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Two studies provide insight into current modalities.
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A B S T R A C T S U M M A R Y
A prospective, nonrandomized, 

interventional study compared the 
long-term outcomes of simultaneous 
accelerated CXL combined with either 
intrastromal corneal ring segments 
(CXL-ICRS) or topography-guided PRK 
(CXL-TG-PRK) in eyes that had progres-
sive keratoconus. The research builds 
upon an earlier study with 1 year of 
follow-up by the same group.2 Of the 
original 248 eyes, 57 (CXL-ICRS, n = 32; 
CXL-TG-PRK, n = 25) were included. 
The mean follow-up duration was 
51.28 months for the CXL-ICRS group 
and 54.57 months for the CXL-TG-PRK 
group. 

At the final follow-up visit, the 
change (improvement) in patients’ 
logMAR uncorrected distance visual 
acuity (UDVA) compared to preop-
erative values was significant in the 
CXL-ICRS group (-0.31 ±0.27, P < .001; 
equivalent to approximately 3 lines) 
but not the CXL-TG-PRK group 
(-0.06 ±0.42, P = .43; < 1 line). Patients’ 
logMAR corrected distance visual 
acuity (CDVA) improved significantly 

after CXL-ICRS (-0.22 ±0.20, P < .001) 
but not after CXL-TG-PRK (-0.05 ±0.22, 
P = .25). The manifest refractive spheri-
cal equivalent changed in the CXL-ICRS 
group by a mean of -2.03 D (±4.76) 
but remained unchanged in the 
CXL-TG-PRK group (-0.05 D [±4.94]). 
The adjusted mean difference was not 
significant. 

Mean refractive cylinder improved 
in both groups from baseline to the 
last follow-up visit: -0.71 D (±2.84) 
and -0.95 D (±2.19) in the CXL-ICRS 
and CXL-TG-PRK groups, respectively. 
Again, however, the adjusted 
mean difference in change was not 

significant. The mean maximum 
keratometry value (Kmax) changed 
significantly for both groups from 
baseline to the last follow-up visit, 
with a mean improvement of -2.81 D 
±4.73 and -2.69 D ±3.12 in the CXL-
ICRS and CXL-TG-PRK groups, 
respectively. The mean Kmax value 
from 1 year postoperatively to the 
final follow-up visit steepened by a 
mean of 1.31 D in the CXL-TG-PRK 
group. Four eyes in each group expe-
rienced Kmax steepening (≥ 1.00 D); 
two eyes in each group experienced 
greater than a 2.00 D increase. All eyes 
achieved 20/50 BCVA or better.

KERATOCONUS AND VISUAL 
REHABILITATION 

STUDY IN BRIEF

s

    A prospective, nonrandomized, interventional study compared the 5-year clinical outcomes 
of CXL with two adjunctive modalities—intrastromal corneal ring segments (ICRSs) and 
topography-guided PRK (TG-PRK)—for the treatment of progressive keratoconus.

s

   Only patients in the CXL-ICRS group experienced an improvement in visual parameters. 
Both treatment groups achieved an improvement in topographic parameters, although the 
change was greater in the CXL-TG-PRK group. The improvement in topography remained 
stable over the long term in the CXL-ICRS group but regressed in the CXL-TG-PRK group. 
Safety was excellent in both groups.

WHY IT MATTERS
The study offers insight into the long-term efficacy of ICRS implantation and TG-PRK 

when these procedures are combined with CXL for the visual rehabilitation of patients with 
keratoconus.
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D I S C U S S I O N
Patients who underwent CXL-ICRS 

experienced significant improve-
ments in their UDVA, CDVA, mani-
fest refractive spherical equivalent, 
Kmax, and coma. Those treated 
with CXL-TG-PRK experienced 
a significant improvement only 
in refractive cylinder, Kmax, and 
coma. Other long-term studies of 

CXL-TG-PRK have reported a much 
more significant improvement in 
patients’ UDVA and CDVA.3-5 These 
studies, however, also sought some 
correction of the spherocylindrical 
component instead of focusing solely 
on higher-order aberrations, as in the 
research by Cohen et al.1 

