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Long-term follow-up of intrastromal corneal ring
segments in keratoconus
Leonardo Torquetti, MD, PhD, Rodrigo Fabri Berbel, MD, Paulo Ferrara, MD, PhD

PURPOSE: To report the long-term follow-up of Ferrara intrastromal corneal ring segment (ICRS)
implantation for the management of keratoconus.
SETTING: Private clinic, Belo Horizonte, Brazil.
METHODS: This study comprised patients with keratoconus who completed at least 5 years of
follow-up. One or 2 ICRS were inserted in the cornea, embracing the keratoconus area. Statistical
analysis included preoperative and postoperative uncorrected distance visual acuity (UDVA),
corrected distance visual acuity (CDVA), and keratometry (K) values.
RESULTS: Thirty-five eyes of 28 patients were evaluated. The mean UDVA improved from 0.15
preoperatively to 0.31 postoperatively and the mean CDVA, from 0.41 to 0.62, respectively; the
increases were statistically significant (P Z .003 and P Z .002, respectively). Corneal topography
showed corneal flattening in all eyes. The mean minimum K value decreased from 48.99 D preoperatively to 44.45 D postoperatively and the mean maximum K value, from 54.07 D to 48.09 D,
respectively; the decreases were statistically significant (both P Z .000).
CONCLUSIONS: Five years after ICRS implantation, the UDVA and CDVA were improved in eyes with
keratoconus. There was significant postoperative corneal flattening that remained stable over the
follow-up period.
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Keratoconus is a corneal ectatic disease characterized
by noninflammatory progressive thinning of unknown cause in which the cornea assumes a conical
shape. Intrastromal corneal ring segments (ICRS)
have been used to correct ectatic corneal diseases by
reducing corneal steepening, decreasing irregular
astigmatism, and improving visual acuity.1–7 In
addition, ICRS implantation is a surgical alternative
to delay, if not eliminate, the need for lamellar or
penetrating keratoplasty.
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Many studies report the efficacy of ICRS implantation in treating many corneal conditions, such as
keratoconus,1–7corneal ectasia after laser in situ keratomileusis,8 ectasia after radial keratotomy,9 astigmatism,10 and myopia.11–14 The changes in corneal
structure induced by additive technologies can be
roughly predicted by the Barraquer thickness law15;
that is, when material is added to the periphery of
the cornea or an equal amount of material is removed
from the central area, a flattening effect is achieved.
The corrective result varies in direct proportion to
the thickness of the ICRS and in inverse proportion
to its diameter. The thicker and smaller the diameter
of the ring, the higher the corrective result.
This study was performed to evaluate the long-term
visual acuity and mechanical stability results of
Ferrara ICRS (Ferrara Ophthalmics) implantation in
eyes with keratoconus. The minimum follow-up was
5 years.
PATIENTS AND METHODS
This retrospective study evaluated the records of patients
with keratoconus who completed at least 5 years of followup. The main indication for ICRS implantation was contact
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Table 1. Nomogram for selecting ICRS.
Cone
Cone I
Cone II
Cone III
Cone IV

Diameter
(mm)

Thickness
(mm)

Intended
Correction (D)

5.00
5.00
5.00
5.00
5.00

0.150
0.200
0.250
0.300
0.350

!2.00 to !4.00
!4.25 to !6.00
!6.25 to !8.00
!8.25 to !10.00
!10.25 to !12.00

lens intolerance, progression of ectasia, or both. Progression
of keratoconus was defined as worsening of uncorrected
distance visual acuity (UDVA) and corrected distance visual
acuity (CDVA), progressive intolerance to contact lens wear,
and progressive corneal steepening documented by topography. Patients were excluded if any of the following criteria
applied after a preoperative examination: advanced keratoconus with curvatures greater than 62.00 diopters (D) and
significant apical opacity and scarring, hydrops, thin
corneas, thickness less than 300 mm in the ICRS track, intense
atopia (which should be treated before ICRS implantation),
and ongoing local or systemic infection.
The Ferrara ICRS used in this study are made of
poly(methyl methacrylate)–Perspex CQ acrylic segments.
They vary in thickness (0.15 mm, 0.20 mm, 0.30 mm, and
0.35 mm). The segment cross-section is triangular, and the
base for every thickness was 0.60 mm wide. The segments
used in this study had 160 degrees of arc.
Outcome data included preoperative and postoperative
UDVA, CDVA, and keratometry (K) values. Corneal topography was obtained using the EyeMap system (Alcon, Inc.)
and Pentacam device (Oculus).
All surgery was performed by the same surgeon (P.F.)
using a standard technique that has been described.1–5 The
ICRS were implanted according to a previously described
nomogram.16 Basically, the ring selection was dependent
on the ametropia and the degree of keratoconus evolution
(Table 1). The 350 mm ring is no longer used but was used
in some cases in this study. The current nomogram is based
on the position of the conus on the cornea (Figure 1), topographic astigmatism, and the pachymetric map.
Postoperative medication comprised ketorolac drops every 15 minutes for 3 hours, dexamethasone 0.1%–moxifloxacin 0.3% or ciprofloxacin drops every 4 hours for 7 days, and
hypromellose drops every 6 hours for 30 days.
Statistical analysis was performed using Minitab software
(Minitab, Inc.). The Student t test for paired data was used to
compare preoperative and postoperative results. Only data
collected up to the fifth year were considered in this analysis.

