
Symposium: Keratoconus

Intrastromal corneal ring segments for management of keratoconus

Sri Ganesh1, Rohit Shetty, Sharon D’Souza, Sarika Ramachandran, Mathew Kurian

Access this article online
Website:  
www.ijo.in
DOI:  
10.4103/0301-4738.116065
PMID:  
*****

Quick Response Code:

Keratoconus is a progressive corneal ectasia, which can be managed both by conservative measures like 
glasses or contact lenses in non‑progressive cases or surgical procedures like collagen crosslinking (CXL) 
with or without adjuvant measures like intrastromal corneal rings segments (ICRS) or topography guided 
ablation. Various kinds of ICRS are available to the surgeon, but it is most essential to be able to plan the 
implantation of the ring to optimize outcomes. Aims: The aim of this study is to evaluate the visual outcome 
and progression in patients of keratoconus implanted with ICRS. Materials and Methods: Two different 
types of ICRS‑Intacs (Addition Technology) and Kerarings (Mediphacos Inc.) were implanted in 2 different 
cohorts of patients and were followed‑up to evaluate the outcome of the procedure. All patients underwent a 
complete ocular examination including best spectacle corrected visual acuity, slit lamp examination fundus 
examination, corneal topography and pachymetry. The ICRS implantation is done with CXL to stop the 
progression of the disease. Improvement in uncorrected visual acuity  (UCVA), best spectacle corrected 
visual acuity and topographic changes were analyzed. Results: A significant improvement in keratometry 
and vision was seen in both groups. Conclusion: ICRS have been found to reduce corneal irregularity and 
flatten keratometry with improvement in UCVA and best corrected visual acuity.
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Keratoconus is an ectatic disease of the cornea characterized 
by localized progressive thinning and forward protrusion 
of the cornea.[1] There have been several management 
options discussed for keratoconus including collagen 
crosslinking (CXL), topography guided ablation, intrastromal 
corneal ring segment (ICRS) implantation and keratoplasty.[2‑7] 
Both the surgeon and the patient are likely to be reluctant to 
opt for a keratoplasty when the cornea is clear because of 
the possible post‑operative complications. These potential 
complications could be avoided by a relatively less invasive 
surgical intervention like ICRS implantation.[8‑10] ICRS have 
been found to be useful in correcting ectatic corneal disorders 
by reducing corneal steepening and decreasing irregular 
astigmatism thus potentially improving the visual acuity. It 
can also be considered as an option to defer if not eliminate, 
the need for keratoplasty in these patients.[1,7]

Improvement in visual acuity and refraction after ICRS 
implantation is accomplished by a shortening of collagen 
lamellae along the arc length of the ring. There is a redistribution 
of corneal stress due to the change in the shape of the cornea 
after implantation of ICRS.[7,11,12]

Intracorneal Ring Models
There are different types of ICRS available: (1) Intacs (Addition 
Technology Inc., Sunnyvale, CA) (2) Kerarings (Mediphacos Inc.) 
(3) Bisantis Intrastromal segmented perioptic implants (Opticon 
2000 SpA and SolekoSpA).

Intacs segments
Intacs segments are made of polymethyl methacrylate (PMMA) 
and are available in various sizes with two broad categories 
of regular (R) rings and steep keratometry (SK) rings with a 
circumference arc length of 150°. The (R) rings have a hexagonal 
transverse cross‑section and a conical longitudinal section with 
an external diameter of 8.10  mm and an internal diameter 
6.77 mm. The refractive effect is modulated by the thickness 
of the rings, which are available from 0.25 mm to 0.50 mm in 
0.05 mm increments.[3] The Intacs SK has an inner diameter of 
6.0 mm and an oval cross‑section shape and is more effective 
in more advanced keratoconus with SK. SK rings are available 
in thickness of 0.40 mm, 0.45 mm, 0.50 mm and 0.210 mm.[13] 
The smaller diameter has a larger effect on corneal flattening 
and the elliptical design reduces halos.[14] All these rings can 
be used as a single insert or in combination.

Kerarings
Keraring is an orthosis implanted in the corneal stroma. It acts 
upon corneal tissue by altering its central curvature and shape, 
thus reducing or eliminating morphological irregularities and 
existing myopia and astigmatism. They are available as 160° 
segments made of PMMA. They are triangular in cross‑section 
with a 600 micron base and an apical diameter of 5 mm. They 
come in variable thickness (0.15, 0.20, 0.25, 0.30 and 0.35 mm) 
in 0.05 mm steps.[5]

The change in the corneal structure induced by any ICRS can 
be roughly estimated by the Barraquer thickness law; therefore, 
the outcome achieved is directly proportional to the thickness 
of the ICRS and inversely proportional to its diameter.[1,7,11]

Channel dissection methods for ICRS
Channel creation for implantation of the ICRS can be done by 
2 methods – manual technique or using a femtosecond laser 
under topical anesthesia. Depth of the channel is kept at 75‑80% 
of maximum pachymetry in the area of ring implantation.
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Even though, the manual technique using a diamond blade 
and a metal channel dissector has good results in terms of 
outcome, the advent of the femtosecond laser has made the 
procedure safer with very high accuracy of implantation. 
The laser used is a femtosecond photo disruptive laser.[7,13,15] 
Advantages of Femtosecond laser over conventional tunnel 
creation are less discomfort to patient and better patient 
cooperation, faster creation of tunnels, precise control of tunnel 
depth, width and centration, minimal tissue disturbance and 
faster post‑operative recovery.

