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Corneal ectasia is a progressive disorder in which microstructural changes within the cornea cause an alteration of
its normal gradient curvature and of its biomechanical
behaviour. Over the last few years, diﬀerent treatments have
proved to be safe and eﬀective in halting or slowing the
corneal ectasia progression and/or in remodelling of the
cornea (such as corneal collagen cross-linking and/or
intrastromal corneal ring segments).
In this special issue, the latest research about the
surgical and parasurgical treatments of corneal ectasia for
therapeutic and refractive perspective is discussed, in terms
of halting the ectatic process in keratoconus patients,
improving the corneal shape, and minimizing the residual
refractive error. An overview is presented of the last 20
years of outcomes and complications for the conservative
management of keratoconus (glasses and contact lenses).
Cross-linking can halt the disease progression, and
intrastromal corneal ring segments can improve the corneal shape and hence the visual quality and reduce the
refractive error.
Combined treatment of intrastromal corneal ring
segments and corneal cross-linking may be a successful
option to halt progressive keratoconus and improve visual
acuity. It must be noted that, in particular corneal morphology, such as in central keratoconus with high corneal
asphericity and in paracentral keratoconic eyes, a Ferraratype intrastromal corneal ring segments implantation reported an improvement of postoperative visual acuity
and stability over long-term follow-up [1, 2]. Sequential

treatment, such as intrastromal corneal ring segments and
an extended range of vision intraocular lens implantation,
for patients with keratoconus and cataract seems to be an
eﬀective option in terms of visual acuity.
Vito Romano
Luis Fernandez-Vega Cueto
Roberto Zaldivar
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Purpose. To evaluate eﬃcacy, safety, and predictability of sequential Ferrara-type intrastromal corneal ring segments (ICRS) and an
extended range of vision intraocular lens (IOL) implantation in patients with keratoconus and cataract. Methods. This study
comprised patients with keratoconus and cataract that had ICRS implantation followed 6 months later by extended range of
vision IOL implantation. The uncorrected distance visual acuity (UDVA), corrected distance visual acuity (CDVA), and residual
refractive errors, analysed using vector analysis, were recorded preoperatively, 6 months after ICRS implantation, and 6 months
after IOL implantation, respectively. Results. The study enrolled 17 eyes (11 patients). The mean UDVA (logMAR scale) was
1.15 ± 0.67 preoperatively, 0.88 ± 0.69 six months after ICRS implantation (P = 0 005), and 0.27 ± 0.18 six months after IOL
implantation (P < 0 0001). The CDVA changed from 0.26 ± 0.15 (logMAR) before surgery to 0.17 ± 0.08 six months after
Ferrara-type ICRS implantation (P = 0 002) and to 0.07 ± 0.06 six months after IOL implantation (P < 0 0001). The spherical
equivalent and the refractive cylinder declined steeply after IOL implantation (P < 0 001). The magnitude of depth of focus
was 2.60 ± 1.02 D. There were no statistically signiﬁcant diﬀerences in visual acuity for a defocus range from +0.50 D
to −0.50 D (P > 0 1). Conclusion. Sequential Ferrara-type ICRS and an extended range of vision IOL implantation provided
good visual and refractive outcomes, being an eﬀective, safe, and predictable procedure for the treatment of selected cases of
patients with keratoconus and cataract. In addition, this approach provides an increase of tolerance to defocus.

1. Introduction
The most common human ocular aﬄictions are presbyopia
and cataract [1]. Both presbyopia and cataract developments
contribute to further decreased visual quality of keratoconic
patients. Furthermore, it has been suggested that patients
aﬀected by keratoconus tend to develop cataracts sooner than
others [2]. Several options have been proposed for replacement of the lens (either by refractive lens exchange or cataract
removal). Toric intraocular lens (IOL) implantation has
shown to be an eﬀective and safe option to improve the uncorrected distance visual acuity (UDVA), corrected distance

visual acuity (CDVA), and refractive error [3–10]. Multifocal
toric IOL implantation has shown encouraging outcomes
[11–13]. The main problem for these IOLs is that the corneal
irregularities are still present after IOL implantation, and it
could restrict the visual rehabilitation. In fact, it has been
reported that keratoconic patients with more regular corneas
obtained higher improvement in UDVA after cataract surgery
and toric IOL implantation [8]. Another important challenge
is the IOL power calculation. A combined procedure, instrastromal corneal ring segments (ICRS) implantation followed
by cataract surgery with IOL implantation, has also been proposed [14, 15]. This approach could have a double beneﬁt. By
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one way, ICRS implantation improves the corneal shape and
consequently the visual quality; on the other hand, improving
the corneal shape could help the IOL estimation [14]. Basing
on this previous experience, we currently present a case series
of patients aﬀected by cataract and keratoconus who underwent ICRS implantation followed by an extended range of
vision IOL implantation. By means of increasing the depth
of focus, this approach has a two-fold objective: one is to
improve the visual acuity from far to intermediate distances
and the other is to increase the tolerance to defocus, making
the IOL calculation a little less important.

2. Patients and Methods
This study was a retrospective longitudinal analysis of the
visual and refractive results of sequential implantation of
the Ferrara-type ICRS (AJL Ophthalmic, Spain) and an
extended range of vision IOL implantation in eyes with
keratoconus and cataract. It was carried out at FernándezVega Ophthalmological Institute, Oviedo, Spain. The tenets
of the Declaration of Helsinki were followed, and full ethical
approval from the institute was obtained. After receiving a full
explanation of the nature and possible consequences of the
study and surgery, all patients signed the informed consent.
The presence of keratoconus and cataract, contact lens
intolerance, and a clear cornea, along with a minimum corneal thickness over 400 μm at the optical zone involved in
the implantation (a general criterion for surgery), constituted
the criteria for inclusion in the study. In addition, the keratoconus had to be stage I, II, or III according to the AmslerKrumeich keratoconus classiﬁcation. Keratoconus was diagnosed by combining computerised videokeratography of the
anterior and posterior corneal surfaces (Sirius, CSO, Italy),
K readings, and corneal pachymetry [16–18]. Contact lens
use was discontinued 1 month prior to corneal topography.
The exclusion criteria deﬁned for the study were previous corneal or intraocular surgery, history of herpetic keratitis, diagnosed autoimmune disease, systemic connective
tissue disease, endothelial cell density < 2000 cells/mm2,
history of glaucoma or retinal detachment, macular degeneration or retinopathy, neuroophthalmic diseases, and
history of ocular inﬂammation.
All eyes in this study received Ferrara-type ICRS (AJL
Ophthalmic, Spain). These Ferrara-type ICRS are poly(methyl methacrylate) with a triangular cross section that
induces a prismatic eﬀect on the cornea. The apical diameter
of ICRS is 5.0 mm (AFR5) (the ﬂat basis width is 0.6 mm) or
6.0 mm (AFR6) (the ﬂat basis width is 0.8 mm), with variable
thickness (0.15 mm to 0.30 mm with 0.05 mm steps) and arc
lengths (90, 120, 150, and 210 degrees). The Ferrara-type
ICRS were implanted following the nomogram used in previous studies [19–22]. The same surgeon (JFA) performed all
the procedures using topical anaesthesia and following the
standard procedure as previously described [19–22].
Postoperative treatment consisted of the combination of
antibiotic (tobramycin, 3 mg/mL) and steroid (dexamethasone, 1 mg/mL) eye drops (Tobradex, Alcon Laboratories
Inc., Fort Worth, Texas, USA) administered three times daily
for 2 weeks.
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Table 1: Patient demographics. Age, pre-ICRS implantation
manifest refraction (spherical equivalent (SE), refractive sphere
and cylinder) and prekeratometry (K) readings shown as mean ±
standard deviation (SD) and range.
Characteristic
Eyes (n)
Age (years)
Mean SE (D)
Range
Mean refractive sphere (D)
Range
Mean refractive cylinder (D)
Range
Mean minimum K (D)
Range
Mean maximum K (D)
Range

Value
17
59 ± 12.8
−5.35 ± 5.09
(+2.50 to −14.00)
−3.97 ± 4.98
(+3.50 to −13.00)
−2.77 ± 1.04
(−1.50 to −5.00)
47.06 ± 3.71
(42.5 to 55.5)
48.79 ± 3.69
(45 to 57.75)

Cataract extraction with IOL implantation was performed
6 months after ICRS implantation. The IOL implanted was an
extended range of vision IOL (Tecnis Symfony, Abbott Alb
Inc.). The posterior surface of this IOL incorporates a
5.5 mm diﬀractive area which is aimed at compensating the
eye’s chromatic aberration and increasing the depth of focus.
All surgeries in this study were performed by an experienced
surgeon (JFA) using peribulbar anaesthesia and a 2.2 mm to
3.2 mm axis incision in order to reduce the preexisting
astigmatism. Phacoemulsiﬁcation was performed with the
INFINITI vision system (Alcon Laboratories, Fort Worth,
Texas). Phacoemulsiﬁcation was followed by irrigation and
aspiration of the cortex and IOL implantation in the capsular
bag using the injector developed for the speciﬁc IOL.
Axial length and anterior segment size were measured
with the IOLMaster biometer (Carl Zeiss Meditec, Germany,
software version 5.4). We chose the SRK/T formula for IOL
power calculation. In order to reduce the astigmatism, axis
incisions were performed. In eyes with astigmatism less than
1.25 D, one axis incision (2.2 mm) was performed on the
steepest meridian. In eyes with astigmatism higher than
1.50 D, two opposite axis incisions (3.2 mm) were created
on the steepest meridian, as what previous authors have done
in phacoemulsiﬁcation [14, 15]. All incisions were performed
with a bevel-up steel blade (Equipsa S.A., Madrid, Spain).
All patients had a complete ophthalmologic examination
preoperatively, 6 months after ICRS implantation (before
cataract surgery), and 6 months after IOL implantation.
The clinical measurement taken primarily included corneal topography (Sirius, CSO, Italy), anterior segment optical
coherence tomography (Visante Zeiss Meditec, Germany),
uncorrected (UDVA) and best-corrected (CDVA) distance
visual acuity (ETDRS charts), and manifest and cycloplegic
refractions. The Thibos and Horner [23] power method
was used to assess presurgery and postsurgery refraction
ﬁndings. Furthermore, through-focus monocular logMAR
visual acuity (defocus curve) was also measured 6 months
after IOL implantation. Patients observed a distance
ETDRS chart through lenses that increased from +2.00
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Figure 1: The uncorrected distance visual acuity (UDVA) and corrected distance visual acuity (CDVA) before surgery, 6 months after
intrastromal corneal ring segments (ICRS) implantation, and 6 months after intraocular lens (IOL) implantation (eﬃcacy).

to −5.00 D in 0.50 D steps. The magnitude of depth of
focus depends on how it is deﬁned, and for our study,
we used the criterion that depth of focus is the range of
focussing error for which the visual acuity does not
decrease below two lines of CDVA.
Data analysis was performed using SPSS for Windows,
version 14.0 (SPSS Inc., Chicago, IL). Normality was checked
by the Kolmogorov-Smirnov test, and a repeated measures
analysis of variance (ANOVA) was performed to compare
outcomes. Diﬀerences were considered to be statistically
signiﬁcant when the P value was <0.01.

3. Results
This study comprised 17 eyes of 11 patients with a mean age of
59 ± 12.8 years old. Table 1 shows the patient’s demographics.
Figure 1 shows the eﬃcacy of the ICRS and IOL procedures. UDVA and CDVA (logMAR scale) rose signiﬁcantly
after both surgeries (P < 0 0001). The mean UDVA (logMAR) varied from the preoperative 1.15 ± 0.67 to 0.88 ±
0.69 six months after ICRS implantation (before IOL implantation) (P = 0 005) and 0.27 ± 0.18 six months after IOL
implantation (P < 0 0001). The mean CDVA was 0.26 ±
0.15 (logMAR) before ICRS implantation, 0.17 ± 0.08 six
months after ICRS implantation (P = 0 002), and 0.07 ±
0.06 six months after IOL implantation (P < 0 0001). The
eﬃcacy index (mean postoperative UDVA/mean preoperative CDVA) 6 months after ICRS implantation was 0.50
and 6 months after IOL implantation was 0.85. There
were no statistically signiﬁcant diﬀerences between UDVA
after the whole procedure (ICRS + IOL implantation) and
the preoperative CDVA (P = 0 4), which provided an eﬃcacy
index of 1.00.

None of the patients lost lines of CDVA after any of the
surgeries (see Figure 2). By six months after ICRS implantation, 7 had no change of CDVA, 6 eyes gained one line, and 4
eyes gained two lines or more. The safety index 6 months after
ICRS implantation (ratio of postoperative and preoperative
monocular CDVA) was 1.18. By six months after IOL implantation, all eyes gained CDVA, 7 eyes gained one line, and 10
eyes gained two lines or more of CDVA. The safety index 6
months after IOL implantation was 1.17. The safety index of
the whole procedure (ICRS + IOL implantation) was 1.26.
Table 2 shows the distribution of manifest refraction
error (power vector method) preoperatively, 6 months after
ICRS implantation, and 6 months after IOL implantation.
There was a large reduction in M value (spherical equivalent)
and B value (blur strength) after surgery (P < 0 0001). Six
months after IOL implantation, the spherical equivalent
was ≤1.00 D in 86.7% of the eyes. Figure 3 shows the astigmatism component of the power vector represented by a twodimensional vector (J0, J45). The origin of the graph (0, 0)
represents an eye free of astigmatism. The spread of the
post-ICRS implantation data from the origin is more concentrated than the spread of the preoperative data. The spread in
the post-ICRS implantation data was converted into a concentrated data set around the origin after IOL implantation.
The percentage of eyes with a refractive cylinder ≤ −1.5 D
increased from 17.6% preoperatively to 100% six months
after IOL implantation (Figure 3, red circle), while the percentage of eyes with a refractive cylinder ≤ −1.0 D varied
from 0% to 76.5% (13 eyes) (Figure 3, blue circle).
Figure 4 shows the defocus curve for each group separately. The magnitude of depth of focus was 2.60 ± 1.02 D.
There were no statistically signiﬁcant diﬀerences in visual
acuity for a defocus range from +0.50 D to −0.50 D (P > 0 1)
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Figure 2: Change in corrected distance visual acuity (CDVA) 6 months after intrastromal corneal ring segments (ICRS) implantation and
6 months after intraocular lens (IOL) implantation (safety).
Table 2: Summary of distribution of manifest refractive errors
before surgery, 6 months after ICRS implantation, and 6 months
after IOL implantation, following the power vector method.

M

Preoperatively

After ICRS
implantation

After IOL
implantation

P value

−5.35 ± 5.09∗

−3.45 ± 3.88∗∗

−0.59 ± 0.80

<0.0001

∗

∗∗

−0.07 ± 0.40

P = 0 009

−0.09 ± 0.57

P = 0 02

0.94 ± 0.74

<0.0001

J0

−0.40 ± 0.92

J45

0.17 ± 1.13

0.23 ± 0.40∗∗

∗

∗∗

B

6.28 ± 4.08

−0.32 ± 0.63
4.17 ± 3.15

Data are shown as mean ± standard deviation. Manifest refraction in
conventional script notation (S (sphere), C (cylinder) × ϕ (axis)), were
converted to power vector coordinates and overall strength blur by the
following formulas: M = S + C/2; J0 = −C/2 cos 2ϕ ; J45 = −C/2 sin 2ϕ ;
1/2
B = M2 + J0 2 + J45 2 . ∗ Statistically signiﬁcant between before Keraring
ICRS insertion and after IOLs implantation. ∗∗ Statistically signiﬁcant
between after Keraring ICRS implantation and after IOLs implantation.

4. Discussion
Earlier studies [3–15] have assessed several alternatives for
replacement of the lens in keratoconic patients. The most
studied approach has been the replacement of the lens by a
toric IOL. The ﬁrst three studies [3–5] were case reports,
which showed encouraging results. Subsequent case series

studies [6–10] (from 12 to 23 eyes) reported a signiﬁcant
improvement in UDVA, CDVA, and refractive error. The
visual and refractive outcomes of multifocal toric IOL have
been also evaluated. Montano et al. [11] described two cases,
a “forme fruste” keratoconus and a stable keratoconus.
Farideh et al. [12] evaluated the clinical results of toric intraocular trifocal IOL in 10 eyes (5 patients) with mild keratoconus. Both studies concluded that multifocal toric IOL
provides satisfactory results in mild and stable keratoconus.
Despite these encouraging outcomes for visual quality
restoring in patients with cataract and keratoconus, all these
approaches should face two challenges: the ﬁrst challenge is
that the corneal abnormalities may lessen the optimal restoration of the visual quality and the second challenge is the IOL
power estimation. Regarding the ﬁrst challenge, a previous
study [8] reported that patients with more regular corneas
obtained higher improvement of UDVA after surgery. A previous study [14] from our research group reported the visual
and refractive outcomes of a combined procedure (ICRS
+ monofocal IOL implantation). This sequential procedure
is aimed at providing the higher level of visual rehabilitation
in patients with keratoconus and cataract by improving the
corneal shape and removing cataract and refractive error. In
this previous study, both the UDVA and CDVA improved
after each procedure. The UDVA and CDVA (logMAR scale)
six months after IOL implantation were 0.44 ± 0.29 and
0.11 ± 0.16, respectively. In the current study, the UDVA
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Figure 3: Representation of the astigmatic vector (J0 and J45) before surgery, 6 months after intrastromal corneal ring segments (ICRS)
implantation, and 6 months after intraocular lens (IOL) implantation.
0.0

logMAR visual acuity

0.2
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Defocus (D)

Figure 4: Mean high-contrast monocular logMAR acuity with best correction for distance as a function of the lens defocus (D).

and CDVA also improved after each procedure (ICRS
implantation and an extended range of vision IOL implantation). The CDVA improvement after the whole procedure

was greater in the previous study. However, in the current
study the UDVA improvement was greater than those
reported in the previous one (from 1.15 ± 0.67 (logMAR) to
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0.27 ± 0.18 and from 1.08 ± 0.24 to 0.44 ± 0.29, resp.). The
diﬀerence in the spherical equivalent between the two studies
after the whole procedure was less than a quarter of dioptre.
The diﬀerence in the CDVA and UDVA results can be
attributed to the IOL implanted (monofocal versus extended
range of vision IOL). A monofocal IOL provides a better
CDVA than an extended range of vision IOL; while, as
explained below, the residual refractive errors can be better
tolerated with an extended range of vision IOLs.
Choosing the IOL power may be a challenge in keratoconic patients. Leccisotti [24] reported that refractive exchange
in keratoconic eyes is a predictable procedure to correct myopia. However, 32% of the cases required an IOL exchange due
to inaccurate IOL power calculation. Thebpatiphat et al. [2]
compared the SRKI, SRKII, and SRK/T IOL formulas in
patients with keratoconus and suggested that the SRKII formula might provide the most accurate IOL power in patients
with mild keratoconus. However, in moderate and severe
keratoconus, IOL calculations were less accurate and no
diﬀerences in calculation formulas were found. A source of
error for IOL power calculation in keratoconic patients is
the determination of the optical power of the cornea. Usually,
the power of cornea is estimated by considering only the
radius of the anterior surface and a simulated refractive
keratometric index. This estimation could lead to inaccuracies in the calculation of total corneal power in keratoconic
eyes, where both the anterior and posterior surfaces of the
cornea can be aﬀected. ICRS implantation before cataract
surgery could help to regularize the corneal shape and consequently minimize the inaccuracies in the determination of
optical power of the cornea. An earlier study [14] found that
the spherical equivalent after sequential implantation of the
Ferrara-type ICRS and IOL implantation was −0.82 ± 0.91
D. The refractive outcome results of the current study are
in accordance with the previous one. Six months after IOL
implantation, the mean spherical equivalent was −0.59 ±
0.80 and 86.7% of eyes had a spherical equivalent ≤ 1.00 D.
In addition to the predictability of the refractive outcomes,
an important aspect is the impact of the residual refractive
error on the visual acuity outcomes, in other words, the
tolerance to defocus. In the current study, an extended range
of vision IOL was implanted which is aimed at increasing the
tolerance to defocus. Analysing the defocus curve shown in
Figure 4, there were no statistically signiﬁcant diﬀerences in
visual acuity for a defocus range from +0.50 D to −0.50 D.
These ﬁndings could suggest that some residual refractive
errors can be tolerated after this combined procedure
(ICRS + an extended range of vision IOL implantation). In
addition, the magnitude of depth of focus was 2.60 ± 1.02
D, which provide an optimal visual acuity at intermediate
distance (Figure 4).
The success of this sequential procedure requires knowledge of the risk of progression of keratoconus, because the
progression of keratoconus can lead to refraction change
and it could be a problem after IOL implantation. A previous
study from our research group [14] showed that sequential
Ferrara-type ICRS and IOL implantation provides stable
visual and refractive outcomes. In the current study, the only
diﬀerence was the IOL implanted; hence, it seems logical
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to think that the visual and refractive outcomes will be
stable too. However, further long-term studies should be
carried out to conﬁrm this hypothesis and to assess
whether small corneal changes could have more impact
after an extended range of vision IOL implantation than
a monofocal IOL implantation.
In conclusion, our outcomes suggest that sequential
Ferrara-type ICRS and extended range of vision IOL
implantation provides good visual and refractive outcomes,
being an eﬀective, safe, and predictable procedure for the
treatment of selected cases of patients with keratoconus
and cataract. In addition, this approach provides an
increase of tolerance to defocus.
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Purpose. To analyze the results of three-year outcomes of combined epithelium-on cross-linking with femtosecond laser ICRS
(cross-linking PLUS) for keratoconus management. Design. A retrospective multicenter clinical study. Methods. 43 eyes of 38
patients were subjected to preoperative and postoperative UCVA, BCVA, refraction, Pentacam pachymetry, and keratometry
examinations at 3-, 6-, 12-, 24-, and 36-month follow-up period. Results. The preoperative and postoperative mean UCVA was
1.30 ± 0.48 (logMAR ± SD) and 0.82 ± 0.22 respectively. The preoperative and postoperative mean BCVA was 0.90 ± 0.40 and
0.60 ± 0.30, respectively. The preoperative and postoperative mean K average was 50.63 ± 0.87 (D ± SD) and 45.56 ± 0.98,
respectively. The preoperative and postoperative mean pachymetry was 471 ± 92.36 (μm ± SD) and 423 ± 39.58, respectively.
The preoperative and postoperative mean astigmatism was 7.55 ± 1.75 and 3.39 ± 1.26, respectively. One eye showed ICRS
edge exposure while 6 eyes showed progression of keratoconus. Conclusion. CXL PLUS was proved to be a successful
procedure to halt progression (mainly by CXL) and to correct the refractive status of the keratoconic eye (mainly by ICRS).
CXL PLUS performed a synergistic action correcting and maintaining the correction of both myopic and astigmatic components
of keratoconus.

