal

Sphere: - 2.50 D, Cylinder: - 2.50 DC
K1:44.1 D, K2:46.2 D, Km: 45.1 D
CCT: 350 pm

Q-value: - 0.70

UCDVA: 0.1 decimal

BCDVA: 0.5 decimal

Sphere: - 3.00 D, Cylinder: -2.50 DC
K1:49.6 D, K2: 52.0 D, Km: 50.8 D
CCT: 398 um

Q-value: - 1.30

UCDVA: 0.3 decimal

BCDVA: 0.4 decimal

Sphere: - 3.25 D, Cylinder: 7.00 DC
K1:54.0 D, K2: 60.7 D, Km: 57.1 D
CCT: 392 pm

Q-value: - 2.40

UCDVA: 0.7 decimal

BCDVA: 0.9 decimal

Sphere: - 4.50 D, Cylinder: 8.00 DC
K1:50.4 D, K2: 58.5 D, Km: 54.1 D
CCT: 395 pm

Q-value: - 2.02

UCDVA: 0.05 decimal

BCDVA: 0.2 decimal

Sphere: - 8.00 D, Cylinder: 3.00 DC
K1:48.1 D, K2:50.9 D, Km: 49.5 D
CCT: 368 um

Q-value: - 0.20

UCDVA: 0.1 decimal

BCDVA: 0.4 decimal

Sphere: - 9.00 D, Cylinder: 4.50 DC
K1:50.1 D, K2: 54.3 D, Km: 52.1 D
CCT: 395 pm

Q-value: - 1.10

6 months postoperative

UCDVA: 0.2 decimal

BCDVA: 0.6 decimal

Sphere: - 2.75 D, Cylinder: 0.60 D
K1:49.5 D, K2:50.1 D, Km: 49.8 D
CCT: 403 um

Q-value: - 0.90

UCDVA: 0.4 decimal

BCDVA: 0.7 decimal

Sphere: - 1.00 D, Cylinder: 3.00 DC
K1:46.0 D, K2: 48.6 D, Km: 47.2 D
CCT: 417 pm

Q-value: - 0.50

UCDVA: 0.3 decimal

BCDVA: 0.4 decimal

Sphere: - 4.00 D, Cylinder: - 2.50 DC
K1:44.3 D, K2:46.3 D, Km: 45.3 D
CCT: 369 um

Q-value: - 0.19

UCDVA: 0.3 decimal

BCDVA: 0.9 decimal

Sphere: - 1.75 D, Cylinder: - 3.00 DC
K1:40.2 D, K2: 43 D, Km: 41.5D
CCT: 367 um

Q-value: - 0.18

UCDVA: 0.3 decimal

BCDVA: 0.7 decimal

Sphere: -2.25 D, Cylinder: 0.50 DC
K1:46.4 D, K2:46.9 D, Km: 46.6 D
CCT: 415 um

Q-value: - 0.30

UCDVA: 0.3 decimal

BCDVA: 0.5 decimal

Sphere: - 3.00 D, Cylinder: 3.50 DC
K1:51.1 D, K2: 54.6 D, Km: 52.8 D
CCT: 412 uym

Q-value: - 2.20

UCDVA: 0.8 decimal

BCDVA: 1.0 decimal

Sphere: - 4.00 D, Cylinder: 2.00 DC
K1:47.2 D, K2:48.8 D, Km: 48.0 D
CCT: 432 um

Q-value: - 0.20

UCDVA: 0.1 decimal

BCDVA: 0.3 decimal

Sphere: - 6.00 D, Cylinder: 3.00 DC
K1:49.1 D, K2:50.9 D, Km: 49.5 D
CCT: 368 um

Q-value: - 0.20

UCDVA: 0.2 decimal

BCDVA: 0.5 decimal

Sphere: - 7.00 D, Cylinder: 5.50 DC
K1:47.3 D, K2:52.8 D, Km: 49.9 D
CCT: 377 um

Q-value: - 0.50

Abbreviations: y, years old; KCN, keratoconus; H/O, history of; CXL, corneal collagen cross-linking; UCDVA,