RESULTS
Thirty-five eyes of 28 patients with keratoconus
were evaluated. Seven patients had bilateral surgery
and 21 patients, unilateral surgery. The surgeries in
bilateral cases were performed from 1 day to 3 years
apart. In unilateral cases, the eye in which an ICRS
was not implanted was corrected with spectacles
or contact lenses. The follow-up ranged from 5 to
12 years.

Figure 1. Current nomogram. Selection of the ICRS is according to
the distribution of the corneal ectasia.

A 0.15 mm segment was implanted in 11 eyes,
a 0.20 mm segment in 5 eyes, a 0.25 mm segment in
10 eyes, a 0.30 mm segment in 6 eyes, and a 0.35 mm
segment in 3 eyes. No perioperative or postoperative
complications occurred.
Table 2 shows the mean UDVA and CDVA over
time. The mean UDVA improved up to the 4-year
follow-up, at which time it decreased and then
remained stable to the 5-year follow-up. The mean
increase in UDVA from preoperatively to 5 years postoperatively was statistically significant (P Z .003). The
UDVA was unchanged in 9 eyes; 22 eyes gained 1 or
more lines of UDVA, and 4 eyes lost 1 or 2 lines.
The mean CDVA improved up to the 3-year followup, at which time it remained stable until the 5-year
follow-up, when it decreased slightly. The mean increase in CDVA from preoperatively to 5 years postoperatively was statistically significant (P Z .002)
(Figure 2). The CDVA was unchanged in 5 eyes;
26 eyes gained 1 or more lines of CDVA, and 4 eyes
lost 1 or 2 lines.
Corneal topography showed corneal flattening in all
eyes (Figures 3 to 5). The decreases in the mean minimum K and mean maximum K values were statistically significant (both P Z .000) (Table 2).
DISCUSSION
Preliminary studies found ICRS implantation to be an
effective treatment for astigmatism and myopia with
astigmatism,15 preserving CDVA and giving stable
results over time.16 The objective of the additive technology is to reinforce the cornea, decrease corneal
irregularity, and improve visual acuity.
The results in our study agree with those in other
studies. Miranda et al.17 reported a significant reduction
in mean central corneal curvature postoperatively;
CDVA improved in 87.1% of eyes and UDVA in
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Table 2. Preoperative and postoperative data.
Mean G SD
Postoperative
Parameter

Preoperative

1 Month

1 Year

2 Years

3 Years

4 Years

5 Years

Maximum K (D)
Minimum K (D)
Mean K (D)
UDVA
CDVA

54.07 G 7.34
48.49 G 5.06
51.27 G 5.91
0.15 G 0.15
0.41 G 0.25

49.36 G 6.66
45.27 G 5.39
47.29 G 5.91
0.25 G 0.19
0.56 G 0.24

48.22 G 4.73
43.89 G 4.59
45.88 G 4.52
0.29 G 0.17
0.61 G 0.24

47.84 G 4.98
44.01 G 3.83
45.71 G 4.20
0.29 G 0.19
0.63 G 0.22

47.06 G 4.90
43.12 G 4.82
44.78 G 4.55
0.33 G 0.17
0.62 G 0.20

47.83 G 6.56
44.14 G 5.75
45.97 G 6.21
0.30 G 0.22
0.62 G 0.16

48.09 G 5.92
44.45 G 5.97
46.24 G 5.89
0.31 G 0.23
0.59 G 0.19

CDVA Z corrected distance visual acuity; K Z keratometry reading; NA Z not available; UDVA Z uncorrected distance visual acuity

