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ABSTRACT

Background: The role of scleral contact lenses (SCLs) has increasingly expanded since the first lens was fitted
more than a century ago. While it was initially prescribed for the management of severely compromised corneas,
the indications for modern SCL use have expanded to include less severe diseases. In this review, we aimed to
provide an up-to-date overview of the current indications, complications, and outcomes for the various types
of SCLs.

Methods: In this narrative review, we thoroughly searched the PubMed/MEDLINE database for literature
published from January 1980 to November 2021. Only relevant up-to-date English references were included.
Furthermore, the figures in this manuscript were derived from our unit’s patient documentation.

Results: Currently, SCLs can successfully be used to manage ocular surface diseases, visually rehabilitate
irregular corneas, and correct irregular refractive errors. Although newer materials have yielded the same visual
outcomes with fewer complications, these consequences still occur in approximately one-third of contact lens
wearers, including difficulties in insertion and/or removal, discomfort or pain, and developing either halos,
blurriness, or haze. Even though most of these complications are minor and can be easily treated, a good practice
is essential to avoid sight-threatening complications such as microbial keratitis.

Conclusions: SCLs are indispensable in ophthalmic clinics. The development of better-quality SCLs has
increased the number of indications and improved the achievable visual rehabilitation. The future of developing
improvements in SCL design, materials, and fit, and the expansion of their indication range is promising.
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Scleral contactlenses (SCLs) are wide-diameter, rigid, gas-permeable systems that vault over the whole cornea, creating
a fluid reservoir between the anterior surface of cornea and posterior surfaces of the lens. The use of SCLs dates back
to the 19th century, when the first SCLs made of blown glass, followed by those made of polymethylmethacrylate
(PMMA), were designed. Their lack of oxygen permeability, however, limited widespread use [1].
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Scleral contact lenses

Initially, the correction of refractive errors, mainly that of irregular astigmatism, was the primary indication
for SCLs. Modern SCL designs and their unique fitting characteristics provide the ocular surface with continuous
hydration and protection from the shearing forces of the eyelids [2]. Nowadays, reasons for SCLs prescription
are myriad, including visual rehabilitation in patients with corneal irregularities (i.e., scarring, ectasia), ocular
surface diseases (OSDs; i.e., neurotrophic keratopathy [NK], cicatrizing conjunctivitis), aphakic and non-
aphakic refractive errors, and cosmesis [3-5].

Even though SCL use is generally safe, ophthalmologists and optometrists must remain cognizant of SCL-
related complications that may be sight-threatening. Patient education regarding the correct use of SCLs remains
the most important measure to prevent complications. The purpose of this review was to provide an up-to-date
overview of the current indications, complications, and outcomes for and of the use of the various types of SCLs.

In this narrative review, we thoroughly searched the PubMed/MEDLINE database for literature using the
following keywords: “scleral lens,” “prosthetic replacement of the ocular surface environment (PROSE),”
“corneal ectasia,” “irregular astigmatism,” and “ocular surface disease”. We reviewed papers published between
January 1980 and November 2021, focusing on studies published after 2000. Only English references were
included. Furthermore, the figures in this manuscript were derived from our unit’s patient documentation. Prior

to including figures in this review, we obtained informed consent from the patients.

The recent surge in interest in SCLs has resulted in a muddled understanding of the terminology used to describe
numerous emerging lens designs. Moreover, the naming schemes developed by many SCL manufacturers
and distributors has increased such confusion [4]. The Scleral Lens Education Society (SLS) proposed an
internationally recognized naming system to characterize SCLs based on fit and size features [4, S]. According
to the SLS, the most relevant aspect is where the lens rests: either the cornea, sclera, or both. Regarding size, the
SLS classifies SCLs as semi-scleral (12.5-15 mm), mini-scleral (15-18 mm), and large scleral (18-25 mm) [5].

SLS developed standardized terminology using scientific language to cover all elements of SCL fabrication,
fitting, and management [6]. Table 1 shows the summarized lens parameters with their respective acronyms and
measurement units [6, 7]. This new terminology allows manufacturers to provide uniform labeling information
to ophthalmologists and optometrists, facilitate customized lens fitting, and compare various designs.