uncorrected distance visual acuity; BCDVA, best corrected distance visual acuity; sphere, spherical component of the

refractive error; D, diopter; cylindrical component of the refractive error; DC, diopters cylinder; K1, flat keratometry

value; D, diopter; K2, steep keratometry value; Km, mean keratometry value; CCT, central corneal thickness; Q-value,

corneal asphericity coefficient. Note: Staging of KCN is according to the Amsler-Krumeich classification [15].
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DISCUSSION

Nine eyes of nine patients with keratoconus (mean age: 33.2 years; 56% female) and minimal stromal thickness ranging
from 350-400 um underwent ICRS implantation. At the 6-month follow-up, all eyes demonstrated statistically significant
improvements in visual and refractive outcomes and corneal topographic and tomographic parameters. No serious
complications were reported; however, one patient experienced night glare, which was successfully managed with the
administration of pilocarpine 1% eye drops for 3 months.

Over the past 20 years, innovations in keratoconus care have emphasized the prevention of corneal transplantation.
Although the prognosis of keratoplasty in keratoconus is favorable, the operation is intricate and involves heightened
inflammatory responses and increased risks of infection and corneal graft rejection [17]. Numerous studies have
validated the efficacy of CXL and the fitting of specialized contact lenses, including scleral lenses, for the treatment of
keratoconus [18-21]. Similarly, certain studies have demonstrated the efficacy of ICRS implantation in keratoconus,
facilitating regularization of the corneal surface, enhancement of visual quality, and increased tolerance of contact lenses
[22-24]. We observed significant improvements in visual, refractive, atopographic, and tomographic parameters 6
months after ICRS implantation in eyes with keratoconus and thin corneas.

ICRS implantation is not intended to prevent the advancement of corneal ectatic diseases, despite reports of the long-
term efficacy of this procedure [16]. How the ICRS works biomechanically is unknown; however, in practice, the cornea
flattens significantly at the segment’s insertion hemimeridian [2, 25]. Thus, a symmetric positioning of the ring flattens
the cornea in all areas, whereas the placement of a single segment flattens the cornea along the meridian and steepens it
at an angle of 180° [26]. In our series, we detected a significant short-term postoperative improvement in keratometry
values.

Long-term stability has been reported following ICRS implantation in eyes with progressive keratoconus [26-29],
with 92.9% of the eyes exhibiting no postoperative progression; however, 18 eyes experienced keratoconus instability
after ICRS implantation. Although visual, refractive, and topographic characteristics improved in the short term,
regression was detected after 5 years, suggesting that ICRS implantation may not significantly affect progressive
keratoconus in young patients with verified progression [26-29]. Based on the outcomes of studies with long-term follow-
up after ICRS implantation [26-29] and considering the significant short-term clinical improvements in our patients with
keratoconus, caution is advised about generalizing our findings to all eyes with keratoconus and thin corneas.

Because ICRS implantation is challenging and controversial, especially in patients with thin corneas [12], this study
investigated the visual and clinical outcomes of ICRS insertion in patients with keratoconus and thin corneas. We
observed no adverse events up to 6 months post-implantation, and the eyes experienced considerable enhancement in
visual and refractive parameters, demonstrating that this treatment for keratoconus could be safe and effective in the
short term. Ongoing improvement in visual function after ICRS implantation is likely due to adaptation to the ICRS
diameter, which reduces side effects, such as glare and night-vision issues [2, 30, 31]. This hypothesis would explain our
patients” subjective reports of improved vision and fewer adverse effects over time. This is in agreement with the findings
of Barbara et al. [13], who assessed the refractive and visual outcomes of nine eyes with keratoconus and a mean (SD)
corneal thickness of 424.22 (26.06) pm. They found a significant improvement in the mean (SD) UCDVA from 0.95 (0.21)
logarithm of the minimum angle of resolution (logMAR) preoperatively to 0.34 (0.31) logMAR postoperatively.
Moreover, they reported a significant improvement in the mean (SD) BCDVA from 0.35 (0.10) logMAR preoperatively
to 0.15 (0.14) logMAR postoperatively [13].

