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Purpose: To assess the outcomes of implanting a new 300° arc-length intrastromal 

corneal ring segment (ICRS) in moderate to advanced central hyperprolate 

keratoconus. 

Methods: Forty-two eyes with moderate to advanced central hyperprolate 

keratoconus were evaluated before and after implanting an inferior 300° ICRS (AJL 

Ophthalmic). The clinical measurements taken included manifest refraction, 

uncorrected (UDVA) and corrected (CDVA) distance visual acuity (logMAR scale), 

and corneal tomographic analysis (Sirius; Costruzioni Strumenti Oftalmici). Changes 

in the anterior and posterior corneal surfaces and the root mean square (RMS) for 

coma-like aberrations for a pupil size of 4.5 mm were evaluated. All examinations 

were performed before surgery and 6 months after surgery. 

Results: The mean UDVA improved from 1.12 ± 0.48 logMAR preoperatively to 0.73 

± 0.37 logMAR postoperatively (P< .0001). The mean CDVA changed from 0.33 ± 

0.20 to 0.20 ± 0.11 logMAR (P < .0001). Postoperatively, the CDVA improved by two 

or more lines in 45.2% of the eyes and increased by one line in 19.04%, and none of 

the patients lost lines of CDVA. All of the anterior and posterior corneal tomographic 

parameters analyzed were significantly improved after surgery, except posterior flat 

keratometry, which remained unchanged. In 80.95% of the eyes, the postoperative 

mean keratometry was 50.00 diopters or less. The 6-month RMS for coma-like 

aberrations also declined significantly from 1.57 ± 0.68 to 1.06 ± 0.42 µm after 

surgery (P < .0001). 

Conclusions: These results suggest that implanting a 300° arc-length ICRS is a 

safe and effective procedure for treating patients with moderate to advanced central 

hyperprolate keratoconus and clear cornea. 
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Keratoconus is a corneal disease that may result in severe visual impairment 

and is a leading indication for corneal transplantation. (1,2) The visual impact of 

this disease depends on the disease stage. Parker et al (3) proposed a practical 

definition of advanced keratoconus based on contact lens intolerance and poor 

spectacle-corrected vision. Most corneal transplantations for keratoconus are 

performed for patients who satistify these two criteria, but these patient-

centered measures also correlated with steeper average keratometry. (4,5) 

Although corneal transplantation in keratoconus (penetrating keratoplasty and 

deep lamellar anterior keratoplasty) can provide satisfactory outcomes, sight-

threatening complications include rejection, secondary glaucoma, and graft 

failure. (6-8) Furthermore, many patients with advanced keratoconus will require 

transplantation early in life and may require more than one graft over their 

lifetime, with an increased risk of failure in successive transplants. (3) With this in 

mind, it would be of great benefit if, in patients with advanced keratoconus 

(those with unacceptable visual acuity and contact lens 

intolerance), visual restoration could be achieved through surgical options that 

avoid or at least delay corneal transplantation. Corneal cross-linking has been 

demonstrated to be safe and effective in arresting disease progression in early 

keratoconus, (9,10) but it is ineffective in restoring vision or contact lens 

tolerance in advanced keratoconus. (3) 
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Short-arc intrastromal corneal ring segment (ICRS) implantation effectively 

flattens and regularizes corneal shape in eyes with mild to moderate 

keratoconus, improving visual quality, (10-14) but short-arc ICRS implantation is 

less effective in more advanced disease. (15,16) The reintroduction of the long-

arc ICRS models is yielding encouraging visual and refractive outcomes in more 

advanced keratoconus. (17-23) Nevertheless, some complications, mainly 

associated with the proximity of the ICRS tip to the surgical incision, have been 

reported. (17-20) To overcome these complications, variations in long arc-

lengths have been proposed for moderate to advanced keratoconus. (21-23) It 

has been hypothesized that the ideal indication for this type of ICRS should be 

specifically for moderate to advanced central hyperpolate keratoconus. (23) 

In this study, we explored the clinical outcomes of a novel 300° arc-length ICRS 

implanted using the femtosecond laser in eyes with moderate to advanced 

central hyperprolate keratoconus. Furthermore, because both anterior and 

posterior corneal surfaces are affected in keratoconus, (24) we analyzed the 

surgically induced changes in a variety of anterior and posterior corneal shape 

indices. 

