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Purpose: To describe the anatomical and functional results of the implantation of asym-
metric thickness intracorneal ring segments (AS-ICRS) in eyes with keratoconus and asym-
metric/irregular astigmatism (type 2 – Duck – and type 3 – Snowman – phenotypes, 
Fernandez-Vega/Alfonso morphologic Keratoconus classification).
Materials and Methods: Retrospective observational study including 19 consecutive 
patients (21 eyes) with keratoconus who underwent manual implantation of the Keraring® 

Asymmetric ICRS (AS). Analysis included demographic and clinical data and Pentacam 
(Oculus®) measurements: topographic astigmatism; topographic flat meridian (K1), steepest 
meridian (K2) and the maximum keratometric point (Kmax); total root mean square (RMS) 
and high order RMS (HOA) aberrations and comatic Zernike coefficients (Z31;Z3−1) at 0º 
and 90º meridians.
Results: Overall mean age was 35.3±11.7 years and median follow-up was 7.1 months 
(range 6–12). At the end of follow-up, a significant improvement from baseline was achieved 
in both UDVA (0.24±0.22; p=0.017) and CDVA (0.21±0.17; p<0.001). Regarding topo-
graphic measurements, the greatest decrease was observed in K2 (2.76±1.9D; p<0.001) 
and astigmatism (1.97±1.5; p<0.001). Aberrometry analysis showed a reduction of 1.27 
±3.2µm in the total RMS (p=0.085), 0.24±0.9µm in HOA (p=0.227) and 0.78±0.5 
(p<0.001) in the 90º component of comatic aberration. The procedure effects in the 
CDVA, topographic and aberrometric parameters were higher in type 2 cones without 
statistical significance (p>0.05 in all).
Conclusion: Implantation of the Keraring® Asymmetric ICRS in keratoconus with asym-
metric/irregular astigmatism allowed an improvement of several clinical, topographic and 
aberrometric parameters, with clinical efficacy and safety, with a tendency to a greater effect 
in the type 2 cones.
Keywords: aberrometry, asymmetric, astigmatism, ICRS, keratoconus

Introduction
The implantation of intrastromal corneal ring segments (ICRS) in patients with 
keratoconus is a minimally invasive and reversible surgical procedure aimed to 
improve the uncorrected (UDVA) and best corrected (CDVA) distance visual 
acuities and reduce low and high order aberrations, with consequent improvement 
vision quality, acting by an “arc-shortening effect” on the corneal lamellae and 
flattening the central cornea.1 Additionally, the procedure may increase tolerance to 
contact lenses in some patients.2

Many keratoconus classifications have been made throughout the years.3–5 As 
the corneal morphologic study evolved, namely with the advent of tomography and 
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aberrometry techniques, it was possible to make a better 
characterization of the corneal total shape and its refractive 
consequences. Regarding the implantation of ICRS, the 
SA-ANA classification6 is the most applied, dividing the 
implantation modalities using 2 basic criteria - symmetry 
and axiality - whose combination results in 4 major types.

There are several reports in literature showing good 
refractive and functional results after the implantation of 
ICRS.2,7,8 Nevertheless, a lack of parallelism between the 
objective tomographic and refractive results and visual 
complaints can be observed, and is more evident in cases 
with irregular and/or asymmetric of the topographic astig-
matism and is usually due to a clinically significant 
comatic aberration component.9,10

The Fernandez-Vega/Alfonso morphologic Keratoconus 
classification11 divides the disease into six subtypes and takes 
into account the comatic issue. Types 2 and 3 are the most 
difficult to address with standard ICRS. Furthermore, besides 
all classifications, each keratoconus has a phenotypic iden-
tity, so the ring segments have evolved and recently a novel 
type of ICRS with asymmetric thickness became available, 
allowing to increase the customization in the treatment of 
eyes with asymmetric astigmatism, in which the flattest 
topographic axis diverges from the coma axis by more 
than 30º.

The aim of the present study was to evaluate the 
anatomical and functional results and the safety profile 
associated with the implantation of ICRS with asymmetric 
thickness in patients with keratoconus and compare the 
results between type 2 and type 3 phenotypes.