Sardina et al. [32] recently included 31 eyes of 25 patients with keratoconus (age range: 15-50 years) who underwent
implantation of ICRSs with variable thickness and base. They found a statistically significant improvement in both
UCDVA and BCDVA [32]. Similarly, Prisant et al. [33] included 104 eyes with keratoconus that underwent ICRS
(Keraring AS) implantation. They reported an improvement in UCDVA and BCDVA from 0.82 and 0.31 logMAR,
respectively, to 0.46 and 0.2 logMAR, respectively [33]. Vega-Estrada et al. [34] assessed the outcomes of 30 eyes of 26
patients with keratoconus, reporting an improvement in the mean (SD) UCDVA and BCDVA from 0.08 (0.22) and 0.24
(0.29) decimal, respectively, to 0.22 (0.16) and 0.43 (0.18) decimal, respectively [34].

According to refractive outcomes, classic and VT-ICRS implantations improve manifest refraction by reducing
central corneal curvature [13]. In our study, statistically significant improvements in the sphere and cylinder components
of refraction were observed 6 months postoperatively. Abdellah et al. [35] followed 38 eyes with keratoconus for 6 years
after femtosecond laser-assisted implantation of a 355° ICRS (Keraring). In agreement with our study, they found a
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significant improvement in the mean (SD) sphere and cylinder from - 9.68 (3.08) D and - 5.82 (1.55) DC, respectively, to -
745 (3.2) D and - 4.32 (1.24) DC, respectively, at 3 years postoperatively [35]. For 5 years, Kang et al. [36] followed 30 eyes
with keratoconus that had undergone ICRS implantation. They reported a significant improvement in the mean (SD)
sphere from - 5.521 (4.791) D preoperatively to - 4.9 (4.0) D after 5 years [36]. Utine et al. [37] evaluated the visual,
refractive, and corneal asphericity changes after ICRS implantation in 42 eyes with keratoconus and found a statistically
significant improvement in the mean (SD) cylinder from - 5.89 (2.40) DC preoperatively to - 2.27 (1.66) DC postoperatively
[37], which is consistent with our findings.

According to the tomographic data, the mean K1 and K2 values significantly improved in our participants. In
agreement with our results, Barbara et al. [13] found a significant improvement in the mean (SD) K2 from 51.94 (5.43) D
preoperatively to 49.20 (5.78) D postoperatively. Larco et al. [17] found a significant postoperative improvement in K1
and K2 values, from 49.53 (5.48) D and 55.38 (5.56) D preoperatively, respectively, to 48.28 (5.35) D and 50.98 (5.71) D,
respectively [17]. Daxer et al. [12] observed that the mean (SD) K improved from 48.96 (3.42) D preoperatively to 43.20
(2.99) D 1 year postoperatively [12].

Nonetheless, one must consider the possible problems associated with the ICRS. Complications may include
infection, corneal thinning, corneal perforation, segment extrusion, and induced astigmatism [13]. In the present study,
no serious complications were observed during follow-up. Complications can be mitigated through appropriate patient
selection, surgical methodology, and postoperative care. Patients must be adequately informed about the potential risks
and benefits of ICRS implantation before treatment [13].

