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Abstract

Our aim is to review current and significant articles on contact lens wear in keratoconus patients. A comprehensive literature
search of PubMed was performed for the following topics on contact lens wear in keratoconus patients: (1) characteristics of
contact lens wearers, (2) safety and efficacy, (3) complications, (4) fitting techniques, (5) contact lens wear after procedures/
surgeries, (6) patient satisfaction. A total of 104 studies were finally selected and reviewed. Gas permeable (GP) lens wear
provided significantly better vision than glasses. Special cone design lenses had better patient comfort levels though there
was no difference in best corrected visual acuity among the GP lenses. Soft lenses showed good efficacy for the treatment of
mild-to-moderate keratoconus with newer designs improving visual performance such as customised hydrogel and novel
pinhole lenses. Scleral and hybrid lenses provide good visual acuity and comfort for keratoconic patients previously
intolerant to RGP lenses. RGP lens wear post-cross linking (CXL) is relatively well-tolerated. Contact lenses may still be
required post intrastromal corneal ring procedures and post keratoplasty. Scheimpflug imaging and anterior segment optical
coherent tomography (ASOCT) are useful in contact lens fitting. Computerized contact lens fitting techniques could reduce
the chair time of lens fitting as well as improve comfort and visual performance. Contact lenses play an important role in
the visual rehabilitation of keratoconus patients. New contact lens designs and materials have significantly expanded the
available fitting options for keratoconus patients. Imaging technology can be utilized to guide contact lens fitting.

Introduction

Keratoconus is a progressive noninflammatory ectatic dis-
order of the cornea characterized by thinning and protrusion
of the cornea leading to irregular astigmatism, myopia and
poor vision [1]. It is the most common corneal ectatic
condition with a prevalence of about 54 per 100,000 people
in the United States [2]. A more recent nation-wide study
performed in the Netherlands showed that the estimated
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prevalence of keratoconus in the general population is 1:375
(265 cases per 100,000, 95% CI: 260-270) which are five to
ten times higher than previously reported values in popu-
lation studies [3]. The mean age at diagnosis is 28.3 years
with 60.6% of patients being male [3]. Risk factors include
both genetic and environmental factors such as eye rubbing,
personal history of atopy, and family history of keratoconus
[4]. Due to its chronic and debilitating nature, keratoconus
has a significant impact on vision-related quality of life
(VRQoL) [5]. Hence the management of keratoconus
patients involves long term care with the need for non-
surgical and surgical management options.

The corneal ectasia preferred practice pattern by the
American Academy of Ophthalmology contains useful
clinical guidelines for the overall management (nonsurgical
and surgical) of keratoconus [6]. In the early stages of
keratoconus, the vision could be corrected with glasses.
However, in the moderate to advanced stages, spectacles
play a limited role and contact lenses may be required for
vision correction [7]. The global consensus on keratoconus
and ectatic diseases recognized the importance of contact
lenses in the visual rehabilitation of these patients. They
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recommend that rigid contact lenses be used in cases of
unsatisfactory vision with glasses or conventional soft
contact lenses (SCLs). In a patient who has failed a trial of
corneal gas permeable (GP) lenses, the alternative contact
lens options include hybrid (rigid center, soft skirt), toric,
bitoric, keratoconus design SCLs, keratoconus design cor-
neal GP contact lenses, piggy-back, corneoscleral, minis-
cleral, and scleral lenses [8].

The recent U.S. Food and Drug Administration approval
of corneal cross-lining (CXL) provides an option that may
slow or halt the progression of keratoconus. In recent years,
there have been advances in the surgical management of
keratoconus with surgical procedures such as CXL, topo-
graphy guided excimer laser treatment combined with CXL,
intrastromal corneal ring procedures performed alone or in
combination with CXL, intraocular contact lenses per-
formed alone or in combination with CXL, and anterior
lamellar keratoplasty procedures. While these procedures
have resulted in better visual outcomes, contact lens wear
may still be required in postoperative visual rehabilitation.

With recent developments in contact lens properties and
design, a greater range of contact lens options are available
for patients with corneal irregularities. These options
include larger diameter GP lenses, scleral lenses, hybrid
lenses, and custom soft lenses. The ultimate aim is to
optimise visual outcomes, patient satisfaction, and comfort
for keratoconus patients using contact lenses. The benefits
of new and more comfortable contact lens designs, com-
bined with CXL’s effect on progression, should continue to
reduce the number of individuals needing some form of
keratoplasty procedure.

The purpose of this paper is to provide a review of
current and significant articles focusing on the safety and
efficacy of contact lenses in the visual rehabilitation of
keratoconus.

Methods

A comprehensive literature search of PubMed, an electronic
database, was performed up to 17th February 2019. The
keywords used were: “contact lens”, “rigid contact lens”,
“rigid gas permeable”, “RGP”, “Rose K contact lens”, “soft
contact lens”, “scleral contact lens”, “miniscleral contact
lens”, “piggyback contact lens”, “prosthetic contact lens”,
“PROSE”, “hybrid contact lens”, “eye print pro”, “kerato-
conus”, “KC”, “corneal ectasia”, “ectasia”, “Scheimpflug”,
“anterior segment optical coherence tomography”, and
“ASOCT”. Using this method, 699 search results were
generated. The references of retrieved articles were also
searched for other relevant articles. Publications in English
on the following topics on contact lens wear in keratoconus

patients were included in our review: (1) characteristics and
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survey of contact lens wearers, (2) safety and efficacy, (3)
complications, (4) fitting techniques, (5) contact lens wear
after cross-linking, intracorneal ring segment insertion or
penetrating keratoplasty (PK), (6) satisfaction and quality of
life. Publications which did not contain information of
interest were excluded. A total of 104 studies were finally
selected and reviewed. In this paper, GP lenses refer to
corneal GP lenses (older term RGP lenses).

Results and discussion

Characteristics and survey of contact lens wear in
keratoconus patients

Cohort and cross-sectional studies show that the majority of
keratoconus patients wearing contact lenses are fitted with
corneal GP lenses. (Table 1). All the different types of
contact lenses mentioned in this paper have been tabulated
for easy reference (Table 2).