Patients and Methods 

This study analyzed the visual and corneal shape outcomes of 300° arc-length 

ICRS implantation in a consecutive case series of eyes with central hyperprolate 
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moderate to advanced keratoconus. Surgery was performed at the Fernández-

Vega Ophthalmological Institute (Oviedo, Spain). The tenets of the Declaration of 

Helsinki were followed, and full ethical approval from the Institute was obtained. 

After receiving a full explanation of the nature and possible consequences of the 

study and the surgery, all patients granted their informed consent. 

Inclusion criteria were the presence of keratoconus, poor or unsatisfactory 

corrected distance visualacuity (CDVA) with spectacle correction, contact lens 

intolerance, mean keratometry of 50.00 diopters (D) or greater, and corneal 

thickness of at least 400 µm at the zone involved in the implantation. In addition, 

only eyes meeting the following conditions to be considered as central 

hyperprolate were included: (1) the highest point of the posterior and anterior 

elevation map had to be centrally located at a distance of 1.2 mm or less from 

the center of the cornea (Sirius Tomographer; Costruzioni Strumenti Oftalmici); 

(2) the thinnest point on the corneal pachymetry map had to be centrally located 

at a distance of 1.2 mm or less from the center of the cornea (Sirius 

Tomographer); and (3) corneal asphericity had to be ?1.0 or less for an 8-mm 

corneal diameter (Sirius Tomographer). 

Exclusion criteria were patients who had previous ocular surgery, central corneal 

scarring or previous hydrops, active ocular disease (other than keratoconus), a 

history of ocular disorders with a potential impact on the variables under study, 
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and patients with an autoimmune disease or a systemic connective tissue 

disease. 

Surgery was scheduled immediately after diagnosis. A single, inferior, 300° arc-

length Ferrara-type AFR5 ICRS (AJL Ophthalmic) was implanted in all eyes (Figure 

1). Segment thickness was 200 µm in all cases. This new long-arc ICRS has the 

same triangular cross-section as the short-arc Ferrara-type ICRS and is also 

made of polymethylmethacrylate. Their apical diameter is 5 mm (flat basis width 

= 600 µm). The same surgeon (JFA) performed all procedures using a 

femtosecond laser and employing our standard procedure previously described. 

(25-29) The laser software was programmed for an inner diameter of 4.6 mm 

and an outer diameter from 5.4 mm. An incision was performed at the 12-

o'clock position, and the ICRS was implanted and positioned at 270° (Figure 1). 

Preoperative medication included 0.5% proparacaine, 0.3% ciprofloxacin, and 

0.2% oxybuprocaine ClH. Postoperative treatment consisted of a combination of 

antibiotics (tobramycin 3 mg/mL) and steroid eye drops (dexamethasone 1 

mg/mL), administered three times daily for 2 weeks, tapering the dose over the 

following 2 weeks. 

Figure 1: Single 300° arc length Ferrara-type AFR5 intrastromal corneal ring 

segment (ICRS) (AJL Ophthalmic) implanted in one case. An incision was 
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performed at the 12-o'clock position and the ICRS was implanted with its mid-

point positioned at 270°.  

A complete ophthalmological examination was conducted in all patients 

preoperatively and postoperatively. The clinical measurements taken primarily 

included manifest refraction, uncorrected distance visual acuity (UDVA) and 

CDVA (logMAR), and corneal tomographic analysis (Sirius Tomographer). The 

following tomographic data were analyzed: flat, steep, and mean (Kmean) 

keratometry values, keratometry cylinder, corneal asphericity (for an 8-mm 

corneal diameter), posterior flat keratometry, posterior steep keratometry, 

posterior corneal astigmatism, highest point of the ectasia on the anterior and 

posterior corneal surface, symmetry index front, and symmetry index back. 

Furthermore, the root mean square (RMS) for coma-like aberrations was 

evaluated for a pupil size of 4.5 mm. All examinations were performed before 

surgery and 6 months after ICRS implantation by an ophthalmic technician, who 

was unaware of the objective of the study. 