Incision
The location of incision is usually guided by the steep 
topographic axis, which may not be consistent with the axis 
of manifest refraction, but some surgeons have been known to 
make the incision at 180° meridian irrespective of the axis.[14]

Combining ICRS with crosslinking
It is recommended to follow the intrastromal ring implantation 
with corneal CXL to prevent progression of the keratoconus 
and amplify the flattening effect of the ring segments.[13]

Materials and Methods
Intacs group: 61 eyes of 58 patients (single surgeon RS).
Kerarings group: 89 eyes of 73 patients (single surgeon SG).

Inclusion criteria
Moderate to severe keratoconus with pachymetry greater than 
450 microns in the zone of ring implantation with disabling 
visual acuity, intolerance to contact lens/spectacle correction 
and patients with progressing keratoconus were included in 
the study.

Exclusion criteria
Patients with pachymetry less than 450 microns in the zone of 
ring implantation, post hydrops, corneal scarring, glaucoma, 
retinal diseases, severe atopic disease, local active infection, 
autoimmune or immunodeficiency syndrome or patients with 
recurrent corneal erosion syndrome or corneal dystrophy 
were excluded from the study. All patients underwent a 
complete ocular examination including uncorrected visual 
acuity  (UCVA), best spectacle corrected visual acuity, slit 
lamp examination of anterior segment, intraocular pressure 
measurement and a detailed fundus examination.

Cornealtopography, keratometry and pachymetry assessed 
by Pentacam  (Oculus, GmBH, Wetzlar, Germany) and 
Orbscan II (Bausch and Lomb Inc, Rochester, NY, USA) was 
done for all patients.

Planning the keraring to be implanted
Kerarings were implanted as per the keraring nomogram 
[Fig. 1].

Planning the intacs ring to be implanted
Although there is extensive work done in this area, we have 
found that many available nomograms do not usually explain 
the possible indications for each type of ring or the stepwise 
planning for the Intacs ring insertion. To this end, we have 
been trying to frame a planning protocol, which takes into 
account the centration of the cone, the spherical equivalent 
and the keratometry. The centration of the cone is based on 
the percentage of the cone within 3 mm zone on the pentacam 
posterior elevation map. A centered cone has more than 50% 
of the cone within the 3  mm zone while a decentered cone 
has more than 50% of the cone outside it. A  centered cone 
requires symmetric rings to be implanted while a decentered 
cone should be implanted with asymmetric or a single ring 
depending on the extent of decentration. The steepness of the 
keratometry decides whether we choose a regular Intacs ring 
or an SK ring with a mean K of 55D being the cut‑off value 
and the size of the ring is decided as per the mean spherical 
refractive equivalent (MRSE); the higher MRSE needs a thicker 
ring. This simplifies choosing the appropriate Intacs ring for 
implantation to achieve a more predictable and improved 
outcome post procedure.

Results of Intacs Ring Implantation
The average UCVA improved from 0.10 ± 0.05 pre‑operatively 
to 0.25  ±  0.08 at 1  year post‑operatively  (P  <  0.05). The 
average best corrected visual acuity (BCVA) improved from 
0.61  ±  0.14 pre‑operatively to 0.73  ±  0.17 post‑operative 
1 year (P < 0.05) [Fig. 2]. The improvement in average MRSE was 
from –6.11 ± 4.26 to –2.42 ± 1.58 (P < 0.001). Average K reduced 
from 52.5 ± 5.13 to –48.30 ± 4.12 (P < 0.05) [Fig. 3].

We would like to highlight a case example showing a good 
outcome post‑surgery.

Figure 1: Nomogram for kerarings

Figure 2: Change in uncorrected visual acuity and best corrected visual 
acuity from pre‑operative to 1 year post‑operative Intacs + collagen 
crosslinking
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Case – 28‑year‑old male with bilateral keratoconus, with 
the left eye pre‑operative K1 54.1, K2 58.7, partly decentered 
cone on pentacam  [Fig.  4] and spherical equivalent  –4.0. 
Patient was planned for the left eye asymmetric Intacs SK rings 
implantation  (0.45 and 0.21  mm) post‑operative pentacam 
scan showed a marked flattening with K1 being 51.2 and 
K2 54.5 [Fig. 5].