Long-term studies (Collaborative Longitudinal Evalua-
tion of Keratoconus (CLEK) and the Dundee University
Scottish Keratoconus Study (DUSKS)) show that most
patients are fitted with contact lenses when vision can no
longer be corrected to at least 20/30 with glasses [9, 10].
Longitudinal and cross-sectional studies worldwide on the
characteristics and survey of contact lens wear in kerato-
conus patients show that GP lenses remain the mainstay
treatment for keratoconus [11-16], with the majority of
keratoconus patients attaining good visual acuity (VA) with
lens wear. In the (CLEK) study looking at patients with
moderate to severe keratoconus (95% had steep keratometry
of >45 D), 74% of patients wore contact lenses, 16.1% wore
spectacles, and 3.6% had no vision correction [11, 16]. The
CLEK population had good visual outcomes with 78% of
patients achieving a best corrected visual acuity (BCVA) of
20/40 (6/12) or better in both eyes. 65% of patients wore
GPs in both eyes and most of them (73%) reported that their
lenses were comfortable. Most GP lenses (88%) were fitted
with apical touch [11, 16]. In the DUSKS study, contact
lens wear was the mainstay of treatment (76% of 200
patients wore contact lenses) with 91% wearing GP lenses,
6% wearing hybrid contact lenses, and 2% wearing scleral
lenses [9]. In another longitudinal study, due to good visual
outcomes, contact lens wear delayed the need for surgery in
keratoconus patients in 98.9% of eyes [17].

In a study on 130 keratoconus patients (228 eyes) in the
United Kingdom, GP lenses of the spherical, elliptical and
special cone lens design were used in 96.1% of eyes [12].
With contact lens wear, 87% achieved a VA of 6/9 (20/30)
or better and 65% were able to wear their lenses for more
than 12 h a day [12]. Another cross-sectional study in New
Delhi showed similar findings with 99.9% of eyes wearing



2177

Current perspectives in the management of keratoconus with contact lenses

‘Kyserdojeray Sunenouad yg ‘sosse3

7O ‘sug[ 1081U09 7)) ‘sjuaned sid ‘snuodojerdy Dy ‘Aimoe [ensia YA ‘Q[qeourtad ses ruas gog ‘oejAioeyow [Aypowkjod yipg iqedrdde jou yu ‘sidydorp g ‘Anowoeroy y ‘oiqeowrad ses go

VN

KJTADISUSS

ysenuod 1 syuaned DY ‘(¢°0)
0F/0C < VA SoKa 10adsns
O %001/5949 DY %¢'€8
1O 210M %19

1O dIoM %["8L

81
192VA %66 ‘6/9XVA %16

6/9VA %L8

5949 9,686
Ur paAdIyoe A193InS I0J padu

%S 91 Ad
%ETE [dD+T1O
%9vE 1D

VN

%¢ 17 ‘uonejuedsuen
[eau10)

%TY “[eI2[0S

(%1°0) T :[eI9[0s uoisog

%¥°0 ‘[BId[oS
%80 :w1ad)jos/1josoreray]

9% 1L :9I9AS

%6°TT OIRIOPOIN [sor]

BITE 0 VN %79 PN ) $G7  marAQI 9sed dandadsonay '[e 1o prysey
(100°0>d)
d 09°S 0adsns O3 Apnjs [eUOIJAS [c1]
(%¥6) 121 8 VN az9-¢s :swaned DY 6C1 -$s010 9AT)Oadso1g ‘e 19 oM
[¥1] T80
DL LY %ET VN VN sid $7 TeUONOIS-$S0I0 2ANdads0Ig Joouys
(%9°91) €T 210498
(%¥°02) 6T 3] 950y (%¥'T€) Sy :paoueADY
(%S°6L) €1T:dD (%L°9€) TS P1eIOPON [euonoses (1l

[BUOTIUDAUOD) 0 VN %y +1) 0T PIIN wl -$S010 9A1IOAdsoNaY e 10 BWR]
[z1]
%196 0 VN VN 87T 1oyoo dAnoadsondy e 10 wry
(%9°L) 9L 21938
(9%S°T€) 9T€ :paduBAPY
(%06<) SIBK ¢/ (%SHS) LS PIeIopO]N [L1]

SurAe[op SOWOINO [NJSSAIONS VN saka jo Kjuolejy VN F4'9 (%LY'S) SS PIIN +001 [eurpmiSuo] aandadsonay ‘e 10 wid[ig
SId parmbar 94
(%9°06) dD %T ‘[BI9[OS aosy  swened [6]
M PIASIYDR 6/9 I VA %E6 %9 188U PLAH %906 W1 SIBA ¢ F91°0G 3 deals uesy 007  [eurpmiSuo aanoadsold e 19 Paop
959°¢ UOIIOALIOD UOISIA ON
%191 :soperoadg [11] 230
ANADISUDS jsenuod 1 %[ :SOSUI[ 10BIUOD) %G9 VN sIeok g asy doars %466 6021 110409 2A1dadsoid IouSe
SUQ[ JoBJUOD (syjuowr) S99 jo
[Eliiemtile) Neliile) 4o 1Jos dn-morjoq AN19A9S ON u3isop Apms sioyIny

‘sjuened SNUODOJLISY UT JEAM SUS[ JORIUOD JO AGAINS pue SONSLISjoRIEY)) | d|qe]

SPRINGER NATURE



2178

L. Lim, E. W. L. Lim

—_
wa
5]
>
53]
20
Q
s
=
L)
W
=1 (5]
[5) <]
< | 2
B <
o <
> 2
| O
vl
=1
2
=
e
2
Q
<
£l o
=X
Q
2| o
3|~
E 5]
w
3 2]
O | %
z
.2
5
— -
o3
.2 3
e D=1
= E
= ’_]
k=) —
Q <
ksl =]
= .S
=l | g
2 2
§ |
k=)
: 5
el | ¢
2 N/-\
” £ X
151 5D
S = .
= g
=) B
Sl,]2%2
o = =]
S| 8 %fé
=] =
S| 53
< ||l Xm
)
=
R
=1
<
Q
=
7
%2}
S
Q
k=)
=
<
ol
=
12 <
<
S | A =
[ZH RG] 2
= =
9|22
— f=1
el = (=1
3| 3 3]
= | O @]