Materials and Methods
Design
This is a retrospective observational single-center clinical 
study set in the Ophthalmology Department, Centro 
Hospitalar e Universitário do Porto, Porto, Portugal, 
a tertiary center. The study adhered to the tenets of the 
Declaration of Helsinki. Approval was obtained from the 
“Departamento de Ensino, Formação e Investigação” 
(DEFI), nr: 130-DEFI-132-CE. Informed consent from 
the patients was waived by the DEFI due to total anon-
ymization and confidentiality of the data and the absence 
of detailed individual data.

Population
Consecutive patients with keratoconus who underwent 
consecutive implantation of the Keraring® Asymmetric 

ICRS (AS) between January and August 2019. The indica-
tions for the procedure were: patient demand for improve-
ment in visual acuity and/or rigid gas permeable contact 
lens intolerance; Grade 1–3 (Amsler-Krumeich, AK); 
stable disease; corneal thickness >400μm, Kmax <64D 
and asymmetric astigmatism in which the flattest topo-
graphic axis diverged from the coma axis by more than 
30º (Duck and Snowman types). The exclusion criteria 
were: corneal opacity; history of herpes; glaucoma; catar-
act; uveitis; severe atopic disease or eye rubbing habit; 
auto-immune disorders.

Procedure
All ICRS were chosen according with the Mediphacos™ 
nomogram (http://keraring.online) and confirmed by the 
surgeon. As all corneas had mean front keratometry less 
than 52D, prismatic triangular section 160º arc length AS 
with 5.0mm optic zone were implanted in all eyes. The 
tunnel was made at 80% of total corneal thickness, manu-
ally in all cases. The minimum follow-up was 6 months.

The basic rules followed in the segment selection were 
different among the two subtypes (Figures 1 and 2). In cases 
of Type 2 paracentral keratoconus, in which both steep hemi- 
meridians were not aligned and presenting with a difference 
of 30º to 60º between the flat topographic and the coma axis, 
one AS was inserted with the thickest end oriented towards 
the steepest hemi-meridian and the middle of the ICRS 
centered on the flat topographic axis, with or without 
a second ring (symmetrical) at 180º. Eyes with Type 3 para-
central keratoconus, where both hemi-meridians were 
aligned but with the inferior hemi-meridian steeper than the 
superior one and the flat topographic and the coma axis were 
at 90º from each other, were implanted with one or two AS, 

Figure 1 Segments selection according to MediphacosTM nomogram in Type 2 
cones.

Figure 2 Segments selection according to MediphacosTM nomogram in Type 3 
cones.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                                

Clinical Ophthalmology 2020:14 4416

Baptista et al                                                                                                                                                         Dovepress

http://keraring.online
http://www.dovepress.com
http://www.dovepress.com


inserted with the thickest end oriented toward the steepest 
hemi-meridian (one clockwise and one counter-clockwise). 
The midpoint of each ICRS was aligned on the flat topogra-
phical axis.

Data Gathering
Demographic (age, gender), ocular and systemic history 
data were collected, along with information from intra and 
post-surgical complications during the entire follow-up. 
We collect the baseline and end of follow-up UDVA, 
CDVA (Snellen) and refractive status. Visual acuity data 
was converted to the logarithm of the minimum angle of 
resolution (logMAR) for statistical analysis and presented 
in decimal notation for an intuitive analysis.

Data from Pentacam (Oculus®) were analyzed:

● Topographic keratometric values (central 8mm sphere) 
- flat meridian (K1); steepest meridian (K2), the max-
imum keratometric point (Kmax) and astigmatism;

● Total root mean square (RMS), high order RMS 
(HOA) aberrations and comatic aberration Zernike 
coefficients (Z31; Z3−1)– at 0º and 90º meridians 
(calculated for a pupil diameter of 6.0 mm).