1. Introduction
The most important clinical signs that characterize keratoconus (KC) are the irregular-marked astigmatism with progressive apical protrusion due to progressive thinning of the
corneal stroma [1–3].
Many authors prefer to classify the severity of keratoconus according to the mean keratometry readings. The
Amsler-Krumeich classiﬁcation graded keratoconus into 4
grades depending on the main K readings. Grade 1 included
mean central K readings < 48 diopters, grade 2 included
mean central K readings ≥ 48–< 54 diopters, grade 3 included

mean central K readings ≥ 54–< 55 diopters while grade 4
included mean central K readings ≥ 55 diopters [4].
One of the most trustable treatment modalities in keratoconus management is the implantation of intracorneal rings
(ICRS). Actually, ICRS gain more ground and popularity
every day. The long-term stability results of ICRS together
with the use of the femtosecond laser devices actually encouraged surgeons to implant ICRS simply and safely. Furthermore, they had a good impact on the patient satisfaction
after surgery [3–7].
ICRS are one of the most commonly used rings all over
the world. The use of one or two segments in segmented
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ICRS or complete rings depends on the type of the keratoconus cone, corneal topography patterns, specially designed
nomograms, and the surgeons’ experiences. The main idea
of ICRS implantation is to ﬂatten the cornea and reduce anterior corneal surface irregularity, but they actually have no
role in halting the progression of keratoconus [5–8].
Corneal collagen cross-linking (CXL) is the actual and
main treatment to keratoconus and has the advantage of halting the progression of the pathology of the disease. The progression of keratoconus can be deﬁned by continues change
in 2 or more of special parameters. These special parameters
included steepening of the posterior K readings, steepening
of the anterior K readings, and thinning of the central pachymetry readings and high back surface elevations [5]. Crosslinking PLUS (CXL PLUS) is deﬁned as the simultaneous
combination of CXL and a refractive procedure to ﬂatten
the cornea and improve vision as ICRS implantation.[6]
Recently, CXL PLUS has become more popular among
surgeons as it has the advantages of both halting KC progression and improving the visual outcome. CXL is the main
mandatory procedure that stabilizes the cornea and halts
the disease progression, hence the name CXL PLUS as plus
means adjuvant refractive procedure to improve vision which
could be ICRS implantation, topography-guided PRK, toric
implantable collamer lens (TICL), phakic intraocular lens
(IOL), or even refractive lens surgery (clear lens extraction)
with toric IOL implantation. Patient selection for the suitable
refractive procedure is essential as not all previously mentioned refractive procedures are suitable for all patients as
every keratoconic eye has its suitable refractive procedure.
CXL PLUS is the most beneﬁcial modality of treatment as
the use of the combination therapy depends on many factors
mainly the degree of myopia and astigmatism and the corneal
pachymetry and keratometry readings [9].

2. Patients and Methods
This study was designed as a retrospective multicenter study
that aimed to analyze the three-year outcomes of CXL PLUS
(combined CXL and Keraring implantation with the use of
femtosecond laser) concerning its eﬃcacy and safety.
This study was a multicenter study that was carried on 3
universities including Sohag University Hospital, Banha
University Hospital, and Minia University Hospital in Egypt.
This study had the approval of the ethical committee in
Sohag University Hospital.
Only eyes that completed 3-years of follow-up are
included in this study as all eyes were performed and
followed up during the period from January 2014 to May
2017. All follow-up results of the medical records were
obtained retrospectively for analysis of the patients’ data.
43 eyes of 38 patients diagnosed with keratoconus were
operated with CXL PLUS that included simultaneous combination of accelerated epithelium-on CXL and femtosecond
laser Keraring implantation at the same session.
The 43 eyes were subjected to preoperative and postoperative UCVA, BCVA, manifest refraction, and Pentacam
pachymetry and keratometry at 3-, 6-, 12-, 24-, and 36month follow-up period.
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The devices that were used in this study included
CSO SIRIUS Topographer (CSO, Firenze, Italy), Advanced
Femtosecond Laser (iFS; Abbott, USA), and the KXL System
(Avedro Inc., MA, USA).
2.1. Surgical Procedure of CXL PLUS. CXL PLUS included
combined femtosecond laser Keraring (Mediphacos Inc.,
Belo Horizonte, Brazil) implantation as the ﬁrst step in
surgery followed immediately by accelerated epithelium-on
CXL as the second step in the same session. The data that
was introduced into the device included the parameters of
the corneal tunnel creation with an outer diameter of
5.9 mm and an inner diameter of 5 mm; the incision site
was at the steepest corneal meridian and the tunnel was
created at the depth of 75% of the corneal thickness at the
thinnest location.
The speciﬁcation of the Keraring used in this study was
the SI-5 design (5.0 mm optical zone) with triangular design
in cross-section, made of polymethyl methacrylate (PMMA).
The use of one or two Keraring segments depended upon the
Keraring nomogram. Diﬀerent parameters aﬀected the
choice of one or two segmented rings mainly the type and
the site of the keratoconus cone, the mean K readings, the
central pachymetry readings, the corneal thickness at the
thinnest location, and the refractive status of the eye. This
study included only a sample of keratoconic eyes that completed the 3-year follow-up period and were treated relying
upon the designed Keraring nomogram. Although all eyes
included in this study were treated with an implantation of
2 Keraring segments, yet it should be clear that this was not
the concept to be generalized as a rule for all keratoconic
eyes. Moreover, the characteristics of these eyes included in
this study required implantation of 2 Keraring segments in
each eye using the Mediphacos Nomogram for Keraring
calculation guidelines 2009 version 5.2. Figure 1 shows an
example of CXL PLUS in the right eye.
The ﬁrst step started with marking the corneal center
when the patient is ﬁxating at the ﬂashing light (Figure 1(a)),
then followed by application of the suction ring onto the cornea with great care of corneal centralization within the suction
ring (Figure 1(b)). The corneal tunnel was created using the
femtosecond laser with a power of 5 mJ (Figure 1(c)). Passing a spatula was performed through the limbs of the tunnel
to check its patency (Figure 1(d)). The temporal and nasal
Keraring segments were implanted (Figures 1(e) and 1(f)).
The second step was to perform the epithelium-on CXL
using Avedro Nomogram with Avedro KXL CXL system.
Accelerated epithelium-on CXL included installation of riboﬂavin (ParaCel) on the cornea every 90 seconds which is
repeated 3 times along duration of four and half minutes.
The next step was to install another type of riboﬂavin (Vibex
Xtra) that was also performed every 90 seconds which is
repeated 4 times along a duration of six minutes. The total
soaking time was 11 minutes. Accelerated epithelium-on
CXL was performed by using the pulsed UV mode (1 second
on 1 second oﬀ) with UV time 2 minutes and 40 seconds
while the total treatment time was 5 minutes and 20 seconds
at a power of 45 mW/cm2 to deliver a total energy of 7.2 J/
cm2. Application of bandage contact lens onto the cornea
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(b)

(c)

(d)
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(f)
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(h)

Figure 1: CXL PLUS in the right eye; (a) marking the corneal center when the patient is ﬁxating at ﬂashing light, (b) suction ring application
onto the cornea, (c) corneal tunnel creation using the femtosecond laser, (d) checking the patency of the tunnel by passing a spatula through
the limbs of the tunnel, (e) implantation of the temporal Keraring segment, (f) implantation of the nasal Keraring segment, (g) riboﬂavin
dropping onto the cornea, and (h) accelerated epithelium-on CXL.

and installation of antibiotic eye drops (moxiﬂoxacin 0.5%)
into the eyes were performed at the end of the surgery. Dropping of riboﬂavin onto the cornea (Figure 1(g)). CXL using
the accelerated epithelium-on procedure (Figure 1(h)).

nonnormally distributed data. The postoperative results were
considered to be signiﬁcant at the 5% level.

3. Results
2.2. Postoperative Treatment. All patients received the same
postoperative treatment which lasted for three weeks. The
postoperative regimen included topical therapy in the form
of corticosteroid eye drops (prednisolone acetate 1%) in
addition to antibiotic eye drops (moxiﬂoxacin 0.5%) and artiﬁcial tears (hypotonic sodium hyaluronate 0.15%). All eye
drops were prescribed for all patients on 2 hourly bases on
the ﬁrst postoperative day then 4 times daily in the ﬁrst week.
The frequency of medication was tapered to be 3 times daily
in the second week and twice daily in the third week. Bandage
contact lens was removed at the ﬁrst postoperative day.
2.3. Statistical Analysis. Analysis of the data was performed
using the statistical package for social sciences software (SPSS
version 22 for Windows). The description of the quantitative
data was by using the median, mean and standard deviation.
The presentation of the qualitative data was in the form of
number and percentage. Paired sample t-test was used for
normally distributed data while Wilcoxon test was used for

This study included 43 eyes of 38 patients. 23 patients were
females (60.5%) while 15 patients were males (39.5%). All
patients fall in the age group from 14 to 25 years with a mean
age of 19.58 ± 4.05 (mean ± SD). Table 1 shows the characteristics of the study patients.
Two segments of Kerarings were implanted in all 43 keratoconic eyes in this study. Keraring model SI-5 (5 mm optical zone) segments were used in this study.
All preoperative and postoperative data collected from
the patient’s ﬁles over a follow-up period of 36 months were
summarized in Table 2.
This study showed the great inﬂuence of the CXL
PLUS in reducing the mean K average that was reduced
from 50.63 ± 0.87 diopters (mean ± SD) preoperatively to
45.56 ± 0.98 postoperatively (P value < 0.05). This amazing
reduction in the mean K average to approximately 5 D can
be attributed to the action of both Keraring implantation
and CXL.
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Table 1: Characteristics of the study patients.

Item
Total number of study eyes
Total number of study patients
Age
Range
Mean ± SD
Gender
Male
Female
Laterality
OD
OS

Number

Percent

43
38
14–25 years
19.58 ± 4.05
15 patients
23 patients

39.5%
60.5%

18 eyes
25 eyes

41.9%
58.1%

Furthermore, these 5 diopters reduction in the mean
postoperative K average resulted from the combination of
correction in both mean postoperative myopic and astigmatic correction. As the results in this study indicated the
correction of postoperative myopic component up to 1 D
approximately while the marked correction was shown in
the postoperative astigmatic component up to a level of
4 D approximately.
These good results were reﬂected on the patient both
UCVA and BCVA postoperatively. This study showed
improvement of the preoperative mean UCVA from
1.30 ± 0.48 (logMAR ± SD) to a postoperative mean UCVA
0.82 ± 0.22 (P value < 0.05). Moreover, the preoperative
mean BCVA 0.90 ± 0.40 improved to be 0.60 ± 0.30 postoperatively (P value < 0.05). All patients showed improvement
two lines or more during the visual chart testing in both
UCVA and BCVA.
This study also showed the reduction of the preoperative mean corneal thickness at the thinnest location
471 ± 92.36 μm (mean ± SD) to a postoperative level of
423 ± 39.85 (P value < 0.05). The reduction in the postoperative mean corneal thickness was mostly due to 2 main reasons.
The ﬁrst reason was due to the eﬃcacy of the epithelium-on
CXL, and reduction in the postoperative mean corneal thickness was an indication of its eﬀectiveness. The second reason
was that in 6 eyes further keratoconus progression was
recorded manifested by an increase in the postoperative
K readings and reduction in the corneal thickness.
Table 3 shows a comparison between the preoperative
and postoperative data of one female patient after 3 years of
CXL PLUS.
3.1. Complications. Complications were recorded in 7 eyes
(16.3%) in this study. One eye was complicated by exposure
of the edge of the Keraring segment within the ﬁrst postoperative month so that the ring was removed and the procedure
was repeated 3 months later with success.
Another complication that was recorded in this study was
the progression of keratoconus and deterioration of the condition in 6 eyes so that the cross-linking procedure was
repeated in all 6 eyes using the standard conventional 30
minutes epithelium-oﬀ CXL.

Six eyes (14% of eyes) showed progression of keratoconus, the CXL was repeated in these 6 eyes using the standard
conventional 30 minutes CXL procedure (The Dresden Protocol), and the cornea was exposed to UV irradiation using
Opto XLink-Corneal Crosslinking System (Opto Global Pty
Ltd., Adelaide, Australia). The UV irradiation was performed
at a power of 1.50 mW, an intensity of 2.984 mW/cm3, and a
dose of 5.371 J/cm3 for 30 minutes. 8 mm deepithelized.
corneal zone was performed for all 6 eyes followed by dropping of riboﬂavin VibeX Rapid™ (Avedro Inc., MA, USA)
every 3 minutes for 30 minutes then corneal irradiation with
UVA for 30 minutes with continuation of riboﬂavin dropping during corneal irradiation.
The eyes were followed during the period of the study to
complete the 3-year follow-up and surprisingly corneal ﬂattening occurred with improvement of the K readings and
further thinning of the corneal thickness. So that the accelerated epithelium-on CXL was eﬀective in 37 eyes to halt the
progression of keratoconus (86% of eyes) while it failed to
stop the deterioration of 6 keratoconic eyes (14% of eyes)
that was treated with standard conventional 30 minutes
epithelium-oﬀ CXL.
According to the postoperative complications, the 43
keratoconic eyes included in this study were divided into 3
postoperative groups according to the results:
Group A included 36 eyes (83.7% of eyes) that were
subjected to CXL PLUS using simultaneous epithelium-on
CXL and 2 Keraring segments implantation and showed
good improvement with stability of the results along the
3-year follow-up period.
Group B included 6 eyes (14% of eyes) that were subjected to CXL PLUS using simultaneous epithelium-on
CXL and 2 Keraring segments implantation but showed further deterioration within the ﬁrst 3 months postoperatively
so that these 6 eyes were subjected to additional conventional
standard epithelium-oﬀ CXL procedure which managed to
stop further KC deterioration and showed good stability
and further improvement along the 3-year follow-up period.
Table 4 shows the detailed refractive data of these 6 eyes
along the whole study period.
Group C included 1 eyes (2.3%) was complicated by
Keraring exposure during the ﬁrst postoperative month.
The exposed segment was removed together with the second
segment in the same session. Three months later, another 2
Keraring segments were implanted. The eye was followed
up for 3 years and showed good improvement and stability
of the condition. Table 5 shows the detailed refractive data
of this eye along the whole study period.
Table 6 shows the summary of postoperative complications.

4. Discussion
The reliability of the results of this study arises from the longterm follow-up period (3 years).
CXL PLUS was proved to be eﬀective and relatively
safe in this study. The use of Kerarings for mechanical corneal ﬂattening was eﬀective in reducing the postoperative
K readings.
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Table 2: CXL PLUS preoperative and postoperative data summary at the end of the 3-year follow-up.
Parameters
Mean K reading average (D)
Mean K1 reading
Mean K2 reading
Mean corneal thickness at thinnest location (μm)
Mean postoperative myopic correction (D)
Mean astigmatism (D)
Mean postoperative astigmatic correction (D)
Mean UCVA (logMAR)
Mean BCVA (logMAR)

Preoperative data
(mean ± SD)

Postoperative 36th month
data (mean ± SD)

P value

50.63 ± 0.87
46.94 ± 0.26
54.38 ± 1.17
471 ± 92.36
—
7.55 ± 1.75
—
1.30 ± 0.48
0.90 ± 0.40

45.56 ± 0.98
46.45 ± 0.98
47.39 ± 0.62
423 ± 39.85
0.97 ± 0.28
3.39 ± 1.26
3.8 ± 1.67
0.82 ± 0.22
0.60 ± 0.30

<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05

Table 3: A comparison between the preoperative and postoperative data of one female patient after 3 years of CXL PLUS.
Variant

Postoperative (36th month)

Preoperative

Corneal topography
(tangential anterior)

K average (D)
K readings (D)
Subjective refraction
Corneal thickness at the
thinnest location (μm)
Myopic component (D)
Astigmatic component (D)
Myopic correction
Astigmatic correction
UCVA (logMAR)
BCVA (logMAR)

50.39
47.52
−2.57

47.075
53.26
−7.00 @ 96

46.08
−0.50

48.07
−0.75 @ 20

402

387

2.75
5.74
—
—
1.30
0.52

2.00
1.00
0.75
4.74
0.40
0.22

Table 4: The summary of the refractive data of the six complicated eyes (group B).
Parameters
Mean K reading average (D)
Mean corneal thickness at thinnest location, (μm)
Mean postoperative myopic correction (D)
Mean astigmatism (D)
Mean postoperative astigmatic correction (D)
Mean UCVA (logMAR)
Mean BCVA (logMAR)

Preoperative
data (mean ± SD)

3 months following
CXL PLUS (mean ± SD)

36 months following
epithelium-oﬀ CXL (mean ± SD)

49.52 ± 0.93
453 ± 37.81
—
5.96 ± 1.58
—
1.12 ± 0.60
0.82 ± 0.30

50.18 ± 0.59
429 ± 31.05
—
6.46 ± 0.87
—
1.30 ± 0.52
1.00 ± 0.40

48.06 ± 0.42
399 ± 53.89
1.02 ± 0.47
4.62 ± 1.14
1.76 ± 0.25
0.90 ± 0.28
0.70 ± 0.25
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Table 5: The summary of the refractive data of the 7th complicated eye (group C).

Parameters
Mean K reading average (D)
Mean corneal thickness at thinnest location, (μm)
Mean postoperative myopic correction (D)
Mean astigmatism (D)
Mean postoperative astigmatic correction (D)
Mean UCVA (logMAR)
Mean BCVA (logMAR)

Preoperative data

Following removal of the
2 Keraring segments

36 months following reimplantation
of 2 new Keraring segments

51.37
428
—
5.75
—
1.30
0.60

52.04
426
—
5.50
—
1.30
0.60

48.06
421
1.25
1.50
1.00
0.70
0.30

Table 6: The summary of complications.
Complication
Postoperative KC
progression
Exposure of the
Keraring edge

Number
Percent
of eyes
6

14%

1

2.3%

Management of the complications

Follow-up results along
the 36 months

Improvement with halting
KC progression
Explanation of the 2 Keraring segments followed by reimplantation
Improvement with
of the Keraring segments 3 months later
stability of the segments
Standard 30 minutes epithelium-oﬀ CXL

Analysis of the preoperative and postoperative data of the
patients at the 36th postoperative follow-up months was performed. The results of this analysis together with collecting
the missing tiny points helped this study to make a clear
impression upon the CXL PLUS. This study showed clearly
that Keraring was very eﬀective in ﬂattening the steep corneal
meridians thus reducing markedly the astigmatic component
of KC and help correcting the anterior corneal surface irregularities. Furthermore, the use of Kerarings improved the
postoperative astigmatism up to 5 D or even more in few
cases. The procedure of the accelerated epithelium-on was
originally introduced to stop deterioration of the disease
and was not expected to improve vision or even ﬂattening
the cornea.
The discrepancy between the two CXL procedures (epithelium-on and epithelium-oﬀ) showed the importance of
reevaluating the two procedures as it seemed that the conventional 30 minutes epithelium-oﬀ CXL was more eﬀective in
halting the KC progression and ﬂattening of the corneal
surface thus sharing in correcting the myopic component of
KC and reducing the anterior irregularities. On the contrary,
the accelerated epithelium-on CXL was relatively eﬀective in
halting the KC progression in most cases while in some cases
it was not actually eﬀective to stop the disease progression.
Many authors had proved in their studies the eﬀectiveness of Keraring implantation regarding better visual acuity
and decreasing the spherical equivalent and keratometry
readings. One of them was Gharaibeh et al. [8] which
reported the importance of ICRS in delaying or preventing
keratoplasty. Other studies as Coskunseven et al. [7] reported
the accuracy and safety of Keraring implantation using the
femtosecond laser and stressed on its success in improving
both UCVA and BCVA. Furthermore, their study reported
the easy learning curve for the beginner surgeons with high
patient satisfaction and comfortability. Their results were