SPRINGER NATURE

SoftPerm

MSD miniscleral

Toris K silicone hydrogel (SiHy)

Rose K

Bitangential miniscleral

Customised hydrogel

Rose K2
Soper

Scleracon (Lenticon, Madrid, Spain)

Novel pinhole soft lens (Purecon, New Delhi)

Miniscleral RGP (ESCLERA, Mediphacos, Buritis, MG, Brazil)

Jupiter (Essilor Contact Lens Division, Dallas, Texas)

Multicurve

Boston Equalens II

Boston 7
CFKE

Soft (Hioxifilcon A and Lucifilcon A)

PROSE (Boston Foundation for Sight, Needham Heights,

MA, USA)

EyePrintPRO (Advanced Vision Technologies, Lakewood, Colo.)
Zenlens (Alden Opital/Bausch and Lomb, Kingston-upon-

Thames, UK)

Menicon Z

YK (Lucid Co, Seoul, South Korea)

Pancorneal toric RGP
Aphex KC RGP

GP gas permeable, PROSE prosthetic replacement of the ocular surface ecosystem, CFKE conflex air keratoconus 100 UV.

GP lenses (79.5% conventional GP, 20.4% Rose K) and
91% of eyes achieving a VA of 6/9 (20/30) or better [13].
Conventional GP lenses refer to non specialty design GP
lenses. In Israel, similar results were also found in a cross-
sectional study which reported that 78.7% of patients wore
contact lenses (67.7% RGP, 13% soft CL, 4.2% scleral) and
21.3% of patients had undergone corneal graft surgery [14].
In Singapore, 67% of keratoconus patients wore contact
lenses with 94% of them wearing GP lenses [15]. With
contact lens wear, 83.3% of keratoconus eyes and 100% of
keratoconus suspect eyes achieved a VA of 0.3 (decimal)
(20/40). In the United Kingdom, Pullum et al. studied the
characteristics of 538 patients with scleral contact lens wear
over a 5-year period and found that primary corneal ectasia
accounted for 61.4% of eyes [18].

Recent advances in surgical options for keratoconus
include cross-linking, intracorneal rings, photorefractive
keratometry, phakic intraocular lenses, and anterior lamellar
keratoplasty. Although it would be important to compare
the results of surgery and contact lens wear for a similar
disease stage, there is currently no published literature on
this subject.

Contact lens efficacy and comfort
Comparative studies—GP and soft/scleral/hybrid lenses

Comparative studies show that specialty design contact
lenses, new design scleral lenses and hybrid lenses had
better patient comfort levels than conventional GP lenses
(Fig. 1, Table 3).

Many comparative studies compared the efficacy and
comfort of GP lenses with other lens types or glasses.
Among GP lens types, Rose K had better patient comfort
levels [19, 20]. Most studies reported that GP lens wear
provided significantly better vision and improved three-
dimensional depth perception as compared with glasses
though there was no difference in best contact lens corrected
visual acuity (BCLCVA) among the GP lenses (Boston
Equalens II, Boston 7, CFKE, Rose K, and Rose K2)
[20, 21]. There was also no difference in BCLCV A between
Rose K and Kerasoft IC contact lenses for the treatment of
mild-to-moderate keratoconus [22]. The study by Betts et al.
reported no improvement in the VA in keratoconic patients
wearing Rose K as compared with habitual lenses, though
comfort levels were significantly higher, with 72% of
patients stating that they preferred Rose K lenses over their
habitual lenses and 87% reporting that they would continue
wearing Rose K lenses [23].

A new randomized controlled study by Levit et al.
compared the efficacy and comfort of Rose K and Zenlens
(a Scleral lens manufactured in Boston XO2 material,
Alden Optical/Bausch and Lomb, Kingston-upon-Thames,
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Fig. 1 Left eye Rose K2 GP lens fitted in a patient with advanced
keratoconus. a Left eye Pentacam tomography: central conical pattern
shown on the keratometry map. b Left eye cobalt blue filter image with

UK) [24]. It found no significant difference in VA (P =
0.563) or contrast sensitivity (P =0.316). However, scleral
lens wearers had higher subjective comfort scores (P =
0.002) [24].

When comparing GP/habitual lenses to hybrid lenses,
visual outcome is equivocal with two studies showing that

fluorescein dye showing an apical clearance fit pattern. (Left eye:
maximum keratometry 57.4 D; minimum keratometry 53.6 D; Rose
K2 GP lens 6.30 mm BC/—8.25 D/8.7 mm Dia.).

ClearKone (SynergEyes) hybrid lens wear had improved
VA as compared with GP/habitual lens [25, 26] while
Hashemi et al. did not find a significant difference between
these two lenses [27]. Contrast sensitivity was shown to be
better in ClearKone lens wearers as compared with GP
lenses [26]. Patient satisfaction and VRQoL were better in

SPRINGER NATURE
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those who used ClearKone lenses [26, 27]. Between hybrid
lenses, the ClearKone lens has a better oxygen permeability
at the central cornea, 2.0 mm and 4.5 mm temporal to the
central cornea as compared with the SoftPerm lens as the
soft lens material in ClearKone is silicone hydrogel (SiHy)
compared with hydrogel material in the SoftPerm lenses
[28]. SoftPerm lenses have since been discontinued in 2010
due to oxygen permeability issues.

In summary, the comparative studies show that newer
specialty design keratoconus GP lenses had better comfort
levels than conventional or habitual GP lenses although
there was no difference in the BCVA between the two
groups. For mild-to-moderate keratoconus, soft keratoconus
design lenses (Kerasoft IC) attained similar BCLVA to
Rose K lenses with better comfort levels achieved. The new
hybrid lens (ClearKone) had better patient satisfaction and
VRQoL than GP/habitual lenses. A new scleral lens design
(Zenlens) was more comfortable than Rose K lens.