This prospective interventional case series suggests that ICRS implantation may be safe and effective during the
short term for selected individuals with keratoconus and corneal thickness less than 400 pm. Significant improvements
were observed in the visual, refractive, topographic, and tomographic parameters without vision-threatening
complications. However, these findings should be interpreted with caution because of our small sample size, absence of
a control group, and brief follow-up duration. Larger controlled studies with longer follow-up periods are warranted to
confirm these preliminary outcomes. Long-term follow-up is crucial for excluding corneal melting and ring migration or
extrusion. Moreover, no validated questionnaires were used to evaluate changes in symptomatology. Despite these
limitations, this study contributes novel insights into corneal tomographic and topographic alterations to the existing
peer-reviewed literature on the clinical effects of ICRS implantation in patients with keratoconus and thin corneas.

Further controlled trials are required to validate these preliminary results.

CONCLUSIONS

ICRS implantation may be viable and safe for managing keratoconus in patients with corneal thickness of less than 400
pum over 6 months. Significant improvements were observed in visual acuity, refractive error, and corneal topographic
and tomographic parameters, with no sight-threatening complications. Nonetheless, these findings should be interpreted
with caution, and larger controlled studies with extended follow-up periods are necessary to validate the long-term safety

and efficacy of this intervention.

ETHICAL DECLARATIONS

Ethical approval: This study adhered to the principles of the Declaration of Helsinki and received ethical approval from
the Damietta Faculty of Medicine, Al-Azhar University, Damietta, Egypt. Written informed consent was obtained from
each individual at the time of recruitment.

Conflict of interest: None.

FUNDING

None.

ACKNOWLEDGMENTS

None.

REFERENCES

1. Marta A, Marques JH, Almeida D, José D, Barbosa I. Keratoconus and Visual Performance with Different Contact Lenses. Clin
Ophthalmol. 2021 Dec 16;15:4697-4705. doi: 10.2147/OPTH.S345154. PMID: 34949911; PMCID: PMC8689658.

Med Hypothesis Discov Innov Ophthalmol. 2025; 14(1) 228



ICRS for eyes with keratoconus and corneas thinner than 400 microns
-, e
2. Sakellaris D, Balidis M, Gorou O, Szentmary N, Alexoudis A, Grieshaber MC, Sagri D, Scholl H, Gatzioufas Z. Intracorneal Ring

Segment Implantation in the Management of Keratoconus: An Evidence-Based Approach. Ophthalmol Ther. 2019 Oct;8(Suppl
1):5-14. doi: 10.1007/s40123-019-00211-2. Epub 2019 Oct 11. PMID: 31605316; PMCID: PMC6789055.

3. Pirhadi S, Mohammadi N, Mosavi SA, Daryabari H, Aghamollaei H, Jadidi K. Comparison of the MyoRing implantation depth
by mechanical dissection using PocketMaker microkeratome versus Melles hook via AS-OCT. BMC Ophthalmol. 2018 Jun
7;18(1):137. doi: 10.1186/s12886-018-0806-2. PMID: 29879937; PMCID: PMC5992749.

4.  Park SE, Tseng M, Lee JK. Effectiveness of intracorneal ring segments for keratoconus. Curr Opin Ophthalmol. 2019 Jul;30(4):220-
228. doi: 10.1097/ICU.0000000000000582. PMID: 31170100.

5. Igbal M, Hammour A, Elsayed A, Gad A. Outcomes of the Q value-based nomogram in managing pediatric versus adult
keratoconus: a prospective interventional study. Med Hypothesis Discov Innov Ophthalmol. 2023 Dec 31;12(2):78-89. doi:
10.51329/mehdiophthal1473. PMID: 38357612; PMCID: PMC10862023.

6.  Alejandre N, Pérez-Merino P, Velarde G, Jiménez-Alfaro I, Marcos S. Optical Evaluation of Intracorneal Ring Segment Surgery in
Keratoconus. Transl Vis Sci Technol. 2022 Mar 2;11(3):19. doi: 10.1167/tvst.11.3.19. PMID: 35289835; PMCID: PMC8934543.