Statistical Analysis
Statistical analysis was performed with the SPSS statistical 
software package, version 24.0 (SPSS, Chicago, IL®). 
Normality of the data was tested with the Shapiro–Wilk 
test. When parametric analysis could be applied, the 
Student’s t-test was used to compare the variables. When 
nonparametric tests were needed, the Wilcoxon rank-sum 
test was applied. Correlations were studied with Spearman 
rank correlation method. Values are show as mean ± 
standard deviation unless otherwise specified. All p-values 
(p) were 2-sided, and p- values < 0.05 were considered 
significant.

Results
Twenty-one eyes from 19 patients (11 men; 8 woman), 
with an overall mean age of 35.3±11.7 years and mean 
follow-up of 7.1 months (range 6–12) were analyzed. The 
most common keratoconus phenotype (Fernandez-Vega 
classification) was Type 3 with 14 eyes and the remaining 
7 were classified into Type 2 category. Baseline measures 
are listed in Table 1.

Regarding systemic history, one patient had Hodgkin 
Lymphoma, with past chemotherapy treatment. In relation 
to ophthalmological history, one patient had exteriorization 

of a previous ICRS, one patient underwent corneal cross-
linking procedure one and a half years before and one 
patient had history of diabetic macular edema (DME) trea-
ted with intravitreal anti-vascular endothelial growth factor. 
Regarding intraoperative complications, in one case, the 
ring segment broke during the implantation and was 
replaced in the same procedure. There were no other intra- 
or post-surgical complications to report until the end of 
follow-up.

At the end of follow-up, the UDVA and CDVA were 
0.42±0.28 and 0.63±0.19, respectively. A significant 
improvement from baseline was achieved in both UDVA 
(0.24±0.22; p=0.017) and CDVA (0.21±0.17; p<0.001) 
(Table 1). Two eyes maintained the UDVA, another two 
eyes maintained the CDVA and a 1-line decrease in CDVA 
was observed in one eye. A significant decrease of 1.56 
±1.5D (p<0.001) in cylinder and 1.39±2.6D in SE were 
observed.

Regarding topographic measurements, the greater 
decrease observed in the K2 (2.76±1.9D; p<0.001), fol-
lowed by the Kmax (2.46±2.6D; p<0.001) and the K1 (0.8 
±1.7D; p=0.047), with a significant decrease in the abso-
lute topographic astigmatism value (1.97±1.5; p<0.001) 
(Table 1).

Additionally, stability of both flattest refractive (95.6 
±47º to 96.8±45º; p=0.804) and steepest topographic 
(83.1º to 86.6 º; p=0.565) axis was found after the proce-
dure (Table 1).

Within the aberrometry analysis, reduction of 1.27 
±3.2µm in the total RMS (p=0.085) and 0.24±0.9µm in 
HOA (p= 0.227) were found. Additionally, significant 
absolute decrease (0.78±0.5; p<0.001) in the vertical 
(90º) component of comatic aberration was observed 
(Table 1).

Phenotypic Subgroup Analysis
The only baseline, significant difference between the two 
phenotypic groups was the higher topographic astigmatism 
in the type 2 (5.94±2.1D VS 3.81±1.3D p=0.012) 
(Table 1).

At the end of follow-up, UDVA was slightly higher in 
type 2 (0.53±0.3 VS 0.37±0.3; p=0.396) and CDVA was 
similar (0.62±0.2 VS 0.65±0.2; p=0.733). The procedure 
effect in the CDVA was slightly more pronounced in type 
2 (0.27±0.2 VS 0.19±0.2; p=0.278) but there was a slightly 
higher SE decrease in type 3 group (1.52±3.0 VS1.16±1.3; 
p=0.804) (Table 2).
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Regarding the topographic parameters, the decrease 
found in both Kmax (3.23±2.4D VS 2.08±2.8D; 
p=0,443), K2 (3.26±1.5D VS 2.51±2.1D; p=0.110) and 
absolute astigmatism (2.67±2.2D VS 1.61±09D; p=0.287) 
was non-significantly higher in type 2 group (Table 2).

Within the aberrometry analysis, the variation in both 
total RMS (2.18±2.5µm VS 0.78±3.5 µm; p=0.360) and 
HOA (0.57±0.6µm VS 0.11±1.0µm; p=0.322) was non- 
significantly higher in type 2 group. The effect of the 
procedure in the vertical coma component was similar in 
the two groups (0.70±0.7µm VS 0.72±0.5µm; p=0.944) 
(Table 2).