similar to the results in this study as the femtosecond laser
(iFS, Abbott) was used for tunnel creation that facilitates
Keraring implantation with almost no intraoperative patient
complains or discomfort.
This study did not include the use of Keraring 355° meanwhile many other studies reported its use in treating KC.
Jadidi et al. [3] reported the use of Keraring 355° with
reduced risk of intraoperative complications and concluded
the eﬃcacy and safety of this type of Keraring.
One of the most interesting studies were Kubaloglu et al.
[10, 11] which proved the success of Keraring implantation
in reducing the spherical equivalent and decreasing the
Kmax to a level of 4 D after a follow-up period of 6 months.
This study coincided with Kubaloglu et al. [10, 11], yet our
study showed a reduction of the astigmatic component of
KC to a level of 5 D or even more at a longer follow-up period
of 36 months. One major diﬀerence between the two studies
was that this study used combined Keraring implantation
with epithelium-on CXL (CXL PLUS) while their study
included only implantation of Kerarings.
In Alexandria, Ibrahim and colleagues [12] had similar
results in their study as they reported the marvelous results
of combined epithelium-on CXL and Keraring implantation
using femtosecond laser as an eﬀective procedure that
improved vision and decreased the anterior corneal surface
irregularity. Although their results were similar to this study
however, there were two main diﬀerences between both studies. The ﬁrst diﬀerence was that they proved the eﬃcacy of
the procedure in lowering the main spherical equivalent
refractions, while in this study it was more clear regarding
the eﬃcacy of the procedure on both myopic and astigmatic
components of KC as it proved that this procedure was much
more eﬀective in correcting the astigmatic component than
the myopic component of KC instead of the use of the spherical equivalent refraction terminology. The second diﬀerence
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was noted in their study as they found no signiﬁcant
reduction in the corneal thickness postoperatively while
this study proved that there was a signiﬁcant reduction in
the postoperative corneal thickness. Furthermore, in this
study, the follow-up period was 3 years while in their study
was 6 months.
Shawky et al. [13] reported interesting results in their
research as they studied the eﬀect of performing CXL few
months after Keraring implantation. They noted the good
eﬀect of CXL in improving both spherical and cylindrical
elements of KC. Furthermore, they reported lowering the
corneal astigmatism up to 2.1 D and up to 3.5 D in the main
keratometric reading. Their results coincided with the results
of this study; however, this study showed a greater reduction
in the postoperative corneal astigmatism reaching up to 4 D
or more and a further greater reduction in the mean K average reading up to 4 D or more. Moreover, they stated that
CXL had a stabilizing enhancement after Keraring implantation but this study of CXL PLUS was performed using CXL
and Keraring implantation in the same session as CXL is
almost mandatory for all keratoconic eyes.
Other authors reported the results of CXL PLUS using
diﬀerent techniques by combining CXL and topographyguided photorefractive keratectomy (PRK) whether in the
same session or sequential. Bor’i [14] reported that there
was no signiﬁcant diﬀerence between simultaneous or
sequential CXL PLUS using combined CXL and PRK. In
another interesting study, Abou Samra et al. [15] compared
also the results of two study groups regarding simultaneous
versus sequential wavefront-guided (WFG) PRK. They
followed up patients for 6 months postoperatively and ﬁnally
concluded that there were no signiﬁcant diﬀerences between
both groups.
Moreover, El-Raggal [16] compared CXL PLUS in two
groups. The ﬁrst group had epithelium-on CXL and Keraring
implantation in the same session while the second group had
Keraring implantation ﬁrst and then followed by epitheliumon CXL later. He reported close results in both groups. However, his study proved the superiority of CXL PLUS when
CXL was combined with Keraring implantation in the same
session. He explained this superiority by assuming that riboﬂavin reaches corneal stroma more eﬀectively through passing in the channels created for Keraring implantation. His
results are in one line of the results of this study regarding
safety and eﬃcacy of CXL PLUS.
In another comparative study, Iqbal [17] compared two
techniques; the ﬁrst technique was combined CXL with
myoring implantation while the second technique was combined CXL with Keraring implantation. He concluded that
Keraring is more successful in reducing the astigmatism than
myopia in keratoconus. On the contrary, his study reported
that myoring is more successful in reducing myopia than
astigmatism in keratoconus. The results of his study coincided partially with the results of this study regarding combined CXL with Keraring implantation (CXL PLUS).
Furthermore, in a diﬀerent comparative study to the
same author, Iqbal [18] compared epithelium-oﬀ CXL with
epithelium-on CXL without ICRS implantation. His study
reported that epithelium-oﬀ CXL is superior to epithelium-
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on CXL regarding both halting KC progression and inducing
corneal ﬂattening thus improving both visual acuity and the
myopic component of KC. This study coincided partially
with his study regarding the eﬀectiveness of the conventional
epithelium-oﬀ CXL and its superiority upon accelerated
epithelium-on CXL which had failed to halt KC progression
in 14% of the study eyes and the procedure was repeated in
these eyes using the conventional epithelium-oﬀ CXL that
managed to halt KC progression along a 36-month followup of this study.
Moreover, many authors proved in their studies that
epithelium-oﬀ CXL was more eﬀective that transepithelial
CXL. Kocaka [19] reported that epithelium-oﬀ CXL was
more eﬀective than epithelium-on CXL in halting KC progression and improving the refractive status in the eye. Furthermore, Soeters et al. [20] concluded that transepithelial
CXL was a safe procedure; however, KC progression was
recorded in 23% of cases so that they recommended continuing using epithelium-oﬀ CXL and not to shift to epitheliumon CXL. The results of their study are close to but slightly
higher than the results in this study which recorded KC progression in 14% of eyes after accelerated epithelium-on CXL.

5. Conclusion
CXL PLUS proved to be a successful procedure to halt progression (mainly by CXL) and to correct the refractive status
of the keratoconic eye (mainly by ICRS). CXL PLUS performed a synergistic action correcting and maintaining the
correction of both myopic and astigmatic components of
keratoconus. This study proved that Keraring implantation
is more eﬀective in lowering the astigmatic component of
KC than the myopic component. This study recorded KC
progression in 14% of cases following CXL PLUS with the
accelerated epithelium-on CXL so that it is recommended
to perform new prospective comparative studies in the future
comparing both epithelium-on CXL and epithelium-oﬀ CXL
procedures in CXL PLUS for the treatment of keratoconus.
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Objectives. To describe the past 20 years’ correction modalities for keratoconus and their visual outcomes and possible
complications. Methods. A review of the published literature related to the visual outcomes and possible complications in the
context of keratoconus management using nonsurgical procedures for the last 20 years (glasses and contact lenses) was
performed. Original articles that reported the outcome of any correction modalities of keratoconus management were reviewed.
Results. The most nonsurgical procedure used on keratoconus management is the contact lens ﬁtting. Soft contact lenses and
soft toric contact lenses, rigid gas-permeable contact lenses, piggyback contact lens system, hybrid contact lenses, and scleral and
corneoscleral contact lenses form the contemporary range of available lens types for keratoconus management with contact
lenses. All of them try to restore the vision, improve the quality of life, and delay surgical procedures in patients with this
disease. Complications are derived from the intolerance of using contact lens, and the use of each depends on keratoconus
severity. Conclusions. In the context of nonsurgical procedures, the use of contact lenses for the management of keratoconic
patients represents a good alternative to restore vision and improve the quality of live in this population.

1. Introduction
Keratoconus (KC) is a bilateral but typically asymmetric,
noninﬂammatory corneal ectasia characterized by progressive corneal thinning, conical protrusion, scarring, and
decreased biomechanical strength of the cornea. The result
is distorted and subnormal vision [1, 2]. Most recent
epidemiologic studies determine that the age-speciﬁc annual
incidence of KC is approximately 1 : 7500 or 13.3 new cases
per 100,000, and the estimated prevalence of this disorder
in general population is 1 : 375 or 265 cases per 100,000 [3].
KC pathogenesis has a multifactorial basis. The major
environmental and behavioral risk factors seem to be a
constant eye rubbing trauma causing a reduction in shear
strength and cone-forming deformation [4] and the
ultraviolet light as a precursor of the increased levels of
oxidative stress markers and the decreased antioxidant
capacity defenses in keratoconic corneas [5, 6]. Nowadays,

there is suﬃcient data to suggest that KC has a strong
genetic component [7].
KC negatively impacts on vision-related quality of life of
aﬀected patients making this disease a signiﬁcant public
health concern due to the economic burden associated with
its management. The Collaborative Longitudinal Evaluation
of Keratoconus (CLEK) study demonstrated that patients
with this disease had lower scores on all National Eye
Institute Visual Function Questionnaire scales except for
ocular pain [8, 9].
KC management is often complex and varies depending
on the state of progression of the disease. The approach
includes the restoration of the normal visual acuity and/or
correction of tectonic equilibrium of the corneal tissue. Rehabilitation of vision may be addressed from glasses in very
early stages of the disease when regular astigmatism is
present; the use of contact lens (CL) in more advanced cases
or/and the application of diﬀerent medical/surgical
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procedures when strengthening the cornea is also the target
[10]. When extreme thinning or scarring is present, the condition warrants a corneal transplantation.
When irregular astigmatism is present, vision decreases
dramatically. On the other hand, the evolution of the disease
tends to be asymmetric, and even in the presence of regular
astigmatism, the correction with glasses may result in aniseikonia due to the induced refractive anisometropia. In this situation, CL ﬁtting, in its diﬀerent forms, seems to be the best
option. The process is often long and diﬃcult for both the
patient and the eye care practitioners. Comfort, good vision,
and an adequate lens ﬁt that does not compromise the cornea
are the three most relevant targets [11].
Although this review is focused on the nonsurgical
alternative to restore vision in the context of keratoconus
management, in this sense, it is also important to consider
a general recommendation for the patients not to rub their
eyes, based on the relationship between the onset of the
disease and the biomechanical impact of rubbing. For this
reason, the use of topical antiallergic medication in
patients with allergy or the use of preservative-free topical
lubricants is recommended, especially in cases of ocular
irritation [12].
Soft contact lenses (SCLs) and soft toric contact lenses,
rigid gas-permeable contact lenses (RGPCLs), piggyback
contact lens system (PBCLs), hybrid contact lenses (HCLs),
and scleral contact lenses (SsCLs) constitute the contemporary range of available lens types for the KC management
with CLs.
Curiously, most of the studies published on KC management with CLs are case reports and prospective case series,
retrospective and prospective comparative type with the
absence of any randomized controlled trial [10]. A review
of the published literature related to the visual outcomes
and possible complications in the context of KC management
using any of the previously described forms of CLs is the purpose of this article.

2. Method
A literature search for publications in English and published in peer-reviewed journals was carried out using
PubMed and encompassing the period from January 1,
1997, to June 1, 2017. The search equation was (keratoconus [mh] OR KC OR pellucid marginal degeneration OR
PMD OR irregular astigmatism) AND (scleral contact lens
OR scleral contact lenses OR corneoscleral contact lenses
OR RGP OR rigid gas permeable OR rigid contact lens
OR soft contact lenses OR silicone hydrogel OR toric
soft contact lenses OR piggyback contact lens OR piggyback system).
The literature search retrieved 283 articles. The reference lists of these articles were also searched for any additional studies that were not identiﬁed by the electronic
search. All the retrieved publications were reviewed, and
some of them were excluded because they did not contain
information of interest. Finally, 146 articles were selected
and reviewed.
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3. Results and Discussion
A variety of options, including both surgical and nonsurgical,
are available for the KC management. While the surgical
procedures alter the natural course of the disease, nonsurgical procedures pursue vision improvement. Our review is
focused on nonsurgical procedures showing the available
literature in the last 20 years. Table 1 shows a classiﬁcation
of articles reviewed based on the type of correction used
and type of study. The main correction used to improve
vision in KC is the CL. As the severity of KC increases, CL
ﬁtting becomes more complicated, and special designs to
match the altered corneal shape are required. In addition to
KC severity, the type of CLs ﬁtted depends on visual demand
and CL tolerance of the subject.
3.1. Soft Contact Lenses (SCLs). The role of SCLs for KC
vision correction has changed in the past years. SCLs have
comfort advantages over RGPCLs but tend to drape over
the irregular KC cornea assuming the same irregular surface
and resulting in poor visual acuity (VA). Early in the disease,
SCLs with toric design may be adequate to correct myopia
and regular astigmatism. SCLs and toric SCLs may be
indicated in early KC, decentered KC, and RGPCL intolerance [13]. However, RGPCLs provided superior visual
performances than SCLs.
In a study that enrolled 27 KC subjects, (severe KC
(7), moderate KC (14), and mild KC(1)) the results
showed that in the contact lens-wearing patients, RGPCLs
gave signiﬁcantly better low-contrast acuity (LCVA)
compared to toric SCLs. Although high-contrast acuity
(HCVA) scores were also found to be better with the
patient’s habitual RGPCLs (versus the toric SCLs), the
diﬀerences were not signiﬁcant. Nevertheless, with the
exception of spherical aberration, toric SCLs were successful in signiﬁcantly reducing uncorrected higher-order
aberrations (versus spectacles) [14].
Nevertheless, SCLs designed speciﬁcally for KC have a
useful role in early KC or where a patient might be intolerant
to RGPCLs [15]. SCL designs for KC are thicker than
conventional SCLs (from 0.3 mm to 0.6 mm). The greater
central thickness of the CL helps prevent the lens from adapting to the irregular shape of the cornea. In this way, it has
been proven that SCLs have a similar behavior to RPGCLs
and thus can mask mild or moderate irregular astigmatism.
However, a greater thickness causes a decrease in the oxygen
permeability (DK) of the lens, a situation that encourages the
development of possible complications. Lens designs have
adjustable peripheral curves that allow adjusting the movement and adjustment of the lens regardless of the base curve.
The peripheral zone becomes thinner, thus improving the
DK and overall comfort. These lenses are available in high
spherical and toric powers commonly required for KCs.
Some SCL designs for KC are available in reverse geometry,
and silicone hydrogel (SiH) lenses are available in some
keratoconic designs.
Some of the special designed SCLs for keratoconus are
HydroCone® (Toris K) (SwissLens, Prilly, Switzerland) and
KeraSoft® IC (Bausch & Lomb Inc., Rochester, NY).
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Table 1: Classiﬁcation of articles based on the type of intervention and type of studies.
Corrections
SCLs
RGPCLs
PBCLs
HCLs
SsCLs

Prospective comparative
4
10
4
2
6

Numbers and type of study
Prospective cases series
Retrospective
Case report
8
7

4
4

1
11

4
12

1
5
3

Total

Follow-up range

16
22
9
7
32

Two weeks–24 months
3 months–25 years
3 weeks–3 years
1 day–23 months
1 day–85 months

SCLs: soft contact lenses, RGPCLs: rigid gas permeable contact lenses, PBCLs: piggy back contact lens system, HCLs: hybrid contact lenses, SsCLs: scleral
contact lenses.

Soft HydroCone (Toris K) lens is made of SiH material
Silikon-Hydrogel (deﬁnitive 74%, Igel 77%) that includes a
front toric surface and has a dynamic stabilization with nasal
and temporal bumps. Basically, there are 2 types of lenses in a
trial set: HydroCone-K12 (for grade 1-2 KC) and
HydroCone-K34 (for grade 3-4 KC). These lenses can be categorized as custom soft contact lenses (CSCLs) because both
spherical and cylindrical corrections are added to the toric
surface of the lens to increase visual performance [16].
A comparative study with Toris K lens versus spectacle
correction or without correction in 55 KC eyes showed
improvement in VA and some aberrations (coma and trefoil). The mean increase in VA was 4.5 lines (range 1–9 lines).
Furthermore, point spread function (PSF) was signiﬁcantly
better with the lens, meaning much better image quality [16].
On the other hand, there is no improvement in VA when
toric K lenses are compared with RGPCLs [13, 17], and even
the quality of life, measured with the CL impact quality of life
(CLIQ), is similar [18]. It is expected that SCLs improve
visual function in KC eyes [16, 19], but the challenge is to
achieve visual results similar to those provided by RGPCLs.
KeraSoft IC is a custom-lathed, front-surface toric soft
silicone hydrogel (Efroﬁlcon-A, water 74%). The periphery
of lens can be manipulated independently of the base curve
with two diﬀerent geometries: full periphery and sector management control, which is a quadrantic-speciﬁc design that
can be individually customized for the periphery, making it
able to conform to the shape of any cornea. This model is a
good alternative for the optical management of irregular corneal astigmatism in nonsurgical corneal ectasias such as KC
and pellucid marginal degeneration (PMD). The results of a
retrospective study of 94 eyes ﬁtted with the SiH KeraSoft
IC lens were compared with 77 eyes ﬁtted with Rose-K2
RGPCLs (Menicon); VA outcomes were reported to be similar with both lens modalities for patients with mild and
moderate corneal ectasia [20].
Such designs are used in the management of irregular
cornea (e.g., postkeratoplasty [13] and traumatic keratopathy
[21]). Toris-K lens is ﬁtted in this case report results. Further
prospective, randomized, and controlled studies are needed
to conﬁrm these results.
In cases of KC treated with KeraRing intracorneal ring
segments (ICRS), these patients can obtain better levels of
visual acuity than with spectacles and an acceptable wearing
time with a low incidence of complications. Clinically, postICRS cases might need more sector management control

lenses and steeper peripheral designs due to the profound
alterations the devices may induce in the cornea. The results
were obtained in 32 eyes ﬁtted with KeraSoft IC [22].
Carballo-Alvarez et al. [23] published their results in patients
with the same type of ICRS, but who were ﬁtted with lathed
toric SCLs. Their results showed that SCLs are a viable option
for good vision and comfort in a signiﬁcant proportion of
KeraRing ICRS-implanted eyes. In eyes in which this type
of CLs proves to be inadequate, a piggyback system (PBCLs)
could be a satisfactory option.
High order aberrations (HOAs), especially coma-like
aberrations, are signiﬁcantly higher in eyes with KC than in
normal eyes [24]. Most of the KC eyes have vertical coma
where the wavefront is fast in the superior portion and slow
in the inferior portion due to a superior-inferior asymmetry
of the shape of the cornea in eyes with KC [18, 25].
Some authors explored the correction of HOAs with
CSCLs, such as posterior [26, 27] or anterior surfacecustomized lenses [28, 29].
Suzaki et al. [26] devised a standardized asymmetric SCLs
for patients with KC that had asymmetric diopters in the posterior surface and performed a preliminary study to investigate the feasibility of their prototype lens that had no
sphere or cylinder power. So, spectacles were used in addition
to the CLs to evaluate visual performance. The prototype lens
was made of a SiH (asmoﬁlcon A). The design was developed
to correct the vertical asymmetric pattern seen on corneal
tomography. The peripheral design of the lens was a double
vertical asymmetric slab-oﬀ and horizontal right and left ballast. The lens diameter was 14.5 mm and its central thickness
was 0.15 mm [26]. They included 30 eyes (26 patients) with
KC and compared the visual performance and optical quality
with their SCLs and without SCLs. They concluded that the
use of standardized lenses with spectacles resulted in statistically signiﬁcant improvements in corrected VA and all the
endpoints for HOAs when compared with spectacles without
their lenses. However, the decentration of the resting position
of the lens was associated with an increase in horizontal coma
and reduction of correction. In spite of the results obtained
by the authors, the improvements were assessed in relation
to an eye without any type of compensation of KC and eye
with ﬁtted SCLs.
Other authors compare between subject’s habitual
RGPCLs and the CSCLs designed by them, although they
only present results for three subjects with KC grades 1, 2,
and 3. Marsack et al. [27] ﬁtted the toric posterior surface-
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customized lenses deﬁned by the subject’s corneal astigmatism determined by topography. The spherical anterior surface was based on the spherical power that was determined
from the subject’s habitual correction. The stabilization system was based in prism ballasting to minimize rotation,
and the material used was silicone hydrogel (methaﬁlcon
A). Their results broaden clinical observations of the CSCLs
versus the subject’s habitual RGPCLs. Although only focusing on three keratoconic subjects with RGPCLs and comparing the performance of both corrections, HCVA LogMAR
with CSCLs was equivalent to the usual RGPCL corrections
in the laboratory terms.
Table 2 summarizes the characteristics and results of
some of the most relevant studies on KC management SCLs.
Other authors have worked on the design of anterior
surface-customized lenses. Chen et al. [28, 29] designed a
model of CSCLs whose back-surface proﬁles are sculpted
to match the anterior corneal surface of KC eyes. They
compared lens stability, aberrations, and visual performance in three KC eyes between conventional SCLs and
CSCLs. Anterior corneal topography data for a central
5 mm diameter was used to design an ablation proﬁle for
the same diameter around the CL center. Prism-ballasted
conventional toric SCLs manufactured with 45% water
content hydrogel material had 14 mm diameter and
182 μm center thickness. Although the back-surface CSCL
compensated for most of the anterior corneal aberrations,
signiﬁcant residual HOAs contributed by the posterior
cornea and the crystalline lens still remained. In particular,
the posterior cornea and crystalline lens contributed 56%
and 41%, respectively, to the measured overcorrection of
vertical coma in eyes with the back-surface CSCL on average [28]. Lens stability was better for CSCL. Lens movements with conventional SCLs were signiﬁcantly
stabilized with the back-surface customization. This behavior resulted in an improvement of in HCVA and LCVA,
even in the presence of imperfections in lens fabrication
and typical amounts of lens decentration [29]. The authors
indicate that CSCLs have the potential to provide KC eyes
a normal level of vision.
It is well known that some movement of the lens is
required to allow tear exchange under the lens and thus
to provide lubrication and essential nutrients to the cornea. Therefore, the search for the balance between the
necessary movement and decentration of the lens is the
goal of some designs. Using optical simulation, de Brabander et al. [30] showed that visual performance declined
when the decentration of a custom-made SCL exceeded
0.5 mm. The impact of translation and rotation of “ideal”
customized corrections in three typical clinical cases of
mild, moderate, and severe KC was explored, theoretically,
by Jinabhai et al. [18]. Optical quality of the eye was
assessed in terms of its wavefront aberration and PSF.
They compared with the RGPCLs corrections and the
results only provided optical improvements if the movements were constrained.
The challenge is to achieve comfortable materials and
designs that ensure corneal integrity and in turn provide a
visual quality similar to that of RGPCLs.
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3.2. Rigid Gas Permeable Contact Lenses (RGPCLs). RGPCLs
have been long used for the correction of ametropia or corneal irregularities [31]. After the development of hydrogel
materials, and especially after the development of SiH materials, corneal rigid contact lenses gradually became a second
line solution when SCLs did not provide good enough quality
of vision or in cases of irregular cornea [26].
Overall, most CL patients are ﬁtted with SCLs and the use
of RGPCLs remains limited. Frequent indications for RGPCL
are KC, PMD, postsurgical ectasia, irregular astigmatism, or
orthokeratology (OK).
According to their total diameter, RGPCLs can be classiﬁed as corneal (8–10 mm) and intralimbal (10.5–12 mm)
lenses [32]. The largest diameters (12 mm) of the intralimbal
group are also known as pancorneal CL [33]. Total diameters
over 12 mm can be divided into semiscleral and scleral
designs [32], as these CLs bear partially or totally on the
sclera.
Another basic parameter of a CL is its base curve. Attending to this detail, RGPCL ﬁtted the range from standard
monocurve, bicurve, or multicurve lenses [34, 35] to reverse
geometry lenses [36] or speciﬁc curvature designs such as
those developed by Rose [37] or implemented in the IKone
lenses [31].
The uses of RGPCLs vary from orthokeratology to irregular corneal vision restoration and refractive error compensation. The latter was widely accepted since rigid CL
allowed a better oxygen interchange due to faster tear
exchange behind the lens than SCLs [38].
However, invention of SiH materials more than a decade
ago [39] has changed this picture [38], and today, disposable
SiH SCLs are the ﬁrst choice for those patients requiring
refractive correction alone.
With this idea in mind, it is immediate to think that
RGPCLs are being limited to orthokeratology and vision
rehabilitation in those cases where good quality of vision cannot be achieved with SCLs. In a study over 27 KC patients in
2013, Yildiz et al. concluded that the type of CL—soft or
RGP—may not have an impact on the quality of life [17].
However, other more recent studies demonstrate the opposite [40]. Moreover, Bilgin et al. demonstrated in a sample
of 518 KC patients in Turkey that the use of RGPCLs delayed
the need for surgery in 98.9% of the cases [41].
The mechanism of action of RGPCLs and rigid (usually
PMMA) CLs on KC has been known for many decades
[31] and is quite simple from an optical point of view: lenses
act as a mold for the tear ﬁlm layer to cover corneal irregularities [42].
Since CL materials, the tear ﬁlm layer and cornea have a
similar refractive index, and HOAs are almost totally compensated, giving the patient a signiﬁcantly higher quality of
vision, although a residual uncorrected wavefront error
remains [43]. It is estimated that the amount of HOA correction is around ninety percent [42].
Asymmetrical corneal protrusion causes a myopic shift
and irregular astigmatism [31], which is composed—among
others—of coma-like aberrations. In the human eye, coma
is characterized by an asymmetrical distribution of optical
power within the pupil. Typically, KC and PMD show a
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Table 2: Description of the main studies in keratoconus (KC) management with soft contact lenses (SCLs).
Author
Gumus and
Kahraman
[16]
FernandezVelazquez
[20]
Suzaki et al.
[26]

