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SIGNIFICANCE: This study affirms the long-term safety and efficacy of scleral contact lens use in patients with
keratoconus.

PURPOSE: This study aimed to evaluate the safety and efficacy of contemporary scleral contact lenses in the visual
rehabilitation of the keratoconic population.

METHODS:A retrospective study of keratoconic subjects examined between 2013 and2018was conducted. Sub-
jects were included regardless of age, sex, pre-existing morbidity, or scleral lens design. Only eyes fit successfully
with scleral contact lenses for ≥1 year were included. Exclusion criteria were prior corneal surgery, dystrophy, de-
generation, and trauma.

RESULTS:A total of 157 eyes of 86 subjects met the study criteria. Themean Keratoconus Severity Score at initial
fitting was 3.6 ± 1.0. Lenses were gas-permeable and nonfenestrated, with a mean overall diameter of
15.8 ± 0.6 mm and 70.1% toric scleral periphery. Physiological adverse events occurred in 9.6% of eyes, includ-
ing microbial keratitis (0.6%), phlyctenulosis (0.6%), corneal abrasion (1.3%), contact lens–induced acute red
eye (1.3%), corneal infiltrative events (1.3%), pingueculitis (1.3%), and hydrops (3.2%). Lens-related adverse
events were documented in 55.4% of eyes. Adverse events related to surface issues included poor wetting in
1.9%, handling in 3.8%, reservoir fogging in 7.0%, lens intolerance in 7.6%, deposit in 8.9%, and broken lenses
in 26.1% of eyes. The most common management strategies involved refits (54.0% of interventions), patient re-
education (29.5%), medical treatment (5.5%), surgical referral (6.8%), adjustment to wear time (2.5%), surface
treatment (1.2%), and lens replacement (0.6%). Best-corrected distance logMAR visual acuity improved signifi-
cantly from a mean of 0.50 in spectacles to a mean of 0.08 in scleral lenses (P < .0001). During the study period,
14.6% of eyes lost best-corrected scleral lens visual acuity, all from keratoconus progression.

CONCLUSIONS: Consistent with other groups, our study demonstrates excellent safety and efficacy of scleral con-
tact lenses in subjects with keratoconus.
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Scleral lenses have increased in popularity in the last decade.
According to the Scleral Lens in Current Optometric Practice study,
80% of the 989 respondents indicated their first year of fitting to
be after 2005, and 54% began 2010 or later.1 It was estimated
that in 2016, 70,000 individuals in the United States wore a scleral
lens.2 Modern scleral lens indications include corneal ectasia (27.5
to 91%),3–10 post-surgical or post-traumatic corneal irregularity
(17.6 to 40.0%),3–6,8–10 ocular surface diseases (3 to 49%),3–5,7–11

aphakia (2 to 23%),3,7–9 refractive errors (2.6 to 10%),3,8,10,11 and
others.1,12 Keratoconus is the primary indication for scleral lens wear.

Keratoconus is a bilateral, progressive but self-limiting corneal
disorder characterized by protrusion, distortion, thinning, and
sometimes corneal scarring, which reduces optical clarity.13–16

Prevalence is increasing with better detection abilities and is re-
ported to be 50 to 265 per 100,000, with an annual incidence
of 2 to 13.3 per 100,000.16–18 Early management of keratoconus
includes spectacles and soft contact lenses, with the more ad-
vanced cases fitted in varying gas-permeable lenses, piggyback
lens systems, hybrid lenses, and scleral lenses.19 Contact lenses
are estimated to manage 75% of keratoconus cases successfully.17

Scleral lenses are indicated for corneal gas-permeable lens in-
tolerance, improved comfort, and lens centration.20Koppenet al.21
reported that scleral lenses mitigated the need for corneal transplant
in 80% of those with severe keratoconus. Although lamellar or
full-thickness keratoplasty improves visual acuity in eyes with corneal
scarring, it must be noted that scleral lenses may still be necessary to
reach the best-corrected post-surgical visual acuity.7–9,22