The SCL design is characterized by the made material, diameter, base curve radius, optic zone, peripheral
curvature, and other specific features. Table 2 shows the specifics of SCL designs, manufacturers, and indications
according to the largest series reported [2, 8-14].

The main indications for SCLs are visual rehabilitation in patients with corneal irregularities; the treatment of
OSDs and dry eye; correction of refractive errors, including keratoconus (KCN) and irregular astigmatism;
cosmesis; and the prevention of sport injuries due to sports practice [1, 2, S]. According to the Scleral Lenses
in Current Ophthalmic Practice Evaluation (SCOPE), in 2015, 74% of SCLs were recommended for corneal
irregularity, 16% for OSDs, and 10% for refractive errors [15].

Visual rehabilitation in patients with corneal irregularity

Primary corneal ectasias (PCE) manifest as progressive eccentric thinning and steepening of the cornea, which
induces irregular astigmatism [16]. KCN, pellucid marginal degeneration (PMD), and keratoglobus (KG)
represent the specific patterns of PCE [14]. KCN is the most common PCE and the most frequent indication for
SCL fitting [15] (Figure 1A). A study including 89 eyes with corneal ectasia (mean steep keratometry reading of
52 D) evaluated the success rate in terms of visual acuity (VA), function, and fitting of the BostonSight® scleral-
fitted lens (Needham, MA, USA) [14]. In all of the eyes, the BostonSight® SCL was successfully fitted. Significant
improvement of Snellen VA (from 20/70 to 20/25), and visual functioning measured by the 25-item National
Eye Institute Visual Function Questionnaire (NEI VFQ-25) (27.6 points improvement) were also noted [14].
Similar results were obtained by DeLoss et al. after comparing 36 keratoconic eyes fitted with the BostonSight®
SCL with 37 eyes that underwent keratoplasty [17]. Eyes fitted with the BostonSight® SCL achieved a better
VA and faster visual improvement [17]. Even in patients with KCN who developed acute corneal hydrops [18],
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Table 1. Scleral contact lens parameters
Lens parameters
Power

Primary functional lens diameter

Primary functional sagittal depth of the lens

Back Optic Zone Radius

Back Optic Zone Diameter
Optical Zone Diameter

Transition Zone Radius and width

Landing Zone Radius and width

Toric Peripheral Curves

Maximal lens thickness

Oxygen transmissibility of the system (Dk/t)

Edge profile

Maximal Edge thickness

Wetting angle of the material

Oblateness

Localized vaulting

Venting channels

Notching

Stabilization Process

Abbreviations: PFLD, primary functional lens diameter; TZR, transition zone radius; Dk/t, oxygen transmissibility; Dk, oxygen
permeability; LV, localize vaulting; LZR, landing zone radius; VC, venting channels; PB, prism ballast; DSO, double slab-off; APCS,

Scleral contact lenses

Definition

Back vertex optical power of the scleral contact lens.

Scleral contact lens diameter, and characterized by a chord of where the contact

lens first touches or “lands” on the ocular surface along a similar meridian.

Distance from the apex of the back surface of the scleral contact lens
perpendicular at a chord characterized by the PFLD; is a theoretical value of
where the contact lens would contact the conjunctiva.

Distance from a centerline or point to an axis of rotation characterizing the
contact lens back optic zone; the central portion radius of curvature of the

contact lens posterior surface.

In a scleral contact lens, the diameter of its back optic zone radius, which is

measured until the surrounding junction.
Diameter of central scleral contact lens zone that contains the optics.

The TZR is situated exactly peripheral to the optical zone, continuing to the
start of the landing zone. Its name is derived from its nature of transitioning

between the optic and landing zones.

Area peripheral to the TZR, starting at the primary functional diameter and
ending at the lens edge. This portion of the scleral contact lens aligns with
the ocular surface and the scleral conjunctiva and holds part of the entire lens

weight; the rest is supported with the fluid reservoir.

System of peripheral curves that vary in radii among quadrants.

The thickest part of a scleral contact lens, with a notation concerning its precise

location.