Data analysis was performed with SPSS for Windows software (version 15.0; 

SPSS, Inc). Normality was checked using the Kolmogorov-Smirnov test, and 

outcomes were compared using t tests. A P value of less than.05 was considered 

statistically significant. Data are shown as the mean ± standard deviation. 

Results 
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This study comprised 42 eyes of 36 patients (20 men and 16 women) with a 

mean age of 32.9 ± 13.9 years (range: 14 to 62 years). ICRS were successfully 

implanted in all 42 eyes studied in this series, with no intraoperative or 

postoperative complications. 

The mean UDVA improved from 1.12 ± 0.48 logMAR preoperatively to 0.73 ± 0.37 

logMAR postoperatively (P <.0001). The mean CDVA (logMAR) changed from 0.33 

± 0.20 to 0.20 ± 0.11 logMAR (P <.0001). The efficacy index (mean postoperative 

UDVA/mean preoperative CDVA) was 0.49. Postoperatively, the CDVA improved 

by two or more lines in 45.2% of the eyes, increased by one line in 19.1%, and 

remained unchanged in 35.7% of the eyes, and none of the patients lost lines of 

CDVA (Figure 2A). Within eyes with a preoperative CDVA worse than 0.3 logMAR 

(14 eyes), 85.8% gained two or more lines of CDVA postoperatively (Figure 2B). 

On the other hand, 50% of eyes that had a preoperative CDVA of 0.3 logMAR or 

better (28 eyes) gained one or more lines of CDVA after the surgery (Figure 2C). 

The 6-month safety index (ratio of postoperative to preoperative CDVA) was 

1.26. The safety index was 1.79 for the eyes with a preoperative CDVA worse 

than 0.3 logMAR and 1.13 for the eyes with a preoperative CDVA of 0.3 logMAR 

or better. 

Figure 2: Variation in corrected distance visual acuity (CDVA) 6 months after 

intrastromal corneal ring segment (ICRS) implantation (safety) for (A) the whole 
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sample, (B) eyes with a preoperative CDVA worse than 0.3 logMAR, and (C) eyes 

with a preoperative CDVA of 0.3 logMAR or better. [Please download the PDF to 

view the image] 

The spherical equivalent decreased from a preoperative value of 4.24 ± 3.33 D to 

a 6-month postoperative value of 2.78 ± 2.61 D (P <.0001). Table 1 summarizes 

the corneal tomographic parameters evaluated in this study. All anterior and 

posterior corneal tomographic parameters analyzed improved significantly after 

surgery, except posterior flat keratometry, which remained unchanged 

postoperatively. A total of 80.9% of the eyes had a postoperative mean 

keratometric value of 50.00 D or less and 57.1% had 48.00 D or less (Figure 3). 

Figure A (available in the online version of this article) shows the tangential 

topographic maps before and after ICRS implantation of cases analyzed. 

Preoperatively, all tomographic parameters were significantly worse in eyes with 

a preoperative CDVA worse than 0.3 logMAR if compared with eyes with a 

preoperative CDVA of 0.3 logMAR or better (Table A, available in the online 

version of this article). However, there were no statistically significant differences 

between both groups when surgically induced changes in all parameters were 

compared (Table A). 
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Discussion 

The main indications for corneal transplantation in patients with keratoconus 

are contact lens intolerance or issues related to vision (poor, unsatisfactory, or 

worsening visual acuity). (4) Furthermore, steeper keratometry (average 

keratometry of more than 53.00 D to 55.00 D) has been associated with an 

increased risk of requiring a corneal transplantation. Specifically, central 

keratoconus represents a challenge for ophthalmologists due to the increased 

corneal central steepening and excess corneal prolateness. For these cases, ICRS 

implantation could represent the last chance to avoid a corneal transplantation. 