Little is known about the rates of adverse events in contempo-
rary scleral contact lenses, and many of the adverse events previ-
ously reported are from PMMA or first-generation gas-permeable
designs.3 Other more contemporary studies have focused on case
reports and case series or are limited by small sample sizes in a sin-
gle lens type.7,23–25 Common physiological complications include
hypoxia leading to corneal edema (7.4%),3 neovascularization (1.1
to 13.3%),3,26 corneal abrasion (3.1%),3 and infection, inflammation,
and solution toxicity.2,3,7,23–25,27–29 Other lens-related adverse
events are midday fogging (20 to 46%; McKinney et al. IOVS
2013;54:ARVO E-Abstract 5483),2,11 mechanical irritation
(12.6%),3 protein deposits (3.5%),3 giant papillary conjunctivitis
(1.7%),3 and poor lens fit due to disease progression.2,3,7,23–25,27–29

A survey of 164 scleral lens practitioners revealed that common
minor complications include poor lens wetting (90.8%), lens fog-
ging (84.8%), blurred vision (53%), ocular redness (34.8%), ocu-
lar dryness (24.4%), and ocular pain/discomfort (20.7%).30 All of
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these studies included a variety of corneal pathologies and scleral
lens indications.2,7,8,10,23,31,32

Because compromised corneas are more susceptible to adverse
events, it is difficult to generalize these results to keratoconus pa-
tients and determine the risks associated with scleral wear in this
population. Regardless, these studies provide foundational points
of comparison for this and other studies. Our study seeks to evalu-
ate the longitudinal safety and efficacy of modern scleral lenses in
a large cohort of pre-surgical keratoconus subjects.

METHODS

The study was approved by the institutional review board at the
Southern College of Optometry and followed the Declaration of
Helsinki tenets. A retrospective record review was performed on
subjects examined in the Cornea and Contact Lens Service at
The Eye Center at the Southern College of Optometry between
January 1, 2013, and December 31, 2018. Attending faculty su-
pervised fourth-year interns during patient examinations and followed
prevailing protocols and community standards of care unless practi-
tioner judgment required departure. This academic model, along with
individual patient needs, introduces variations in test selection and ex-
amination sequencing but reflects actual clinical practice. Subjects
were deidentified and located by database query using International
Classification of Diseases, TenthRevision, ClinicalModification codes
for keratoconus.

Subjects were included regardless of pre-existing morbidity or
scleral lens design. Only eyes fit with scleral lenses for 1 year or
more for visual rehabilitation due to keratoconus were included in
the study to provide longitudinal data from a cohort of initially suc-
cessful wearers. Subjects who discontinued lens wear during the
first year were excluded and warrant a separate study to elucidate
the reason for early dropout. Other exclusion criteria were prior cor-
neal surgery (most of which were penetrating keratoplasty, deep
anterior lamellar keratoplasty, corneal crosslinking, and refractive
surgery), dystrophy, other degeneration, and trauma. Eyes that re-
quired corneal surgery after scleral lens fitting were included in
data analysis up to surgical referral.

Demographic data collected included age, sex, years since
keratoconus diagnosis, manifest refraction, and maximum keratometry
value from topography (Medmont, Nunawading, Australia) or to-
mography (Pentacam AXL; Oculus, Wetzlar, Germany) at the initial
visit. The stage of keratoconus was determined using the Keratoconus
Severity Score ranking scheme.13 Several grading schemes exist to
classify keratoconus severity and to track its progression,13,33,34 but
there is no consensus on a standard.35 The Amsler-Krumeich sys-
tem,34 the Belin-Belin Ambrósio Enhanced Display,36 and the ABCD
grading system37 were considered and rejected because some fail to
account for posterior corneal changes, require analysis that was not
performed on all subjects in our study, or do not incorporate clinical
findings. The Keratoconus Severity Score ranking system, which
grades the disease severity from 0 to 5 based on biomicroscopy
signs, topography pattern, and common topographic indices, was
chosen for its lack of ties to any particular topographic instrument,
high sensitivity and specificity, and record of good reproducibility.13