Non-comparative studies—soft lenses

Studies show that soft lenses are able to provide satisfactory
vision in mild-to-moderate keratoconus (Table 4). Newly
designed soft lenses, customized hydrogel lenses and pin-
hole contact lenses widen the scope of vision correction of
keratoconus with soft lenses.

Three non-comparative case series performed on soft len-
ses show good efficacy for the treatment of mild-to-moderate
keratoconus. Sultan et al. showed that Toris K SiHy soft
lenses are an effective alternative to GP lenses for the treat-
ment of all grades of keratoconus (Amsler—Krumeich classi-
fication grades 1-4; mean keratometry 49.42D), with no
significant difference in BCVA with the two lenses [29]. The
Toris K lenses are newly designed SiHy lenses with a toric
front surface that is able to improve visual performance.
Customised hydrogel contact lenses which incorporate ver-
tical coma correction have also been found to improve both
monocular and binocular visual performance in patients with
mild-to-moderate keratoconus [30]. Higher order aberrations
in patients with keratoconus can also be eliminated by
wearing a novel pinhole soft lens (Purecon, New Delhi: 2.5
mm clear pupil, 8.3 mm base curve, 11.9 mm iris diameter,
and 13 mm overall diameter) [31]. The pinhole effect is able
to correct the aberropia caused by higher order aberrations
such as vertical coma in patients with keratoconus.

Non-comparative studies—GP lenses

Case studies performed on GP lenses show that they are
effective for the treatment of keratoconus and lens wear is
comfortable (Table 4). The type of GP lens most frequently
used depends on the severity of keratoconus, with mono-
curve GP lenses most frequently fitted in patients with mild-

to-moderate keratoconus while bicurve GP lenses more
frequently fitted in patients with severe and advanced ker-
atoconus [32]. Two types of GP lenses (Menicon Z and YK)
have comparable efficacy and comfort. YK lenses (Lucid
Co, Seoul, Korea) are proprietary multicurve GP lenses for
keratoconus. Menicon Z GP lenses are effective with an
82% success rate (as defined by VA, comfort, and corneal
physiology) and a mean duration of wear of 2.5 years [33].
YK lenses have also been shown to be effective with 94.5%
of eyes achieving a VA of 20/40 (6/12) or better (average
VA 0.79 +0.21 Snellen decimal). It also has relatively high
patient comfort levels, with 97.6% of eyes tolerating the
contact lens with a mean wearing time of 12.1 h per day and
90.7% reporting that the lenses were comfortable [34]. In
another study reported by Lee et al., YK lenses improved
efficacy and comfort in keratoconus patients [35]. Overall,
71.6% of eyes achieved a VA of 20/30 or better, 94% tol-
erated the fitting, 85% reported complete comfort, and the
mean wearing time was 11.9 h per day [35].

Non-comparative studies—scleral and hybrid lenses

Fitting corneal GP lenses in advanced cases of keratoconus
can be challenging as a result of lens decentration, dis-
location, or discomfort. Scleral and hybrid lenses have been
shown to provide good VA and comfort for keratoconic
patients, some of whom were previously intolerant to RGP
(Table 5, Figs. 2-5). The advantages of scleral lenses over
GP lenses are increased comfort and stability of lens wear.
Scleral lenses with their large diameter allow for vaulting
over the irregular and steep corneas and therefore have an
increasing role in the treatment of corneal ectasia, providing
another viable nonsurgical option. In general, scleral lenses
are more comfortable than corneal GP lenses since there is
no contact with the cornea which has more innervation than
the sclera. Also, their larger diameter results in a more
comfortable lens-to-lid interaction. In the recent years,
newer scleral lens designs have expanded the scope of
contact lens wear in keratoconus patients. The current
recommendation by the Scleral Lens Education Society is to
move away from using diameter classification in scleral lens
nomenclature since it would not be accurate for extremely
large or small eyes [36]. Instead, scleral lenses are classified
based on the resting zone area of the lens on the ocular
surface. Corneal lenses (Fig. 1) are lenses which rest
entirely on the cornea, corneo-scleral lenses (Figs. 2—4) are
lenses which rest partly on the cornea and partly on the
sclera and scleral lenses (Fig. 5) are lenses which rest
entirely on the sclera [36]. In this paper, we will use this
new classification and refer to semi-scleral lenses as corneo-
scleral lenses (Table 6).

The Rose K2 XL lens, a corneo-scleral contact lens,
provided good visual acuity (BCLCVA 0.09 logMAR) and
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Fig. 2 Left eye Rose K corneo-scleral lens fitted in a post- with fluorescein dye showing an apical clearance fit pattern. (Refrac-
penetrating keratoplasty patient. a Left eye Orbscan topography: tion: +2.75/—12.50 x 165° [6/9]; Rose K corneo-scleral lens 6.40 mm
vertical bowtie pattern on the keratometry map showing residual high BC/—11.00 D/14.40 mm Dia [6/7.5]).

with-the-rule astigmatism. b Left eye cobalt blue filter image
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Fig. 3 Left eye Capricornia corneo-scleral lens fitted in a post-
LASIK ectasia patient. a Left eye Pentacam tomography showing an
inferior steepening pattern on keratometry map with corresponding
posterior elevation on the posterior elevation map. b Left eye cobalt

comfort for patients with irregular corneas [37]. In patients
unsuitable for conventional GP lens wear, scleral lens wear
could be a good alternative, with all patients in a study
achieving a BCLCVA of 6/12 (20/40) or better [38]. In
patients with corneal ectasia, prosthetic replacement of the

blue filter image with fluorescein dye showing an apical clearance fit
pattern. (Refraction: —0.25/—4.00 x 105° [6/6]; Capricornia corneo-
scleral lens 7.00 mm BC/—7.75 D/13.50 mm Dia [6/6]).