7. Rodriguez LA, Guillén PB, Benavides MA, Garcia L, Porras D, Daqui-Garay RM. Penetrating keratoplasty versus intrastromal
corneal ring segments to correct bilateral corneal ectasia: preliminary study. ] Cataract Refract Surg. 2007 Mar;33(3):488-96. doi:
10.1016/j.jcrs.2006.09.048. PMID: 17321401.

8. Vega-Estrada A, Alio JL. The use of intracorneal ring segments in keratoconus. Eye Vis (Lond). 2016 Mar 15;3:8. doi:
10.1186/540662-016-0040-z. PMID: 26981548; PMCID: PMC4791885.

9.  Bautista-Llamas M]J, Sanchez-Gonzalez MC, Lépez-Izquierdo I, Lépez-Mufioz A, Gargallo-Martinez B, De-Hita-Cantalejo C,
Sanchez-Gonzalez JM. Complications and Explantation Reasons in Intracorneal Ring Segments (ICRS) Implantation: A Systematic
Review. ] Refract Surg. 2019 Nov 1;35(11):740-747. doi: 10.3928/1081597X-20191010-02. PMID: 31710377.

10. Pifiero DP, Alio JL, Uceda-Montanes A, El Kady B, Pascual I. Intracorneal ring segment implantation in corneas with post-laser
in situ keratomileusis keratectasia. Ophthalmology. 2009 Sep;116(9):1665-74. doi: 10.1016/j.ophtha.2009.05.030. Epub 2009 Jul 29.
PMID: 19643485.

11. TuncZ, Helvacioglu F, Sencan S. Evaluation of intrastromal corneal ring segments for treatment of keratoconus with a mechanical
implantation technique. Indian ] Ophthalmol. 2013 May;61(5):218-25. doi: 10.4103/0301-4738.109519. PMID: 23571258; PMCID:
PMC3730505.

12. Daxer A, Mahmoud H, Venkateswaran RS. Intracorneal continuous ring implantation for keratoconus: One-year follow-up. J
Cataract Refract Surg. 2010 Aug;36(8):1296-302. doi: 10.1016/j.jcrs.2010.03.039. PMID: 20656151.

13. Barbara A, Pikkel J, Alio JL, Barbera R, Mimouni M. Variable Thickness Intracorneal Ring Segment for the Treatment of
Keratoconus. Int ] Kerat Ect Cor Dis. 2023;10(1-2):8-12. doi: 10.5005/jp-journals-10025-1198.

14. Benlarbi A, Kallel S, David C, Barugel R, Hays Q, Goemaere I, Cuyaubere R, Borderie M, Borderie V, Bouheraoua N. Asymmetric
Intrastromal Corneal Ring Segments with Progressive Base Width and Thickness for Keratoconus: Evaluation of Efficacy and
Analysis of Epithelial Remodeling. J Clin Med. 2023 Feb 20;12(4):1673. doi: 10.3390/jcm12041673. PMID: 36836208; PMCID:
PMC9962479.

15. Kamiya K, Ishii R, Shimizu K, Igarashi A. Evaluation of corneal elevation, pachymetry and keratometry in keratoconic eyes with
respect to the stage of Amsler-Krumeich classification. Br ] Ophthalmol. 2014 Apr;98(4):459-63. doi: 10.1136/bjophthalmol-2013-
304132. Epub 2014 Jan 23. PMID: 24457362.

16. Coskunseven E, Kymionis GD, Tsiklis NS, Atun S, Arslan E, Jankov MR, Pallikaris IG. One-year results of intrastromal corneal
ring segment implantation (KeraRing) using femtosecond laser in patients with keratoconus. Am ] Ophthalmol. 2008
May;145(5):775-9. doi: 10.1016/j.2j0.2007.12.022. Epub 2008 Mar 4. PMID: 18291344.

17.  Larco P, Larco P Jr, Torres D, Pifiero DP. Intracorneal Ring Segment Implantation for the Management of Keratoconus in Children.
Vision (Basel). 2020 Dec 23;5(1):1. doi: 10.3390/vision5010001. PMID: 33374847; PMCID: PMC7838879.