Correlations
A higher postoperative CDVA was associated either with 
lower postoperative values of Kmax (r=−0.471; p=0.048), 
and total RMS (r=−0.509; p=0.031). A higher postopera-
tive Kmax was associated with higher values of both 
baseline and postoperative of total RMS (r=0.673; 
p=0.001 and r=0.797; p<0.001, respectively) and HOA 
(r=0.544; p=0.011 and r=0.553; p=0.009, respectively). 
A higher postoperative K1 was associated with higher 
baseline values of either absolute coma 90º (r=0.502; 
p=0.020), total RMS (r=0.617; p=0.003) and HOA 

(r=0.571; p=0.007). A higher postoperative K2 was asso-
ciated with higher preoperative values of either absolute 
coma 90º (r=0.499; p=0.021), total RMS (r=0.646; 
p=0.002) and HOA (r=0.572; p=0.007). A higher post-
operative absolute coma 90º was associated with higher 
postoperative values of both K1 (r=0.562; p=0.008) and 
K2 (r=0.615; p=0.003).

Discussion
The present study found an average increment of more than 
two lines both in UDVA and CDVA, yet with similar 
amount of improvement achieved by sphero-cylindric 
means before and after the procedure. Predictably the 
lower values on the main topographic and aberrometric 
measurements (Kmax and RMS) were the most associated 
with higher visual acuities. These results are in line with 
those obtained in the 104 eyes cohort implanted with the 
same 5mm optic zone AS and following the same nomo-
gram (Figures 1 and 2) in Type 2 and Type 3 phenotypes12 at 
3 months follow up, with very similar final CDVA, even 
though with slightly higher increments both in UDVA and 
CDVA in our study (roughly 2.3 VS 1.5 Snellen lines in 
both). When compared with the symmetrical Ferrara® ICRS 
(6.0mm inner diameter and variable thickness - 150, 200, 

Table 1 Baseline, End of Follow-Up and Effect of the Procedure, All Sample

n=21 Eyes Baseline End of Follow-Up Variation p

Refractive (mean ± standard deviation)

UDVA (decimal) 0.17 ± 0.17 0.42 ± 0.28 0.24 ± 0.22 0.017*

CDVA (decimal) 0.44 ± 0.16 0.63 ± 0.19 0.21 ± 0.17 <0.001*
Absolute SE (diopters) 3.02 ± 2.5 1.64 ± 1.6 1.39 ± 2.6 0.040*

Sphere (diopters) (-)1.14 ± 2.3 (-)0.61 ± 1.4 0.62 ± 2.4 0.306
Cylinder (diopters) (-)3.74 ± 1.5 (-)1.98 ± 1.6 1.56 ± 1.5 <0.001*

Refractive flat axis (°) 95.6 ± 47 96.8 ± 45 2.8 ± 44 0.804

Topographic (mean ± standard deviation)

Kmax 56.0 ± 3.8 53,6 ± 3.5 2.46 ± 2.6 <0.001*
K1 (flat) 45.7 ± 2.9 44.9 ± 2.7 0.80 ± 1.7 0.047*

K2 (steep) 50.18 ± 3.0 47.4 ± 2.7 2.76 ± 1.9 <0.001*

K2 axis (°) 83.1 ± 35 86.6 ± 39 3.47 ± 27 0.565
Absolute astigmatism 4.52 ± 1.9 2.55 ± 1.4 1.97 ± 1.5 <0.001*

Aberrometric (mean ± standard deviation)

Total RMS (µm) 11.30 ± 3.0 10.06 ± 3.5 1.27 ± 3.2 0.085

High order RMS (µm) 2.85 ± 0.7 2.61 ± 0.9 0.24 ± 0.9 0.227
Coma 90° (µm) (-)2.35 ± 0.6 (-)1.57 ± 0.9 0.78 ± 0.5 <0.001*