Type of study

Type CL

Prospective
comparative

SCL SiH
(Toris K)

SCL SiH
Retrospective (KeraSoft
IC)
Prospective
SCL SiH
cases series

Sample
size
(eyes)

Severity KC
(number of
cases)

Follow-up
(months)
(mean)

Moderate (50)

2 Weeks

24.5

32/18

94

Mild (22)
Moderate (46)
Severe (6)

10.3

35.5

NR

30

Moderate (30)

NR

34.7

11.94

50/20∗
/30†

Sultan et al.
[13]

Retrospective

SCL SiH
(Toris K)

64

Yildiz et al.
[17]

Prospective
case series

SCL SiH

24

SCL SiH

60

Yilmaz et al.
Retrospective
[19]

Mildmoderate (46)
Severe (10)
Mild (6)
Moderate (13)
Severe (5)
Moderate (60)

Mean
Sex
HOA
age
(female/
(μm)
(years) male)

UCVA
(logMAR)
(mean)

BCLCVA
(logMAR)
(mean)

NR

0.00

NR

NR

0.04

6/24

0.56

NR

−0.11

27.92

26/24

NR

0.83

0.20

4

31.7

4/8

NR

NR

0.10

24

27.3

18/23

NR

0.85

0.16

0.71∗
0.49†

UCVA: uncorrected visual acuity; BCLCVA: best contact lens corrected visual acuity; HOA: high order aberration; CLIQ: contact lens impact on quality of life
questionnaire; CXL: corneal cross-linking; NR: not reported. Mild KC (average sim K < 45 D); moderate (average sim K 45–52 D); severe (average sim
K > 52 D). ∗ No previous CXL. †Previous CXL.

curvature increase in the lower half of the cornea coupled
with a ﬂattening of the upper half, which translates into an
irregular wavefront that causes image distortion [44].
Any irregular cornea can potentially beneﬁt from the use
of RGPCLs [32, 45–47], but since corneal RGPCL diameter is
smaller than white to white and they tend to center over the
apex [33], central and paracentral irregularities are the best
cases for this type of lenses.
For those eyes with decentered apex, ocular surface disease or corneal surgery, either intralimbal or scleral designs,
is preferred [48–50].
Quality of vision improves for the patient. Oie et al.
reported the use of RGPCLs to achieve better intraocular
structure visualization during cataract surgery in two cases
of severe KC [51], and Uzunel et al. [52] recommended
irregular astigmatic correction with RGPCLs in eyes with
KC before performing an optical coherence tomography
(OCT). Table 3 summarizes the characteristics and results
of some of the most relevant studies on KC management
RGPCLs.
Despite being described for a long time, irregular cornea
management remains a challenge for eye care practitioners
[53] and new technologies are applied to develop tools and
algorithms that assist decision making to reduce the total
number of trial lenses and visits to the clinic [54–59] or
choose the best management—from glasses to surgery—for
a particular patient [60].
While RGPCLs have been long used for KC vision restoration and are undoubtedly useful, they have inherent risks
and induce corneal and tear ﬁlm layer changes.
Notwithstanding initial discomfort, many patients wear
RGPCLs for several hours each day [45]. Ocular surface
and tear ﬁlm alteration associated with the use of CLs have
been previously described in scientiﬁc literature [61–63].

Changes in KC patients might be associated with CL use,
rather than with the pathology itself [64]. Lema et al., in a
study over 88 subjects, described an overexpression of proinﬂammatory cytokines in the tear ﬁlm layer of KC patients
wearing RGPCLs [65]. Fodor et al. extend this conclusion
to all types of CLs, conﬁrming a higher concentration of proinﬂammatory agents in tears also in SCL users [66]. Carracedo et al. proved that not only KC patients present greater
signs and symptoms of dry eye and tear instability [67] but
RGPCL use in KC also increases the concentration of Ap4A
in tears, which is related to dry eye [68].
Ghosh et al. used confocal microscopy to demonstrate
that corneal RGPCLs reduce anterior and posterior stromal keratocyte density, increase anterior stromal keratocyte cell area, and induce endothelial pleomorphism, but
no polymegathism or endothelial cell density was detected
after one year of use [69]. Bitirgen et al. proved in 2013
with the same technology that KC causes corneal
microstructural abnormalities and that RGPCL wear is
associated with reduced basal epithelial cell and anterior
stromal keratocyte density. No eﬀect was found on endothelial cell density. Contrary to Ghosh et al., other authors
found no eﬀect on posterior stromal keratocyte density
[70]. Another study by Erie et al. also using confocal
microscopy conﬁrmed apoptotic death of keratocytes in
RGPCL wearers compared with toric SCL users, probably
due to cytokine release after epithelial injury [71].
Edmonds et al. reported lower endothelial cell count in
keratoconic corneas using SoftPerm® hybrid contact
lenses, but found no diﬀerences among the non-CL users
or those eyes wearing SCLs or RGPCLs [72].
From a morphological point of view, Hwang et al.
conﬁrm that the use of properly ﬁtted multicurve RGPCLs
has no eﬀect on KC progression [35].

Cross-sectional,
observational

Retrospective,
cohort

Prospective,
case–control

Prospective,
cohort

Zadnik
et al. [98]

Bilgin
et al. [41]

Hwang
et al. [35]

Kamar
et al. [33]

30

107

1004

2418

Sample
size (eyes)

Follow-up
(months)
(mean)

NR

18–30

22.6

22

Severity KC

Mild (110 eyes),
moderate (1172 eyes),
severe (1130 eyes)

Mild (5 (47%))
Moderate (4 (5%))
Severe (40.1%)

Mild (3.7%)
Moderate (43.9%)
Severe (52.3%)
Mild (4 eyes)
Moderate (14 eyes)
Severe (12 eyes)

50%/50%

25.4 ± 6.8
cases
22.3 ± 7.7
controls
48.5 ± 9.9

53.3%/
46.7%

34.8 ± 10.1

55.9%/
44.1%

Sex
(male/
female)

52.7%/
47.3%

39.3 ± 10.9

Age (years)
(mean ± SD)

−0.032
cases
Contact lens Pancorneal
RGPCL
corrected
0.15
0.20

Spectacle
corrected
0.68 cases
0.54 controls

0.62 mild
0.70
moderate
1.30 severe

6.6% intolerance

87% comfortable
9.1% slightly
uncomfortable
3.9%
uncomfortable
Improvement in corneal
compression: 77%

New adaptation
due to intolerance
0.10 mild
and irritation:
0.10
32.7% mild KC
moderate
23.7% moderate
0.22 severe
KC
17.6% severe KC

Other ﬁndings

PKP: 2.0%
Acute hydrops: 0.3%
Unilateral KC: 10.6%
Cone like shape: 20.6%
Subepithelial opacity:
14%
Descemet folds: 8.6%
Fleischer’s ring: 1.8%
Munson’s sign: 6.2%
Vogt’s striae: 7.5%

Comfort level

SCL: 4%
RGPCL: 73%
Piggyback: 2%
Hybrid: 3%
Eye rubbing: 50.4%
Vogt’s striae: 65%
Fleischer’s ring: 86%
Corneal scarring: 53%
Corneal irregularity:
99.7%

BCLCVA
(logMAR)

Entrance
(Patients)
VA.
0.0 or
(Patients)
0.0 or better: better: 538
>0.0 to 0.3:
409
72.8% comfortable
612
>0.0 to 0.3:
27.1% irritating
>0.3 to
693
at least one eye
0.54: 43
>0.3 to 0.54:
>0.54 to
84
1.0: 10
>0.54 to 1.0:
>1.0: 1
18
>1.0: 18

UCVA
(logMAR)

SD: standard deviation; UCVA: uncorrected visual acuity; BCLCVA: best contact lens corrected visual acuity; HOA: high ocular aberration; PKP: penetrating keratoplasty. Mild KC (average sim K < 45 D). Moderate
(average sim K 45–52 D). Severe (average sim K > 52 D).

Type of study

Author

Table 3: Description of the main studies in keratoconus (KC) managed with rigid gas permeable contact lenses (RGPCLs).
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Corneal curvature modiﬁcation due to RGPCL use is
a benign situation that must be detected and reverted
[73–75]. Potentially, any CL can induce corneal warpage
[76], but the risk is higher with corneal RGPCLs due to their
material properties, design, and ﬁtting technique [77].
Time seems to be a crucial factor for corneal warpage and
refractive changes associated with it, since early RGPCL users
do not present topographic signs [78], and refractive state
[79] and root mean square (RMS) changes in time after
suspending CL use [80].
While RGPCLs have been long used for KC vision restoration and are undoubtedly useful, they have inherent risks
and induce corneal changes.
Moderate and severe cases of corneal irregularity frequently complain about foreign body sensation and limited
wear time due to discomfort [81] that reduces quality of life.
The use of Acular® to reduce painful sensation due to CL
does not seem to be eﬀective [82].
CL intolerance due to corneal nodule formation in
KC might be successfully treated performing anterior
stromal puncture of the cornea [83] or phototherapeutic
keratectomy [84].
Immediate use of RGPCLs after corneal crosslinking
(CXL) might delay sub-basal nerve plexus regeneration and
cause epithelial cell stress [85]. Ünlü et al. reported better
tolerance to RGPCLs for at least six months after CXL, probably caused by a decreased corneal sensitivity and ﬂattening
of the cornea [86].
Patients undergoing corneal transplantation should be
carefully examined after surgery since we could be facing a
completely new eye. Graft characteristics might contraindicate corneal RGPCL readaptation [87], and in some cases,
scleral RGPCLs or PBCLs might be the ﬁrst choice.
3.3. Piggyback Contact Lens (PBCL) System. Introduced in the
early 1970s [88–91], the piggyback contact lens (PBCL) is a
system composed of two CLs, a RGPCL and a SCL that are
placed together on the eye. This modality is normally
indicated in patients that experience RGPCL intolerance or
discomfort, signiﬁcant corneal staining due to an unstable
RGPCLs, presence of scar, or even epithelia basement membrane dystrophy [32, 92]. SCL is placed ﬁrst, covering the
whole cornea and providing a bandage eﬀect that helps in
the protection of the KC apex and in a better RGPCL stabilization [91]. For this reason, patients experience better comfort, increased wearing time, and similar VA in comparison
to RGPCL alone [93]. Regarding PBCL ﬁtting, most of the
practitioners [92–94] usually use a low-positive-powered
SCL since it is believed to facilitate RGPCL centration, and
also, it does not contribute to the total power of the PBCL
system [95].
On the contrary, Romero-Jimenez et al. [96] reported
that the use of a mild negative-powered SCL allows the ﬁtting
of a ﬂatter and less powered RGPCL leading to better centration and movement due to the lighter weight of the RGPCL.
Besides, it has a relevant impact on the oxygen transmissibility that makes it more appropriate for piggyback system.
Normally, in order to obtain an optimal ﬁtting, both CLs
need to move independently and correctly at each blink
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observed by slit lamp and an acceptable ﬂuorescein pattern
with no touch [97]. It has been reported that only 2% of the
KC CL wearers use PBCL [98].
The low-DK materials available and ﬁtted in the beginning might be behind of this low rate. Two of the most
reported PBCL complications are the diﬃculty to handle
two CLs and the low DK, which acts as a double barrier over
the corneal surface [99]. High-DK CL materials were developed in order to reduce, in part, the corneal hypoxia and
corneal edema-related complications derived from this
modality. Therefore, CL with high DK is needed to ensure
corneal health and patient comfort [94]. The most used
combination for PBCLs system reported in the literature is
a combination of SiH SCL and a high-DK RGPCL. An
in vitro study conducted by Lopez-Alemany et al. [100] demonstrated that the optimum PBCL system is obtained with a
combination of a SiH SCL with a high or moderate DK
RGPCL. In this sense, O’Donnell and Maldonado-Codina
[94] reﬁtted successfully a 54-year-old woman that was intolerant to RGPCL with a hypertransmissible hydrogel-RPG
piggyback system (Focus Night & Day (CIBA Vision) and
Menicon Z material (Menicon Co., Nagoya, Japan), resp.,).
Six months after the ﬁtting, the patient was highly satisﬁed
with the comfort and vision provided by the CLs. In addition,
corneal vascularization and limbal and bulbar redness
were markedly reduced in comparison to her previous
CL (SoftPerm lenses). Other study conducted by Sengor
et al. [92] ﬁtted a PBCL (lotraﬁlcon A and ﬂuorosilicone
methacrylate RPG copolymer, resp.) in 16 patients that were
CL intolerant. Participants showed better VA outcomes in
comparison with those with spectacles, and no signs of hypoxia such as hyperemia, vascularization, or corneal edema
were observed during the study.
As well, successful results were obtained by Mehta et al.
[101] in patients with irregular corneas after PBCL ﬁtting
(8 of the total sample were KC patients) regarding optical
and clinical performance.
Despite the results before mentioned, Acar et al. [97]
examined the immune histochemical eﬀect of the PBCLs
during 6 months of wear in patients with KC that never wore
CLs before the study. The PBCL system used was SiHbalaﬁlcon A (PureVision, Bausch & Lomb, Rochester, NY)
and ﬂuorosilicone methacrylate copolymer (CFA, 100 UV,
Zeiss, Germany), respectively. After performing conjunctival
cytology, interleukin tear ﬁlm (IL) measurement, and confocal microscopy, the authors found an increased IL levels and
a signiﬁcant decrease in posterior keratocyte density after 6
months of wearing. Despite the small sample, these ﬁndings
could have important implications since these patients need
to wear CL for long term and they are more predisposed to
ocular surface damage.
Furthermore, PBCLs have been used over intrastromal
corneal ring segments (ICRS, Intacs®) in patients with KC.
Hladun and Harris [102] ﬁrst described a successful case
ﬁtting the 1-day Acuvue (Johnson & Johnson K.K., Japan)
disposable SCL with a Burger Kone® keratoconic RGP
design. The patient obtained an acceptable comfort and VA.
Similar results were obtained by Smith and Carrell [103]
that ﬁtted a PBCL (balaﬁlcon A and paﬂufocon B, resp.) in a
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41-year-old man with a progressive and advanced KC in both
eyes. On the contrary, Ucakhan et al. [104] tried to ﬁt PBCLs
with balaﬁlcon A (PureVision, Bausch & Lomb, Rochester,
NY) and an aspheric RGPCL but despite the good vision
achieved, the patient refused to use it. Recently, Kumar
et al. [105] quantiﬁed short-term changes in corneal HOAs
with PBCLs in an eye with Intacs. They found that after
PBCL ﬁtting, VA improved and visual symptoms were
reduced (it had been observed objectively with a decrease in
cylindrical power with reduced HOAs along with improvement in PSF). In all cases, the main objective was to provide
a good vision to the patient without compromising their ocular health before/after KC surgery.
Table 4 summarizes the characteristics and results of
some of the most relevant studies on KC management
PBCLs.
3.4. Hybrid Contact Lens (HCL). Hybrid contact lenses
(HCLs) combine a rigid central zone and a soft peripheral
skirt. This type of CL tries to exploit the best features of
RGP (better quality of vision) and soft (the comfort and ease)
materials. HCLs emerged as an alternative option to PBCLs
and RGPCLs [106, 107].
Currently, the HCLs available in the market represent the
evolution of the ﬁrst HCLs such as Saturn II (OPSM, Contact
Lenses, USA) and the SoftPerm lens (Sola/Barnes-Hind
Incorporated) [108], that were an attempt to provide a better
alternative for KC patients. Many of the complications
derived from the predecessor such as the problem with the
comfort, the low-DK [109], and the durability of the rigidsoft interface have been improved in the new generation.
These are made of high-DK materials, and also, there are
many designs for speciﬁc applications that allow the practitioner to achieve outstanding outcomes in cases of regular
astigmatism [110] and irregular corneas [107].
The SynergEyes® (SynergEyes Inc., Carlsbad, CA) HCLs
were developed with a base-curve design (KC), stronger
RGP/hydrogel junction, and higher DK of the central zone.
Optimal ﬁtting is achieved when complete apical clearance
exists (without air bubbles) with a soft landing of the lens at
the junction zone [111]. In this design, a steeper skirt
increases the lens movement, avoiding lens adherence.
Concerning ClearKone®, the other HCLs available
(which will be replaced by the UltraHealth that integrates a
silicone-hydrogel skirt) show a reverse-geometry design that
requires ﬁtting vault and skirt curvature separately [111]. The
use of high-molecular weight sodium ﬂuorescein is crucial
for the ﬁtting process in this type of lens.
Nowadays, research studies related to HCLs and their
clinical performance are still limited. Among the studies carried out, the performance of the SoftPerm lens was evaluated
in a retrospective case series of 14 patients (24 eyes) with KC
[108]. The best-correction visual acuity (BCVA) with SoftPerm lens signiﬁcantly improved (83.3%) compared to that
with spectacles. However, many complications were reported
during HCL wear such as giant papillary conjunctivitis
(25%), nonspeciﬁc ocular discomfort (29.1%), lens damage
(29.1%), and corneal vascularization (25%). Regarding the
new generation of HCLs, Abdalla et al. [112] reported that
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87 percent of the patients of the study (with KC and PMD;
61 eyes) were successfully ﬁtted with SynergEyes KC HCLs.
In addition, Nau [107] found that 79.5% of the patients with
irregular cornea (79 eyes) experience higher comfort with
SynergEyes KC HCLs than RGPCLs. Clinical and quality of
life outcomes have been evaluated in patients with KC after
ﬁtted with ClearKone HCLs and PGBCLs [106]. Despite
the fact that the VA did not diﬀer between these two modalities, the ClearKone HCLs showed higher vision-related
quality life scores. Similarly, Carracedo et al. [113] compare
the clinical performance of this HCL against the habitual CL
of the patients. They found that the ClearKone provides an
improvement in VA, contrast sensitivity, and subjective
comfort when compared with the other CLs for patients
with KC.
Fernandez-Velazquez [114] reported three case series
where the early wear of ClearKone HCLs provokes circular
corneal clouding. Notwithstanding high VA and comfort
reported by the patients, the appearance of this phenomenon
leads to a discontinuation of the HCLs in order to avoid
severe complications. Furthermore, immunohistochemical
changes have been studied in patients with KC ﬁtted with
ClearKone HCLs and PBCLs during 6 months [97]. The
authors reported that no signiﬁcant changes in IL levels and
confocal microscopy were found between these two modalities. In light of these results, more research studies focused
on the impact of these CLs on the ocular surface in longterm are needed in order to know the implications of ﬁtting
this modality.
Table 5 summarizes the characteristics and results of
some of the most relevant studies on KC management HCLs.
3.5. Corneoscleral and Scleral Contact Lenses (C-ScCLs and
ScCLs). Corneosclera (C-ScCLs) and scleral contact lenses
(SsCLs) (mini or large scleral) are made using high oxygenpermeable materials [115]. These advanced materials
together with the fact that the bearing zone is on the sclera
(full or partially) [116] present these CLs as the ideal designs
for KC and allow the eye care practitioner in selecting the
optimal ﬁtting parameters. The main parameter in this ﬁtting
modality is lens diameter. The larger the diameter, the greater
the distance between posterior contact lens surface and central cornea (vault) is. Therefore, the postlens tear meniscus
created enables ﬁtting these lenses in the eyes with the most
severe degrees of KC. The ﬁtting success depends on the right
combination of this parameter, contact lens DK/t, and corneal thickness.
C-ScCLs and ScCLs are not usually the ﬁrst choice to ﬁt
but are commonly prescribed when other CLs (SCLs,
RGPCLs, PBCLs [94], and HCLs [106, 107, 112, 113]) show
tolerance problems [117, 118] or do not provide acceptable
VA. [48–50, 118–121].
C-ScCLs and mainly ScCLs (mini and large scleral lenses)
have been ﬁtted in ectasias, both primary ectasias (KC [121–
131] and PMD [124, 127, 132]) and iatrogenic ectasias (postrefractive surgery ectasia [124, 126]), postpenetrating keratoplasty [121, 123, 128, 129], irregular cornea [132], irregular
astigmatism [123, 127], ocular surface disorders [122, 123,
125, 127, 133], and severe dry eye syndrome [126, 134].

SCL SiH
Balaﬁlcon A
(PureVision)
SCL SiH
Senoﬁlcon A
(Johnson & Johnson,
Vision Care Inc., FL,
USA)

Case report

Prospective

Prospective

Prospective
nondispensing
masked

Smith and Carrell
[103]

Sengor et al. [92]

Acar et al. [97]

Romero-Jimenez
et al. [96]

Tisiﬁlcon A (Rose
K2)
(Menicon Co. Ltd.,
Nagoya, Japan)

Paﬂufocon B
(Paragon Vision
Sciences, Mesa, AZ)
Fluorosilicone
Methacrylate
Copolymer
(Conﬂex
keratoconus 100
UV, Germany)
Fluorosilicone
Methacrylate
Copolymer
(CFA 100 UV,
Germany)

High DK RPG
(Menicon Z)

Type of RGPCL

NR

101/100

140/100

101/58

140/163

DK (SCL/
RGPCL)
(barriers)

−6.00
−3.00
+3.00
+6.00

30

14

29

+4.00
to
−3.50

NR

Both
eyes

Both
eyes

Sample
size
(eyes)

−12.00

+3.00

SLC
power
(D)

Mild (21)
Moderate (9)

NR

NR

0.08

Mild (3)
Moderate
(16)
Severe (10)

NR

0.00

0.00

BCLCVA
(logMAR)
(mean)

Severe (2)

Moderate (2)

Severity KC
(number of
eyes)

NR

6

9

6

3

Follow-up
(months)
(mean)

34.9

26.3

28.3

41

54

Age
(mean)
(years)

5/11

6/6

10/6

Male

Female

Sex
(female/
male)

DK: oxygen transmissibility; SCL: soft contact lens; RGPCL: rigid gas permeable contact lens; BCLCVA: best contact lens corrected visual acuity; NR: not reported. Mild KC (average sim K < 45 D). Moderate
(average sim K 45–52 D). Severe (average sim K > 52 D).