18. McAnena L, Doyle F, O'Keefe M. Cross-linking in children with keratoconus: a systematic review and meta-analysis. Acta
Ophthalmol. 2017 May;95(3):229-239. doi: 10.1111/a0s.13224. Epub 2016 Sep 28. PMID: 27678078.

19. Serramito-Blanco M, Carpena-Torres C, Carballo J, Pifiero D, Lipson M, Carracedo G. Anterior Corneal Curvature and Aberration
Changes After Scleral Lens Wear in Keratoconus Patients With and Without Ring Segments. Eye Contact Lens. 2019 Mar;45(2):141-
148. doi: 10.1097/ICL.0000000000000534. PMID: 30005055.

20. Henriquez MA, Villegas S, Rincon M, Maldonado C, Izquierdo L Jr. Long-term efficacy and safety after corneal collagen
crosslinking in pediatric patients: Three-year follow-up. Eur ] Ophthalmol. 2018 Jul;28(4):415-418. doi: 10.1177/1120672118760149.
Epub 2018 Mar 22. PMID: 29564931.

21. Suarez C, Madariaga V, Lepage B, Malecaze M, Fournié P, Soler V, Galiacy S, Mély R, Cassagne M, Malecaze F. First Experience
With the ICD 16.5 Mini-Scleral Lens for Optic and Therapeutic Purposes. Eye Contact Lens. 2018 Jan;44(1):44-49. doi:
10.1097/1CL.0000000000000293. PMID: 27541971.

22.  Alfonso JF, Fernandez-Vega-Cueto L, Lisa C, Monteiro T, Madrid-Costa D. Long-Term Follow-up of Intrastromal Corneal Ring
Segment Implantation in Pediatric Keratoconus. Cornea. 2019 Jul;38(7):840-846. doi: 10.1097/IC0O.0000000000001945. PMID:
31170102.

23.  Abreu AC, Malheiro L, Coelho J, Neves MM, Gomes M, Oliveira L, Menéres P. Implantation of intracorneal ring segments in
pediatric patients: long-term follow-up. Int Med Case Rep J. 2018 Feb 7;11:23-27. doi: 10.2147/IMCR].5151383. PMID: 29445305;
PMCID: PMC5808705.

24. Abdelmassih Y, El-Khoury S, Dirani A, Antonios R, Fadlallah A, Cherfan CG, Chelala E, Jarade EF. Safety and Efficacy of
Sequential Intracorneal Ring Segment Implantation and Cross-linking in Pediatric Keratoconus. Am ] Ophthalmol. 2017
Jun;178:51-57. doi: 10.1016/j.aj0.2017.03.016. Epub 2017 Mar 22. PMID: 28341606.

25. Daxer A. Biomechanics of Corneal Ring Implants. Cornea. 2015 Nov;34(11):1493-8. doi: 10.1097/IC0O.0000000000000591. PMID:
26312619; PMCID: PMC4598073.

229 Med Hypothesis Discov Innov Ophthalmol. 2025; 14(1)



ICRS for eyes with keratoconus and corneas thinner than 400 microns
I ——
26. Hersh PS, Issa R, Greenstein SA. Corneal crosslinking and intracorneal ring segments for keratoconus: A randomized study of
concurrent versus sequential surgery. ] Cataract Refract Surg. 2019 Jun;45(6):830-839. doi: 10.1016/j.jcrs.2019.01.020. Epub 2019

Mar 27. PMID: 30928252.

27. Fernandez-Vega Cueto L, Lisa C, Madrid-Costa D, Merayo-Lloves ], Alfonso JF. Long-Term Follow-Up of Intrastromal Corneal
Ring Segments in Paracentral Keratoconus with Coincident Corneal Keratometric, Comatic, and Refractive Axes: Stability of the
Procedure. ] Ophthalmol. 2017;2017:4058026. doi: 10.1155/2017/4058026. Epub 2017 Aug 29. PMID: 28948045; PMCID:
PMC5602624.