Calculated via dividing the Dk of the material by the lens thickness (in cm) of

the measured sample in specified conditions.

The shape of the edge in a plane comprising the scleral contact lens axis is
defined as standard if not modified from the manufacturer’s original design
(modification should be specified in pym).

Rating the thickness of a scleral contact lens measured normal to the front

surface, measured at the edge of the lens.

Measure of how wettable a given surface is. The steeper the angle, the greater
the decrease in the wettability of the lens surface [7].

Alens design wherein the back optic zone radius is flatter than the peripheral

optic zone radius.

Disparity in one of the scleral contact lens zones to vault a specific area with

dissimilar values in pm.

Modification to lens design of the LZR; used in patients where scleral contact
lenses seal off and impose suction to the eye, whereby incorporating VC can

relieve discomfort and enhance tear exchange.

Local variation in the scleral landing zone generates asymmetrical profiles to

accommodate the shape of a specific surface irregularity.

Stabilization is attained with several design features and should be announced
by its technology: PB, DSO, APCS, or TR.

asymmetric peripheral curve system; TR, truncated. Note: The information in this table was adopted from Michaud et al. [6].
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Figure 1. (A) Scleral contact lens (SCL) successful adaptation in a patient with advanced keratoconus with central corneal scarring
due to previous gas permeable contact lens (GP-CL) wear. (B) Toric SCL adaptation process in a patient with high secondary
astigmatism after corneal transplantation for keratoconus and high myopia. (C) Successful SCL adaptation in a patient with INTACS®
intracorneal ring segments (ICRS) insertion after laser in situ keratomileusis (LASIK)-induced keratectasia. (D) Keratoconic eye
fitted with a scleral contact lens for final visual rehabilitation after Kerarings® ICRS insertion for corneal remodeling.

the mini-Misa SCL (Microlens, Arnhem, The Netherlands) was effective in providing good VA [19]. In a case
series of 20 PMD eyes fitted with the BostonSight® SCL, a substantial improvement in VA after 7.25 months was
reported [20]. In patients with KG, Rathi et al. fitted two cases with the BostonSight® SCL. One eye developed
corneal hydrops with deterioration of VA, while the other, with healed hydrops prior to lens wear, had successful
VA improvement over a three-year follow-up [21].

Post-penetrating keratoplasty (post-PK) may result in significant irregular astigmatism leading to
anisometropia, uncorrectable refractive errors with spectacles, and poor vision due to reduced contrast sensitivity
[22] (Figure 1B). Historically, spherical rigid gas-permeable (RGP) lenses have been utilized for visual recovery
in patients post-PK. Nevertheless, the abnormal corneal curvature results in several nuisances, including fitting
difficulties, frequent decentration, contact lens (CL) ejection, dislocation risk, and significant intolerance [23].
Moreover, the interaction between the mechanical elements (the rigid lens and the cornea) may result in corneal
microtrauma and epithelial and stromal disruption with subsequent ocular inflammation and an increased risk
of graft rejection and infection [24]. Severinsky et al. evaluated the success rate, defined as tolerating the lenses
for at least 10 hours per day, of SCLs for visual rehabilitation after PK in 28 patients (33 eyes) [24]. The mean
follow-up time was S.2 years (range 0.5-8.8). Twenty-one patients (75%) successfully wore SCLs for at least 10
h per day. Five patients (18%) achieved partial success, which was defined as using the lenses between 6 and 10 h
a day [24]. Similar results were achieved by Barnett et al. in 48 post-PK eyes using the Jupiter SCLs [23]. Thirty-
three of these eyes (69%) had previously worn other varieties of CLs, the most frequent of which was RGP.
Compared with patients who ceased SCL use, patients who consistently used SCLs were more likely to report
an excellent subjective vision. Almost all eyes (n = 44, 91.7%) achieved a Snellen VA of 20/40 or better [23].
Irregular astigmatism and anisometropia often encountered in patients post-PK render SCLs a more suitable
option than other CL types for visual rehabilitation. Because SCLs vault over the cornea with complete central
and limbal clearance, it creates a better fit, less movement, less visual fluctuation, and better comfort [23, 24].
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Figure 2. Slit-lamp photographs of a patient with irregular astigmatism after radial keratotomy. (A) Fluorescein-stained cornea
demonstrating eight clean corneal radial incisions. (B) Scleral contact lens resting on the conjunctiva without vascular impingement.
(C) Fluorescein-stained fluid reservoir vaulting the cornea.

