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ABSTRACT
Purpose: To assess the fitting process and clinical feasibility of a novel large diameter rigid gas-
permeable (RGP) corneal contact lens (CL) presenting regular or reverse geometry for managing
keratoconus (KC). The lens was designed to rest on the peripheral cornea and vault over the
cone, aiming to enhance visual quality, comfort, and corneal physiology.
Methods: 32 KC patients across all severity stages, including central, paracentral and peripheral
cones enrolled. Lens parameters were customized from corneal measurements obtained via Ocu-
lus Pentacam HR tomography, mainly based on sagittal height and accounting for adequate tear
film clearance. Visual acuity (VA), contrast sensitivity (CS), ocular complications, and user satis-
faction were evaluated at baseline, and at one week and three months of lens wear.
Results: Twenty-four patients (41 eyes) were fitted and completed the 3-month follow-up
(median age of 28.5 years, 9 females). A median of 2 trial lenses per eye (interquartile range of
4.5) were needed during the fitting process. Significant improvements in median VA (baseline:
0.32 logMAR; three months: 0.01 logMAR; p = 0.002) and CS (p < 0.001 at all frequencies) were
observed compared to baseline values. Ocular complications remained below clinical signifi-
cance, with superior limbic keratoconjunctivitis showing significant reduction over time
(p < 0.001). Patient satisfaction was high, with a median daily lens wear of 9.5 h. Most users
(79.2%) reported consistent comfort with their CLs.
Conclusion: The novel large diameter RGP corneal CL demonstrated comparable efficacy to
existing RGP CL designs, offering high levels of comfort and improved vision with minimal ocular
complications.
© 2025 Universitat Politècnica de Catalunya. Published by Elsevier España, S.L.U. on behalf of
Spanish General Council of Optometry. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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INTRODUCTION

Keratoconus (KC) is a chronic, bilateral, and asymmetric eye
disease characterized by progressive thinning and steepen-
ing of the cornea, which can lead to irregular astigmatism
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and vision loss.1 The global prevalence of KC is estimated at
1.38 cases per 1000 people,2 though significant geographical
variations exist, with rates reaching up to 47.9 cases per
1000 people in the Middle East.3

When vision with glasses becomes unsatisfactory, contact
lenses (CLs) are the preferred treatment for managing KC,
achieving success in approximately 75% of patients.4 While
rigid gas-permeable (RGP) corneal CLs are the most com-
monly prescribed option,5 other designs may be considered
if these are found to be ineffective,6 including thicker soft
lenses,7 hybrid lenses, corneoscleral and scleral lenses. Over
the last decade, the use of scleral CLs has increased signifi-
cantly,8 due to the advantages offered by their large diame-
ter, such as reduced lens awareness and enhanced stability.9

However, this design has some drawbacks that limit its wide-
spread use, including limited tear exchange, complex han-
dling by the patient, and the possible appearance of midday
fogging, requiring repeated lens removal and reinsertion.10

While RGP corneal CLs have demonstrated effectiveness
in managing KC,11 their primary limitation is discomfort,
which can affect patient tolerance. Various fitting strategies
have been developed, with the three-point technique being
the most widely recommended.12 This approach aims to dis-
tribute pressure evenly across the paracentral cornea, and,
to a lesser extent, on the apex of the cone. However, this
technique does not always prevent excessive pressure on
the central cornea, especially in advanced ectasia, where
progressive changes can result in unintended increased pres-
sure on the apex of the cone.12

Rigid gas-permeable corneal CLs for KC typically have a
total diameter ranging from 8 to 10 mm.13 Most manufac-
turers and fitting guides recommend selecting the base
curve radius of the initial lens based on central corneal cur-
vature parameters, such as keratometry or simulated kera-
tometry. However, this approach has notable limitations,9

particularly in cases of irregular corneas, where the corneal
surface becomes increasingly asymmetrical and lacks two
orthogonal principal meridians.14 For other lens designs tai-
lored to irregular corneas, such as scleral CLs, parameters
like sagittal height are more commonly used for lens calcula-
tion.