SCL SiH
Lotraﬁlcon A
(Focus Night & Day)

SCL SiH
Lotraﬁlcon A
(Focus Night & Day)
SCL SiH
Balaﬁlcon A
(PureVision)

Case report

O’Donnell and
MaldonadoCodina [94]

Type of SCL

Type of study

Author

Table 4: Description of the main studies in keratoconus (KC) management with piggyback contact lens (PBCL) system.
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Table 5: Description of the main studies in keratoconus (KC) management with hybrid contact lens (HCL) system.

Author

Type of study

Type of CL

Sample
size (eyes)

Severity
KC

BCLCVA
(logMAR)
(mean)

Follow-up
(months)
(mean)

Ozkurt
et al. [108]

Retrospective
case series

SoftPerm CL

24

NR

Better than
+0.5

23

25.78

8/6

Nau [107]

Retrospective

SynergEyes HCLs
versus RPGCLs

79

NR

+0.2

3

36.17

32/21

0.0 To +0.1
(31.1%)
+0.2 to +0.3
(62.3%)

7.8

40

18/26

1

26.3

5/13

2

Group 1:
33.71
Group 2:
32.16

21/19

Abdalla
et al. [112]

Retrospective

SynergEyes HCLs

61

Moderate
and severe

Carracedo
et al. [113]

Prospective
comparative

ClearKone HCLs
versus patient habitual
CL

33

Moderate
and severe

−0.024

Hahemi
et al. [106]

Comparative
case series

ClearKone HCLs
(group 1) versus
RPGCLs (group 2)

Moderate

Group 1 : 0.01
Group 2 : 0.02

40

Mean age or
Sex
age (years) (female/male)

BCLCVA: best contact lens corrected visual acuity; NR: not reported; OD: right eye; CL: contact lens. Mild KC (average sim K < 45 D). Moderate (average sim K
45–52 D). Severe (average sim K > 52 D).

In general, the indications for these types of contact
lenses are vision improvement, ocular surface protection,
and cosmetics/sports indications. Speciﬁcally, two are the
main goals for C-ScCL and ScCL ﬁtting in KC patients. The
ﬁrst and most important is visual improvement and the second is CL tolerance improvement.
The sclera is the ocular structure where ScCLs rest (mini
and large scleral) while C-ScCLs rest partly on the cornea and
partly on the sclera. Thus, the optimal meniscus thickness
changes depending on the CL diameter. The postscleral lens
tear meniscus allows the SsCLs not to touch the limbus and
cornea, and therefore, the ﬁtting of these lenses is independent of the corneal shape [116], oﬀering diﬀerent advantages:
good centration, stability, and improved VA.
These advantages diﬀer depending on the type of CL
design. C-SsCLs, due to a larger optical zone, provide more
consistent visual performance and greater on-eye stability
than corneal contact lenses [135]. However, optical and
visual performance oﬀered by SsCLs is better than that provided by C-SsCLs. SsCLs contribute to a decrease in HOAs
in KC patients. HOA reduction is signiﬁcant in comparison
with optical correction by spectacles or hydrogel CLs and
lower when compared with corneal RGPCLs [135]. Downie
[136] and Marsack et al. [137] documented the capability to
correct HOAs with wavefront-guided scleral contact lens.
This customized ﬁtting allows presenting normal HOA levels
and signiﬁcant improvement vision in advanced keratoconus
patients. Rotational and translational stability of scleral
lenses may provide an ideal platform for the correction of
highly aberrated eyes.
SsCLs oﬀer a very stable platform for adjustment of
design to improve visual quality. Patients with KC have
shown an 88% improvement in visual acuity postscleral lens
ﬁtting [120]. In an observational retrospective study, Picot
et al. [118] evaluated the contribution of scleral lenses in
terms of improving the quality of life in the treatment of

astigmatism after penetrating keratoplasty and keratoconus.
In this study, VA progressed from 0.68 ± 0.46 to 0.15 ± 0.17
logMAR at the 6th month after ScCL ﬁtting in the better
eye. This improvement in terms of VA has been reported in
diﬀerent studies. Baran et al. [124] found that 93% of patients
had VA higher than 20/40 when baseline was 20/70. In the
same way, Rathi et al. [125] observed that 75% of patients
improved more than 2 lines of visual acuity. Recently, Yan
et al. [117] reported an improvement from 0.88 logMAR to
0.10 logMAR in KC patients using mini SsCLs.
Nevertheless, several studies show a decrease in visual
performance when SsCLs was ﬁtted. Mini or large SsCLs
need to be ﬁlled with ophthalmic solution to prevent air bubble formation in the postlens tear meniscus. If the appropriate one is not used, this ophthalmic solution will increase
postlens tear layer turbidity. In this sense, Carracedo et al.
[131] reported that VA decreases when wearing scleral lens
ﬁlled with preserved saline solution. In a separate study,
VA decreased by 45% after 4 hours due to tear debris [125].
The major advantage of these designs compared to
RGPCLs is improved comfort. With greater diameter, CL stability will be higher and so will the vault. In general, there is
an agreement that mini and large SsCLs, when settled onto
the eye, should display a central clearance of around
200 μm and 75 μm at the limbus [138]. Edrington et al.
[139] found that minimal peripheral clearance is associated
with reduced lens comfort. For this reason, the absence of
this movement and considerable central and peripheral
clearance, mainly in mini and large SsCLs, provides a good
comfort and tolerance to these lenses. One clear example of
this was the Yan et al. [117] study where all eyes included
were reported as comfortable at initial use of mini SsCLs,
and 91% were comfortable after a 3-month follow-up.
Similar values were described previously by Pecego et al.
[121] for a 3-month follow-up, reporting good tolerance
in 77% of eyes ﬁtted with Jupiter scleral lenses. This is
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Table 6: Description of the main studies in keratoconus (KC) management with scleral contact lenses (SsCLs).
Author

Type of study

Sample
size (eyes)

Follow-up

Age
(years)
(mean)

Carracedo et al.
[131]

Prospective
comparative

26

8 hours

36.95

Sex
Diameter of UCVA BCLCVA (logMAR)
(female/male) lens (mm) (logMAR)
(mean)
12/14

16.5

NR

0.17

NR

≤0.1 in 62.9%

Visser et al. [123]

Prospective
case series

213

3 weeks–1 year

47.7

64/80

18.5–19.5
(19%)
20.0 (76%)
20–521.5(5%)

Baran et al. [124]

Prospective
case series

118

6 months

44

26/33

NR

0.55

≤0.3 in 93%

Improved by 2 or
more lines in 55%

0.15

Stason et al. [127]

Prospective
case series

141

6 months

44

NR

NR

≤0.2 in
30%
0.3–0.5 in
32%
≥0.55 in
38%

Visser et al. [128]

Prospective
case series

284

5 months

45

NR

18–25

0.7

UCVA: uncorrected visual acuity; BCLCVA: best contact lens corrected visual acuity; NR: not reported.

reﬂected on the quality of life in patients wearing SsCLs
where average scores on the NEI-VFQ 25 questionnaire
of 80.2/100 with SsCLs versus 48.1/100 without SsCLs
[118] have been reported.
Table 6 summarizes the characteristics and results of
some of the most relevant studies on KC management ScCLs.
Corneal vaulting, centration, and excellent comfort have
allowed expanding the use of C-SsCLs and mini SsCLs to less
severe KC cases. These scleral-lenses attribute plus larger
diameter can be an optimal scenario to incorporate more
complex optical designs (customized visual corrections or
multifocal designs for presbyopia).
Mini ScCLsl and, mainly, large SsCLs are the preferred
designs for ﬁtting severe irregular corneas or postkeratoconus surgery (CXL, ICRS, or penetrating keratoplasty). In
these cases, where there are important corneal elevation
and severe corneal irregularities and asymmetries or if the
goal is protecting the ring/suture area from touch, high vault
is also required. These ﬁttings have shown stable vision and
good tolerance [140–143].
SsCL ﬁtting has been reported as an eﬀective and safe
alternative for managing KC patients [143]. However, there
are studies that show low incidence of nonsevere adverse
events, thus visual disturbance (halos and haze), discomfort
or pain, or, simply, diﬃculties with the lens insertion or
removal [121]. Only severe adverse event case reports have
been described in KC patients [144], and it is unclear if these
events are related to the pathological corneal condition.
CLs are the usual option chosen by the specialist to KC
management as a nonsurgical treatment. SCLs, RGPCLs,
PBCLs, HCLs, C-SsCLs, and SsCLs form the contemporary
range of available lens types for the management of KC with
CLs. All of them provide comfort and a restored vision after
being ﬁtted. Because KC is a progressive disease, the use of

each one depends on the KC severity and CL ﬁtting becomes
more complicated. For this reason, special designs to match
the altered corneal shape are required. At the beginning of
the disease, toric SCLs and RGPCLs are the best option. In
general, SCLs are the ﬁrst option to ﬁt before trying another
type of CLs. In these cases, patient achieves good visual acuity
with spectacles or soft toric CLs. RPGCLs are used as second
option due to an important improvement in quality of vision
when the SCLs cannot do it. When these CLs are not tolerable or the outcomes in vision are not enough to have a good
quality of life, it is necessary to attend to another type of CLs
such as PBCLs, HCLs, and ScCLs. PBCLs increase wearing
time and improve vision and comfort but problems to handle
two CLs and a high risk of hypoxia (Table 7) make them a
nondeﬁnitive system to use. HCL is an alternative to this
one. The design resolves problems of manipulation and hypoxia but more research studies focused on the impact of these
CLs on the ocular surface in long-term are needed. Finally,
ScCL design provides a good level of comfort and vision
when the disease has progressed.
Complications associated with CL ﬁtting in KC management are shown in Table 7. RPGCLs present the most negative eﬀect over the ocular surface (corneal warpage, negative
eﬀect over the tear ﬁlm and others), even if the best results in
optical quality of vision are achieved with these CLs. SsCLs
are the ones that provide the best results in comfort and
vision when the disease has progressed. In fact, only complications with the tear ﬁrm turbidity or problems with the
manipulation have been reported in the reviewed literature
(see Table 7). In cases where vision cannot be re-established
with these CLs, surgical methods will be necessary. Another
important point of view is the use of these CLs after KC management with surgical methods. Ablatives procedures, ICRS
implantations, and CXL can be used to avoid the corneal

12

Journal of Ophthalmology
Table 7: Contact-lens related complications (adverse events) in keratoconus eye.

Complications
Discomfort/lens intolerance
Unsatisfactory vision
Corneal warpage
Alterations of the tear ﬁlm

Diﬃculties with the lens manipulation
Neovascularization
Staining
Injection
Superﬁcial punctate keratitis

Giant papillary conjunctivitis

Corneal erosion
Corneal staining/SPK
Corneal vascularization
Lens damage/loss
Interleukin changes
Keratocyte density
Discontinuation CLs
Dry eye

Type of contact lens used

Rate (% eyes)

RGPCL
HCL
RGPCL
HCL
RGPCL
RGPCL
ScCL
RGPCL
HCL
ScCL
SCL SiH
SCL SiH [20]
RGPCL
SCL SiH
RGPCL
RGPCL

3.9 to 32.7 [13, 35, 41]
62.5 [112], 12.1 [113], 1.6 [107], 29.1 [108]
15.6 [13]
5 [112]
77 [33]
[68]
[131], 45 [125]
3.1 [13]
12.1 [113]
[121]
3.2 [20]
4.26 [20]
38 [139]
2.13 [20]
15 [139]
4.6 [13]
0.002 [41]
11.8 [41]
4.6, 13.7 [92]
11.5 [112], 25 [108]
7.5 [41]
1.6 [112]
3.4 [92]
3.2 [112]
25 [108]
3.4 [92]
3.2 [112], 29.1 [108]
58.3 [97]
58.3 [97]
9.1 [113]
4.9 [112], 4.7 [107]

RGPCL
PBCL
HCL
RGPCL
HCL
PBCL
HCL
HCL
PBCL
HCL
PBCL
PBCL
HCL
HCL

SCL: soft contact lens; RGPCL: rigid gas permeable contact lens; PBCL: piggyback contact lens system; HCL: hybrid contact lenses; ScCL: scleral contact lens

transplantation when CLs are not enough to keep the
integrity of the cornea and restore vision [145]. After these
procedures, CLs can be prescribed to protect the ring/suture
area from touch. In these cases, mini ScCLs and large
SsCLs are preferred since they provide a more stable
vision and better tolerance.
In summary, the use of contact lenses in KC management
provides the best visual rehabilitation and improves patients’
quality of life. Because several designs are available, diﬀerent
lenses could be ﬁtted depending on the severity of the disease
(early stages with soft or corneal GP lenses; mild-moderate
with corneal GP lenses, and severe with scleral and corneoscleral contact lenses), helping to delay surgical procedures.
Finally, in cases that require some surgical option (intracorneal rings or keratoplasty) but do not achieve good visual acuity, GP lenses (corneal, corneoscleral, or scleral designs) are a
good alternative to improve postsurgical visual acuity.

4. Conclusions
In the context of nonsurgical procedures, the use of contact
lenses for the management of keratoconic patients represents
a good alternative to restore vision and improve quality of life
in this population.
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Keratoconus provides a decrease of quality of life to the patients who suﬀer from it. The treatment used as well as the method to
correct the refractive error of these patients may inﬂuence on the impact of the disease on their quality of life. The purpose of
this review is to describe the evidence about the conservative surgical treatment for keratoconus aiming to therapeutic and
refractive eﬀect. The visual rehabilitation for keratoconic corneas requires addressing three concerns: halting the ectatic process,
improving corneal shape, and minimizing the residual refractive error. Cross-linking can halt the disease progression,
intrastromal corneal ring segments can improve the corneal shape and hence the visual quality and reduce the refractive error,
PRK can correct mild-moderate refractive error, and intraocular lenses can correct from low to high refractive error associated
with keratoconus. Any of these surgical options can be performed alone or combined with the other techniques depending on
what the case requires. Although it could be considered that the surgical option for the refracto-therapeutic treatment of the
keratoconus is a reality, controlled, randomized studies with larger cohorts and longer follow-up periods are needed to
determine which refractive procedure and/or sequence are most suitable for each case.

1. Introduction
Keratoconus is a bilateral chronic, asymmetric, progressive
ectatic condition, in which the cornea assumes a conical
shape that induces abnormalities such as high regular and
irregular astigmatism and increased higher order aberrations
(HOAs), with adverse eﬀects on the visual quality of the
patients concerned [1, 2]. It is well established that keratoconus appears in the adolescence and its progression is more
acute up to the third decade of life [2]. A recent study shows
that the estimated prevalence of keratoconus was 265 cases
per 100,000 [3]. This study also showed that the prevalence
was higher in men than in women [3]. Keratoconus provides
a decrease of quality of life to the patients who suﬀer from

it [4]. Moreover, it has been reported that despite its low
prevalence and that it unusually leads to blindness, its impact
on the public health is much higher than expected [5].
The method used to correct the refractive error of these
patients may also inﬂuence on the impact of the disease on
their quality of life. It has been reported that rigid gas permeable contact lenses (RPGCLs) minimize the impact of the
keratoconus on the quality of life of the patients compared
with spectacles [6]. Perhaps, the higher corrected distance
visual acuity (CDVA) with RPGCL and the spectacle independency could explain these ﬁndings. Although keratoconus
was historically considered as a noninﬂammatory condition,
recent researchers revealed increased levels of inﬂammatory
mediators in tears of keratoconus patients without clinical
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signs of inﬂammation [7]. Hence, it has been suggested that
keratoconus should not be classiﬁed as a noninﬂammatory
disorder and even that the pathogenesis of keratoconus progression could include chronic inﬂammatory events [8, 9]. It
should be noted that contact lens wear is intrinsically inﬂammatory [10]. Lema et al. [11] reported that wearing RPGCL
provides an increased level of proinﬂammatory mediators in
the tears of patients with keratoconus. So, the question here
is whether it is possible to improve the quality of life of
keratoconus patients without using CLs or spectacles.
de Freitas Santos Paranhos et al. [12] reported that
intrastromal corneal ring segment (ICRS) implantation not
only improved the visual quality of the keratoconus patients,
but also had a positive impact on their quality of life. However, in this study, it was not reported whether after ICRS
implantation the patients were ﬁtted with contact lenses or
spectacle correction.
Generally, the visual rehabilitation for keratoconic corneas requires addressing three concerns: halting the ectatic
process, improving corneal shape, and minimizing the residual refractive error. The treatment would depend, among
other factors, on each of these concerns and its inﬂuence on
the disease and quality of vision of the patient. That is,
keratoconus is progressing or not, the cornea shape is very
irregular with a high level of higher order aberrations
(HOAs) and poor CDVA or not, and ﬁnally the degree of
associated ametropia. The purpose of this review is to
describe the evidence about the conservative surgical treatment for keratoconus aiming to therapeutic and refractive
eﬀect. We have not included the keratoplasty in this review,
which is the surgical procedure for advanced keratoconus.
The preoperative clinical features, the complexity of the
procedure, and the potential long-term complications make
the objectives of this procedure go beyond refractive ones.

2. No Combined Procedure
2.1. Excimer Laser Surgery. Most of the studies of corneal
refractive surgery in keratoconus are in combination with
other treatments, which aim to stabilize the disease (these
studies will be discussed below). In order to carry out the
literature search, we used the following databases: PubMed
(United States National Library of Medicine), Web of Science
(Thomson Reuters), Embase (Reed Elsevier Properties SA),
and Scopus (Elsevier). The search used a combination of the
following keywords: (keratoconus OR keratoconic) AND
(PRK OR LASIK OR excimer laser surgery). The search was
limited to English language publications and peer-reviewed
scientiﬁc reports. We found 13 articles, which met with our
inclusion criteria, that is, corneal refractive surgery for the
treatment of the refractive correction in keratoconus. We
excluded the studies in which the corneal refractive surgery
was combined with other techniques. In most of these
publications, the level of scientiﬁc evidence of the studies
was IV (according to the National Health and Medical
Research Council guidelines for interventional studies
[13]). This level represents the case series studies with
preoutcomes and postoutcomes, and it provides the lowest
level of scientiﬁc evidence.
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There was only one report, which studied the treatment
keratoconus with laser in situ keratomileusis (LASIK) [14].
Patients with moderate or mild keratoconus, stable refraction
for at least 2 years, and age ranged from 31 to 74 years were
analysed. Only 16 eyes were studied, and 3 eyes required
keratoplasty after LASIK. In addition, there were eyes that
lost visual acuity over the follow-up period, suggesting that
the ectasia was progressing.
Another important question about this article is whether
all cases included were really keratoconus. This paper was
published in 1999, and it is likely that some cases diagnosed
as mild keratoconus, with the current advanced technology,
would not have been diagnosed as keratoconus, a false
positive. In summary, it seems that LASIK should not be considered for patients with keratoconus. Several studies [15–24]
have reported the outcomes of photorefractive keratectomy
(PRK) in keratoconus suspects, fruste form or mildmoderate keratoconus. In all studies, the disease was stable
at the moment of the surgery. Mortensen and Ohrstrom in
1994 [15] treated with PRK ﬁve keratoconus that were going
to undergo PKP. In four eyes, there was a reduction of the
astigmatism and an increase of the visual acuity, avoiding
the need for PKP. The authors conﬁrmed these results in a
study published 4 years later, with a larger sample and longer
follow-up in primary keratoconus [16]. In this study, none of
the eyes showed a disease progression after PRK. Sun et al.
[17], in a retrospective study, compared the refractive outcomes after PRK in 5 keratoconus-suspected eyes with those
in healthy eyes. The refractive outcomes were comparable in
both groups. However, it is important to note that only 5
keratoconus-suspected eyes were analysed. Two more recent
papers studied the long-term results of PRK in keratoconus
suspects [18, 19]. In the ﬁrst one [18], 12 keratoconussuspected eyes of 6 patients were included and the follow-up
was 4 years. The second one [19] analysed 62 eyes of 42
patients; the mean of follow-up was 4.8 ± 1.4 years. Both studies concluded that PRK in eyes with suspected keratoconus,
carefully selected, might be a safe and eﬀective procedure for
reducing or eliminating myopia and/or astigmatism. Two
studies evaluated the PRK in patients with mild to moderate
stable keratoconus [20, 21]. Chelala et al. [20] in a ﬁve-year
follow-up study analysed the visual outcomes of PRK in 119
eyes with grade 1-2 keratoconus according to AmslerKrumeich classiﬁcation. 79 eyes (66.3%) had an uncorrected
distance visual acuity (UDVA) of 20/20 at 5 years of followup. Only two eyes (1.7%) showed progression of the disease
at 5 years of follow-up. In the Khakshoor et al. [21] study,
38 stable keratoconus (grades I-II, Amsler-Krumeich) of 21
patients over 40 years old were recruited. At the last followup visit, in 22 eyes, the UDVA was 20/20 and in 8 eyes
20/25. These authors suggested that a residual central corneal thickness higher than 450 μm seems to be suﬃcient
to prevent the disease progression. Kasparova and Kasparov
[22] combined PRK with phototherapeutic keratotectomy
(PTK) to treat primary keratoconus. They reported good
visual and refractive outcomes, although progression of
the disease was reported in six eyes (8.6%). Finally,
topography-guided [25] and wavefront-guided PRK [26]
appears to be safe and eﬀective to reduce the corneal
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aberrations and improve the visual quality in keratoconus
suspects and mild to moderate keratoconus.
The thresholds of the ablation amount and residual
corneal thickness are a key point for a safe ablation. In
Bilgihan et al.’s study [18], the residual stroma was thicker
than 400 μm in all eyes at the completion of stromal ablation.
Kasparova and Kasparov [22] recommended a minimal
corneal thickness > 500 μm and a residual corneal thickness ≥ 450 μm. Koller et al. [23], Chelala et al. [20], and Guedj
et al. [19], in their respective studies, also kept a minimum
residual corneal thickness of ≥450 μm. Khakshoor et al.
[21] in a group of keratoconic patients with a mean age of
44 years old reported safe outcomes maintaining a residual
corneal thickness ≥ 400 μm. The authors suggested that, as
the cornea is much more stiﬀness in older patients due to
natural collagen cross-linking, the residual corneal thickness
can be thinner.
From these studies, it seems that PRK in mild to moderate stable keratoconus might be an eﬀective procedure for
improving UDVA in patients with mild refractive errors.
Despite these encouraging results of PRK, it should be taken
with caution. Firstly, the evidence level of the studies was low;
most of the studies were conducted in the 1990s or early
2000s. Some of these studies included keratoconus suspects
or early keratoconus. Maybe, with the current technological
advances, some of these cases would have been classiﬁed as
healthy eyes (false positives).
2.2. Phakic Intraocular Lenses (pIOLs). Phakic intraocular
lens can be implanted either in the anterior chamber (AC
pIOL) or in the posterior chamber (PC pIOL). Both oﬀer correction of high spherical and cylinder errors. The literature
search was using the terms “(keratoconus OR keratoconic)
AND (ICL OR implantable Collamer OR phakic intraocular
lens)” in the following databases: PubMed, Web of Science,
Embase, and Scopus. We limited the search to English
language and peer-reviewed publications. We found 18 articles, which met with our inclusion criteria, that is, phakic
intraocular lens implantation in keratoconus. We excluded
the studies in which this procedure was combined with other
techniques. Six articles studied AC pIOLs [27–32] and 9 PC
pIOLs [33–41], and 1 was a comparative study between both
[42]. Table 1 summarizes the main visual and refractive outcomes reported after AC pIOL. The reduction in refractive
error is accompanied by a great improvement in UDVA,
where data are available, and in CDVA (range 0.08 to 0.2 decimal scale). Overall, the studies suggest good visual and
refractive outcomes. However, it should be noted that the
number of cases analysed in these studies was low and the
largest series included 36 eyes. Furthermore, it is well known
that one of the main complications with AC pIOL is the
endothelial loss [43]; hence, further studies with more cases
and longer term follow-up should be carried out to assess
the safety of this procedure in keratoconus patients. In a
retrospective study comparing the visual and refractive outcomes of AC and PC pIOLs, Alió et al. [42] reported that
both modalities are a suitable refractive surgical option for
stable keratoconus. Table 2 summarizes the visual and
refractive outcomes after PC pIOLs. According to these