- 2

Figure 3. (A) Slit-lamp photographs of a patient with paracentral corneal thinning and s.carring after corneal hydrops in advanced

keratoconus. (B) Scleral contact lens vaulting the cornea from limbus to limbus with adequate scleral landing.

Although corneal refractive surgery is generally safe, it may result in significant dry eye, corneal neuralgia,
optical aberrations, and irregular astigmatism, which could progress to ectasia [3, 25] (Figures 1C-D). Many
patients with radial keratotomy suffer from a hyperopic shift and high or irregular astigmatism that cannot
be corrected with spectacles, soft, and even RGP CLs. In such cases, SCLs have become an excellent visual
rehabilitation alternative [3] (Figures 2A-C). Mian et al. evaluated the performance of the BostonSight® SCL in
44 patients with laser-assisted in situ keratomileusis (LASIK)-related complications, including corneal ectasia
(53%), other optical aberrations (32%), dry eye (9%), and corneal neuralgia (7%) [25]. Of these patients,
86% were previously intolerant to other types of CLs. Almost all of the eyes (84%) achieved a significant VA
improvement [25]. Montalt et al. found a marked improvement in VA, subjective comfort ratings, and usage
time (mean 12.67 h per day) with the use of the BostonSight® SCL in patients with irregular corneas after LASIK
[26]. The authors also demonstrated an improvement in the corneal resistance factor, a biomechanical parameter
of the cornea which is usually reduced after refractive surgery [26].

Corneal scarring may occur after a myriad of causes, including herpetic keratitis, corneal trauma,
previous corneal infections, chemical and thermal burns, NK, corneal hydrops (Figures 3A, B), cicatrizing
keratoconjunctivitis, and autoimmune corneal ulceration [27-29]. Scarring results in a reduced quality of vision
because of leukoma formation, high-order aberrations, and irregular astigmatism. In 57 eyes with corneal opacity
fitted with the BostonSight® SCL, Parra et al. demonstrated a significant visual improvement of up to five Snellen
lines [30]. Since corneal scarring usually results from infectious and/or inflammatory pathologies, providing
detailed lens care instruction is crucial to avoid SCL-related sight-threatening complications in this group of

high-risk patients [3].

Ocular surface disease (OSD)

The PROSE, a custom-made prosthetic device, is used to improve the hindered ocular surface functions in
various OSDs. It is a large-diameter gas-permeable SCL that provides high oxygen permeability, positional
stability on the eye, sustained corneal humidity, and protection against lid shearing blinking forces. Thus, it
creates an adequate environment that augments corneal surface healing [31].
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Stevens-Johnson syndrome (SjS) and toxic epidermal necrolysis (TEN) are acute, hypersensitive,
mucocutaneous, bullous reactions that result in significant blistering and desquamation of the skin and mucous
membranes [32]. Since both diseases affect every component of the ocular surface, soft and RGP corneal CLs fail
to provide adequate protection; thus, their use is disfavored. In the largest retrospective cohort to date, Papakostas
etal. reported the visual outcomes of 167 eyes with SJS or TEN managed with the PROSE device [31]. After 16
months of follow-up, the visual function, measured with the NEI VFQ-2$ questionnaire, significantly improved
[31]. The PROSE device also reported good visual outcomes in pediatric patients with SJS or TEN [32].