Recent studies based on corneal sagittal height measure-
ments,15 as well as the analysis of peripheral corneal angles
manually measured from Scheimpflug images obtained with
the Oculus Pentacam tomographer (Oculus Optikger€ate
GmbH, Wetzlar, Germany),16 suggest that the peripheral cor-
nea of eyes with KC exhibits a symmetry of revolution compa-
rable to that of healthy eyes. Consequently, a large diameter
RGP corneal CL design that rests on the peripheral cornea
while vaulting over the cone could be successfully fitted in
these eyes. This design would provide stable support outside
the area most affected by the ectasia and might offer comfort
benefits comparable to scleral lens designs, with the added
advantages of better tear exchange and easier lens handling.
Several clinical cases have recently been reported in which
this novel lens design was successfully fitted in eyes with KC,
demonstrating favorable outcomes in terms of vision, com-
fort, and the absence of ocular complications.17

The aim of this study was to assess the clinical feasibility
of this newly designed large diameter RGP corneal CL, which
rests on the periphery of the cornea and displays an apical
clearance, over a follow-up period of three months in a final
2

sample of 24 patients with KC. The study included eyes with
central, paracentral and peripheral ectasias, as well as
those across all severity stages, including advanced KCs.
Outcomes were evaluated in terms of visual quality, ocular
physiology, and comfort during use.
METHODS

Study design and participants

A prospective clinical study was conducted to determine the
viability of a novel large diameter RGP corneal CL design for
eyes with KC. Patients were recruited from those attending
the optometry clinic at the Universitat Polit�ecnica de Cata-
lunya between March 2022 and March 2024, all with a con-
firmed ophthalmological diagnosis of KC, irrespective of
type and stage of the condition. Due to the asymmetric
nature of KC,1 which was verified with an intraclass correla-
tion analysis, as reported below, all eyes fitted with CLs
were included in the subsequent data analysis. Exclusion cri-
teria were eyes with a history of keratoplasty, refractive sur-
gery, corneal pathologies other than KC, or signs of CL
induced corneal warpage.

The study adhered to the tenets of the Declaration of
Helsinki (1975, revised in Tokyo in 2013). Written informed
consent was obtained from all participants or their legal
tutors after providing a detailed explanation of the purpose,
potential risks, and consequences of the study. Participants
were informed that they could withdraw from the study at
any time without repercussions. Ethical approval was
granted by the Fundaci�o Assistencial M�utua de Terrassa
Ethics Committee for Clinical Research with Drugs (code n.
E/22�023).

Contact lens design and parameter selection

Rigid gas-permeable corneal KAKC-I CLs (Hecht Contactlin-
sen GmbH, Freiburg, Germany and Con�optica SL, Barcelona,
Spain), manufactured with Boston EO material (Dk = 58
units), and with diameters ranging from 10.30 mm to
11.50 mm were used in eyes with KC. These lenses feature
four concentric spherical zones with diameters D0, D1, D2,
and D3, and corresponding radii of curvature R0, R1, R2, and
R3. The central zone D0 serves as the optic zone, functioning
as a dome over the area most affected by KC. The adjacent
zone (D0 � D1) transitions to the alignment zone, which is
located around the circumference defined by diameter D1.
The subsequent zones (D1 � D2, and D2 � D3) create a grad-
ual progression toward the edge lift, which begins at the cir-
cumference of diameter D3 (Fig. 1).