The insertion of two ICRSs appears 
to increase efficacy, as shown by 

Saleem et al.6 ICRS implantation 
alone has been found to be less effec-
tive7 than when the procedure is 
performed in combination with CXL, 
suggesting that pairing ICRS implanta-
tion with CXL may have a synergistic 
effect on long-term visual outcomes. 
Long-term stability in both groups 
(CXL-ICRS and CXL-TG-PRK) seemed 
to be greater than 80%.1 
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A B S T R A C T S U M M A R Y
Keratoconus management involves 

regularizing the corneal surface to 
address the irregular astigmatism and 
higher-order aberrations characteristic 
of the disease. Corneal allogenic intra-
stromal ring segments (CAIRS) and 
ICRSs are widely used and are an alter-
native to corneal transplantation for 
patients who have clear corneas.9 The 
manual technique for harvesting CAIRS 
produces segments with a unique depth 
(500 and 750 µm). These are not helpful 
for eyes that have asymmetric cones, 
as occurs with type 2 keratoconus (also 
known as the Duck phenotype), where 
the axes of astigmatism and coma do 
not coincide.

To treat type 2 keratoconus, Bteich 
and colleagues developed a tech-
nique in which a Femto LDV Z8 laser 
(Ziemer Ophthalmic Systems) was used 
to harvest asymmetric CAIRS. After 
debridement of the donor corneal epi-
thelium and endothelium, the donor 
cornea was mounted on an artificial 
anterior chamber, and the CAIRS were 
automatically harvested with pulsed 
femtosecond laser energy (10–20 nJ) at 
a frequency of 10 to 20 MHz. The thick-
ness of the excised allogenic segments 
varied from the Bowman layer side 
to the stromal side and ranged from 
500 to 750 μm. The CAIRS were then 
dehydrated in an atmosphere of 35% to 
45% average humidity. 

Tunnels were created in the 
host cornea under topical anes-
thesia with the femtosecond laser 
system’s standard ICRS software.10 
The tunnels had a width of 900 μm, 
an inner diameter of 6 mm, and 

an outer diameter of 7.8 mm, with 
two diametrically opposite incisions 
according to the intended position of 
the implantation.  

A dehydrated CAIRS was positioned 
in a tunnel at a 6-mm optical zone 
such that the Bowman layer side was 
perpendicular to the corneal surface. 

Patients’ spherical and cylindrical 
refractive errors decreased from -2.38 D 
±2.96 and -2.94 D ±2.16 at baseline to 
-1.81 D ±2.77 (P = .04) and -1.75 D ±2.07 
(P = .01), respectively, at 6 months post-
operatively. Kmax decreased from 50.02 
D ±1.99 to 47.89 D ±3.05 (P = .03), and 
coma was reduced from 1.05 D ±0.21 
to 0.21 D ±0.19 (P = .01). On average, 
patients’ CDVA improved by 3 lines.

Cutting 360º arcs in donor corneal 
tissue allowed the investigators to har-
vest precise, customizable CAIRS. The 
technique effectively reduced coma and 
astigmatism in the four studied cases 
with noncoinciding astigmatism and 
coma axes.

D I S C U S S I O N 
Because of the novelty of creating 

asymmetric CAIRS with a femtosecond 
laser for the management of type 2 
keratoconus, validated nomograms are 
lacking. Provided that further research 
makes the technique more repeatable 
and reproducible, it may be adopted 
by surgeons who have access to a fem-
tosecond laser platform and eye banks, 
which could prepare CAIRS in advance. 
The ability to harvest many CAIRS from 
a single otherwise unused donor cornea, 
moreover, could increase patient access 
to keratoconus care worldwide. n

STUDY IN BRIEF
s

  A study describes a novel technique for cutting asymmetric corneal allogenic intrastromal 
ring segments with a femtosecond laser. These were used as a customizable alternative to 
synthetic PMMA segments of a fixed size for the treatment of keratoconus. 

WHY IT MATTERS
The manual harvesting technique creates allogenic segments that are unsuitable for eyes with 

asymmetric cones, such as those with type 2 keratoconus (also known as the Duck phenotype), 
where the axes of astigmatism and coma do not coincide. The laser-assisted technique described 
in this study was designed specifically for these eyes. 
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