A previous study found that implanting a 210° arc-length ICRS is a safe, effective, 

and stable procedure for treating patients with mild central keratoconus, (29) 

showing no intraoperative or postoperative complications. However, the 

induced corneal flattening (approximately 2.00 D) might not be enough for those 

cases with an average keratometric value of greater than 50.00 D (or more 

advanced cases). The 355° arc-length ICRS provides marked corneal flattening 

and a significant improvement in UDVA and CDVA. (17,18) However, a high rate 

of postoperative complications (ring extrusion, (17,18) corneal melting, (18) and 

neovascularization (18) were reported. The proximity between the ICRS tip and 

the incision is the main explanation for these complications. 
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Considering the safe results of the 210° ICRS and the large 355° ICRS-induced 

corneal flattening, new arc-lengths midway between both are being proposed 

(ie, shorter than 355° and longer than 210°). (21-23) Sadoughi et al (21) reported 

the visual outcomes of a 340° ICRS in patients with moderate to advanced 

keratoconus. They found that all analyzed topographic parameters improved 

significantly after the surgery (Kmean value decreased approximately 4.00 D). 

However, although no significant postoperative ICRS-related complications were 

reported, 22.2% of the eyes lost lines of CDVA. The authors found that all eyes 

that experienced a worsening in CDVA had a preoperative Kmean value of 

greater than 53.00 D (the average Kmean value in these eyes was 55.20 D). 

Consequently, the authors suggested that implantation of this ICRS is not 

recommended in severe cases. It should be noted that both paracentral and 

central keratoconus were included in this study. Considering the long-arc ICRS-

induced corneal changes, it has been suggested that this type of ICRS should be 

devoted to central advanced keratoconus. (23) Hence, it would be interesting to 

analyze the results of this type of ICRS in a specific sample of central 

keratoconus. 

Two studies reported their clinical outcomes using a new 320° arc-length ICRS. 

(22,23) Both studies found similar results to those previously reported with a 

355° arc-length ICRS, with significant improvement in UDVA and CDVA 

(approximately 92.4% of the eyes gained one or more lines of CDVA after 



 13 

surgery (23) and a significant induced corneal flattening (the Kmean value 

reduced approximately 4.00 D (22) to 5.00 D (23) postoperatively). Torquetti el al 

(23) reported a few complications associated with the manual technique for ICRS 

implantation, but no ICRS-related complications. The authors suggested that the 

ideal patients to be implanted with these long arc-length ICRS are those with 

central moderate to advanced hyperprolate keratoconus and CDVA worse than 

20/40. 

The current study evaluated the clinical results of a new 300° long-arc-length 

ICRS using a femtosecond laser in a specific sample of moderate to advanced 

central hyperprolate keratoconus. Our results are in line with those previously 

reported with the 320° ICRS. Mean UDVA and CDVA significantly improved 

postoperatively. No eyes lost lines of CDVA after the surgery, and 64.3% 

improved postoperatively. This improvement was especially significant for those 

eyes that had a preoperative CDVA worse than 0.3 logMAR (20/40 Snellen scale), 

with 85.8% of these eyes gaining two or more lines after surgery (Figure 2B). 

Regarding the evaluated corneal tomographic parameters, there was a 

significant improvement in all of them. There was significant induced corneal 

flattening, a decrease of corneal prolateness, and all indicators related to 

corneal asymmetry significantly improved postoperatively (Table 1). It is 

interesting to note that 97.6% of the eyes had a postoperative mean 
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keratometry of 53.00 D or less, 80.9% had 50.00 D or less, and 57.1% had 48.00 

D or less (Figure 3). Considering that having a steeper Kmean value of 53.00 D or 

less to 55.00 D or less has been described as a risk factor to require corneal 

transplantation, our results could indicate that this surgery ameliorates this risk 

factor in a significant percentage of the cases. In addition, the postoperative 

corneal flattening and the significant decrease in the anterior corneal 

prolateness and asymmetry could enhance contact lens tolerance. (30,31) At the 

same time, a secondary refractive procedure with a phakic intraocular lens 

implantation could also be planned to correct any residual refractive error. (32) 

All together, the corneal and refractive improvements obtained after the 300° 

arc-length ICRS implantation could also circumvent another risk factor for 

corneal keratoplasty, contact lens intolerance. Furthermore, the significant CDVA 

improvement is another factor reinforcing the idea that this surgery could 

prevent corneal transplantation in a substantial number of eyes with 

hyperprolate central moderate to advanced keratoconus. Finally, it is essential to 

note that the 300° ICRS also regularized the corneal asymmetry, as shown by the 

improvement obtained in the topography symmetry indicators (symmetry index 

front and back) and by the significant decrease in the RMS corneal-like 

aberrations. It is known that corneal irregularities and coma-like aberrations 

negatively affect the visual quality of patients with keratoconus. Therefore, 

beyond improving the CDVA in high contrast, this approach would also provide a 
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significant visual quality improvement for moderate to advanced central 

keratoconus. 