The determination of the lens parameters was tailored
for each patient. For the initial trial lens, the diameters
were based on the horizontal visible iris diameter (HVID),
measured using the MYAH topographer (Topcon Healthcare,
Barcelona, Spain). The total diameter (DT) was set at 90% of
the HVID, whereupon the diameters of the concentric zones
(D3, D2 and D1) were calculated by subtracting 0.6 mm,
1.2 mm, and 2.8 mm from DT, respectively. The diameter of
the central zone (D0) was at least 1 mm smaller than D1, and
could adopt one of the following four values: 6.0 mm,
6.5 mm, 7.0 mm, and 7.5 mm. The widest possible D0 was



Fig. 1 Sodium fluorescein image of a large diameter rigid gas-
permeable corneal CL for keratoconus. The white rings corre-
spond to the different zone changes (D0, D1, D2 and D3), and the
yellow ring shows the total lens diameter (DT).
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chosen to ensure adequate pupillary coverage in low-light
conditions. In order to determine the radii of curvature, the
average sagittal heights of the eyes for circles concentric to
the pupil corresponding to the previously determined diame-
ters D0, D1, D2 and D3 of the CL were first obtained with the
Oculus Pentacam model HR (High Resolution, software ver-
sion 1.21r65). Secondly, adequate tear thickness values
were added to calculate the sagittal heights of the CL for
each diameter and at the geometric centre. Finally, the radii
of curvature for each zone were obtained through geometri-
cal calculations based on sagittal height and diameter.

Tear thickness values were selected based on clinical
experience. Thus, fixed values were considered at the outer
transition zone points: 60 mm at the beginning of the edge
lift (D3), and 15 mm and 5 mm at the end (D2) and beginning
(D1) of the alignment zone, respectively. The topographic
location and elevation of the cone apex was used to select
adequate tear thickness at the end of the optical zone (D0)
and at the geometric centre of the lens, with values ranging
from 20 to 60 mm.

Contact lenses with a geometry based on increasing radial
values, or with reverse geometry, were employed according
to corneal profile and topographic location of the cone
apex. Increasing radial geometry is particularly suited for
topographically centred ectasias, as these CLs feature a
steeper central dome to accommodate the corneal shape. In
contrast, reverse geometry lenses are designed with a flat-
ter profile and a higher dome in the paracentral area, mak-
ing them the preferred choice for eyes with topographically
decentred ectasias.

To complete the characterization of the CLs, additional
parameters were defined: the sagittal height from the plane
described by the circle D1 (SD1), i.e., the height of the CL
dome from the alignment zone; and the sagittal height from
the plane described by the circle D3 (SD3), which corre-
sponds to the total sagittal height of the CL, excluding the
edge lift.

Fitting and follow-up procedure

All patients attended an initial baseline visit, followed by
one or more evaluation visits, if parameter adjustments
3

were required to optimize fit. Follow-up visits were sched-
uled at one week (1 W), 15 days and 1 month after lens deliv-
ery, and three months later (3 M), although only data from
the 1 W and 3 M visits was collected for the purposes of this
study. All procedures, including lens fitting and handling
training sessions, were performed by the same practitioner
and employed the same instrumentation. Briefly, these CL
are inserted following the same procedure as an orthokera-
tology CL. First, a couple of preservative-free artificial tear
drops are added into the bowl of the CL to improve comfort
and avoid the formation of trapped air bubbles; then,
patients are instructed to tilt their heads parallel to the sur-
face of a counter top and to insert the CL by looking directly
into the bowl of the CL during the process. Lens removal fol-
lows the same procedures as a typical RGP CL. Patients
already wearing CLs were required to refrain from using
them for one week before participating in the study to
ensure reliable topographic measurements.

At the baseline visit, all participants underwent a com-
prehensive optometric examination that included topo-
graphic analysis using the Oculus Pentacam HR,
measurement of HVID and pupillary diameter under photopic
and scotopic lighting conditions with the Topcon MYAH and
slit-lamp anterior ocular surface evaluation (the Efron Grad-
ing Scales were used to grade any observed ocular complica-
tion18). Monocular visual acuity (VA) and contrast sensitivity
(CS) at 3, 6, 12 and 18 cycles per degree (cpd) were deter-
mined with a logMAR chart and the CSV-1000 test
(VectorVision�, Greenville, OH, US) under photopic condi-
tions (58 cd/m2), respectively, while patients used their
habitual correction. In addition, to assist in the assessment
of the visual performance with the new CL design, best-cor-
rected visual acuity (BCVA) was obtained while patients
wore a KC RGP corneal CL from a trial lens set with the best
over-refraction in a trial frame.