Safety Outcomes

Safety was defined as the number of adverse events experi-
enced by the subjects after the first year of lens finalization. Adverse
events were divided into those that impacted physiology and those
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that were lens related. Physiological adverse events surveyed in-
cluded corneal hydrops, pingueculitis, corneal inflammatory events
(symptomatic and asymptomatic),38–42 contact lens–associated
red eye, corneal abrasion, phlyctenulosis, and microbial keratitis.
Lens-related adverse events included the presence of lens deposits,26

lens intolerance,43,44 tear reservoir clouding,11,45–47 difficulty
handling the lenses,45,48 and poor lens wettability.26 Specific de-
tails of the complications and their management strategies were
documented.

Efficacy Outcomes

The primary outcomes selected to measure efficacy included
best-corrected distance Snellen visual acuity in spectacles at the
initial visit, after finalization of scleral lens parameters, and at the
most recent visit within the survey period. The Snellen visual acu-
ities were converted to logMAR values for analysis. Other outcomes
included the numbers of lenses lost or broken and dropouts during
the period surveyed. True logMAR visual acuities, contrast sensitiv-
ity, and higher-order aberrations, although important measures of
visual performance in scleral lenses,49–52 were not obtained be-
cause they are not readily available in the clinical setting.

Secondary Outcomes

The details of scheduled and unscheduled follow-up visits were
analyzed as secondary outcomes to examine associations between
the number of follow-up visits and adverse events. The overall num-
ber and reason for both planned and unplanned visits during the
survey period were recorded. Compliance with scheduled visits
was documented. Patients were seen based on individual needs
and typically every 6 months. The patient's reason for failure to re-
turn for scheduled visits was inferred based on the case history
from his/her next visit or by staff note after telephone calls, for ex-
ample, declined insurance coverage or requested record transfer.
Patients lost to follow-up, defined as those whose most recent
examination was >2 years ago at the time of data collection, were
also documented. Metrics on lens care, hygiene, and case condi-
tions were not consistently documented and could not be included
in this analysis. These are known associations that contribute to
both microbial keratitis and inflammatory events from studies of
soft lenses.53–58

Statistics

Statistical analysis was performed using Microsoft Excel 2016
(ver. 16.0.4266.1001; Santa Rosa, CA) and Analyse-it for Microsoft
Excel (ver. 4.90, build 6422.19585; Leeds, United Kingdom), with
the significance level set at P < .05 and confidence interval at 95%.

RESULTS

Demographics

Threehundredeighty-five subjectswith thediagnosis of keratoconus
were screened. Based on the inclusion and exclusion criteria, 157 eyes
of 86 subjects qualified for the study. Fifteen subjects were fit with
scleral lenses in one eye and 71 in both eyes, totaling 78 right and
79 left eyes. The male-to-female ratio was 38:48. The mean age
at initial lens fitting was 34.8 ± 11.7 years, ranging from 14 to
64 years. Primary reasons for exclusion were less than 1 year since
lens fitting, wearing contact lensmodality other than a scleral lens,
and prior corneal surgery. These accounted for 284 (95%) of the
299 subjects excluded from the study.
0; Vol 97(9) 742



FIGURE 1. Frequency of eyes by severity using the Keratoconus Severity Score ranking scheme (n = 157 eyes). Two eyes of one subject could not be
appropriately classified (unknown [UNK]) because of the diagnosis of pellucid marginal degeneration.

FIGURE 2. Frequency of the most common adverse events observed by physiological and lens-related occurrences (n = 157 eyes).
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Of the 157 eyes included in the study, 54.1% were diagnosed
with keratoconus <5 years before scleral lens fitting, 16.6% were
diagnosed 5 to 10 years, and 29.3% were diagnosed >10 years
prior. The mean Keratoconus Severity Score at the time of fitting
was 3.6 ± 1.0 (Fig. 1). The mean maximum keratometry measure-
ment was 61.4 ± 10.9 D (range, 31.0 to 89.9 D).