Chronic graft-versus-host disease (cGVHD) is a complication arising from either allogeneic hematological
stem cell transplantation (allo-HSCT) from human leukocyte antigen (HLA)-matched donors or bone marrow
transplantation [33]. In cGVHD, donor CD4* and CD8* T-cells recognize host cells as non-self entities. The
incidence of this entity varies between 10% to 90% of patients undergoing allo-HSCT [33]. Ocular manifestations
include keratoconjunctivitis sicca (KCS), the most prevalent manifestation, chronic blepharitis, and corneal
epithelial defects [3]. Chronic ocular inflammation causes conjunctival and corneal fibrosis, culminating in
scarring and squamous metaplasia of the ocular surface [34]. Although the management approach of cGVHD
is multimodal, the use of SCLs has proven worthwhile. In a large cohort of 875 eyes, including 50 with cGVHD,
Rosenthal and Croteau evaluated the visual outcomes after fitting with the PROSE device [35]. The primary
indication in all of these eyes was severe dry eye, and in four eyes, there was an associated persistent epithelial
defect (PED). VA and function improved in 49 (98%) eyes, and the PED healed in 3 (75%) eyes with extended
overnight wear of the PROSE lens. One eye, however, did not heal because of the presence of a descemetocele
[35]. In another study, Agranat et al. demonstrated that compared to other forms of OSD, patients with cGVHD
were more prone to continue wearing the PROSE device after S years [36].

Exposure keratopathy (EK) is a condition when the cornea dries because of incomplete or inadequate lid
closure. If left untreated, it can lead to epithelial breakdown, stromal melt, ulceration, and perforation [37]. A
retrospective study by Gervasio et al. compared the VA outcomes of the PROSE lenses versus standard treatments
(ie., artificial tears, ointment, temporary tarsorrhaphy) in 27 and 26 eyes with postsurgical lagophthalmos and
EK, respectively [38]. Eyes managed with the PROSE device had a significantly improved VA at 1, 3, 6, and 12
months. Moreover, eyes requiring the PROSE device were more likely to have failed multiple treatments [38].
In another series, the use of PROSE significantly improved the visual function (the OSD index) and corneal
staining in eyes with EK [39]. The overnight use of SCLs were also found to effectively manage PEDs, a condition
enhanced by EK [40]. Re-epithelization occurred in 85% of the eyes, with most eyes (70.6%) achieving healing
in < 12 days [40].

NK is an impairment of corneal nerves that results in reduced or absent sensations, leading to abnormal
nourishment and damage to the corneal epithelium with a higher risk of ulceration, infection, stromal thinning,
and perforation [29]. SCLs are effective in the management of NK in eyes previously treated with soft CLs [35].
However, the use of any CLs in neurotrophic corneas requires extreme caution [3]. Reduced corneal sensitivity
results in a hindered or absent response to infection symptoms, mainly pain [41], thus increasing the risk of
unwanted complications, such as microbial keratitis (MK). Some authors advocate using prophylactic antibiotic
eye drops to prevent infection in patients wearing SCLs [41].

Cicatrizing conjunctivitis (CC) comprises a myriad of local and systemic diseases that lead to conjunctival
scarring. A myriad of etiologies, including SJS / TEN [32], ocular mucous membrane pemphigoid (OMMP)
[27], ocular lichen planus [28, 42], cGVHD [33], and limbal stem cell deficiency (LSCD) [43], have been
associated with conjunctival scarring [44]. The effective management of CC usually requires immunosuppressive
therapy to treat the underlying disease and CLs and ocular surface surgery to treat its associated complications
[44]. Although research on SCLs to date is limited to small-scale case series and case reports, SCLs play a role
in the ocular surface protection and visual rehabilitation of patients with CC [45]. The use of SCLs in LSCD
deserves special mention. Since up to 15% of LSCD cases are associated with soft and rigid corneal CLs, the use
of alarge-diameter tear-exchangeable rigid SCL is required in eyes with LSCD. The International LSCD Working
Group suggests that rigid SCL may be used before or after reconstructing the ocular surface in eyes with LSCD
[46].

PEDs occur when there is an impaired trophic function of the cornea. If left untreated, PEDs lead to stromal
melting, scarring, ulceration, and perforation [29]. Rosenthal et al. [47] first reported the use of SCLs for the
management of PEDs. Most eyes achieved complete re-epithelization. Nevertheless, four eyes (29%) developed MK
[47]. In a study by Lim et al., with the use of the PROSE device and prophylactic antibiotic eyedrops in the reservoir,
there was successful re-epithelization in 85% of the assessed eyes with no cases of infection [40].