At the evaluation visit, CL fit was assessed at least 15 min
after lens insertion. The following criteria were defined to
evaluate the suitability of the fitting: (1) Visual acuity with
the CLs was equal to or greater than the BCVA obtained with
the trial lens, and could not be further improved with over-
refraction; (2) DT was correct to avoid invading the limbal
area, ensuring the lens edge remained within the boundaries
of the visible cornea at all times; (3) Adequate vertical
movement with blinking was observed, and rapid re-centring
of the CL with reference to the geometrical centre of the
cornea; (4) Fluorescein pattern showed no bearing at the
central cornea or cone apex and uniform alignment across
the periphery; (5) Edge lift ensured tear exchange and com-
fort and showed a symmetrical pattern along the entire
perimeter of the lens. In addition, patients were required to
demonstrate adequate CL handling and care practices. A
0.05% concentration povidone-iodine based maintenance
system was provided to the patients (Cleadew, OPHTECS
Europe B.V., Elst, The Netherlands) with the recommenda-
tion of wearing the CLs for two hours the first day and to
gradually increasing wear time each day over the course of
the first week.

If the adaptation was deemed unsatisfactory, new CLs
were ordered with the necessary design adjustments,
including: (1) An increase or decrease in sagittal height if
the dome was found to have insufficient or excessive clear-
ance, respectively; (2) A change in Dᴛ of up to 0.5 mm, or



Table 1 Ocular parameters and keratoconus position and
severity of the eyes included in the study (n = 24). Median
(minimum; maximum) or absolute and relative frequencies
are reported.

Parameter Value

Horizontal Visible Iris Diameter
(mm)

12.2 (11.4; 12.9)

Flat Keratometry (D) 7.45 (5.50; 8.16)
Steep Keratometry (D) 6.61 (4.88; 7.90)
Mean Keratometry (D) 7.05 (5.19; 7.97)
Cone position (central; paracen-

tral; peripheral)
28 (68.3%);
8 (19.5%); 5 (12.2%)

TKC (1; 2; 3; 4) 5 (12.2%); 16 (39.0%);
17 (41.5%); 3 (7.3%)

TKC: topographic keratoconus classification.
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adjustments to radii R₃ and/or R₂, if tear exchange or lens
movement was not clinically satisfactory; (3) Adjustments in
D₁ by up to 0.5 mm to prioritize a more peripheral bearing
or to obtain a wider alignment zone. The number of CLs
required to achieve optimum fit for each patient was
recorded.

At all follow-up visits, the suitability of the adaptation
was reassessed based on the previously described criteria.
Visual acuity and CS were measured while patients wore the
CLs, using the same tests and lighting conditions as at the
baseline visit. After removing the CLs, ocular health was
evaluated. Additionally, at the 3 M follow-up visit the num-
ber of hours of daily lens wear was recorded, and user satis-
faction was assessed with both a 10 cm vertical Visual
Analogue Scale (VAS) and the multiple choice question “Over
the past three months, how often have you felt satisfied
with your contact lenses?" (Possible answers were: a) No
response or not certain; b) Never; c) Infrequently; d) Some-
times; e) Most of the time; f) Always).

Data collection and analysis

Keratoconus were classified according to the position of the
cone apex as central (apex within the central 3 mm zone),
paracentral (apex within the 3�5 mm zone), or peripheral
(apex outside the central 5 mm zone).19 For severity, the
Topographic Keratoconus Classification (TKC) Index, pro-
vided by the Oculus Pentacam software, was used, which
evaluates parameters of the anterior corneal surface and
assigns one of four increasing severity levels: TKC1, TKC2,
TKC3, and TKC4.