3
studies, more than 70% of the cases, the spherical equivalent is within ±1.00 D of the emmetropia after PC pIOL.
The reduction in a refractive error is accompanied by a
great improvement in UDVA.
The majority of reported complications after ICL implantation are cataract formation [44]. Guber et al. [45] reported
the rates of cataract formation 10 years after PC pIOL
implantation. The study included 133 eyes of 78 patients.
Cataract surgery was performed in 18 eyes at 10 years after
PC pIOL implantation. Alfonso et al. [46] retrospectively
analysed the prevalence of cataract after PC pIOL implantation. The study included 3240 eyes. The authors reported that
the incidence of cataract was low after PC pIOL implantation
at the 6-year follow-up. They found that the rate of cataract
was higher in patients with a high refractive error.
A suitably sized PC pIOL can prevent the alteration of the
anterior segment structures. An oversized PC pIOL can provide pupillary block, while an undersized lens increases the
risk for cataract development. Boxer Wachler and Vicente
[40] conducted a comparative study in which they used two
methods to select the length of PC pIOL in keratoconus
patients. One based on white-to-white distance and the other
on sulcus-to-sulcus distance. The authors found that both
methods provide adequate ﬁnal central PC pIOL vault.
Sulcus-to-sulcus method provided higher vault predictability, although the diﬀerence between the 2 methods was not
statistically signiﬁcant.
An important issue for any refractive procedure in keratoconus is whether it could provide a cornea weakness, which
could increase the risk for disease progressions. Ali et al. [41]
carried out a comparative study to assess the changes in corneal biomechanics after PC pIOL implantation form normal
and keratoconic patients. They found no signiﬁcant changes
in corneal hysteresis and corneal resistance factor after PC
pIOL implantation, neither in normal eyes nor in keratoconic eyes. The authors pointed out that PC pIOL implantation
in keratoconic patients could be safer than corneal refractive
surgery, from a biomechanical point of view.
Despite the good visual and refractive outcomes reported,
it should be taken into consideration that pIOLs can correct
only spherical and cylindrical errors. It is very well documented that keratoconus induces a signiﬁcant increase in
HOAs [47, 48]. Keratoconus can have high levels of comalike aberrations and spherical aberrations, among others
[48], impacting negatively on the visual quality of the
patients. These HOAs are not corrected by pIOLs.
The success of this pIOL implantation requires knowledge of the risk of progression of keratoconus, because of
the progression of keratoconus leading to refraction change,
and it could be a problem after pIOL implantation. Before
surgery, a careful exploration should be performed to analyze
whether signs of keratoconus progression are present.
2.3. Pseudophakic IOL. In keratoconic patients, the onset of
cataract and/or presbyopia contributes to further decrease
vision in already disabled patients. It is known that two of
the most common human ocular aﬄictions are presbyopia
and cataract [49]. Therefore, it seems evident that an important proportion of patients with keratoconus will develop
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age-related cataract and presbyopia. When a patient develops
presbyopia or cataract, the corneal refractive surgery or
phakic IOL implantation may not be the best option, being
the replacement of the crystalline lens with a pseudophakic
IOL the more proper approach.
Review of the literature was conducting using a combination of the following terms: “(keratoconus OR keratoconic)
AND (intraocular lens OR cataract).” The databases used
were PubMed, Web of Science, Embase, and Scopus. Once
again, in this section, we excluded the studies in which this
procedure was combined with other techniques. We found
18 articles, which met with our inclusion criteria.
Choosing the IOL power may be a challenge in keratoconus patients. Several articles focused on that. Celikkol et al.
[50] suggested that videokeratography-derived K values
might be more accurate than standard keratometry to calculate the IOL power. This study was carried out with only 2
eyes. Leccisotti [51] reported the outcomes after refractive
lens exchange in a prospective noncomparative study, in
which 34 eyes of 20 patients with stage I and II keratoconus
were included. They concluded that refractive exchange in
keratoconic eyes is a predictable procedure to correct myopia. However, 32% of the cases required an IOL exchange
due to inaccurate IOL power calculation. Watson et al. [52]
retrospectively reviewed the refractive outcomes of 92 eyes
which underwent cataract surgery with implantation of a
spherical IOL. They concluded that the actual K value with
a target of low myopia is a proper option for spherical IOL
choice for eyes with a mean K of ≤55 D. However, in the
keratoconus eye, in which the mean K is higher than
55 D, the actual K values result in a large hyperopic error.
Thebpatiphat et al. [53] compared the SRKI, SRKII, and
SRK/T IOL formulas in patients with keratoconus and
suggested that the SRKII formula might provide the most
accurate IOL power in patients with mild keratoconus.
However, in moderate and severe keratoconus, IOL calculations were less accurate and no diﬀerences in calculation
formulas were found.
A source of error for IOL power calculation in keratoconic
patients is the determination of the optical power of the cornea.
Usually, the power of the cornea is estimated by considering
only the radius of the anterior surface and a simulated refractive keratometric index. This estimation could lead to inaccuracies in the calculation of total corneal power in keratoconic
eyes, where both the anterior and posterior surfaces of the cornea are aﬀected. Tamaoki et al. [54] proposed to calculate the
real corneal power values by taking both the anterior and posterior corneal curvature, using the current advanced technology, which provides the posterior corneal curvature. Camps
et al. [55] introduced an approach for correcting the error in
the estimation of corneal power in keratoconus, by means of
a variable keratometric index that minimizes this error.
Despite the complexity of calculating IOL power in keratoconus, it should be considered that these patients may have
better tolerance to defocus than healthy patients. So some
residual refractive errors after IOL implantation can be better
tolerated [56].
Regarding visual outcomes, several previous studies
[57–64] have evaluated the results of replacement of lens
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(either by refractive lens exchange or cataract extraction) by
a capsular bag toric intraocular lens (IOL). The ﬁrst three articles [57–59] were case reports, which showed encouraging
results. Subsequent case series studies [60–64] (from 12 to
23 eyes) reported a signiﬁcant improvement in UDVA,
CDVA, and refractive error (see Table 3). Recently, Meyer
et al. [65] described 7 cases in which a supplementary
sulcus-based toric IOL was implanted to compensate residual
astigmatism in keratoconus patients with prior cataract
surgery and spherical IOL implantation. They reported poor
results in terms of rotational stability.
Two studies presented the outcomes with multifocal toric
intraocular lens [66, 67]. Montano et al. [66] described two
cases, a form fruste keratoconus and a stable keratoconus.
Farideh et al. [67] evaluated the clinical results of toric
intraocular trifocal IOL in 10 eyes (5 patients) with mild
keratoconus. Both studies concluded that multifocal toric
IOL provides satisfactory results in mild and stable keratoconus. However, this should be conﬁrmed with further studies
with a larger sample and a longer follow-up period.
Based on these previous studies, it seems that cataract
extraction with a toric IOL implantation in patients with
keratoconus may be a good option to restore the loss of
visual quality caused by cataract. However, it is important
to note that after cataract or clear lens extraction the risk
of retinal detachment could be higher. Furthermore, it is
important to bear in mind that even if the cataract is
removed and the refractive error is signiﬁcantly reduced
after this procedure, the corneal abnormalities are still
present. In Alió et al.’s study [62], the authors found that
patients with more regular corneas obtained higher
improvement of UDVA after surgery. Jaimes et al. [60]
reported signiﬁcant improvement in refractive error and
UDVA, but not for CDVA. These studies reveal that
although toric IOL implantation is a safe and eﬀective
option to improve refractive error and UDVA in cataractous
or clear lens keratoconic patients, the corneal abnormalities
may lessen the optimal restoration of the visual quality. Furthermore, the success of this procedure requires knowledge
of the risk of progression of keratoconus, because of the
progression of keratoconus leading to refraction change,
and it could be a problem after IOL implantation. Before
surgery, a careful exploration should be performed to analyze whether signs of keratoconus progression are present.
However, a major risk factor for progression of keratoconus
is young age; in fact, the onset of keratoconus is usually at
puberty, and progression mainly occurs until the third of
fourth decade of life [2]. Therefore, in this age group, the
risk of keratoconus progression is minimal.
2.4. Intrastromal Corneal Ring Segments (ICRS). The types of
ICRS currently available can be grouped into two modalities:
(1) ring segments: Intacs and Intacs SK (Addition Technology, Inc.) and Ferrara type (Keraring, Mediphachos, Inc.
and Ferrara Ring (AJL, Spain)); (2) Full-ring: MyoRing
(Dioptex, GmbH).
Intacs ICRS have an arc length of 150 degrees with an
inner diameter of 6.8 mm. The thickness ranges from 0.25
to 0.45 mm in 0.5 mm steps. Intacs SK have an elliptical
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Table 3: Summary of visual and refractive outcomes of the pseudophakic intraocular lens implantation in keratoconic eyes.

0.11 ± 0.12
(logMAR)
0.10 ± 0.10
(logMAR)
0.20 ± 0.36
(logMAR)
0.16 ± 0.09
(logMAR)
0.18 ± 0.12
(logMAR)
0.35 ± 0.13
(logMAR)
−0.01 ± 0.09
(logMAR)

Post-CDVA
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design; the optical zone is 6.0 mm and is available in two
thicknesses (0.40 mm and 0.45 mm).
Ferrara-type ICRS has a triangular cross-section that
induces a prismatic eﬀect on the cornea. The apical diameter
of ICRS is 5.0 mm ICRS (the ﬂat basis width is 0.6 mm) or
6.0 mm (the ﬂat basis width is 0.8 mm), with variable thicknesses (0.15 mm to 0.30 mm with 0.05 mm steps) and arc
lengths (90, 120, 150, and 210 degrees).
The MyoRing is available in a diameter range of 5–8 mm
and a thickness range of 0.2–0.4 mm in 0.02 mm increments.
The width of the ring body is 0.5 mm. The anterior surface is
convex, and the posterior surface is concave, with a radius of
curvature of 8.0 mm.
ICRS implantation, both alone and in combination with
corneal collagen cross-linking, can be considered to regularize the corneal shape and correct mild-moderate refractive
error. Most of the studies report a reduction in the spherical
equivalent of more than 2.00 D after ICRS implantation
[68]. It should be considered that the shorter the arc length,
the greater the eﬀect on the refractive cylinder [69–72],
whereas a 210° arc length provides corneal ﬂattening and
reduces the myopia [69, 73, 74]. An important issue is
whether ICRS implantation halts or delays the progression
of keratoconus. This issue will be discussed below in the
combined procedure section.

3. Combined Procedures
The surgical procedures previously discussed may be interesting treatment options in order to correct spherical and
cylindrical errors in stable keratoconus or keratoconus suspects. It is very well documented that keratoconus induces
a signiﬁcant increase in HOAs [47, 48]. Keratoconus can
have high levels of coma-like aberrations and spherical
aberrations, among others [48], impacting negatively on the
visual quality of the patients. On the other hand, the progression of keratoconus leading to refraction and HOAs changes
and it could be a problem after any of the surgical procedure
previously described.
ICRS implantation and corneal collagen cross-linking
have showed to be a safe and eﬀective method to improve
the keratoconus corneal shape, improving visual quality,
and/or stop its progression [68, 75]. Keratoconus usually
has associated ametropia, and after ICRS implantation or
corneal CXL, most patients require contact lenses or spectacle to correct residual refractive error. The following
sections review and discuss the results of the clinical studies in which ICRS implantation and corneal CXL were
combined with other surgical procedures to correct the
refractive error, improve visual quality, and/or stop or delay
the keratoconus progression.
3.1. Double Procedure (ICRS + Intraocular Lens). To the best
of the author’s knowledge, there are no studies that evaluated
the ablative corneal refractive procedures to correct the residual refractive error after ICRS implantation. In this case, we
adopted the following terms to perform the literature search:
(keratoconus OR keratoconic) AND (intrastromal corneal
ring segment OR myoring OR Keraring OR Ferrara ICRS
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OR icrs OR intacs) AND (lens OR ICL OR implantable
Collamer OR phakic intraocular lens). In this section, we
excluded the studies that include CXL as the third procedure,
because these studies will be discussed in other sections. We
found 10 articles, which met with our inclusion criteria.
3.1.1. ICRS + Phakic IOL. The ﬁrst study, which combined
ICRS and an IOL, was a case report published in 2003. Colin
and Velou [76] reported a case of Intacs implantation for
keratoconus followed by the implantation of an AC pIOL
to correct −8.25 D of residual error. 2 months after AC pIOL
implantation, the UDVA and CDVA were 0.3 and 0.8
(decimal scale), respectively. Four years later, Kamburoğlu
et al. [77] published a case report of a bilateral keratoconus
in which Intacs were implanted in both eyes. Sixteen months
after Intacs implantation, AC pIOL toric (Artisan toric) was
inserted in both eyes to correct the residual myopic and astigmatic refractive errors. At ﬁve months, the UDVA was 0.6
and 0.5 in the right and left eyes, respectively, and CDVA
0.7 in both eyes. The ﬁrst case series of this combined procedure was published in 2007 [78]. El-Raggal and Abdel Fattah,
in a prospective study, evaluated the safety, eﬃcacy, and stability of sequential Intacs insertion and AC pIOL (Verisyse
pIOL) implantation in 8 keratoconus. The follow-up was 24
months. All eyes reached UDVA of 20/40 or better, and no
eyes lost lines of CDVA compared to preoperative. The
spherical equivalent at the last visit ranged from −1.75 D
to +1.00 D. In a prospective nonrandomized study comparing
simultaneous and sequential implantation of Intacs and AC
pIOL (Verisyse), Moshirfar et al. [79] reported that combined
insertion of Intacs and AC pIOL was safe and eﬀective in all
cases. They suggested that the outcomes of the simultaneous
implantation of the Intacs and AC pIOL in 1 surgery were
similar to the results obtained with sequential implantation
using 2 surgeries. Ferreira et al. [80] retrospectively analysed
the visual and refractive outcomes of 21 stable keratoconus
who had ICRS implantation (Intacs and Intacs SK) followed
by AC pIOL implantation (Artisan or Artiﬂex Toric) 6
months or later. For each of the two surgical procedures, both
UDVA and CDVA improved signiﬁcantly. After AC pIOL
implantation, 61.9% of the eyes gained two or more lines of
CDVA, and the spherical equivalent was within ±1.00 D of
emmetropia in 90.5% of the eyes. Three studies [81–83]
evaluated the results of combined ICRS and PC pIOL implantation in keratoconus. Coskunseven et al. [81] reported the
results of three eyes who had undergone PC pIOL (toric
ICL) implantation after Intacs implantation. The UDVA
and CDVA were improved in the three cases, and all three
were emmetropic within ±1.00 D after combined procedure.
Alfonso et al. reported [82] for the ﬁrst time the results of this
combined procedure using Ferrara-type ICRS and performing the ICRS implantation using femtosecond laser. Their
prospective study comprised 31 patients (40 eyes) with keratoconus who had ICRS implantation followed 6 months later
by PC pIOL implantation with corneal relaxing incision. The
mean spherical equivalent decreased from −9.66 ± 6.96 D
preoperatively to −1.20 ± 1.33 D 6 months after PC pIOL
implantation. At the end of the follow-up, 65% of eyes were
within ±1.00 D of the desired refraction and 45% were within
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±0.50 D. Of the 40 eyes analyzed, 3 eyes lost 1 line of monocular CDVA, 9 eyes had no change, 7 eyes gained 1 line, 10 eyes
gained 2 lines, and 11 eyes gained more than 2 lines. The
safety index (ratio of postoperative to preoperative monocular CDVA) 6 months after PC pIOL was 1.28, and the eﬃcacy
index (mean postoperative UDVA/mean preoperative
CDVA) was 0.88. Navas et al. [83] in their retrospective study
also concluded that combined treatment of keratoconus with
ICRS and a pIOL or a toric pIOL was a safe and eﬀective
procedure for high refractive error correction induced by
keratoconus in selected patients.
Based on the encouraging outcomes, it seems that
sequential ICRS and pIOL implantation provides good visual
and refractive outcomes, suggesting that the procedure is
predictable for refractive correction of keratoconus. Combining ICRS with pIOLs may improve visual outcomes by
combining the eﬀects of ICRS in improving corneal shape
with those of pIOLs in correcting spherical and cylindrical
refractive errors. Any type of ICRS can be combined with
any type of pIOL. ICRS and pIOL can be implanted simultaneously in one surgery, or sequentially in two surgeries.
Although it has been suggested that both possibilities (simultaneous and sequential implantation) provide similar results
[79], in sequential procedure, keratometry (K) readings can
be taken after ICRS insertion, which theoretically ensures
better prediction of the pIOL power before implantation.
3.1.2. ICRS + Pseudophakic IOL. A sequential procedure has
also been studied for the combined treatment of cataract
and keratoconus [56, 84]. Alfonso et al. [56] reported the
long-term results of sequential implantation of the Ferraratype ICRS and IOL implantation in 70 eyes with keratoconus
and cataract. The mean UDVA (logMAR scale) was 1.08 ±
0.24 preoperatively, 0.95 ± 0.31 six months after ICRS
implantation, and 0.44 ± 0.29 six months after IOL implantation. The CDVA changed from 0.35 ± 0.23 (logMAR) before
surgery to 0.28 ± 0.22 six months after Ferrara-type ICRS
implantation and to 0.11 ± 0.16 six months after IOL implantation. Both the UDVA and CDVA were stable over the postoperative period of the second procedure. The spherical
equivalent and the refractive cylinder declined steeply after
IOL implantation and were also stable over the postoperative
period. They concluded that sequential Ferrara-type ICRS
and IOL implantation provides good visual and refractive
outcomes, being an eﬀective, safe, predictable, and stable
procedure for the treatment of patients with keratoconus
and cataract. Furthermore, the authors suggested that the
ICRS implantation before IOL implantation could help in
strengthening and/or reshaping the magnitude of the associated refractive error. The shape of the cornea may play an
important role in the calculation of the IOL power. In less
deformed corneas, more predictable results for the calculation of the IOL power should be expected. Hence, probably,
the ICRS implantation before IOL implantation could help
with IOL power calculations, because ICRS implantation
improves the shape of the cornea, and it could help obtain
a more accurate central corneal power and estimate the eﬀective lens position in a better way. However, this hypothesis
should be studied in futures studies.