ocular surface ecosystem (PROSE) custom lens wear has
been shown to be effective with a lens wear of 88% at
6 months and an improvement in NEI VFQ-25 score of 27.6
points (p <0.001) on a 100-point scale [39]. PROSE custom
lenses are designed by using proprietary computer-assisted
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Fig. 4 Right eye Capricornia corneo-scleral lens fitted in a post-
LASIK ectasia patient. a Right eye Pentacam tomography showing
an inferior steepening pattern on keratometry map with corresponding
posterior elevation on the posterior elevation map. b Right eye cobalt

design and manufacture US patented software that is linked
to a manufacturing lathe to create a smooth lens surface and
to allow for control of the vault of the lens independent of
base curve radius. PROSE treatment is an excellent alter-
native to keratoplasty for eyes with ectasia that are contact

SPRINGER NATURE

blue filter image with fluorescein dye showing an apical bearing fit
pattern. (Refraction: pl/—8.00 x 95° [6/15]; Capricornia corneo-scleral
lens 6.80 mm BC/—10.50 D/13.50 mm Dia [6/7.5]).

lens intolerant. Jupiter scleral lenses (15.0-24.0mm in
diameter) have also been shown to produce good results
with 73% of patients reporting a BCLCVA of 20/30 (6/9) or
better and 78% finding the lens comfortable in a study by
Pecego et al. [40]. In a Korean population, MSD miniscleral
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Fig. 5 Right eye scleral lens fitted in a patient with advanced
keratoconus intolerant to GP lenses. a Right eye slit lamp photo-
graph showing a well centered scleral lens with adequate corneal
clearance. b Adequate scleral lens edge lift with no blanching of the
conjunctival vessels seen. (F4 lens [Innovative Sclerals, UK] 8.27BC/
—0.25D/14.50 mm scleral radius/23 mm overall diameter [6/9]).

lenses (15.8 mm) are also suitable for keratoconus patients,
with a mean logMAR acuity of 0.10 £ 0.11. Overall, 97% of
patients reported comfortable lens wear and the mean daily
lens wear time was 10.1 +2.3 h [41]. Bitangential scleral
lenses (20 mm) are effective for keratoconus with a median
decimal BCVA of 0.8 in one study [42]. Bitangential scleral
lenses have a non-rotationally symmetrical periphery that
aims to enable gentle positioning on the scleral surface,
increasing fitting tolerance and optimal centration. A new
bitangential mini-scleral lens has also been developed by
Otten et al. (Visser Contact Lens Practice, Nijmegen-
Utrecht, the Netherlands) (median diameter 16 mm; range:
15.5-17 mm). These lenses provided good VA with a
median BCLCVA of 0.022 (logMAR) and were comfor-
table (79% reported a comfort score of either a 4 or 5 (out of
5), 82% wore their lenses 12h or longer a day) [43]. A
study by Koppen et al. showed that scleral lenses reduce the
need for corneal transplants in severe keratoconus, with 40
out of 51 eyes successfully treated with long-term scleral
lens wear instead of undergoing corneal transplant surgery
and a mean gain in VA (lens vs. spectacle-corrected VA) of

0.54 £0.18 (decimal) [44]. SoftPerm hybrid lenses are also
effective with 83.3% achieving 20/40 or better VA [45].
However, SoftPerm lenses were fraught with complications
such as corneal neovascularization, poor tear exchange, and
tearing of the lens at the junction of the soft and GP portions
and as such, these lenses were discontinued in 2010.

Post corneal cross-linking

GP lens wear post-CXL is relatively well-tolerated (Table
7), likely due to decreased corneal sensitivity and the flat-
tening effect of CXL [46]. Unlu et al. found that after CXL,
the mean duration of GP lens wear increased from 6.4 h/day
(pre-CXL) to 12.6 h/day (3 months post-CXL) and 13.2 h/
day (6 months post-CXL) [46]. However, certain problems
have been identified in the use of GP lenses post-CXL.
Sehra et al. evaluated the effect of GP lens wear after cor-
neal cross-linking in keratoconus patients and noted that
there is a delay in the regeneration of the corneal sub-basal
nerve plexus when compared with spectacle lens wear after
cross-linking [47].

For scleral lenses, the duration of lens wear remained
stable at a mean of 16 h/day both pre-CXL and 1-year post-
CXL [48]. A good VA of 0.03 logMAR was achieved [48].
In a prospective interventional case series by Singh et al, GP
lenses were fitted in post-CXL patients [49]. BCLCVA
post-CXL initially worsened from a pre-operative level of
0.21 £0.27 logMAR to 0.51 £0.15 logMAR (p = 0.000) at
2 weeks post-CXL before gradually improving to 0.01 £
0.10 logMAR (p =0.012) at 6 months post-CXL. Contrast
sensitivity assessed by FACT chart also improved from 1.1
+3.9 to 1.3+0.2 (lowest spatial frequency, p = 0.000) and
from 0 to 0.3 £ 0.3 (highest spatial frequency, p = 0.002) at
6 months follow up. Keratometric values were also sig-
nificantly reduced 6 months postoperatively and duration of
contact lens use increased from 1.25 + 1.80 h preoperatively
to 9+ 1.89h 6 months postoperatively (p = 0.000) [49].

Post intrastromal corneal ring segment (ICRS)

As a result of modification of the corneal shape after ICRS
implantation, contact lens fitting may be more challenging,
especially GP lens fitting. Hence the use of different types
of lenses (soft, scleral, corneoscleral, and piggyback) has
been investigated in patients who previously underwent
ICRS implantation. Overall, these lenses show good effi-
cacy in the treatment of keratoconus post-ICRS implanta-
tion with good VA and function (Table 7). Similar to non-
ICRS keratoconic patients, SCL fitting was only successful
in Stage I and II keratoconus (mild to moderate), with 75%
and 66.66% of post-ICRS patients respectively successfully
fitted, whereas none of the patients with stage III kerato-
conus were fitted successfully [50]. Piggyback lenses were a
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Table 6 Old versus new classification of scleral lenses according to the Scleral Lens Education Society (SLS).