The IBM SPSS Statistics v.28 (IBM Corp. NY, US) was used
for statistical analysis. Only participants who completed the
3 M follow-up period were included in the analysis. Data nor-
mality was assessed with the Kolmogorov-Smirnov test. As
the data did not follow a normal distribution, results are
presented as median, maximum and minimum values. The
Friedman non-parametric test for repeated measures was
employed to determine the statistical significance of
changes in parameters over time and, when appropriate,
pairwise comparisons were conducted with the Conover
post-hoc test. The interocular symmetry between the kera-
toconic eyes of the same patient was assessed with Intra-
class Correlation Analysis,20 focusing on the variables rPUPIL
(the distance from the corneal apex to the pupillary centre)
and dPC (the distance from the pupillary centre to the cone
apex). A p-value <0.05 denoted statistical significance.
RESULTS

Sample demographics and ocular parameters

Fifty-seven eyes from 32 participants were initially recruited
for this prospective study. Eight participants (25%) failed to
complete the 3 M follow-up, of whom two discontinued due
to an unsuccessful adaptation, and the remaining six for per-
sonal reasons unrelated to the adaptation process. None of
the patients discontinued due to poor visual quality, discom-
fort or severe adverse events associated with CL wear. The
final sample included 41 eyes from 24 participants (9
females) diagnosed with KC, with a median age of 28.5 years
4

(range from 15 to 65 years). Seven patients (13 eyes) were
previous CL wearers, including 2 scleral CLs, 7 RGP CLs and 4
soft CLs. None of these patients presented clinically signifi-
cant corneal or conjunctival alterations at the baseline visit
related to their previous CL use. Table 1 presents a summary
of relevant ocular parameters of the final study sample.

Distance from the corneal apex to the pupillary centre
(rPUPIL) ranged from 0.07 to 1.06 mm, with a median value of
0.32 mm. The distance from the pupillary centre to the cone
apex (dPC) varied between 0.25 and 3.83 mm, with a median
of 1.20 mm. An analysis of interocular asymmetry revealed
intraclass correlation values of 0.20 for rPUPIL and 0.28 for
dPC. According to these results, it was deemed safe to
include both eyes of the same patient in subsequent analy-
ses.

Contact lens parameters and fitting process

Thirty-two (78.0%) of the CLs had increasing radial values
geometry and the remaining 9 (22.0%) featured a reverse
geometry design. Increasing radial values geometry was
used in 28 eyes with central KC, and 2 eyes with paracentral
and 2 eyes with peripheral KC (to preserve the predefined
tear film thicknesses values); Reverse geometry CLs were
employed in 6 eyes with paracentral and 3 eyes with periph-
eral ectasias. Table 2 displays a summary of the parameters
of these CLs, including DT, D1, SD3 and SD1 (D3 and D2 are not
reported, as these values are derived by subtracting a fixed
amount from DT, as described in the Methods section).

The number of CLs needed to achieve optimal fit ranged
from 1 to 10, with a median of 2 and an interquartile range
(IQR) of 4.5. As expected, the skill of the practitioner in
determining lens parameters improved over time, given the
novelty of the CL design and of the method of calculation.
Thus, during the second year of the study, while minimum
and median values remained unchanged, the IQR and maxi-
mum values decreased to 2 and 6, respectively.

Visual acuity and contrast sensitivity

Table 3 presents a summary of the values of VA obtained at
each visit. Statistically significant differences were found in
monocular VA over time (p < 0.001). A post-hoc pairwise



Table 2 Values of diameters DT, D1, sagittal heights SD3 and
SD1, shown as median (minimum; maximum) and distribution
of D0 (in absolute and relative frequencies) of the contact
lenses employed in the study.

Parameter Value

DT (mm) 10.9 (10.3; 11.5)
D1 (mm) 8.1 (7.5; 8.7)
SD3 (mm) 1930 (1672; 2111)
SD1 (mm) 1243 (1033; 1363)
D0 (6 mm; 6.5 mm; 7 mm;

7.5 mm)
1 (2.4%); 11 (26.8%); 22
(53.7%); 7 (17.1%)

Table 3 Values of visual acuity at baseline and at the fol-
low-up visits of one week and three months. Results are
shown as median (minimum; maximum).