Coma 0° (µm) 0.12 ± 1.6 0.35 ± 1.3 0.23 ± 1.1 0.324

Notes: *Statistical significance p<0.05. 
Abbreviations: UDVA, uncorrected distance visual acuity; CDVA, best-corrected distance visual acuity; SE, spherical equivalent; Kmax, maximum keratometric point; K1, 
flat meridian; K2, steepest meridian; RMS, root mean square; HOA, high order RMS; Coma, comatic aberration Zernike coefficient.
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250, and 300 µm - and arc lengths – 90º, 120º, 150º, and 
210º) implanted in a large13 series of 409 paracentral cones 
(AK Grade 1 and 2) in which flattest topographic axis 
diverged from the coma axis less than 30º, similar incre-
ment in UDVA (roughly 2.4 VS 2.3 Snellen lines) but 
higher increment in CDVA (roughly 2.1 VS 0.8 Snellen 
lines) were found. Despite starting from lower baseline 
CDVAs, the present study further highlights the role of 
this AS in the enhancement of the residual sphero- 
cylindric correction by glasses or contact lenses, even in 
more difficult astigmatisms. Additionally, when compared 
with the recent 353° asymmetric ICRS Visumring®14 

(quadrangular cross-section, inner diameter of 5.5mm, 
base width of 800µm and 2 asymmetric sections that can 
vary from 90º to 160º of arc lengths and customized thick-
ness from 150 to 350µm) implanted in 30 asymmetric 
bowtie keratoconic eyes with or without skewed axes, and 
with preoperative higher refractive (spherical equivalent of 
−12.4D) and topographic values (SimK1 48.9D and SimK2 
54.7D), higher increments in both UDVA (roughly 2.4 VS 
1.4 Snellen lines) and CDVA (roughly 2.2 VS 1.9 Snellen 
lines) were found in the present study.

Regarding subjective refraction, the significant reduc-
tion of both the sphere and cylinder achieved was consis-
tent with a significant flattening found in the keratometry 
readings. Several studies had shown significant improve-
ment of the refraction and flattening of the cornea after the 
implantation of symmetrical ICRS.2,15,16 In the present 
study, the greatest reduction occurred in the Kmax and 
K2, which led to more than 2 diopters decrease on topo-
graphic astigmatism. Only one eye did not decrease but 
maintained the topographic astigmatism and the K2 
values. Only one eye showed an increase in Kmax, yet 
with an improvement of one line in CDVA. These results 
have the same pattern but with slightly smaller decreases 
than the reported by Prisant et al.12 The Visumring® 

implantation14 showed a higher decrease in sphere and 
both K1 and K2, yet with an increase in topographic 
astigmatism and this can be explained as those were prob-
ably implantations of a large arc length ICRS in more 
myopic and central cones. Comparing with the large series 
from Vega et al13 of symmetrical ICRS implants in para-
central cones, this study found similar spherical equivalent 
decrease but higher decrease in keratometry readings.

Table 2 Baseline, End of Follow-Up and Effect of Procedure, per Type of Cone

Baseline End of Follow-Up Variation

Type 2 

(n=7)

Type 3 

(n=14)

p Type 2 

(n=7)

Type 3 

(n=14)

p Type 2 

(n=7)

Type 3 

(n=14)

p

Refractive data (mean ± standard deviation)

UDVA (decimal) 0.04 ± 0.07 0.22 ± 0.21 0.080 0.53 ± 0.3 0.37 ± 0.3 0.396 0.49 ± 0.2 0.15 ± 0.2 0.096

CDVA (decimal) 0.35 ± 0.18 0.46 ± 0.14 0.112 0.62 ± 0.2 0.65 ± 0.2 0.733 0.27 ± 0.2 0.19 ± 0.2 0.278

Absolute SE (diopters) 2.7 ± 0.9 3.2 ± 3.0 0.611 1.5 ± 0.9 1.7 ± 1.2 0.846 1.16 ± 1.3 1.52 ± 3.0 0.804

Sphere (diopters) (-)0.47 ± 0.5 (-)1.48 ± 2.8 0.242 (-)0.10 ± 0.7 (-)0.81 ± 1.6 0.361 0.45 ± 0.5 0.69 ± 2.9 0.861