Definitions New classification (2015) [36]—corneal/scleral bearing Old classification (2010) [114]—diameter

Corneal Lens rests on the cornea only 8.0-12.5 mm

Corneo-scleral Corneal bearing and scleral touch 12.5-15.0 mm (previously known as semi-
scleral)

Scleral
larger than HVID)

Large-scleral: scleral bearing and maximum corneal touch (Lens is more than 6

mm larger than HVID)

Mini-scleral: scleral bearing and minimal corneal touch (Lens is up to 6 mm

Mini-scleral: 15.0-18.0 mm

Large-scleral: 18.0-25.0 mm

HVID horizontal visible iris diameter.

good alternative for such patients [50]. Kerasoft IC lenses
are effective in post-ICRS patients with low rates of com-
plications and adequate VA and wearing time [51]. Kerasoft
IC lenses (14—15.50 mm) (Ultravision International Lim-
ited, Bedfordshire, UK) are custom-lathe soft SiHy lenses
that allows for a customized selection of central and per-
ipheral regions. SCL central thickness equal or superior to
0.4 mm affects visual function in patients post-ICRS by
decreasing ocular high order aberration (HOA) and
improving visual function [52]. A corneo-scleral lens
(Scleracon,  Lenticon, Madrid, Spain;  diameter:
12.60-13.50 mm) was designed with a multi-aspherical
geometry design based on three curves (base curve, inter-
mediate or small transition curve, and peripheral or scleral
curve) [53]. This lens provided good VA (BCLCVA: 0.00
+0.12 [logMAR]; BSCVA: 0.22+0.17 [logMAR]; p<
0.001), a 33% decrease in total HOAs (from 2.62 +1.31 to
1.75+1.81 um; p<0.009) and an improvement in spatial
frequencies of contrast sensitivity (all p <0.05). The lens
was also comfortable with 70.37% of patients reporting
high ratings of subjective visual quality and mean wear time
of 11.78 £3.93 h [53].

Post penetrating keratoplasty (PK)

In patients who previously underwent (PK), contact lens
wear is sometimes necessary for residual refractive error or
recurrent disease. Contact lens fitting may be challenging
after PK because of the corneal profile which is usually
centrally flat and peripherally steep as a result of the
graft-host junction. GP lenses usually lead to decentration
and intolerance. The use of hydrogel lenses is limited due to
the inability of these lenses to correct irregular or highly
astigmatic corneas. In recent years, miniscleral RGP,
scleral, and large diameter RGP lenses have been shown to
be effective (Table 7). Miniscleral RGP lenses
(ESCLERA™ contact lenses—Mediphacos, Buritis, MG,
Brazil) were particularly successful in post PK patients
previously unable to wear GP contact lenses [54]. However,
lens use was discontinued in four eyes and microbial ker-
atitis developed in one eye during follow-up [54]. BCVA

SPRINGER NATURE

obtained with the Jupiter scleral lenses (15.6—18.4-mm
diameter) (Essilor Contact Lens Division, Dallas, TX) have
been shown to be better than prior spectacle refraction or
habitual contact lenses (most commonly GP) by two BCVA
lines [55]. Overall, 91.7% of eyes achieved functional
vision with BCLCVAs (Jupiter scleral lens) of 20/40 or
better [55]. Tricurve RGP lenses with large diameters (12
mm) have been successfully fitted in 47% of 190
PK patients with good tolerance at the Rotterdam Eye
Hospital [56].

Assessing satisfaction

Patient comfort and satisfaction while wearing contact
lenses is an important factor that affects patient compliance.
The relationship between rigid contact lens comfort and
keratoconus disease severity is still equivocal (Table 8). In
the CLEK study, Edrington et al. identified factors asso-
ciated with rigid contact lens comfort in keratoconus
patients and found no association between decreasing
patient-reported comfort and increasing disease severity as
measured by steep keratometry or first definite apical
clearance lens [57]. However, Wu et al. found that
patients with severe keratoconus showed significantly
reduced wearing time, NEI-VFQ-25 scores and overall
satisfaction compared with patients with mild-to-moderate
keratoconus [58].

According to the CLEK study, the apical fitting rela-
tionship (flat vs. steep) does not appear to be associated
with patient-reported comfort. Minimal peripheral clearance
may contribute to decreased rigid contact lens comfort in
keratoconus [57].

The impact of contact lens wear on quality of life in
keratoconus patients appears to be similar between RGP,
hybrid, soft toric, and silicone-hydrogel keratoconus lenses
as can be seen by similar scores on the Contact Lens Impact
on Quality of Life (CLIQ) Questionnaire [59, 60]. Scleral
lenses (17-18.2 mm) have a higher patient-reported comfort
and satisfaction as compared with habitual lenses (mainly
GP but also include soft, piggyback, and hybrid lenses)
though midday fogging remains a limitation for many
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wearers [61]. Scleral lenses with their large diameter allow
for vaulting over the irregular and steep corneas and also
enable for more comfortable lens wear as the edge of the
lens is not felt while blinking.

However, a significant limitation in the assessment of
quality of life in keratoconus patients is the lack of validated
quality of life questionnaires specific for the keratoconus
population [62].