Visit Visual acuity (logMAR)

Baseline 0.32 (0.00; 1.40)
One week 0.01 (0.00; 0.15)
Three months 0.01 (0.00; 0.15)
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analysis revealed a significant improvement in VA with the
new CL at the 1 W (p = 0.004) and the 3 M (p = 0.002) follow-
ups, as compared with that obtained at the baseline visit.
No difference was found between 1 W and 3 M visits.

Monocular CS values at baseline and each follow-up visit
are displayed in Fig. 2. A statistically significant change in
CS at all frequencies was found (all p < 0.001). Pairwise
analysis revealed an improvement in CS over baseline values
at the 1 W (p < 0.001 at 3, 6 and 18 cpd; p = 0.004 at 12
Fig. 2 Monocular contrast sensitivity values at baseline (BAS) an
cycles per degree (cpd). The shaded area represents normal contras
cal values, and correspond to the same patient.

5

cpd), and the 3 M (p< 0.001 at all frequencies) visits. No dif-
ferences were found between 1 W and 3 M CS values. With
the new CL, CS values were equivalent to those reported in
the literature for healthy eyes with the CSV-1000 test.21
Changes in ocular physiology

Fig. 3 presents a box plot of the various ocular complications
observed at the baseline visit and after 3 M of CL use. It also
includes a reference red line denoting the numerical thresh-
old for clinical significance in the assessed ocular complica-
tions, based on the Efron Grading Scale.18 None of the
observed complications reached clinical significance at any
visit. Comparative analysis of the grades of ocular complica-
tions at the three visits revealed statistically significant dif-
ferences for conjunctival staining (p = 0.007), which
increased at 1 W (p = 0.007) and 3 M (p = 0.007), relative to
baseline values, and for superior limbic keratoconjunctivitis
(p < 0.001), which decreased at the 3 M follow-up, when
compared with baseline (p < 0.001) and 1 W (p = 0.001). No
statistically significant differences were found for any other
ocular complication.
Patient satisfaction

The degree of wearer satisfaction after 3 M of using the CLs,
assessed with a 10 cm VAS, ranged from 4.8 to 10, with a
median score of 9.1 and an IQR of 1.6. Nine users (37.5%)
reported feeling “always” satisfied with their CLs, 10
(41.7%) selected “most of the time”, 3 (12.5%) answered
“sometimes” and 2 (8.3%) chose “infrequently”. The number
of hours per day that patients wore the CLs also emerged as
a potential indicator of user satisfaction, ranging from 4 to
16 h, with a median of 9.5 h and an IQR of 6 h.
d three-months (3_M) at spatial frequencies of 3, 6, 12 and 18
t sensitivity values at each spatial frequency.21 (*) denote atypi-



Fig. 3 Severity of the ocular complications observed at baseline and at the 3-months follow-up, as determined with the Efron Grad-
ing Scales.18 A reference red line is shown to denote the threshold for clinical significance for ocular complications (grade 3). Statisti-
cally significant differences in severity between baseline and three months are denoted by *.
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DISCUSSION

This study evaluated the clinical outcomes of a novel large
diameter RGP corneal CL for KC patients, designed to rest
uniformly on the peripheral cornea and to vault over the
cone. While earlier studies suggested that this design could
be a successfully alternative for KC,15�17 none had systemat-
ically assessed its clinical feasibility with a relatively large
sample of patients.17