Safety

One hundred two adverse events occurred in 157 eyes during
the period surveyed. Some subjects experienced multiple adverse
events, whereas others experienced none. Physiological adverse
events infrequently occurred in 9.6% of eyes. The most frequently
occurring adverse physiological event was acute corneal hydrops
(3.2% of eyes). Pingueculitis, corneal infiltrative events (asymp-
tomatic and symptomatic), contact lens–associated red eye, and
abrasion were each observed in 1.3% of eyes. The most common
lens-related adverse event was damaged or lost lens, which occurred
in 26.1% of 157 eyes and one mix-up between the right and left
lens. Additional lens-related events included lens deposits (8.9%
of eyes), intolerance due to progression of keratoconus (7.6%), tear
reservoir clouding (7%), handling difficulty (3.8%), and poor lens
wetting (1.9%; Fig. 2). An analysis examining the association be-
tween keratoconus severity and the number of adverse events failed
to find a significant relationship. Likewise, no correlation was found
between any of the lens parameters, brands, or designs.

Some adverse events required more than one management strat-
egy, totaling 163 interventions documented. Most interventions
involved refit of the scleral lens (54.0% of interventions). The pri-
mary reason for recommending refit of a lens was nonoptimal fitting
characteristics, such as corneal apex bearing on posterior lens
FIGURE 3. Frequency of management interventions used to overcome advers
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surface caused by the progression of keratoconus, as evaluated
by biomicroscopy. Patient reeducation and adjustment of care
and handling accounted for 29.4% of interventions. Subjects were
advised to reduce or temporarily discontinue lens wear in 2.5%.
Medical treatments (5.5%) were initiated as necessary. Surgical
referrals were recommended in 6.7% (Fig. 3).

Efficacy

Overall, scleral lenses significantly improved the best-corrected
distance visual acuity over spectacles (n = 155). A mean logMAR
of 0.50 (95% confidence interval, 0.44 to 0.56) in spectacles im-
proved to a mean logMAR of 0.08 (95% confidence interval, 0.06
to 0.11) in scleral lenses, representing a clinically and statistically
significant improvement (P < .0001; Fig. 4). Two eyes of one pa-
tient were excluded from the analysis because of missing docu-
mentation of best-corrected spectacle visual acuity.

A total of 14.6% (23/157) of eyes experienced a change in
best-corrected scleral lens visual acuity during the survey period.
All experienced decreased vision due to keratoconus progression.
LogMAR visual acuities significantly decreased from pre– (0.11;
95% confidence interval, 0.05 to 0.18) to post–adverse event acu-
ities (0.60; 95% confidence interval, 0.34 to 0.85; P < .0001).
One outlier among those who lost vision was a subject whose con-
dition progressed to acute hydrops and light perception vision and
was referred for penetrating keratoplasty (Fig. 5).

Compliance

Four hundred ninety-three office visits occurred after the initial
scleral lens finalization. The mean number of follow-ups per sub-
ject was 5.7 ± 4.8 (range, 1 to 34 visits). The reason for follow-up
e events (n = 163 interventions).
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FIGURE 4.Boxplot comparison of themedians of best-corrected distance logMAR acuity in spectacles (SRx) with those through the finalized scleral lens
(SLRx) in 155 eyes. Whiskers represent 1.5 times the interquartile value. Vision improved significantly in scleral lenses (P < .0001).
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included annual examinations (51.6%), adverse events (38.2%),
and fellow eye issues (10.2%). Twenty-six (30.2%) of the 86 sub-
jects were noncompliant with prescribed follow-ups and were seen
after amean of 13.3 ± 9.0months past their expected annual exam-
inations. The most common reasons provided for missing prescribed
annual recall including those lost to follow-up are satisfaction with
lens (68.2%), relocation (13.6%), insurance issues (9.1%), and
job demands (2.3%). One subject (one eye) dropped out of scleral
lens wear 2 years after initial fitting because of contact lens dis-
comfort and was referred for surgical management, resulting in
penetrating keratoplasty.
DISCUSSION