Complications
Corneal structural changes

Contact lens use in keratoconic patients has been associated
with various structural changes such as decreased basal
epithelial cell density, stromal keratocyte density, and
endothelial cell count. Basal epithelial cell density has
already been shown to be decreased in patients with kera-
toconus [63—-65]. GP contact lens wear further decreases the
basal epithelial cell density as compared with non-contact-
lens-wearing keratoconus patients [66, 67]. Patel et al.
postulated that this decrease in basal epithelial cell density
was due to the pathophysiology of keratoconus further
worsened by contact lens wear [68]. Many studies have
shown a decrease in stromal keratocyte density in kerato-
conic corneas as compared with normal corneas [67, 69—
71]. The effect of contact lens use on keratocyte density in
keratoconus patients is still equivocal. Some studies have
shown a further significant decrease in stromal keratocyte
density in keratoconus patients who wear contact lenses
(both GP and soft lenses) as compared with non-contact-
lens-wearing keratoconus patients [66, 69], while others
report no statistically significant difference between the two
groups [65, 67]. Most of these studies looked at the effect of
GP lenses on the corneal structure [66, 67], one study
included both GP and soft lenses [69] and one study did not
specify the type of contact lens used [65]. It has been
hypothesized that contact lens wear causes epithelial injury
which triggers the production of apoptotic cytokines which
reduce keratocyte density [69]. Conversely, a study by Acar
et al. demonstrated an increase in posterior keratocyte
density in piggyback and ClearKone lens wearers [72].
Endothelial cell count has been shown to be decreased by
up to 18% in keratoconic patients using SoftPerm lenses but
not in keratoconic patients using GP or soft lenses [70, 73].
The low oxygen permeability rates of SoftPerm lenses as
compared with GP and soft lenses could explain the lower
endothelial cell counts observed. Cases of significant cor-
neal edema have also been reported in keratoconus patients
wearing hybrid lenses (SoftPerm and ClearKone Syner-
gEyes), likely due to corneal hypoxia [74, 75]. Other
manifestations of corneal hypoxia in SoftPerm lens wear
include peripheral corneal neovascularization [45].

Dry eye

A few studies have shown a link between keratoconus and
dry eye, with a higher prevalence of clinical signs such as
lower tear break up times (TBUT) and corneal staining, a
higher concentration of pro-inflammatory markers such as
interleukins and metalloproteinases in keratoconus patients
[76-78]. GP wear has been shown to further exacerbate dry
eye signs and symptoms in keratoconus patients. In a study
by Carracedo et al., among keratoconus patients, GP
wearers had lower Schirmer test scores and TBUT, higher
diadenosine tetraphosphate (Ap4A) concentrations and
higher symptom scores (McMonnies questionnaire) as
compared with spectacle wearers [79]. A study by Moon
et al. also found lower TBUTSs and goblet cell densities in
patients wearing GP for keratoconus or myopia [80]. Acar
et al. found increases in IL-6 and IL-8 levels in keratoconus
patients wearing piggyback and ClearKone contact lenses
[72]. Conversely, scleral lenses have been noted to improve
signs and symptoms of dry eye. A different study by Car-
racedo et al. showed that scleral lens wears had significantly
lower Ocular Surface Disease Index scores and tear osmo-
larity but no changes were observed in Schirmer test scores
and TBUT [81]. Ocular discomfort due to dry eye could
contribute to increased eye rubbing seen in patients with
keratoconus, a risk factor for keratoconus progression
[82, 83].

Keratitis

Infectious keratitis, though rare, is one of the most sight-
threatening complications of contact lens wear. The type
and material of contact lens affects the risk of keratitis and
there is currently no study that shows that keratoconus
patients have different incidences of infective keratitis than
any other patients wearing similar types of contact lenses. In
an epidemiological study performed in Australia, the
annualised incidence of microbial keratitis per 10,000
wearers was lowest in daily wear GP CL wearers at 1.2
(confidence interval [CI], 1.1-1.5). In order of increasing
incidence of microbial keratitis per 10,000 wearers are the
following lenses: daily wear soft CL wearers at 1.9 (CI,
1.8-2.0); daily disposable CL wearers at 2.0 (CI,
1.7-2.4); soft CL wearers (occasional overnight use) at 2.2
(CI, 2.0-2.5); daily disposable CL wearers (occasional
overnight use) at 4.2 (CI, 3.1-6.6); SiHy CL wearers
(occasional overnight use) at 5.5 (CI, 4.5-7.2); daily wear
SiHy CL wearers at 11.9 (CI, 10.0-14.6); overnight wear
soft CL wearers at 19.5 (CI, 14.6-29.5) and inovernight
wear of SiHy at 25.4 (CI, 21.2-31.5) [84]. Hence the
incidence of contact lens-related microbial keratitis was
lowest in GP lens wearers, higher in soft lens wearers and
the highest in overnight soft lens wearers [84]. In
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keratoconus patients, acanthamoeba keratitis has been
reported in scleral lens users [85]. Possible risk factors
suggested for microbial keratitis in scleral lens wearers were
the large diameter of the contact lens which predisposes to
corneal hypoxia, the use of large amounts of saline solution
for scleral lens fitting and poor lens storage [85]. Non-
infective keratitis has also been reported in a keratoconus
patient wearing mini-scleral lenses [86].

Fitting techniques

There has been a change in the contact fitting technique for
keratoconus over the years from an apical touch to a three-
point touch technique. Zadnik et al. reported on the safety
and efficacy of flat- and steep-fitting rigid contact lenses in
761 keratoconus eyes in the CLEK study [87]. The results
showed that, contrary to popular belief, keratoconic eyes
fitted with an apical touch fluorescein pattern did not have
an increased risk of being scarred centrally at baseline [87].
However at the end of the study there was a significant
difference in the development of scarring and in the like-
lihood of requiring PK between flat fit lens patients and
apical clearance fit lens patients. Another study compared
the three-point-touch and apical touch fitting approaches in
Rose K2 GP lenses in 109 eyes [88]. No statistically sig-
nificant differences in optimal lens fit rates were found
between three-point-touch and apical touch fitting approa-
ches and between nipple and oval cones [88]. Sorbara et al.
performed a retrospective review on the use of corneal
topography to determine the types of keratoconus (centred
or nipple, oval cones, severe cones or pellucid marginal
degeneration (PMD)) and the type of GP lens that fitted
optimally based on the type of keratoconus [89]. Inventory
sets for keratoconus that had progressively smaller BOZDs
(back optic zone diameter) as the base curve steepened
were found to fit best when prescribed for centred or nipple
cones and those that had a constant BOZD with a certain
lens diameter that did not vary with the base curve
were found to perform better on oval cones. Very large
cones, as with PMD benefited from lenses with very large
BOZDs [89].