The CLs used in this study had DT values ranging from
10.30 to 11.50 mm, which are significantly larger than those
found in conventional designs of corneal RGP CLs.13 The dia-
mter D₁, representing the circle around which the alignment
zone is located and therefore defining the width of the
dome, ranged between 7.5 and 8.7 mm. This ensured that
central, paracentral, and even peripheral ectasias were
enclosed within the dome. For paracentral and peripheral
ectasias, reverse geometry designs were prioritized to
achieve a flatter yet higher dome over the paracentral cor-
nea. This approach minimized excessive bearing at the apex
in these off-center ectasias. Using this strategy, CLs were
successfully fitted to all eyes in the study sample, including
those with paracentral and peripheral KC. The CLs employed
in this study were based on the KAKC-I design. Although this
CL has been available for a number of years, the novelty of
the present research resided in employing the elevation
data of the Pentacam, as well as certain predefined tear film
thickness values, to independently calculate each curve of
the CL to best fit any type of KC. This allowed for reverse
geometry designs, when necessary, which are not commonly
available for KC patients. As such, the CLs described in this
study were custom made for each patient.

In terms of visual quality, the CLs used in this study pro-
vided logMAR VA values ranging from 0.15 to 0.00 at both
1 W and 3 M, with a median value of 0.01, which may be con-
sidered clinically normal for this type of patients. Besides,
statistically and clinically significant improvements in VA
were evidenced, when compared with baseline values. Simi-
larly, CS values fell within or near the normal range21 at all
spatial frequencies and were also significantly better than at
baseline. These findings are comparable to those reported
with other RGP CL designs for KC, including conventional
6

corneal,22 corneoscleral,23 and scleral lenses.24 It must be
noted that while the improvement in VA was more significant
in new CL wearers, experienced users achieved visual results
similar to or superior to those obtained with their previous
CLs.

Regarging ocular health, as shown in Fig. 3, none of the
complications observed during the three visits reached
grade 3 or higher on the Efron Grading Scale, which corre-
spond to clinically significant moderate or severe grades.18

At 3 M of lens use, no notable increases were observed in
typical corneal lens-related complications.25 Other compli-
cations remained stable, except for fluorescein conjunctival
staining, which increased from a median value of 0.5 (range
from 0 to 1.8) at baseline to 1.2 (range from 0 to 2.1) at the
3 M follow-up. This finding may be attributed to the fact
that the majority of patients were naïve to RGP CLs, known
to cause initial changes in blink rate and blink completeness,
often resulting in altered tear film dynamics and 3&9 o’clock
staining.26 As the Efron Grading Scale employed in this study
does not contemplate 3&9 o’clock staining as an indepen-
dent entity,18 it was not possible to separate this complica-
tion from other causes of fluorescein conjunctival staining
during data collection. Conversely, a significant reduction in
superior limbic keratoconjunctivitis after 3 M of lens use was
observed, which could be attributed to the improved fit pro-
vided by the new lens design, particularly in eyes previously
fitted with other CL types.

Users reported high levels of satisfaction after 3 M of
wearing the lenses, as reflected in both the VAS scores
(median 9.1 out of 10) and the responses to the question-
naire regarding the frequency of satisfaction during lens use
(79.2% of patients reporting “always” or “most of the
time”). The reduced CL discontinuation and the number of
daily hours of lens wear also support these positive results,
with a reported median of 9.5 h per day and some users
wearing the lenses for up to 16 h.

It must be noted, however, that this prospective study
was not devoid of limitations. The sample size for eyes with
severe grade 4 KC, as classified by the TKC scale, and/or
with the cone apex located in the paracentral or peripheral
corneal areas was relatively small. Therefore, it is not safe
to generalize the success of the new CL design to these
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specific types of KC, or to provide an inferential statistical
analysis comparing outcomes amongst typologies and
degrees of severity. Additionally, the follow-up period, end-
ing at 3 M, was relatively short. A longer-term study would
provide more robust data on the suitability and safety of this
CL design over time. Future research shall address these lim-
itations and explore further adjustments in initial CL param-
eter selection by means of simulated fluorescein analysis to
reduce the number of CLs required to achieve optimal fit for
patients at different stages of the disease and cone location.
This should allow the development of a trial CL set to expe-
dite the fitting process and to reduce the dependence on
custom lens fitting using tools such as the Oculus Pentacam.