Since the reintroduction of modern scleral lenses 25 years ago,
improvements in technology have allowed an increasing number of
subjects to benefit from these lenses.3,59,60 The safety and efficacy
of scleral lenses have been evaluated across multiple patient pop-
ulations and clinical settings. Although keratoconic patients typi-
cally account for most subjects, most of the studies did not
evaluate subjects with keratoconus in isolation.2,3,7–10,32,61 In
our study, only subjects with keratoconus and no prior corneal sur-
gery and at least 1 year of wearing experience were included to
assess the long-term scleral lens safety without regard to the in-
creased risks associated with post-surgical eyes. The study design
also separated long-term adverse events from those encountered in
the initial fitting period, which warrants separate study.
www.optvissci.com Optom Vis Sci 202
The most frequently encountered physiological adverse event
was acute corneal hydrops. Although its etiology is not entirely
clear, corneal hydrops is known to be a late-stage complication as-
sociated with the progression of keratoconus.62 The frequency of
hydrops in our study (3.2%) was marginally higher than the esti-
mated prevalence in the literature of between 2.6 and 2.8% (esti-
mated incidence of 1.63 per 100,000)62 likely because of the
versatility of scleral lens in managing advanced keratoconus.21

Keratoconus severity scores for our subjects were skewed toward
moderate to severe, with a mean of 3.6 (95% confidence interval,
3.5 to 3.8), which may inflate the rate of hydrops observed.

Specific information on the prevalence of inflammatory events
for scleral contact lens wearers is rare. Our study observed rela-
tively low rates of asymptomatic or symptomatic corneal infiltrative
events, contact lens–associated red eye, and pingueculitis evenly
distributed for 1.3% of eyes each. Both Schornack et al.10 and
Visser et al.26 found a lower rate of infiltrates in 0.6 (n = 164)
and 0.0% (n = 284), respectively. The inconsistency may repre-
sent a difference in the study design, which included a variety of in-
dications for scleral lens wear and differing length of study periods.
The review by Chalmers et al.38 on the annualized rates of corneal
infiltrative events in daily disposable lenses (0 to 0.6% per year)
compared with reusable designs (3 to 4%per year) may provide ad-
ditional insights. Our rate of contact lens–associated red eye was
lower than the 2.1% reported by Visser et al.26 More studies are
needed to assess user habits and the bioburdens associated with
scleral lens wear in specific populations to help identify contribut-
ing risk factors, but it is reasonable to suspect they will mirror what
has been learned from soft lenses.39–42,58,63–68 The finding of
0; Vol 97(9) 745



FIGURE 5. Boxplot comparison of the best-corrected distance logMAR acuity at scleral lens parameter finalization before adverse events (PRE AE) with
those obtained in the most recent visit after adverse events (POST AE; n = 22 eyes). Whiskers represent 1.5 times the interquartile value. Vision signif-
icantly declined after adverse events (P < .0001), all of which were related to the progression of keratoconus. The far outlier represents an eye that
progressed to having acute hydrops and light perception vision.
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pingueculitis does not prove an association with scleral lens wear,
although mechanical incitement cannot be excluded. Past studies
have shown that both soft lenses and corneal gas-permeable lenses
are associated with incitement of pingueculae.69

The potentially most severe adverse event recordedwasmicrobial
keratitis, observed in one eye (0.6%) in our study. Two eyes of an-
other subject experienced corneal infiltrative events, as discussed
previously. Both subjects were noncompliant and reported extended
wear leading up to the event. Our subjects, in general, experienced
lower rates of major complications compared with other scleral lens
safety studies that included post-operative eyes.2,10 In a literature
review of scleral lenses, Schornack et al.70 reported two incidence
rates, between 0.5 and 1.6%,28 of microbial or Acanthamoeba ker-
atitis among post-surgical eyes or those with severe ocular surface
disease, which are known risk factors for infection.71 Zimmerman
andMarks54 reported on a case ofmicrobial keratitis associated with
poor compliance with scleral lens use in a case of neurotrophic ker-
atitis. Walker et al.2 reviewed 11 cases ofmicrobial keratitis from the
literature, all of which either were post-surgical eyes or had pre-existing
epithelial defects. None were keratoconus only. The safety and efficacy
of scleral lenses in post-surgical subjects were similarly explored by
Fuller and Lam (OVS 2018;95;E-Abstract 185358) in detail in a sep-
arate unpublished study presented at the annual meeting of the
American Academy of Optometry 2018, San Antonio, TX. Looking to
the abundance of detailed information on prevalence, incidence, and
risk factors associated with microbial keratitis among corneal
gas-permeable and soft lens wearers would similarly fail to account
for underlying comorbidities. Nonetheless, the prevalence and
incidence of microbial keratitis among keratoconus patients wearing
www.optvissci.com Optom Vis Sci 202
scleral lenses are likely very low. A larger sample size across a variety
of environments is needed to sufficiently power an epidemiological
study on this topic.