28. Vega-Estrada A, Ali6 JL, Brenner LF, Burguera N. Outcomes of intrastromal corneal ring segments for treatment of keratoconus:
five-year follow-up analysis. ] Cataract Refract Surg. 2013 Aug;39(8):1234-40. doi: 10.1016/j.jcrs.2013.03.019. Epub 2013 Jun 5.
PMID: 23747207.

29. Vega-Estrada A, Ali¢ JL, Plaza-Puche AB. Keratoconus progression after intrastromal corneal ring segment implantation in young
patients: Five-year follow-up. ] Cataract Refract Surg. 2015 Jun;41(6):1145-52. doi: 10.1016/j.jcrs.2014.08.045. PMID: 26189375.

30. de Freitas Santos Paranhos J, Avila MP, Paranhos A Jr, Schor P. Visual perception changes and optical stability after intracorneal
ring segment implantation: comparison between 3 months and 1 year after surgery. Clin Ophthalmol. 2011;5:1057-62. doi:
10.2147/OPTH.S23147. Epub 2011 Jul 29. PMID: 21847336; PMCID: PMC3155269.

31. Vega A, Ali6 JL. Criteria for patient selection and indication for intracorneal ring segments in keratoconus. Eye Vis (Lond). 2024
Mar 26;11(1):13. doi: 10.1186/s40662-024-00379-0. PMID: 38528633; PMCID: PMC10964652.

32. Cuifia Sardifia R, Arango A, Alfonso JF, Alvarez de Toledo J, Pifiero DP. Clinical evaluation of the effectiveness of asymmetric
intracorneal ring with variable thickness and width for the management of keratoconus. ] Cataract Refract Surg. 2021 Jun
1;47(6):722-730. doi: 10.1097/1.jcrs.0000000000000525. PMID: 33278234.

33. Prisant O, Pottier E, Guedj T, Hoang Xuan T. Clinical Outcomes of an Asymmetric Model of Intrastromal Corneal Ring Segments
for the Correction of Keratoconus. Cornea. 2020 Feb;39(2):155-160. doi: 10.1097/ICO.0000000000002160. PMID: 31577629.

34. Vega-Estrada A, Chorro E, Sewelam A, Alio JL. Clinical Outcomes of a New Asymmetric Intracorneal Ring Segment for the
Treatment of Keratoconus. Cornea. 2019 Oct;38(10):1228-1232. doi: 10.1097/1CO.0000000000002062. PMID: 31306287.

35.  Abdellah MM, Ammar HG. Femtosecond Laser Implantation of a 355-Degree Intrastromal Corneal Ring Segment in Keratoconus:
A Three-Year Follow-Up. ] Ophthalmol. 2019 Oct 9;2019:6783181. doi: 10.1155/2019/6783181. PMID: 31687200; PMCID:
PMC6803737.

36. Kang M], Byun YS, Yoo YS, Whang W], Joo CK. Long-term outcome of intrastromal corneal ring segments in keratoconus: Five-
year follow up. Sci Rep. 2019 Jan 22;9(1):315. doi: 10.1038/s41598-018-36668-7. PMID: 30670787; PMCID: PMC6342932.

37. Utine CA, Ayhan Z, Durmaz Engin C. Effect of intracorneal ring segment implantation on corneal asphericity. Int ] Ophthalmol.
2018 Aug 18;11(8):1303-1307. doi: 10.18240/ijo.2018.08.09. PMID: 30140633; PMCID: PMC6090116.

Med Hypothesis Discov Innov Ophthalmol. 2025; 14(1) 230



	ABSTRACT
	KEYWORDS
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	ETHICAL DECLARATIONS
	Ethical approval
	Conflict of interest

	FUNDING
	ACKNOWLEDGMENTS
	REFERENCES