In conclusion, the findings reported in this study suggest
that the visual performance of the new CL design is at least
comparable to that of other RGP CL corneal or scleral
designs for KC. Furthermore, none of the observed ocular
complications were clinically relevant, with users reporting
high levels of comfort and tolerance after 3 M of CL wear.
This type of large diameter corneal CL design has been
shown to be a safe and valid alternative for patients with
KC, thus increasing the arsenal of options available to practi-
tioners for the successful and rewarding management of this
particular, and often complex, condition.
DECLARATION OF COMPETING INTEREST

none.
FUNDING

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sec-
tors.
ACKNOWLEDGMENTS

The authors declare that they do not have any proprietary or
financial interest in any of the materials or products men-
tioned in this article. The authors would like to express their
gratitude to Con�optica SL (Spain) for their valuable coopera-
tion.
REFERENCES

1. Santodomingo-Rubido J, Carracedo G, Suzaki A, Villa-Collar C,
Vincent SJ, Wolffsohn JS. Keratoconus: an updated review.
Cont Lens Anterior Eye. 2022;45(3):101559. https://doi.org/
10.1016/j.clae.2021.101559.

2. Hashemi H, Heydarian S, Hooshmand E, et al. The prevalence
and risk factors for keratoconus: a systematic review and meta-
analysis. Cornea. 2020;39(2):263�270. https://doi.org/10.
1097/ico.0000000000002150.

3. Torres Netto EA, Al-Otaibi WM, Hafezi NL, Kling S, Al-Farhan
HM, Randleman JB, Hafezi F. Prevalence of keratoconus in pae-
diatric patients in Riyadh, Saudi Arabia. Br J Ophthalmol.
2018;102(10):1436�1441. https://doi.org/10.1136/bjophthal-
mol-2017-311391.
7

4. Barnett M, Mannis MJ. Contact lenses in the management of
keratoconus. Cornea. 2011;30(12):1510�1516. https://doi.
org/10.1097/ico.0b013e318211401f.

5. Ortiz-Toquero S, Rodriguez G, Martin R. Clinical guidelines for
the management of keratoconus patients with gas permeable
contact lenses based on expert consensus and available evi-
dence. Curr Opin Ophthalmol. 2021;32(Suppl 2):S1�11.
https://doi.org/10.1097/icu.0000000000000728.

6. Deshmukh R, Ong ZZ, Rampat R, et al. Management of keratoco-
nus: an updated review. Front Med (Lausanne). 2023;10:
1212314. https://doi.org/10.3389/fmed.2023.1212314.

7. Nishida T, Kojima T, Ogi S, Kataoka T, Isogai N, Yoshida Y, Naka-
mura T. Effects of custom-designed soft contact lenses on irreg-
ular astigmatism correction in patients with keratoconus. Clin
Ophthalmol. 2023;17:2149�2162. https://doi.org/10.2147/
opth.s420940.

8. Woods CA, Efron N, Morgan P. International contact lens pre-
scribing survey consortium. Are eye-care practitioners fitting
scleral contact lenses? Clin Exp Optom. 2020;103(4):449�453.
https://doi.org/10.1111/cxo.13105.

9. Downie LE, Lindsay RG. Contact lens management of keratoco-
nus. Clin Exp Optom. 2015;98(4):299�311. https://doi.org/
10.1111/cxo.12300.

10. Walker MK, Bergmanson JP, Miller WL, Marsack JD, Johnson LA.
Complications and fitting challenges associated with scleral
contact lenses: a review. Cont Lens Anterior Eye. 2016;39
(2):88�96. https://doi.org/10.1016/j.clae.2015.08.003.

11. Lee JL, Kim MK. Clinical performance and fitting characteristics
with a multicurve lens for keratoconus. Eye Contact Lens.
2004;30(1):20�24. https://doi.org/10.1097/01.icl.00000952
30.24618.03.

12. Leung KK. RGP fitting philosophies for keratoconus. Clin Exp
Optom. 1999;82(6):230�235. https://doi.org/10.1111/j.1444-
0938.1999.tb06653.x.
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