Cylinder (diopters) (-)4.46 ± 1.6 (-)3.38 ± 1.4 0.157 (-)2.76 ± 1.4 (-)1.68 ± 1.6 0.212 1.42 ± 1.8 1.63 ± 1.4 0.793

Refractive flat axis (°) 112.5 ± 48 87.08 ± 46 0.294 122.0 ± 31 86.3 ± 47 0.143 9.5 ± 12 0.78 ± 53 0.372

Topographic parameters (mean ± standard deviation)

Kmax 57.17 ± 4.7 55.46 ± 3.3 0.344 53.94 ± 3.6 53.38 ± 3.6 0.735 3.23 ± 2.4 2.08 ± 2.8 0.443

K1 (flat) 45.91 ± 3.3 45.52 ± 2.7 0.774 45.34 ± 2.7 44.61 ± 2.7 0.570 0.57 ± 1.5 0.91 ± 1.9 0.684

K2 (steep) 51.87 ± 3.6 49.33 ±2.40 0.125 48.61 ± 2.5 46.82 ± 2.7 0.156 3.26 ± 1.5 2.51 ± 2.1 0.110

Absolute astigmatism 5.94 ± 2.1 3.81 ± 1.3 0.012* 3.27 ± 0.6 2.19 ± 1.6 0.036* 2.67 ± 2.2 1.61 ± 0.9 0.287

Aberrometric parameters (mean ± standard deviation)

Total RMS (µm) 12.73 ± 3.4 10.59 ± 2.6 0.128 10.55 ± 3.7 9.78 ± 3.5 0.644 2.18 ± 2.5 0.78 ± 3.5 0.360

High order RMS (µm) 3.24 ± 0.9 2.66 ± 0.5 0.074 2.67 ± 1.0 2.58 ± 0.9 0.834 0.57 ± 0.6 0.11 ± 1.0 0.322

Coma 90° (µm) (-)2.64 ± 0.6 (-)2.21 ± 0.5 0.111 (-)1.93 ± 1.1 (-)1.26 ± 0.7 0.125 0.70 ± 0.7 0.72 ± 0.5 0.944

Coma 0° (µm) 0.23 ± 1.6 0.07 ± 0.9 0.768 0.13 ± 1.2 0.47 ± 1.4 0.584 0.10 ± 1.1 0.4 ± 1.3 0.315

Notes: *Statistical significance for a p<0.05. 
Abbreviations: UDVA, uncorrected distance visual acuity; CDVA, best-corrected distance visual acuity; SE, spherical equivalent; Kmax, maximum keratometric point; K1, 
flat meridian; K2, steepest meridian; RMS, root mean square; HOA, high order RMS; Coma, comatic aberration Zernike coefficient.
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Improvement in the Zernike coefficients after ICRS 
implantation have been reported in literature.16 The pre-
sent study showed a clinically relevant decrease both in 
RMS and in HOA, but without significant statistical dif-
ferences. While another study12 with AS did not perform 
aberrometric analysis, the Visumring®14 showed a higher 
decrease in total RMS but probably due to the effect on 
myopic spherical aberration, as the decrease in HOA was 
similar to the present study for a 6mm pupil. Two eyes 
showed a substantial increase both in the total RMS and 
the HOA, but without decrease in visual acuity (one main-
tained and another increase 1 Snellen line in CDVA). It is 
of notice that one of these eyes had concurrent history 
of DME.

Moreover, some reports, either with symmetrical17 or 
asymmetrical14 ICRS showed an improvement in the 
asymmetric aberrations as primary coma and coma-like 
aberrations which are known to be among the aberrations 
that negatively affect the visual function of the patients. 
The present study found a significant improvement in 
coma 90º aberration, which is known as the main clinically 
relevant high-order aberration found in keratoconic cor-
neas. Predictably, the horizontal coma aberration slightly 
increased, as one cannot be altered without alteration of 
the other. We must notice a slightincrease in absolute coma 
90º value in one eye, but without increase in both total 
RMS or HOA, yet with substantial improvement in UDVA 
(5 Snellen lines).