9
It should be noted that the success of any sequential
procedure (ICRS and pIOL or IOL) requires knowing when
the refraction is stable after ICRS insertion and whether the
keratoconus progression has been halted. There is debate
and controversy about whether ICRS halts or delays the
progression of keratoconus. Bedi et al. [85] reported on
105 eyes with Intacs over ﬁve years and found that 93 per
cent of eyes with preoperative progressive keratoconus
showed no postoperative progression. Long-term results of
Ferrara-type ICRS implantation have been reported by
Torquetti et al. in two studies [86, 87], one with a ﬁveyear follow-up [86] and the other with a ten-year followup [87]. They found that the refractive and visual outcomes
were stable over the follow-up period. Progression of
keratoconus at the moment of the surgery was an inclusion
criterion in both studies. Fernández-Vega Cueto et al. [88]
and Lisa et al. [74] also reported that Ferrara-type ICRS
provides stable visual and refractive outcomes over 5- and
3-year follow-up, respectively. In Fernández-Vega Cueto’s
study [88], the results were stable even in young patients
where the risk of keratoconus progression over the followup period is higher.
Vega-Estrada et al. [89, 90] carried out two studies in
which they analysed the ﬁve-year long-term eﬀects of ICRS
implantation in both, nonprogressive keratoconus [89] and
progressive keratoconus [90]. The authors concluded from
the ﬁrst study that the changes induced by ICRS are stable
over a long period in patients with no evidence of keratoconus progression at the time of surgery [89]. In their second
study [90], they examined the outcomes of ICRS implantation in young patients showing evidence of keratoconus
progression and found that although ICRS implantation
improved the visual and refractive outcomes in the short
term, there was regression in the long term, which suggests
that this procedure is not stable in young patients with evidence of keratoconus progression. However, it is important
to note that this study had certain limitations. It was carried
out on a total of 18 eyes, of which 13 eyes were implanted
with Intacs ICRS (10 with the mechanical procedure and 3
with femtosecond), and 5 eyes were implanted with
Ferrara-type ICRS (4 with femtosecond technology and 1
with the mechanical procedure). In addition, the keratoconus
included in this study showed very strong progression of the
disease (the mean K reading increased 3.17 D and the mean
spherical equivalent 1.86 D in 6 months immediately prior
to surgery).
Another important aspect to know whether any procedure is able to halt or delay the disease progression is how
to document the keratoconus progression. According to
Global Consensus on Keratoconus and Ectatic Diseases
(2015), there is no consistent or clear deﬁnition of ectasia
progression [91]. This panel deﬁned progression by a consistent change in at least two of the following parameters: steepening of the anterior corneal surface, steepening of the
posterior corneal surface, and/or thinning or changes in the
pachymetric rate of change; nevertheless, the panel also
agreed that speciﬁc quantitative data to deﬁne progression
is lacking. Duncan et al. [92] published an interesting article
in which showed the limitations of these clinical parameters
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to diagnose progression of keratoconus. They proposed a
new software program to detect keratoconus progression.
In any case, it would be appropriate to conduct further
studies because, as it will be discussed, a triple procedure
(combining corneal cross-linking with ICRS implantation
and intraocular lens or corneal refractive surgery) might be
another alternative.
3.2. Corneal CXL. Corneal CXL is a minimally invasive
procedure, which aims to increase the mechanical and
biomechanical stability of the cornea. It is a photooxidative
procedure consisting of combined application of riboﬂavin
(vitamin B2) and ultraviolet A (UVA) light of 370 nm. The
standard protocol for CXL was reported by Wollensak et al.
[93] (it is currently known as the Dresden protocol for
CXL). The corneal epithelium is removed, and riboﬂavin
0.1% solution is instilled for 30 minutes before UVA
exposure. UVA irradiation is performed for an additional
30-minute period. High-ﬂuency CXL and transepithelial
CXL are variations of this technique, which aim to shorten
the exposure time to UVA light and/or reduce patient
discomfort and minimize potential complications.
There are many combination procedures such as corneal
CXL and excimer laser surgery and corneal CXL and intraocular lens implantation reported in the literature aiming at
therapeutic and refractive eﬀect. The combined procedure
of corneal CXL and ICRS implantation has been also studied
in diﬀerent articles. The main purpose of this combination is
to improve the keratoconus corneal shape and halt its progression. As we explained in ICRS section, this combination
can be used to correct mild-moderate refractive error, but
not moderate or high refractive error. Because of this review
focuses on the surgical approaches for therapeutic and refractive treatment of keratoconus, this combination has not been
included in this section. The last section analyses the results
of triple procedures (ICRS implantation and corneal CXL
were combined with other surgical procedures).
3.2.1. Double Procedure (Corneal CXL + Corneal Refractive
Surgery). In this section, the review of the literature was conducting using a combination of the following terms: “(keratoconus OR keratoconic) AND (crosslinking or CXL) AND
(LASIK or PRK).” 25 studies were analysed. Kanellopoulos
and Binder [94] were the ﬁrst to attempt this combination
procedure. They reported the case of a 26-year-old male
patient with bilateral progressive keratoconus who had
topography-guided PRK 12 months after corneal CXL in the
left eye. 18 months after topography-guided PRK, the UDVA
was 20/20 and CDVA was 20/15 with no evidence of disease
progression. The authors concluded that this combined procedure seemed to be an eﬀective method for the treatment
of keratoconus. The authors also suggested that the nomogram for the laser ablation should be adjusted in patients
who underwent corneal CXL. They pointed out that the more
rigid cornea might have an ablation rate diﬀerent from that of
normal cornea. Subsequent cohort studies reported the outcomes of combined topography or wavefront-guided PRK
and corneal CXL in keratoconic patients [95–112]. The
results of these studies showed an UDVA after this combined
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procedure between 0.7 and −0.01 logMAR (with most of the
studies where data are available reporting UDVA > 0.4 logMAR), CDVA ranging between 0.2 and −0.04 logMAR, and
the spherical equivalent between −2.80 and +0.05 D. No evidence of disease progression was reported after a follow-up
period ranging between 3 to 68 months. Furthermore, it
has been reported in a retrospective analysis of 53 keratoconic eyes that distribution of epithelial thickness becomes
more even after this combined treatment [113]. Fadlallah
et al. [114] in a retrospective study reported that conventional PRK and corneal CXL were eﬀective and safe options
for correcting mild refractive error and improving visual
acuity in early stable keratoconus. These favourable
refracto-therapeutic results are accompanied by an improvement in the self-reported quality of life in keratoconus
patients [110, 112, 115, 116]. It appears that cone location
may have a signiﬁcant impact on the outcomes of this combined procedure. A prospective, comparative case series
study found that the visual results were superior in cone
located within the central 2 mm zone than in cones located
outside the central 2 mm zone [106].
Four prospective, case series studies compared the
results of corneal CXL alone with combined simultaneous topography-guided PRK followed by corneal CXL
[102, 104, 108, 111]. All of them agreed that the combined
procedure provides better refractive and visual results
than corneal CXL alone and similar results regarding
postoperative stability.
Two prospective, comparative case series studies [96, 112]
addressed the time interval between the 2 procedures
(simultaneous versus sequential) and reached disparate
results. In Kanellopoulos [96] study, the simultaneous
approach provided superior visual and refractive results,
whereas Abou Samra et al. [112] found comparable objective
and subjective outcomes between the two options. Theoretically, simultaneous approach could provide more predictable
refractive outcomes, because the ablation is performed before
the corneal CXL. The ablation rate in a strengthened cornea
by CXL is currently unknown. By contrast, it has been
reported that the simultaneous procedure aﬀects keratocyte
density signiﬁcantly [117, 118]. This ﬁnding could be a consequence of the sequence. The simultaneous procedure implies
ablation of Bowman’s membrane together with the epithelium before CXL treatment. So perhaps this could lead to a
deeper penetration of riboﬂavin into the cornea [117, 118].
Further studies are needed to know which is the most eﬀective
and safe procedure.
Important considerations for this combined procedure
are ablation depth and postoperative corneal thickness. Most
of the studies recommended a maximum ablation depth of
50 μm and a minimal postoperative corneal thickness of no
less than 350 μm. So, in keratoconus cases with a
moderate-high ammetropia and/or thin cornea, this combined procedure would not be capable to correct the full
refractive preoperative error.
3.2.2. Double Procedure (Corneal CXL + Intraocular Lenses).
The combination of corneal CXL and IOL implantation is
another alternative to stabilize the keratoconus and correct
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the residual refractive error. In this case, we adopted the
following terms to perform the literature search: “(keratoconus OR keratoconic) AND (crosslinking or CXL) AND
(lens OR ICL).”
(1) Corneal CXL + Phakic IOL. The combination of corneal
CXL and PC pIOL (toric ICL) implantation was ﬁrst reported
by Kymionis et al. [119]. A 29-year-old woman with progressive keratoconus underwent toric PC pIOL implantation 12
months after corneal CXL. At 3 months, the UDVA rose
from counting ﬁngers to 20/40 and the CDVA improved
from 20/100 to 20/30. Furthermore, no intraoperative or
postoperative complications were observed. The authors
concluded that this combined procedure in a 2-step procedure seemed to be an eﬀective method for correcting keratoconus in patients with high myopia and astigmatism.
Favourable outcomes have since been reported in keratoconic patients who underwent this combined procedure
(corneal CXL and PC pIOL implantation) [37, 120–122],
with all studies reporting that PC pIOLs or toric PC pIOLs
were a predictable, safe, and eﬀective way to correct refractive
error in patients with keratoconus following corneal CXL.
Fadlallah et al. [120] evaluated the safety and clinical outcomes of toric PC pIOL implantation 6 months after corneal
CXL in 16 eyes of 10 patients. Six months after toric PC pIOL
implantation, the mean of spherical equivalent decreased
from −7.24 ± 3.53 to −0.89 ± 0.76 D and the mean cylinder
dropped from 2.64 ± 1.28 to −1.16 ± 0.64 D. Shaﬁk Shaheen
et al. [121] reported a 3-year-long-term clinical study to
assess the predictability, eﬃcacy, safety, and stability in
patients who received a toric PC pIOL after corneal CXL in
early stage keratoconus. The study included 16 eyes. The
mean spherical equivalent after toric PC pIOL was less
than −0.25 D. Antonios et al. [122] evaluated the long-term
safety and clinical outcomes of progressive keratoconus
patients who had sequential corneal CXL followed by toric
PC pIOL implantation after 6 months. The study included
30 eyes. 6 months after corneal CXL, no change in visual acuity or refraction was obtained. Twelve months after toric PC
pIOL implantation, the mean spherical equivalent improved
from −6.96 ± 3.68 D preoperatively to −0.83 ± 0.76 D. The
mean cylinder, in turn, varied from 2.95 ± 1.40 D to 1.03 ±
0.60 D. Both UDVA and CDVA improved after toric PC
pIOL implantation, and the values were maintained during
the follow-up.
Implantation of the AC pIOL following corneal CXL is
another possibility to correct the refractive error. Izquierdo
et al. [123] in prospective study evaluated the safety, eﬃcacy,
and stability of the AC pIOL (Artiﬂex) implantation 6
months after corneal CXL in progressive keratoconus. The
results of this case series study showed a signiﬁcant improvement in visual acuity, keratometry, and refractive error, 6
months after AC pIOL implantation, and no intraoperative
or postoperative complications were reported. Güell et al.
[124] retrospectively reported long-term outcomes of combined corneal CXL and toric AC pIOL (Artiﬂex or Artisan)
implantation, concluding that this is a safe and eﬀective
approach to correct myopic astigmatism in progressive mild
to moderate keratoconus.
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(2) Corneal CXL + Pseudophakic IOL. Corneal CXL followed
by phacoemulsiﬁcation with IOL implantation (either by
refractive lens exchange or cataract extraction) has also been
studied [125, 126]. Spadea et al. [125] described two patients
with cataract and progressive keratoconus who underwent a
2-stage treatment: ﬁrst corneal CXL followed by phacoemulsiﬁcation with IOL implantation. The time interval between
two procedures was at least 6 months. In both cases, UDVA
and CDVA improved after IOL implantation. In a prospective
study, Abou Samra et al. [126] evaluated the outcomes of a
corneal CXL followed by phacoemulsiﬁcation with toric IOL
implantation in 9 eyes diagnosed with progressive keratoconus. The preoperative spherical equivalent was −8.11
± 1.76 D improving to −0.91 ± 0.77 D 12 months postoperatively. The UDVA (logMAR scale) rose from a preoperative
1.43 ± 0.51 preoperatively to a 12-month postoperative 0.30
± 0.09 logMAR. The CDVA, in turn, varied from 0.34 ± 0.12
to 0.24 ± 0.13. From these outcomes, the authors concluded
that this two-stage approach was a safe and eﬀective procedure in terms of keratometric stability and visual and refractive outcomes in patients with keratoconus.
Based on these encouraging outcomes, it seems that corneal CXL and IOL implantation (phakic and pseudophakic)
provides good visual and refractive outcomes, suggesting that
this combined procedure might be an eﬀective procedure for
stabilizing the disease and improving visual and refractive
outcomes. Despite these good outcomes, it should be taken
into consideration that this combination could stabilize the
disease, but only correct spherical and cylindrical errors.
Patients with poor CDVA because of irregular astigmatism
and/or HOAs would require an additional procedure to
improve the corneal shape.
3.3. Triple Procedure (ICRS AND Corneal CXL AND…). A 3stage procedure has been proposed to halt the ectatic process,
improve the corneal shape and visual acuity, and minimize
the residual refractive error. Five studies analysed the eﬃcacy
and safety of the triple procedure: corneal CXL, ICRS
implantation, and PRK [123–132]. All of these studies
reported signiﬁcant improvement in visual acuity, refraction,
and corneal shape. This triple procedure can be performed in
2-stage ICRS implantation followed by simultaneous PRK
and corneal CXL [127–130] or in a three-step procedure
ICRS implantation followed by corneal CXL and PRK 6
months later [131, 132].
Three studies evaluated the outcomes of patients treated
with the 3-stage procedure: ICRS implantation + corneal
CXL + phakic IOL implantation. In a prospective case series
study, Coşkunseven et al. [133] evaluated this 3-stage procedure in 14 eyes. The time interval among surgeries was 6
months. The mean manifest refraction spherical equivalent
decreased from −16.40 ± 3.56 D to 0.80 ± 1.02 D after the 3
combined treatments. The refractive outcomes were stable
in all eyes over 12 months of follow-up. There was a signiﬁcant improvement in CDVA after the 3-stage procedure.
The authors concluded that this combined 3-stage approach
was eﬀective in improving functional vision and reducing
disease progression in keratoconic eyes. Jarade et al. [134]
retrospectively analysed 11 keratoconus who had 3-step
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Figure 1: Decision tree treatment considering the stability or progression, the corrected distance visual acuity (CDVA), and the refractive
error. PRK = photorefractive keratectomy; pIOL = phakic intraocular lens; IOL = pseudophakic intraocular lens; ICRS = intrastromal
corneal ring segments; CXL = corneal collagen cross-linking. ∗ If keratoconus is stable after ICRS implantation.

ICRS implantation followed by CXL and then toric PC pIOL
implantation. The time interval between ICRS implantation
and CXL was 4 weeks and between CXL and toric PC pIOL
implantation was at least 6 months. The combined procedure
resulted in signiﬁcant improvements in UDVA and CDVA.
The spherical equivalent decreased from −9.70 ± 3.1 D
to −0.58 ± 1.01 D 6 months after toric PC pIOL implantation.
The authors also concluded that the 3-step procedure was
safe, eﬀective, and predictable in the treatment of selected
cases of keratoconus. Dirani et al. [135] retrospectively
examined the results of this triple procedure in 11 eyes with
moderate to severe keratoconus. They also found that the
UDVA, CDVA, and refractive error improved signiﬁcantly
after toric PC pIOl implantation.
Sideroudi et al. [136] assessed the impact of corneal CXL
on the material properties of ICRS. They found that an
amount of riboﬂavin solution was absorbed into the samples
of ICRS analyzed after CXL procedure. El-Raggal [137] evaluated the eﬀect of corneal CXL on femtosecond laser channel
creation for ICRS implantation. The results showed that the
laser power must be modiﬁed after CXL. The author suggested that channel dissection and ICRS implantation should
be performed before or concurrent with CXL. These ﬁndings
should be taken into consideration when CXL is combined
with ICRS implantation.
Assaf and Kotb [138] proposed another possibility of triple procedure: simultaneous PRK and corneal CXL followed

by AC pIOL implantation. The time interval between
simultaneous PRK and CXL was 2–4 months. The study
included 22 eyes. The mean spherical equivalent was reduced
from −9.08 ± 2.5 D preoperatively to −0.69 ± 0.67 D postoperatively. The UDVA improved from 1.24 ± 0.49 to 0.37 ± 0.08
logMAR and CDVA from 0.69 ± 0.3 to 0.35 ± 0.01. The
authors concluded that this triple procedure improved and
stabilized visual performance in patients with keratoconus.
They proposed that large-scale studies with a longer followup are needed to assess this approach.

4. Conclusion
Keratoconus patients present signiﬁcantly impaired quality
of life that deteriorates as the disease progresses [4, 5]. The
treatment used as well as the method to correct the refractive
error of these patients may also inﬂuence on the impact of the
disease on their quality of life [6, 12, 115, 116]. Keratoconus
was historically once considered a contraindication to refractive surgery. However, the range of refractive procedures
available now, as well as the advanced technology to accurately diagnose and follow the keratoconus, opens a new
frontier in the keratoconus treatment by means of refractive
surgery. Generally, the visual rehabilitation for keratoconic
corneas requires addressing three concerns: halting the
ectatic process, improving corneal shape, and minimizing
the residual refractive error. The treatment would depend,
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among others factors, on each of these concerns and its inﬂuence on the disease and quality of vision of the patient. That
is, keratoconus is progressing or not, the cornea shape is very
irregular with high level of HOAs and poor CDVA or not,
and ﬁnally the degree of associated ametropia. In this sense,
corneal CXL can slow down or halt the disease progression,
ICRS implantation can improve the corneal shape and hence
the visual quality and reduce the refractive error, PRK can
correct mild-moderate refractive error, and IOL can correct
from low to high refractive error associated with keratoconus. Any of these surgical options can be performed alone
or combined with the other techniques depending on what
the case requires (strengthening or reshaping associated
refractive error). Figure 1 shows a decision tree treatment
considering the stability or progression, the CDVA, and the
refractive error.
Basing on the results published up to now, it seems that
the surgical techniques (both, when used alone and in
combination) provide safe and eﬀective results for the
refracto-therapeutic treatment in selected cases of keratoconus. However, all these techniques should be considered
carefully as the follow-up periods of the relevant studies
are relatively short. Most of these studies are case series or
retrospective analysis, which include small number of cases.
In summary, although it could be considered that the
surgical option for the refracto-therapeutic treatment of the
keratoconus is a reality, controlled, randomized studies with
larger cohorts and longer follow-up periods are needed to
determinate which refractive procedure and/or sequence
are most suitable for each case.
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Purpose. To evaluate the eﬀects of preoperative presumed predictor factors on clinical and topographic outcomes in adult
keratoconus (KC) 1 year after the standard corneal cross-linking (CXL). Design. Retrospective cohort study. Methods. The
study included 84 KC patients (136 eyes) who were treated with conventional CXL. Postoperative best-corrected visual
acuity (BCVA) and K max were considered the main predicted variables. The entire participants were divided into
subgroups with cutoﬀ values in accordance with the predictive variables. The predicted postoperative outcomes at one year
were compared between the subgroups. Next, the predictive variables were analyzed by univariate and multivariate linear
regression. Results. In respect to the BCVA, univariate analysis showed that the worse BCVA, the higher K max, and the
relative thinner corneas were relatively good predictors of improvement, while multivariate evaluation revealed a strong
interrelation with preoperative BCVA only. Regarding the postoperative ﬂattening, univariate analysis found that the cone
location and worse preoperative BCVA were the pronounced predictors, whereas the multivariate evaluation focused on
the impact of the cone location only. Conclusions. The multivariate analysis disclosed a signiﬁcant negative association
between the baseline BCVA and postoperative BCVA and a positive relationship between the cone eccentricity and
postoperative K max.

1. Introduction
Corneal collagen cross-linking (CXL) is one of the treatment
modalities destined to reduce the disease progress of corneal
ectasia and keratoconus (KC) [1]. The use of heat or light
to augment the stromal collagen resistance has been started
since the early 1990s [2]; therefore, the clinical and scientiﬁc implementation of KC management was originated by
Wollensak et al. in 2003 [3].
Cross-linking procedure creates a photochemical reaction that aims to originate extra and new chemical chains
in the anterior corneal stroma while minimizing harmful
eﬀects on the surrounding eye tissues [4]. This leads to
increase the normal physical “anchors” inside the cornea
with enhanced collagen cross-linking quality [5].
Numerous antecedent studies have proposed the eﬃciency of CXL in the optical and visual improvement of KC
as well as in cessation of the disease progression with

increasing the corneal biomechanical stabilization [6–8].
Indeed, the clinical eﬃciency of CXL may vary among the
diﬀerent patients. Thus, the ability to reliably forecast the
postoperative outcomes before the procedure will assist the
clinicians to reduce the undesirable consequences and to
match the patients’ anticipations [9].
There are a few guides on how the preoperative factors
could impact on clinical outcomes of the CXL. Besides,
diverse preoperative predictors of the standard CXL outcomes still need to be ascertained. In the current study, the
main objective is to assess the eﬀect of distinct preoperative
demographic and topographic factors on the CXL results in
adult KC after one year.