80.6%. Siganos et al.4 found an increase in the mean
UDVA, from 0.07 G 0.08 preoperatively to 0.20 G 0.13
at 1 year and 0.30 G 0.21 at 6 months; the mean
CDVA improved from 0.37 G 0.25 preoperatively to
0.50 G 0.43 and 0.60 G 0.17, respectively. Kwitko and
Severo18 report that after Ferrara ICRS implantation in
eyes with keratoconus, CDVA improved in 86.4% of
eyes, was unchanged in 1.9%, and was worse in 11.7%;
UDVA improved in 86.4% of eyes, was unchanged in
7.8%, and was worse in 5.8%. The mean corneal curvature decreased from 48.76 G 3.97 D preoperatively to
43.17 G 4.79 D postoperatively.
The nomogram for implanting Ferrara ICRS has
evolved as knowledge about the predictability of results
has grown. Initially, surgeons implanted a pair of symmetrical segments in every case. The incision was always placed in the steep meridian to take advantage
of the coupling effect achieved by the segments. In the
first nomogram, the ICRS was selected based on the
grade of keratoconus only; thus, the most suitable
ICRS for eyes with grade 1 keratoconus was 150 mm
and for eyes with grade 4 keratoconus, 350 mm. Some
cases of extrusion occurred in eyes with grade 4

keratoconus because the cornea is usually very thin in
these eyes and the thick segment was not properly fitted
in the corneal stroma in some cases.
In the second-generation nomogram, ring selection
took refraction into account in addition to the distribution of the ectatic area of the cornea. Therefore, as the
spherical equivalent increased, the thickness of the selected ring increased. However, in many keratoconus
eyes, myopia and astigmatism were caused not by
ectasia but by an increase in the axial length of the
eye (axial myopia). In these cases, hypercorrection
resulted because a thick ICRS was implanted when
a thinner one should be indicated.
In the third and current generation of the nomogram, ring selection is based on corneal thickness,
the amount of topographic corneal astigmatism (simulated K), and the distribution of the ectatic area on the
cornea (Table 3). Implantation of an ICRS can be considered as an orthopedic procedure, and refraction is
not important in this nomogram. For symmetric
bow-tie patterns of keratoconus, 2 equal segments
are selected. For peripheral cones, the most common
type, asymmetrical segments are selected. Segment

Figure 2. Mean CDVA over time (CDVA Z corrected distance visual
acuity).

Figure 3. Mean maximum K value over time (K Z keratometry).
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Figure 4. Mean minimum K value over time (K Z keratometry).

Figure 5. Mean average K value over time (K Z keratometry).

thickness must not exceed 50% of the thickness of the
cornea on the track of the ring.
The current nomogram is the result of almost 10
years of study of more than 6000 patients. The results
with this nomogram are very satisfactory and reproducible; thinner segments can be used to achieve
a significant amount of corneal regularization.
We did not evaluate the complication rate in this
study. However, postoperative complications can occur after ICRS implantation. The complications can
be related to the surgical technique, the nomogram,
and the ICRS itself. Complications related to the
surgical technique are extrusion (due to a shallow tunnel), infection, bad ICRS centration (incorrect placement), ICRS migration and misplacement, and
asymmetry of the segments. Complications related to
the nomogram are linked to the corneal biomechanics
and include overcorrection and undercorrection. Although the predictability of postoperative results is
high, overcorrection and undercorrection can occur
as a result of the differing viscoelastic and biomechanical profiles of keratoconic corneas. The complications
related to ICRS itself are halos, glare, periannular
deposits, and neovascularization. Halos are reported
by 10% of patients and can be related to the pupil
size. This symptom tends to fade or diminish over
time. In very symptomatic cases, we usually prescribe
pilocarpine or brimonidine tartrate at night to constrict the pupil and alleviate the undesired reflexes.
We recently developed segments with a yellow filter
in the matrix to avoid blue light at night, which can
significantly decrease the incidence of glare and
halos.
Periannular opacities are small white debris that lies
along the internal face of the segment. They usually are
seen in cases of significant surgical trauma (ie, large
tunnels or excessive ICRS thickness). They do not
tend to grow and do not decrease visual performance.

Neovascularization of the stromal tunnel is rare and
usually occurs in atopic patients. We have used subconjunctival bevacizumab to treat this complication
with reasonable results.19–22
Kwitko and Severo18 reported decentration of
Ferrara ICRS in 3.9% of cases, segment extrusion in
19.6%, and bacterial keratitis in 1.9%. The authors suggest that most of the complications related to surgical
technique were caused by the surgeon’s learning curve
and the differing healing processes of keratoconic
corneas. Once the surgical procedure is mastered, the
complication rate related to the surgery is very low.
The surgical steps must be followed carefully to avoid
surgery-related complications. For example, the
Table 3. Segment thickness choices.
Condition/Topographic
Astigmatism (D)
Symmetric bow-tie keratoconus
!2.00
2.25 to 4.00
4.25 to 6.00
O6.25
Cones with 0/100% and 25/75%
of asymmetry index
!2.00
2.25 to 4.00
4.25 to 6.00
6.25 to 8.00
8.25 to 10.00
O10.00
Cones with 0/100% and 33/66%
of asymmetry index
!2.00
2.25 to 4.00
4.25 to 6.00
6.25 to 8.00
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Segment
Thickness (mm)
150/150
200/200
250/250
300/300