Sjogren’s syndrome (SS) is a chronic rheumatic disease characterized by a progressive exocrine gland
lymphocytic infiltration that can affect multiple organs and systems [48, 49]. La Porta Weber et al. fitted the
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Esclera (Mediphacos Inc., Belo Horizonte, Brazil) lenses in 41 eyes with severe dry eye disease (DED); of those,
11 had associated SS [S0]. The Esclera lens is a non-fenestrated lens with a 16- to 18.2-mm diameter, with a
Dk/t of 141. Although the statistical analysis was not separated between eyes with and without SS, all of the eyes
were reported to have significant improvement in symptoms and quality of life. Moreover, the tear osmolarity
was significantly reduced [50]. Another study, however, reported a significant increase in the HLA-DR isotype
inflammatory marker in eyes with DED related to SS after one year of SCL use [S1].

Corneal dystrophies (CD) constitute a group of hereditary non-inflammatory diseases that may involve the
cornea at any level. They are subclassified by the affected anatomic location [52]. Patients with CD typically
experience pain and blurred vision due to recurrent corneal erosions and irregular astigmatism, respectively
[53]. Thus, manufacturers aim for SCLs to both improve VA and reduce discomfort. Unfortunately, evidence to
date regarding the use of SCLs in CD is scarce. In a large-scale study performed by Parra et al., significant visual
improvement was achieved in 17 out of 825 eyes (2.1%) with CD after PROSE device fitting [30].

Refractive errors

Aphakia, when unilateral, produces significant aniseikonia, thus limiting the use of spectacles for optical
correction. SCLs, specifically the mini-scleral design (MSD), are a good option for managing traumatic aphakia
with concomitant irregular astigmatism secondary to corneal scarring [54]. Alipur and Hosseini evaluated
the visual outcomes of the MSD in the optical treatment of individuals with traumatic aphakia associated
with iridocorneal injury. The VA significantly improved in all of the assessed eyes, and the average time spent

Figure 4. Slit-lamp photographs ofa patient with scleral contactlens (SCL)-induced pingueculitis, presenting with focal conjunctival
injection andirritation at the nasal (A, C) and temporal (B, D) pingueculae areas, compromising the SCL landing zone.

172 Med Hypothesis Discov Innov Ophthalmol. 2021; 10(4)



Scleral contact lenses

comfortably wearing the MSD was 11.6 h (range 8-16 h). The only adverse effect observed was mild redness in
two cases [ 54]. High ametropia (non-aphakic), as stated above, was first corrected with SCLs by August Miiller
in 1889 [5S]. In 2005, Pullum et al. reported that high myopia was indicated in only 2.6% of the eyes (21/808)
that they examined [56]. Currently, the role of SCLs in the optical correction of high refractive error seems
limited to either patients who cannot tolerate corneal CLs and/or have associated irregular astigmatism [3].

Cosmetics, sports, and other indications

Cosmetic tinted SCLs are made to enhance the appearance of a healthy eye by “modifying” the iris color.
Even though these lenses are considered to be for esthetic purposes, misuse can lead to potentially blinding
complications [3].

Therapeutic tinted lenses reduce glare and photophobia in patients with albinism, migraines, cone
dystrophies, and retinitis pigmentosa. These lenses are typically red-tinted [3, 4]. At the time of writing, the role
of tinted lenses to improve color perception in color-blind patients is controversial [57].

Prosthetic tinted lenses are prescribed to improve cosmesis in eyes with disfiguring diseases, including
corneal scarring, bullous keratopathy, and microphthalmia [58]. However, current evidence is limited to soft
CLs.

Ptosis may result from long-term, rigid corneal CL wear. Evidence obtained from case reports suggests
that SCLs can effectively manage ptosis resulting from ocular myopathy, long-term use of RGP corneal CLs,
myopathy due to Kearns-Sayre syndrome, and phthisis bulbi [59].

Sports practice, mainly those involving physical contact and those practicing underwater, is another frequent
indication for SCL wear [4].