2. Patients and Methods
The study was designed as a retrospective cohort study.
The collected data comprised 136 eyes of adult patients
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(above 18 years) with progressive KC grades 1–3 (based
on Amsler-Krumeich grading). All recruited patients were
treated by the standard epithelial-oﬀ CXL via the authors
from 2013 till 2015. The surgical and study procedures
were in accordance with the Declaration of Helsinki rules
of researches on human beings. The study also was
approved by the Mansoura University Faculty of Medicine
(IRB: R1/17.06.71).
2.1. Surgical Technique. All calibrations of the “standard
(epithelial-oﬀ) CXL” had been followed under the topical
anaesthesia and totally sterile ﬁeld. The corneal epithelium
was removed mechanically within the central 8 mm. The
isotonic riboﬂavin solution (0.1% in 20% dextran T500)
was applied every 2-3 minutes for half an hour, following
the complete stromal saturation; the cornea was exposed to
the ultraviolet rays at the wavelength of 365 nm with a total
surface irradiance of 3 mW/cm2. The riboﬂavin solution continued to be dripped every 2 minutes for another 30 minutes
during the irradiation stage. Soft contact lenses were set on
the corneas postoperatively and removed after the corneal
epithelium was fully cured. Topical antibiotic drops were
prescribed four times per day for one week, followed by
topical corticosteroids for the subsequent 3 weeks; 4 times
per day in the ﬁrst week then the dose frequency was
tapering gradually.
2.1.1. Data Collection. The patients’ data were collected
retrospectively from the previous records. The selection
of patients was based on particular standards, including
those over the age of 18, maximum keratometry (K max)
less than 58 D, the minimal corneal thickness at the thinnest
location ≥ 400 microns, and a progressive disease. The preoperative progress of the disease was documented via corneal topography (at least two corneal topography within
the former 6 months). Disease progression was documented by an increase of 1.0 diopter or more in K max
reading and/or a decrease of the corneal thickness at the
thinnest point of pachymetry by 10 μm or more in the
previous 6 months.
The family history of KC was deﬁned as positive in those
patients with ﬁrst-degree relatives for KC. The corneal thickness less than 400 microns and patients who did not complete a follow-up for one year were excluded.
2.1.2. Study Parameters. Postoperative contact lens bestcorrected visual acuity (BCVA) and K max were considered
the main predictive variables, while age, gender, positive family history of KC, baseline uncorrected visual acuity (UCVA),
baseline BCVA, baseline K max, baseline thinnest pachymetry, and the cone location were the predictive variables.
Firstly, the entire study participants were divided into subgroups with cutoﬀ values in accordance with the deﬁned
predictive variables. The predicted postoperative outcomes
at one year were compared between the subgroups. Next,
the predictive variables were analyzed by linear regression
for more accuracy.
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Table 1: Demographic data of the patients.
Total number
Sex
Age (years)
Laterality
Family history (FH)

136 eyes
22 males (26.19%)
62 females (73.81%)
18–33 (24.6 ± 1.32) years
32 patients (unilateral)
52 patients (bilateral)
9 patients (positive FH)
75 patients (negative FH)

3. Statistical Analysis
Statistical analysis was performed with SPSS program version
20 (SPSS, Chicago, IL). Descriptive statistical data were displayed as mean ± standard deviation (SD) for continuous
data and as a number with a percentage for categorical data.
The main study outcomes were changes in BCVA and
changes in K max after one-year follow-up post-CXL. The
paired sample t-test was conducted to analyze the changes
in K max and BCVA (logMAR: logarithm of the minimum
angle of resolution) between the baseline and at one year.
The independent sample t-test was used in comparison
between the subgroups regarding the parametric data, and
the deﬁned cutoﬀ points were designated for dichotomizing
the variables while the Mann–Whitney U test was used to
analyze the nonparametric data. The P value of ≤0.05 was
considered statistically signiﬁcant. Then, all predicting factors were analyzed by univariate linear regression to determine the association between the study outcomes and the
predictors. The normality of variables was checked by histograms. The B coeﬃcients between the main predictive variables and the predictive variables were calculated; it
represented how strongly the dependent variables (BCVA
and K max) will change (positively or negatively) per each
unit increase in the predictor. Next, to deﬁne the independent predictive factors, a multivariate linear regression was
done; the predictive variables with the P value less than
0.20 in the univariate analysis model have been included
again in the multivariate model.

4. Results
4.1. Demographic Characteristics. One hundred and thirtysix eyes of 84 patients were included, and the ages ranged
between 18 and 33 years old (mean: 24.6 ± 1.32 years).
73.81% were females and 26.19% were males (Table 1).
4.2. Overall Outcomes at One Year. Table 2 shows the
changes in mean diﬀerent parameters between the baseline
and at the end of one-year post-CXL and their P values in
the whole study participants. The mean preoperative BCVA
(logMAR) was remarkably improved (P = <0 001). By the
end of 12 months follow-up, the K max values showed stabilization and maintained the baseline values in 50 eyes
(36.76%) while K max improved and reduced (1–3.2 D) than
the baseline values in 86 eyes (63.24%). No worsening or progression of the disease was recorded in any enrolled eyes.
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Table 2: The changes in mean diﬀerent parameters between the
baseline and at the end of one-year post-CXL and their P values in
the entire study.

BCVA and K max. (P = 0 143 and 0.201, resp.). The mean
BCVA changed from 0.21 ± 0.12 to 0.19 ± 0.01 and the K
max changed from 48.32 ± 2.2 D to 47.85 ± 2.3 D.

Parameters in (136 eyes)

Baseline
mean ± SD

One year
mean ± SD

P value

UCVA (logMAR)

0.74 ± 0.10

0.52 ± .01

<0.001∗

BCVA (logMAR)

0.38 ± 0.02

0.24 ± 0.12

<0.001∗

K max (D)

49.16 ± 0.25

47.15 ± 0.25

0.002∗

CCT (μ)

466.98 ± 6.21 455.47 ± 4.52 <0.001∗

Thinnest location (μ)

454.76 ± 5.11 421.37 ± 3.24 <0.001∗

(2) BCVA ≥ 0.3 LogMAR (n = 82 Eyes (60.3%)). This subgroup showed a signiﬁcant improvement in both BCVA
and K max (P = <0 001 and 0.001, resp.). The mean BCVA
changed from 0.55 ± 0.66 to 0.37 ± 0.33, and the K max changed from 50.81 ± 3.11 D to 48.75 ± 2.44 D.
The patients with worse baseline BCVA (≥0.3 logMAR)
have obtained a higher beneﬁt with respect to BCVA than
those with better preoperative BCVA (P = <0 001). Similarly,
the comparison between the subgroups concerning the
changes in K max was signiﬁcant (P = 0 004).

CXL: crosslinking; SD: standard deviation; UCVA: uncorrected visual acuity;
BCVA: best-corrected visual acuity; logMAR: logarithm of the minimum
angle of resolution; K max: maximum K reading; CCT: central corneal
thickness; test used: paired sample t-test; ∗ P signiﬁcant at the value <0.05.

4.3. Comparison between the Subgroups according to the
Baseline Data. The entire study participants were divided
into subgroups with cutoﬀ values in accordance with age
(≥30 years and less than 30 years), gender, family history of
KC (positive and negative), preoperative K max (≥54 D and
<54 D), preoperative BCVA (<0.3 and ≥0.3 logMAR), preoperative corneal thickness (<450 μ and ≥450 μ), and the cone
locations (eccentric or centric) (Table 3).
4.3.1. Age. Regarding the age, the overall patients were classiﬁed into 2 groups: patients’ age < 30 years (n = 49 patients
(58.3%)) showed a signiﬁcant improvement in BCVA and
the K max comparing to the baseline values (P = <0 001
and 0.022, resp.).
Patients’ age ≥ 30 years (n = 35 patients (41.7%)) showed
a signiﬁcant improvement in both BCVA and K max
(P = <0 001 and 0.023, resp.).
The BCVA showed a signiﬁcant improvement in all age
subgroups without a considerable diﬀerence (P = 0 152).
Although the older patients showed more ﬂatting in K max
at one-year post-CXL, the comparison between the two
subgroups regarding the K max changes was insigniﬁcant
(P = 0 094).
4.3.2. Gender and Family History. In male gender (n/22),
the mean BCVA improved signiﬁcantly from 0.37 ± 0.18 logMAR to 0.28 ± 0.14 logMAR (P = 0 035) and the mean K max
changed from 49.44 ± 4.12 D to 48.18 ± 4.22 D (P = 0 02) at
one-year post-CXL treatment. In female gender (n/62), there
was a statistically signiﬁcant improvement in both BCVA
and K max (P = 0 02 and 0.01, resp.).
Comparing between the two subgroups showed insigniﬁcant diﬀerences in both BCVA and K max (P = 0 744
and 0.184, resp.). Concerning the family history, the diﬀerence between the subgroups (positive and negative family
history of KC) was insigniﬁcant either in postoperative
BCVA or postoperative topographic outcomes (P = 0 187
and 0.216, resp.).
4.3.3. Preoperative BCVA
(1) BCVA < 0.3 LogMAR (n = 54 Eyes (39.7%)). Those
patients exhibited an insigniﬁcant improvement in both

4.3.4. Preoperative K max. The patients with preoperative K
max ≥ 54 D (n = 63 eyes (46.3%)) showed a signiﬁcant
improvement in the postoperative BCVA and the mean K
max (P ≤ 0 001 and 0.032, resp.). The mean BCVA changed
from 0.65 ± 0.42 to 0.37 ± 0.33, and the K max changed from
56.48 ± 1.07 D to 55.82 ± 1.61 D.
In the patients with preoperative K max < 54 D (n = 73
eyes (53.7%)), the mean preoperative BCVA and K max
showed signiﬁcant improvement (P = <0 001 and 0.024,
resp.). The mean BCVA changed from 0.41 ± 0.12 to
0.21 ± 0.11, and the K max changed from 46.77 ± 1.03 D to
46.11 ± 1.11 D.
When comparing the two subgroups, the higher K max
seemed to be a good predictor for postoperative BCVA
improvement, but the changes in K max did not show an
obvious diﬀerence. P values were 0.020 and 0.122,
respectively.
4.3.5. Preoperative Thinnest Pachymetry
(1) Pachymetry < 450 μ (n = 62 Eyes (45.6%)). The mean
baseline thinnest location was 428.58 μ and changed to
411.53 μ (P = 0 001). The mean baseline BCVA in this subgroup changed signiﬁcantly (P = 0 001), while the mean preoperative K max changed insigniﬁcantly (P = 0 085).
(2) Pachymetry ≥ 450 μ (n = 74 Eyes (54.4%)). In those
patients, the mean baseline pachymetry was 489.52 ± 5.32 μ
and changed to 470.62 ± 6.15 μ (P = 0 001). The mean baseline
BCVA in this subgroup changed signiﬁcantly (P = <0 001),
while the mean preoperative K max changed insigniﬁcantly
(P = 0 845).
Comparison of the postoperative outcomes between the
two subgroups showed that pachymetry less than 450 μ was
a good predictor for postoperative BCVA improvement
while it had an intelligible eﬀect on the changes of K max.
P values were 0.043 and 0.098, respectively.
4.3.6. Cone Location
(1) Eccentric Cone Location (n = 37 Eyes (27.2%)). Both the
mean preoperative BCVA and the mean K max changed
insigniﬁcantly (P = 0 061 and 0.724, resp.).
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Table 3: The changes in BCVA and K max at one year among the deﬁned subgroups.

The deﬁned subgroups
Age
≥30
<30
Gender
Male
Female
Preoperative BCVA
≥0.3 logMAR
<0.3 logMAR
Preoperative K max
≥54 D
<54 D
Thinnest pachymetry
≥450 μ
<450 μ
Cone location
Eccentric
Central

Mean diﬀerence

BCVA changes
95% CI of the diﬀerence

P value

Mean diﬀerence

K max changes
95% CI of the diﬀerence

P value

0.0521

−0.2244–0.07004

0.152

−1.0147

−1.56319–2.1514

0.094

0.0224

−0.4162–0.1089

0.744

1.47611

0.75234–2.70457

0.184

0.3192

0.2250–0.4134

<0.001∗

2.7813

0.75532–4.8071

0.004∗

0.1611

−0.1511–0.2734

0.020∗

1.10143

0.52083–3.0843

0.122

0.1214

−0.1527–0.1498

0.043∗

−1.7817

−3.8985–0.33497

0.098

0.0822

0.04124–0.2056

0.187

3.0263

1.6574–6.6032

0.001∗

SD: standard deviation; BCVA: best-corrected visual acuity; K max: maximum K reading; CI: conﬁdence interval; test used: independent t-test, ∗ P signiﬁcant at
the value <0.05; P1: signiﬁcance of BCVA changes between the subgroups; P2: signiﬁcance of K max changes between the subgroups.

(2) Central Cone Location (n = 99 Eyes (72.8%)). Both the
mean preoperative BCVA and the mean K max changed signiﬁcantly (P = 0 001 and 0.002, resp.).
Comparison of the postoperative outcomes between the
two subgroups showed that the central cone was a signiﬁcant
predicting factor in ﬂatting of the cornea but not on postoperative BCVA. P values were 0.001 and 0.187, respectively.
4.4. Univariate Analysis. Table 4 summarizes the univariate
correlation between the supposed predictors and post-CXL
BCVA and K max variables (dependent predictive variables).
Neither the gender nor positive KC family history has an
impact on any of treatment outcomes. Prominent predictors
of the BCVA changes included BCVA, K max, and thinnest
location, while the age factor, UCVA, and eccentricity were
slight signiﬁcant predictors of BCVA changes(P < 0 2). On
the other hand, K max value change was signiﬁcantly related
to the changes in BCVA and eccentricity while UCVA,
K max, and thinnest location were slight signiﬁcant factors
(P < 0 2). The signiﬁcant values, B coeﬃcients, and 95% CI
are displayed in Table 4.
4.5. Multivariate Analysis. Concerning the BCVA outcome,
the preoperative BCVA (logMar) was the only independent
predictor (P value <0.001, B coeﬃcient −0.800, and 95% CI
0.271–0.676). This means that the worse preoperative BCVA
could be associated with more improvement in BCVA.
Regarding the post-CXL corneal ﬂattening, the cone eccentricity was the sole predictor (P value 0.0223, B coeﬃcient
0.618, and 95% CI 0.097–1.170). This means that the more

preoperative cone eccentricity, the less ﬂattening of postoperative K max (Table 5).
4.6. Prediction Equation. To predict the postoperative
BCVA (logMAR) at one-year post-CXL, the next equation
was applied.
Y = 0 622 X + −0 040,
Y dependent variable = postoperative BCVA ,

1

X = independent variable = preoperative BCVA

5. Discussion
The promising results of CXL in the management of either
KC or corneal ectasia have encouraged the researchers to
consider it as one of the substantial initial treatment procedures [10, 11]. Some published studies have addressed predictors of success for CXL; however, preoperative predictors
of CXL eﬃciency were not entirely illustrated and there is still
a necessity for further evaluation. Moreover, the discrepancy
in the results has increased the incentive to understand more
information on this theme.
In the current study, the gender factor and the family history did not have a signiﬁcant inﬂuence on the treatment outcomes concerning both the BCVA and K max. Regarding the
postoperative BCVA, the worse preoperative BCVA more
than 0.3 logMAR, preoperative K max higher than 54 D,
and preoperative pachymetry in the thinnest location less
than 450 μ were good predictors for post-CXL improvement
in BCVA. Whereas, the cone location had a negligible impact
on postoperative BCVA.
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Table 4: Univariate linear regression of the baseline predictive factors and its signiﬁcance on the treatment outcomes.
Baseline predictive factors
Age
Gender (male predominance)
Positive family history
UCVA (logMAR)
BCVA (logMAR)

Standardized
B coeﬃcient
0.0023
0.0115
0.008
−0.917
−0.945

Changes in BCVA
Signiﬁcant
P value
0.142
0.621
0.854
0.140
<0.001∗
∗

95% CI
0.0025–0.125
0.752–1.874
−0.145–0.174
0.350–0.449
0.505–0.615

Changes in K max
Standardized
Signiﬁcant
B coeﬃcient
P value
−0.0142
0.695
0.0291
0.452
0.0983
0.345
0.931
0.162
<0.001∗
−0.889

−0.816

0.001

0.005–0.007

−1.000

Thinnest pachymetry (μm)

0.792

0.001∗

0.000–0.001

Eccentricity of the cone (mm)

0.794

0.101

0.152–0.236

K max (D)

95% CI
−0.008–0.005
−0.582–1.285
0.184–1.114
1.450–2.374
1.262–2.223

0.081

0.981–0.991

0.993

0.132

0.098–0.104

0.946

<0.001∗

1.716–2.149

BCVA: best-corrected visual acuity; UCVA: uncorrected visual acuity; logMAR: logarithm of minimal angle of resolution; K max: maximum keratometry;
D: diopter; CI; conﬁdence interval; B coeﬃcient: the value which indicates how the dependent variable will vary per unit change in the predictive variable; test
used: univariate linear regression test; ∗ P Signiﬁcant at the value <0.05.

Table 5: Multivariate linear regression of the baseline predictive factors and its signiﬁcance on the treatment outcomes.
Baseline predictive factors

Changes in BCVA
Signiﬁcant
P value
0.642
0.113
<0.001∗

Changes in K max
Standardized
Signiﬁcant
B coeﬃcient
P value
—
—
−0.002
0.856

Age
UCVA (logMAR)

Standardized
B coeﬃcient
0.018
0.342

BCVA (logMAR)

−0.800

0.271–0.676

−0.004

0.643

−1.187–1.904

K max (D)
Thinnest pachymetry (μm)

0.001
−0.280

0.999
0.517

−0.007–0.007
−0.001–0.000

0.794
−0.014

0.931–1031
−0.006–0.003

Eccentricity of the cone (mm)

0.069

0.631

−0.053–0.087

0.618

0.070
0.555
0.0223∗

95% CI
−0.053–0.087
−0.037–0.334

95% CI
—
−1.544–1.287

0.097–1.170

BCVA: best-corrected visual acuity; UCVA: uncorrected visual acuity; logMAR: logarithm of minimal angle of resolution; K max: maximum keratometry;
D: diopter; CI; conﬁdence interval; B coeﬃcient: the value which indicates how the dependent variable will vary per unit change in the predictive variable;
test used: multivariate linear regression test; ∗ P signiﬁcant at the value <0.05.

With respect to the postoperative corneal ﬂattening,
worse preoperative BCVA (>0.3 logMAR) and the central
cone seemed to be signiﬁcant predictors of postoperative
decrease in K max. While, patients age, the preoperative K
max, and the preoperative corneal thickness showed insignificant impacts.
Currently, all age subgroups showed a signiﬁcant
improvement in BCVA and K max, and these ﬁndings were
in agreement with Soeters et al. [12], Wisse et al. [9], and
Godefrooij et al. [13]. Though the age was not a strong predictor of postoperative improvement of vision or corneal ﬂattening, the most considerable results were in the patients
above 30 years. This was consistent with another previous
study by Toprak et al. [14]. They concluded that the patients
older than 30 years had more postoperative corneal ﬂattening
compared with the results of younger patients.
On the other hand, Koller et al. [15] found that the
patients aged more than 35 years were liable to more complications and had worse outcomes. Soeters et al. [12] and
Godefrooij et al. [13] also reported better postoperative
outcomes regarding BCVA in younger patients. They
based these on the younger patients that had more frequent central cones compared to the adults [12], and the
KC is more aggressive and more advanced in the pediatric

group [16]. But this cannot be applied in the current
study, as the progression was documented in all included
eyes in diﬀerent age groups as well as the study included
adult patients only.
The worse preoperative BCVA (more than 0.3 logMAR)
was a good predictor of both visual and topographic
improvement. These results were consistent with many previous studies [9, 14] and inconsistent with Koller’s team
[17] who reported an insigniﬁcant impact of baseline BCVA
on the corneal ﬂattening after CXL treatment.
Regarding the K max, our ﬁndings were compatible with
the results reported by Wisse et al. [9], while contrasting with
other published studies which elucidated more prominent
corneal ﬂattening postoperatively in KC cases with higher
preoperative K max [12, 17, 18].
Based on the current results, the baseline pachymetry
seemed to be a robust predictor factor of BCVA improvement only and an insigniﬁcant impact on the corneal ﬂattening. These results were opposite to the ﬁndings of Toprak
et al. [14] who stated that the thinner cornea (<450 μ) exhibited more ﬂattening postoperatively. In contrast, De Angelis
et al.’s [19] results were in line with our results, as they
reported better VA improvement in advanced KC stage
(worse BCVA, higher K max, and thinner corneas).
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Currently, the mean corneal thickness showed a signiﬁcant reduction than the baseline values. Other studies
reported the same results [20, 21] that this post-CXL thinning may due to anatomical and structural variations in the
corneal collagen, keratocyte apoptosis, rearrangement of the
collagen lamellae [22], or corneal ischaemia theory [23].
It is assumed that the changes in corneal thickness with
the time is a sign of the disease progression of KC [24].
After CXL, corneal pachymetry becomes regularly thinner,
so limiting corneal thickness role to document the early
disease progression [25]. Therefore, it is hard to conclude
the post-CXL thinning either due to the disease progression
or CXL impacts.
Concerning the cone location, we found a diﬀerent
response between the central and the eccentric cones; the
central cones seemed to respond well with more corneal ﬂattening. Greenstein et al. [26] and Wisse et al. [9] recorded
compatible results with a conclusion that the central cones
had more postoperative corneal ﬂattening comparing to the
peripherally located cones. This ﬁnding could be interpreted
by some facts. The CXL eﬃciency in the eccentric cones
(3 mm apart from the center) decreases than that in the central cones as intended rays of CXL using currently available
UV devices might not be homogeneous over the whole treating zone. The UV rays may disperse at the periphery with a
less powerful and inconsistent beam in peripherally located
cones. Therefore, the eccentric cones will exhibit less presumed clinical results [27]. The second fact is called “cosine
eﬀect.” This mathematical rule indicated that even with
homogeneous distributed light energy, there was a relatively
low treatment power in the peripheral cornea. In summary,
the incidence angle of a ray with the corneal surface decreases
towards the periphery, owing to the curvature of the cornea,
and the light beam is falling over a wide corneal zone.
Accordingly, the more peripheral cones may expose to less
cross-linking power [27, 28].
In spite of the signiﬁcant diﬀerence in topographic outputs between the central cones and the eccentric ones, the
cone location did not display a signiﬁcant impact on the
BCVA. However, even with an insigniﬁcant diﬀerence
between the two cone locations regarding BCVA improvement, we found that the central cone subgroup showed
better improvement in BCVA than in the peripheral cones.
This ﬁnding could be explained by the relationship between
the visual acuity and the cone location. Whereas, the worst
preoperative BCVA appeared to be closely related to the
central cones [9].
The main aim of the study has been accomplished to
reach the predicting factors of CXL success in adult KC. In
respect to the BCVA, univariate analysis showed that the
worse BCVA, the higher K max, and the relative thinner
corneas were relatively good predictors of improvement,
while multivariate evaluation revealed a strong interrelation
with preoperative BCVA only. Regarding the postoperative
ﬂattening or topographic outcomes, univariate analysis
found that the cone location and worse preoperative BCVA
were the pronounced predictors, whereas the multivariate
evaluation focused on the impact of the cone location only.
These results are compatible with the prior studies in points
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and contrasted with them in other points. Therefore, there
is a necessity for more studies to conﬁrm what we have
concluded. The strength of the present study is the relatively
large sample size, considering each of the results obtained
from both the univariate and multivariate analysis and the
designing of a predictive estimating equation for the postoperative BCVA that can be applied later to make a relatively
ideal decision. However, the retrospective design might be
considered as a limitation of the study.

6. Conclusions
In conclusion, the current study proposed the impacts of
some preoperative factors on the visual and topographic
CXL outcomes. The multivariate analysis of the collected
data from adult KC treatment disclosed a signiﬁcant negative
association between the baseline BCVA and postoperative
BCVA which can be predicted and validated from the previously mentioned equation. The positive relationship was
detected between the cone eccentricity and postoperative K
max which could be used to foretell the post-CXL corneal
ﬂattening. These results could be worthy in clinical implementation for both ophthalmic surgeons and KC patients.
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