Analyzing Table A, it could be observed that, preoperatively, all tomographic 

parameters were significantly worse in the eyes with a preoperative CDVA worse 

than 0.3 logMAR compared with those eyes with a preoperative CDVA of 0.3 

logMAR or better. However, there were no statistically significant differences 

between both groups in the surgically induced changes for any of the 

parameters analyzed. Considering these results and those published for the 

210° ICRS and 320° ICRS, perhaps a good approach for hyperprolate central 

keratoconus could be to implant a 210° ICRS for mild keratoconus and a 300° 

ICRS for moderate to advanced cases. In more advanced cases that have a clear 

cornea, a 300° ICRS thicker than the one used in this study (more than 200 µm) 

or a 320° ICRS could be an excellent option to obtain a more significant corneal 

remodelling effect. Based on our surgical experience, a 300° ICRS has the 

potential advantage over the 320° of being easier to implant. Furthermore, it is 

interesting to note that new versions of long-arc ICRS (240° to 270°) are currently 

under study to treat central keratoconus. The new versions of ICRS, along with 

those already available (210°, 300°, and 320°), represent an outstanding chance 

to optimize the treatment of central keratoconus, from mild to advanced stages. 
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The posterior corneal surface is also affected by keratoconus. (24) Although its 

optical contribution is less important than the anterior surface, the changes and 

irregularities induced by keratoconus in the posterior corneal surface could 

contribute to worsening optical quality of the cornea, especially in advanced 

keratoconus. (33) Our study found that the 300° arc-length ICRS also improved 

the posterior corneal surface parameters. A flattening of the steep keratometry, 

a significant reduction of the highest point of the ectasia on the posterior 

corneal surface, and a significant improvement in the symmetry index back was 

observed after surgery. These outcomes show that the posterior corneal surface 

became more regularized and flattened postoperatively. 

No intraoperative or postoperative complications were found. The use of the 

femtosecond laser technique to create the corneal tunnel made the ICRS 

implantation safer and provided a significant reduction of complications (eg, 

extrusion ring), mostly due to the precise depth of the implantation. (33-36) 

Furthermore, no ICRS-related complications were reported, reinforcing the idea 

that leaving a gap between the tips of the ICRS and the surgical incision makes 

the procedure safer. (21-23) 

The newer types of ICRS with long arc-length are providing encouraging 

outcomes in advanced central keratoconus, suggesting that they could provide 

a visual restoration that avoids or at least delays corneal transplantation in this 
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type of keratoconus when the cornea remains clear. (17,18,22,23) However, 

more long-term follow-up studies are required to assess the proportion of eyes 

in which the corneal transplantation is prevented and the percentage in which 

this procedure just delays the transplant. Nevertheless, if corneal 

transplantation were required, deep lamellar anterior keratoplasty could be 

safely performed after ICRS implantation and even with the ICRS in place. (37,38) 

The outcomes of the current study suggest that the implantation of a single, 

inferior, 300° arc-length Ferrara-type ICRS improves corneal tomographic 

parameters in both anterior and posterior surfaces, with a consequent corneal 

regularization and a significant improvement of visual acuity results in moderate 

to advanced central hyperprolate keratoconus. 
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Figure Legends  

Figure 1: Single 300° arc length Ferrara-type AFR5 intrastromal corneal ring 

segment (ICRS) (AJL Ophthalmic) implanted in one case. An incision was 

performed at the 12-o'clock position and the ICRS was implanted with its mid-

point positioned at 270°. 

Figure 2: Variation in corrected distance visual acuity (CDVA) 6 months after 

intrastromal corneal ring segment (ICRS) implantation (safety) for (A) the whole 

sample, (B) eyes with a preoperative CDVA worse than 0.3 logMAR, and (C) eyes 

with a preoperative CDVA of 0.3 logMAR or better. 

Figure 3: Distribution of mean keratometric (Kmean) values preoperatively and 6 

months postoperatively. ICRS = intrastromal corneal ring segments; D = diopters 
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