Results of Kerarings Implantation
Pre‑operatively the mean spherical equivalent was –8.75 ± 2.25, 
mean cylindrical error was –5.25 ± 2.37, the mean K (vertical) 
pre‑operative was 54.86  ±  2.19 and K  (horizontal) was 
49.25 ± 2.75. The irregularity index at 3 mm zone pre‑operative 
was 6.73  ±  2.94  [Fig.  6]. Post‑operatively at 12th  month 

follow‑up, the mean spherical equivalent was  –2.56  ±  1.13, 
mean cylindrical error was –2.48 ± 1.57, the mean K (vertical) 
post Kera Ring Implant was 48.78 ± 2.75 and K (horizontal) was 
45.56 ± 2.15. The irregularity index at 3 mm zone post‑operative 
was 5.98 ± 2.32 [Fig. 7]. Reduction noted in Sim K, Min K, Max 
K and irregularity index were statistically significant. On 
statistical analysis of UCVA, all eyes in the study had a vision 
better than 6/36 with 16 eyes having 6/6. Analysis of BCVA 
showed all eyes had a vision better than 6/12 with 26 eyes 
having a vision of 6/6  [Fig.  8]. Post‑operatively the number 
of patients with UCVA of 6/6 increased from 16 to 28 (31.4%).

Discussion
The planning for insertion of the ICRS is extremely crucial in 
deciding the outcome of the surgery. The rings can be used as 
single inserts or as a combination of symmetric or asymmetric 
rings. Some earlier studies related to ICRS described uniform 
placement of symmetric or asymmetric ring for all keratoconus 
patients.[16]

Various parameters have been considered in the planning 
of ICRS placement. Ertan and Colin[13] Wachler et  al.,[17] 
Kanellopoulos et al.[18] and Zare et al.[10] all used the spherical 
equivalent of the patient for insertion of symmetric rings of 
0.4 or 0.45 mm thickness. They all showed an improvement 
in UCVA, BCVA and mean K. Colin et  al.[19] and Ertan 
et al.[20] used 0.45/0.25 mm asymmetric rings uniformly for 
all patients. Single ring implantation was carried out in 
the study conducted by Chan et al.[21] which established the 
effectiveness of ICRS with CXL as against ICRS alone. Sharma 
and Wachler[22] did a study on comparison of single versus 
double ring implantation for post‑ laser in situ keratomileusis 
ectasia. They found a more dramatic improvement in the 
single segment group. Rabinowitz et al.[23] however, conducted 

Figure  3: Flattening of keratometry from pre‑operative to 1  year 
post‑operative Intacs + collagen crosslinking

Figure 4: Pre‑operative pentacam map showing partially decentered cone
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a similar study and did not find any statistically significant 
difference between the two groups. Nomograms, which 
included the morphology of cones were those by Colin,[24] 
which took into consideration the location of the cone and 
asymmetric astigmatism induced by the keratoconus. Their 
description of the cone was either global or central for which 
they used symmetrical rings; and as mildly, moderately or 
highly asymmetric for which they used asymmetric rings. 
Alió et al.[25] advised asymmetric or single ring implantation 
based on the layout of the cone on topography. Inferior cones 
not going beyond the 180° meridian got a single ring while 

those exceeding that limit were implanted with symmetric 
double rings. Torquetti et  al.[1] also took into account the 
type of cone on topography and the distribution of ectasia 
based on the percentage of cone on either side of the midline. 
Even in this study, planning of the ring placement based 
on the morphology of the cone in addition to the patient’s 
refraction gave superior outcomes in terms of the flattening 
in keratometry and visual acuity. Coskunseven et al.[26] studied 
the effect of femtolaser assisted kera ring implantation in 
keratoconic patients and found that there was a statistically 
significant reduction in the spherical equivalent refractive 
error compared with pre‑implantation error. The use of 
the femtosecond laser in corneal tunnel creation made the 
procedure faster, easier and more comfortable for the patient. 
However, the main advantage of femtosecond laser assisted 
channel creation over the mechanical technique seems to be 
the precise depth of implantation. From the published data 
and our experience, the safety of the procedure seems to be 
very high.[15] In comparison with other studies of intracorneal 
rings implantation with mechanical devices, there was a 
significant reduction of complication rate. The advantages of 
ICRS are that the procedure is reversible and the refractive 

Figure  6: Pre‑operative data of patients for whom kerarings were 
implanted

Figure 7: Post‑operative data of patients for whom kerarings were 
implanted

Figure  8: Lines of improvement in visual acuity after kerarings 
implantation

Figure 5: Post‑operative pentacam map post Intacs and crosslinking showing better centration of the cone and flattening on sagittal curvature
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result can be potentially be titrated by replacing the segment 
with another ring segment of a different thickness. The 
procedure maintains the prolate shape of the cornea and the 
ring segments do not affect the central cornea thus reducing 
the incidence of glare and halos.[27]

Conclusion
ICRS is safe, reversible, minimally invasive procedure with 
good visual and refractive outcomes. It is an extremely good 
option for treatment of keratoconus and has shown excellent 
outcomes in terms of the change in topography, the visual 
acuity and tolerance to contact lenses. Planning for the 
appropriate ring to be implanted is probably as important as 
the surgical technique to ensure a good outcome and a happy 
patient. It is essential to keep in mind the various factors that 
can influence the response to treatment like the location of the 
cone, the severity of the keratoconus and the biomechanics of 
the eye before planning the procedure.
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