Several studies looked at topographical predictors of the
best base curve radius for GP lens fitting. The predictors
include: K-minimum for pancorneal GP lens fitting [90], 5-
mm average keratometry on the axial map for Rose K lens
fitting [91], anterior chamber depth on Pentacam corneal
tomography for Esclera (R) scleral contact lens fitting [92],
and mean weighted corneal sagittal height at a 7.4-mm
chord for ClearKone lens fitting [93].

Computerized contact lens fitting has been shown to
reduce chair time in contact lens fitting and improve visual
performance. A new web-based algorithm (free access at
www.calculens.com) for selecting the back-optic zone
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radius of spherical GP lens in keratoconus eyes was found
to improve spherical KAKC GP fitting (Conoptica) [94].
Two studies compared FITSCAN (a contact lens fitting
software in built in the Orbscan™ II z (Bausch & Lomb
Surgical, Rochester, NY)) and conventionally fitted GP
lenses and found that there was a slight bias towards flatter
apical fitting in the Fitscan design [95, 96]. One of the
studies showed that selecting the BC of the initial trial lens
0.22 mm steeper than the FITSCAN calculated base curve
may help to reduce the complexity of GP contact lens fitting
in keratoconus [95]. Wavefront-guided scleral lens correc-
tion in keratoconus optically compensates for HOA con-
comitant with the disease and can provide visual image
quality equivalent to that seen in normal eyes [97].

EyePrintPRO (Advanced Vision Technologies, Lake-
wood, Colo.), a new customized impression-guided scleral
lens fitted with 3D technology, was recently developed [98].
After creating an impression mold over the ocular surface
using polyvinyl siloxane material, the mold is then scanned
with a 3D scanner. Lathe technology is subsequently used
to create the posterior surface of the scleral lens according
to the contours of the mold [98].

A piggyback lens fitting study found that negative-
powered SCLs provide a flatter anterior surface in com-
parison with positive-powered lenses in subjects with ker-
atoconus and thus they might be more suitable for
piggyback contact lens fitting [99].

Scheimpflug imaging and anterior segment optical
coherent tomography (ASOCT) are useful in scleral contact
lens fitting [92, 100]. Pentacam (Oculus, Germany) mea-
surements such as anterior chamber depth and pentacam-
measured corneal height can be good predictors of the most
appropriate Esclera lens to be fitted in keratoconus patients
[92]. Likewise, corneal sagittal height measured with
Visante OCT (Carl Zeiss, Germany) is an effective method
of determining the appropriate lens/cornea relationship for
scleral contact lenses [100]. The scleral lens vault (PROSE,
Boston Foundation for Sight, Needham Heights, MA, USA)
measured with ASOCT reduced significantly after 4h of
lens wear during scleral lens trial indicating that the final
assessment of the scleral lens may be performed after 4 h of
lens wear [101]. In another study, the corneal sagittal height
measured with the Visante OCT showed a likelihood of
clearance loss after 1 h of scleral lens wear [102]. Esen et al.
looked at the influence of apical clearance on mini-scleral
lens settling, clinical performance, and corneal thickness
changes [103]. The average amount of settling was 62.8 um
after 8 h, 80% of which occurred during the first 4 h. Set-
tling rate was significantly lower in the low apical clearance
group (P =0.01) with the smaller diameter lenses settling
more (P =0.03). Slight corneal swelling (1.3%) occurred
after 8 h of wear. Another study looked at anterior corneal
curvature and aberration changes after scleral lens wear in
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keratoconus patients with and without ring segments and
found that short-term scleral lens wear showed flattening of
the anterior corneal surface in all subjects [50].

Spectral domain OCT can image and measure the tear
film thickness in keratoconic patients with different fitting
patterns of GP lenses, in particular Rose K2 lenses and can
be used to evaluate and modify the lens parameters to
increase patient satisfaction. Lens intolerance may be rela-
ted to edge lift rather than central fitting [104].

Conclusion

Despite advances in the surgical treatment of keratoconus,
contact lenses remain an important and popular option for
visual rehabilitation in keratoconus, with various designs
enabling a large proportion of patients to attain satisfactory
VA. [12-14, 16-18, 57] New contact lens designs and
materials have significantly expanded the available fitting
options for keratoconus patients.

GP lens wear provided significantly better vision and
improved three-dimensional depth perception as compared
with glasses [20, 21]. Among GP lens types, special cone
lens design lenses such as Rose K lenses had better patient
comfort levels though there was no difference in BCLCVA
among the GP lenses [19-21, 23].

Soft lenses show good efficacy for the treatment of mild-
to-moderate keratoconus with newer designs improving
visual performance such as customised hydrogel contact
lenses incorporating vertical coma correction and novel
pinhole soft lens reducing higher order aberrations [29-31].

Scleral and hybrid lenses provide good VA and comfort
for keratoconic patients, some of whom were previously
intolerant to GP lenses [37-43]. Newer design scleral lenses
have expanded the scope and comfort of contact lens wear
for keratoconus patients. GP lens wear post-CXL is rela-
tively well-tolerated, likely due to decreased corneal sen-
sitivity and the flattening effect of CXL [46]. Contact lenses
may still be required post intrastromal corneal ring proce-
dures and post keratoplasty and in these conditions, custom
soft lenses and scleral lenses are more successful than GP
lenses due to the altered post-surgical corneal shape.

Imaging technology, such as corneal topography and
anterior segment optical coherence tomography, can be
utilized to guide contact lens fitting and to better under-
stand the corneal microstructural changes associated with
contact lens wear. Several topographical predictors of the
best base curve radius for GP, scleral and hybrid lens fitting
and computerized contact lens fitting techniques are now
available which reduce the complexity and chair time of
lens fitting as well as improving comfort and visual per-
formance [90-97]. A new customized impression-guided
scleral lens fitted with 3D technology was recently

developed which further improved the accuracy of scleral
lens fitting [98].

Future areas of research such as comparative studies to
analyse the efficacy and comfort of the various contact lens
types and validated quality of life questionnaires specific to
the keratoconus population would enhance discussion on
this subject. Another area of future research would be to
compare the outcome of contemporary surgical options for
keratoconus to that of contact lens wear.
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