Potential adverse events

Non-severe adverse events: Despite the safety and efficacy profile of modern designs of SCLs, associated
complaints are still frequent. Pecego et al. reported that 23% (25/107) of the eyes they investigated abandoned
the Jupiter Scleral Lens after at least 3 months of wear [60]. At least 20% complained of difficulties in insertion
and/or removal, 10% experienced discomfort or pain, and 10% developed either halos, blurriness, or haze [60].
In a clinical trial on eyes fitted with the Rose K2 XL semi-SCLs (Menicon Co. Ltd., Nagoya, Japan), during the
follow-up period, Romero-Jiménez et al. noted corneal abrasions upon lens insertion and conjunctival injuries
induced due to lens removal [61]. SCL-induced pingueculitis were also observed (Figures 4A-D). Tear debris
accumulation behind the SCLs may result in reduced VA (Figure SA-C). Rathi et al. reported a decrease in VA,
ranging from one to seven lines in 14 eyes (70%) after 4 h of wearing the Boston® Scleral Lens [62]. In all of

Figure S. Slit-lamp photographs of patients with scleral contact lens fogging because of prominent tear debris accumulation (A-C)
under the lens.
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the studied eyes, vision improved after removing and refilling the lens with new fluid [62]. An alternative to
overcome this issue is removing and reinserting the lenses up to twice per day [4]. Hypoxia with SCL wear
has significantly reduced with modern rigid SCLs. Vincent et al. reported a statistically significant but clinically
insignificant corneal swelling of < 2% in healthy corneas after wearing the MSD lens for 8 h [63]. On the other
hand, clinically significant corneal edema (across the central 6 mm) was reported by Kumar et al. in nine post-
PKP eyes fitted with non-fenestrated SCLs with high Dk [64]. Lens refitting, hypertonic saline eye drops, and
temporary lens discontinuation are strategies to manage clinically significant corneal edema [3]. Finally, CL-
associated solution toxicity, which presents as mild punctate keratitis, is frequently reported among CL users [ 65]
(Figures 6A, B). On the other hand, corneal infiltrative events (CIEs) are classified as symptomatic CL-induced
peripheral ulcer, severe MK, infiltrative keratitis, CL-induced red eye, asymptomatic infiltrative keratitis, and
asymptomatic infiltrates [65]. Carnt et al. retrospectively analyzed the relationship between CIEs and solution
toxicity in soft CL wearers. The authors concluded that eyes experiencing solution toxicity were more likely to
experience CIEs (6.7% that did versus 2.3% that did not experience toxicity) [65]. Overnight lens wear, reusable
lens use, disinfection with multi-purpose solutions, lens case age > 6 months, and rinsing with tap water are
modifiable risk factors for CIE development. Meanwhile, age; a history of red eye; a high refractive error (> S D);
recent flu or colds; being a first-time lens wearer; and bacterial bioburden in the lid margin, bulbar conjunctiva,
lens case, and/or in the CL itself, are non-modifiable risk factors [66].

Severe adverse events: Although rare, MK is the most feared complication associated with SCL wear. A recent
review performed by Walker et al. reported 11 cases of MK among SCL wearers [67]. The most frequent indication
for SCL fit was PED and post-PK irregular astigmatism in four and two eyes, respectively. EK (two eyes), OMMP
and SS (one eye), GVHD (one eye), and NK (one eye) were the other indications for SCL placement. Staphylococcus
epidermidis was the most frequent organism cultured in three eyes [67]. Risk factors included OSD, overnight wear,
epithelial compromise, poor compliance, or steroid use [3]. Rosenthal and Croteau reported four cases of MK in
patients with post-PK PED who wore SCLs overnight. In all of these eyes, the graft eventually failed. The authors
suggested switching to a daily-wear schedule soon after PED resolution [35].