None/150
None/200
None/250
None/300
150/250
200/300

None/150
150/200
200/250
250/300
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Table 4. Comparison of Ferrara and Intacs ICRS studies with long-term results.
Mean G SD
Preoperative

Postoperative
1 Year

Parameter

Present
Study
(Ferrara)

Alio
et al.23
(Intacs)

Colin and
Mallet25
(Intacs)

Present
Study
(Ferrara)

Alio et al.23
(Intacs)

2 Years
Colin and
Mallet25
(Intacs)

Present
Study
(Ferrara)

Alio et al.23
(Intacs)

Colin and
Mallet25
(Intacs)

Maximum 54.07 G 7.34 51.07 G 3.62 53.6 G 5.8 48.22 G 4.73 47.84 G 3.73 48.5 G 5.6 47.84 G 4.98 47.69 G 3.80 48.7 G 5.2
K (D)
Minimum
48.49 G 5.06 45.84 G 3.48 46.7 G 6.6 43.89 G 4.59 43.76 G 3.59 44.3 G 5.4 44.01 G 3.83 44.10 G 2.55 44.9 G 4.9
K (D)
Mean K (D) 51.27 G 5.91 48.46 G 3.27 50.1 G 5.6 45.88 G 4.52 45.80 G 3.52 46.4 G 5.3 45.71 G 4.20 45.90 G 2.38 46.8 G 4.9
UDVA
0.15 G 0.15
NA
0.10*
0.29 G 0.17
NA
0.20*
0.29 G 0.19
NA
0.20*
CDVA
0.41 G 0.25 0.46 G 0.20
0.35*
0.61 G 0.24
0.66
O0.50*
0.63 G 0.22
0.66
O0.50*
CDVA Z corrected distance visual acuity; K Z keratometry reading; NA Z not available UDVA Z uncorrected distance visual acuity
*Approximate data; mean not given in the original study, only the range reported

stromal tunnel must be constructed with the adjustable diamond knife set at 80% of local corneal thickness to reduce the risk for a shallow tunnel and
subsequent ICRS extrusion.
In general, the thickest segment of a pair of ICRS
should not exceed half thickness of the cornea in its
bed. In such case, a pair of ICRS that fits this condition
must be chosen, even if the achieved correction is
smaller than desired.
Based on personal unpublished data, approximately
5% of patients require subsequent penetrating or
lamellar keratoplasty due to progressive corneal
scarring, despite proper ICRS implantation. These
patients usually had ICRS implantation at a very
advanced phase of the disease and required the subsequent surgery not necessarily because the keratoconus
evolved but rather because of an unsatisfactory visual
outcome.
We believe that this is the first study to show
the long-term results (O5 years) of Ferrara ICRS
implantation in patients with keratoconus. The few
previous long-term studies of ICRS23–25 were of Intacs
(Addition Technology, Inc.) implantation.
Alió et al.23 performed a retrospective study to evaluate the long-term (up to 48 months) results after Intacs implantation in patients with keratoconus. The
mean CDVA increased significantly (P!.01), from
0.46 (20/50) preoperatively to 0.66 (20/30) 6 months
postoperatively. The 3.13 D decrease in the mean
average K value was statistically significant (P!.01).
Comparison of 6-month and 36-month results shows
refractive and topographic stability.
Kymionis et al.24 studied 17 eyes with keratoconus
that had Intacs implantation. The preoperative
UDVA was 20/50 or worse in all eyes; at the last

follow-up examination, the UDVA was 20/50 or better
in 59% of eyes. More than half the eyes (59%) gained
lines (1 to 8) of visual acuity.
The long-term stability in our study is comparable
to that found in other studies of ICRS implantation
(Table 4).23–25 As shown in previous studies, the ICRS
flattens the cornea, and the effect persists for a long
period. There is no significant resteepening of the
cornea over time.
In conclusion, implantation of Ferrara ICRS resulted
in topographic and visual stability, delayed the progression of keratoconus, and eliminated or at least
postponed the need for corneal grafting surgery.
Further studies with larger samples and a longer
follow-up are needed to confirm these results.
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