Finally, it is important to point out that all higher post-
operative topographic values (Kmax, K1 and K2) were 
associated to higher baseline aberrometric parameters. 
Additionally, higher postoperative K1, K2 and coma 90º 
were positively associated. These associations highlight 
a potential role for the introduction of the aberrometric 
values in future nomograms for these AS.

Regarding the subgroup analysis, there was a tendency 
to a greater increment in both UDVA and CDVA in the type 
2 phenotype but starting from lower initial values. The 
effects in both total RMS and HOA were slightly higher in 
the type 2 cases too. All this is in line with the reported by 
Prisant et al,12 although they have implanted only 1 segment 
in all Type 2 cases, and can be explained by the desirable 
cone re-centering effect made possible by the ICRS in these 
more decentered and aberrated cones. The same study12 

found a greater effect both in subjective refractive and 
tomographic measurements in the Type 3 cases and 
explained that with the supposed greatest flattening effect 
of the 2 segments implanted in all of these more centered 

and myopic cones. The present study, despite a greater 
effect on spherical equivalent in the Type 3 group, showed 
a higher topographic flattening effect in the Type 2 group. 
On the other hand, a very similar effect in the coma 90º was 
observed in both groups.

As in the present study the majority of eyes were 
implanted with 1 ICRS, stratified statistical analysis by 
number of ICRS was not possible. Further studies are 
needed with stratifies analysis in order to strengthen the 
conclusions both by phenotypic type and number of 
implanted segments and even dividing eyes by disease 
severity perceiving at which stage of keratoconus the 
procedure can be the most efficient.

In relation to the complications, no rings have been 
explanted until the end of follow-up, similar to the reported 
by Prisant et al,12 and different than the 5 explants due to 
corneal melting reported with the larger Visumring®14 The 
ICRS broken during implantation was immediately replaced 
without associated consequences. Regarding manual tunne-
lization, no differences in the difficulty of ring insertion due 
to the progressive thickness throughout the ring body, were 
found. The same postoperative medications as in the sym-
metrical ICRS procedures were prescribed and there were no 
differences on patient complaints or ophthalmoscopy signs 
during the entire follow-up.

Limitations of the present study are the retrospective 
non-randomized design, the limited number of cases and 
the manual implantation technique. As the final ICRS 
result in corneal regularization may only be achieved at 
six months in some cases, the authors consider follow-up 
time a relative strength when compared with other work12 

that studied the same type of ICRS as it had only three 
months follow-up and without possibility of stretching it, 
because crosslinking and topo-guided photorefractive ker-
atectomy were performed thereafter in all patients.

To our knowledge, this is the second study to describe 
the clinical outcomes of this new ICRS design in asym-
metric keratoconus cases. In fact, most of the time, 
patients with these type of cones continue to claim vision 
symptoms despite improvement in topographic and refrac-
tive parameters due, probably, to the comatic component 
that is not fully addressed with standard ICRS. The present 
study proves that, besides the improvements in the above 
parameters, total and high order aberrations can be dimin-
ished by the neutralization of vertical coma. However, 
a key question that remains unanswered is whether in 
similar eyes asymmetric thickness ICRSs enhance vision 
more than symmetric ICRSs. Although the present study 
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results are in line with those reported for this type of 
ICRS, showing that specific keratoconus phenotypes can 
be ideal candidates for these AS, other comparative studies 
are needed to fully assess the difference between various 
models of ICRSs and validate this hypothesis.

Conclusion
In the present study, the implantation of the Keraring® 

Asymmetric ICRS in specific keratoconus phenotypes 
characterized by irregularity and/or asymmetry of the 
topographic astigmatism, in which it is difficult to incre-
ment quality of vision with the standard ICRS, allowed an 
improvement of several clinical, topographic and aberro-
metric parameters, with clinical efficacy and safety and 
with a tendency to a greater effect in the Duck type cones. 
As the phenotypic characterization is evolving, more stu-
dies are needed to optimize the nomograms in order to 
make the best of the customization possibilities associated 
to this type of ICRS.
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