Patient education
As with other CL forms, thorough handwashing with a mild soap must be performed before any manipulation,
insertion, or removal. The lens should be rinsed before being applied to the eye to remove the cleaning agent,

Figure 6. Slit-lamp photograph under diffuse illumination and fluorescein staining show diffuse moderate punctate corneal
epithelial staining associated with contact lens solution toxicity in a scleral contact lens user.
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preventing irritation and chemical toxicity of the cornea [ 68]. Before insertion, users must fill the scleral reservoir
with sterile non-preserved saline to avoid bubble formation [3]. In a previous study, bubbles trapped behind
the lens were the most frequent complication during lens insertion [69]. A plunger (either ventilated or not)
or a scleral cup may stabilize the lens, thus facilitating the insertion. A few commercially available plungers in
ventilated and non-ventilated designs aid with SCL insertion and removal [3, 70].

There are two approaches for lens insertion. The first is the three-finger method, in which the patient uses
their thumb, index, and middle finger to create a tripod stand for the SCL. Next, the lens is filled with sterile non-
preserved saline, and the eyelids are held open for insertion. The second method utilizes a large plunger; the lens
must also be filled with solution. The lids are then opened with the non-dominant hand, and the patient leans
forward parallel to the ground towards the lens until it touches the central cornea. The plunger must be cleaned
with alcohol or peroxide following each use. The patient should examine the eye after lens insertion to look for air
bubbles that can produce discomfort, decrease vision, and cause corneal desiccation with time [70].

Most patients rely on their lenses for functional vision and, therefore, use them during waking hours.
Consultants in the SCOPE survey reported advising wearing SCLs for 12 h (range: 2-19 h) [71]. In some cases,
patients required overnight wear to avoid symptom worsening upon awakening [72]. Highly gas-permeable
materials, such as hydrogel, allow overnight wear. In such cases, daily removal for cleaning and refilling with
saline is advised [3].

SCLs should be cleaned by rubbing them for 15 seconds and then rinsing them with saline or multi-purpose
solution before overnight storage. After the initial cleaning, lenses must be placed overnight in a disinfecting
solution. Many multipurpose solutions are suitable for storing, such as those containing 3% hydrogen peroxide
or chlorhexidine [68].

SCLs have a sealed fit, and any contamination can expose the eye to infection during the time of their wear.
Therefore, strict compliance is crucial while using these lenses. Compliance can sometimes be complicated
because of the complexity of the prescribed lens regimen and the underlying management of conditions [3].
Drops applied over an SCL will not have direct exposure to the cornea or the anterior chamber as they would
over a hydrophilic soft CL; thus, patients should be instructed to remove the lenses for cleaning and disinfection
prior to drop instillation [3].

The follow-up schedule will depend on the underlying condition for which the SCL is prescribed. A
retrospective study of 6,385 eyes of 6,188 patients by Zhu et al. recommended weekly follow-ups [ 73]. However,
other conditions, such as filamentary keratitis in patients with adenoviral keratoconjunctivitis, can be monitored
more closely. Moreover, close follow-ups and patient education are of utmost importance, especially in the case
of overnight users [3].

The limitations of our review were related to the paucity of randomized control trials that evaluated SCL
tolerance, safety, adverse events, wearing time, and complication rates. Moreover, current evidence on SCLs as
a management for NK and several relatively rare diseases, such as SJS / TEN, is limited to a few case reports and
case series. Thus, the information presented must be interpreted cautiously. The strengths of our review included
presenting an up-to-date overview concerning the indications, complications, and outcomes for and of SCLs
for almost every eye condition. Future randomized controlled studies are required to best evaluate the safety,
efficacy, and outcomes of SCLs in every current indication for their use, including refractive errors and ocular
surface pathology.

SCLs are an indispensable tool in ophthalmic and optometry practices, particularly in corneal, refractive, and
OSD clinics. The technological development that lead to better SCLs has allowed a considerable increase in their
clinical indications, resulting in a significant improvement in the resolution of severe OSDs, including severe
DED, EK, NK, and PEDs. It has also significantly improved the visual rehabilitation of patients with irregularities
of the anterior surface of the cornea, irregular astigmatism, and corneal ectasia, considerably reducing the
number of corneal transplant surgeries. Potential complications of SCLs are related to a poor fit, patient misuse,
risk factors favoring complications, and intolerance. Eye care specialists must educate patients on the appropriate
use, risks of misuse, and complications of SCLs.
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