An older comprehensive retrospective analysis of scleral lens
safety was conducted by Tan et al.3 and included 517 eyes, 36%
of which had keratoconus. A comparison of anterior segment com-
plications reveals a significantly improved safety profile with the
advent of gas-permeablematerials and innovations in lens designs,
thereby reducing risks of severe corneal neovascularization and
corneal edema.3 Neovascularization was not observed in our study,
and our findings conflict with the severity of neovascularization
(12.2% of eyes) documented by Tan et al.32 Visser et al.26 reported
a rate of 1.1% (n = 284 eyes) of eyes experiencing neovasculariza-
tion secondary to scleral lens wear. This difference is likely due to
improvements in the permeability of contemporary gas-permeable
materials.

Our study found a greater improvement in themean best-corrected
logMAR of 0.08 in scleral lenses compared with Schornack and
Patel,31 who found a mean visual acuity of 0.14 logMAR after scleral
lens refitting in subjects with keratoconus. This is likely due to cohort
differences. The conversion fromSnellen to logMAR visual acuities re-
duces the validity of the findings in this and other studies, as the incre-
ment of change is not consistent between rows of the Snellen chart.

Our spherical/toric periphery scleral landing zone distribution
(29.9:70.1%) is somewhat inconsistent with the findings by
DeNaeyer et al.,72 who found that 5.7% of subjects had spherical
scleral shapes, 28.6% had regular toric shapes, 40.7% had asym-
metric toric shapes, and 25% had irregular shapes. None of the
subjects in our study were fit with quadrant-specific design or
0; Vol 97(9) 746
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custom peripheral curves. No correlation was found in this study
between the geometry of the scleral landing zone and the fre-
quency of adverse events.

Many commonly reported minor scleral lens complications are
encountered during the initial lens fitting and can be easily man-
aged by modifying the lens parameters, lens care, or other factors
such as instilling artificial tears, decreasing wearing time, or reapplying
the lens.2,30,73 Comparedwith other reports, our subjects experienced a
lower rate ofmidday fogging (7%), surfacedeposits (8.9%), and surface
wetting issues (1.9%).2,30 This may be due to the lack of inclusion of
first-year data in the study. Schornack et al.11 did not find an associa-
tion between midday fogging and either lens design or care products
and reported a frequency of 25% (n = 248). Our study found a higher
rate of adverse events related to scleral lens material properties, consis-
tentwith the findingsbyTanet al.32 that gas-permeable lensesaremore
prone to deposit than PMMA lensmaterials. Deposits then increase the
risk of contact lens papillary conjunctivitis, lens breakage, and poor lens
wetting.32When compared with our findings, all adverse events, except
for contact lens papillary conjunctivitis, are consistent with the previous
study, with the only occurrence documented in a subject who had pre-
viously experienced the condition before scleral lens fitting. The contra-
dictory finding of increased lens deposits and wetting issues with
reduced papillary conjunctivitis may be a function of sample size.
However, we cannot rule out that newer technologies have im-
proved lens surface properties with better wetting characteristics,
whichmay reduce issues associated with surface problems.19,74,75

Limitations

Limitations of our study include its retrospective design and its
setting in an academic institution with multiple clinicians, creating
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higher interclinician variability in lens fitting philosophies, docu-
mentation habits, and adverse event management. A prospective
study with subjects examined by a single clinician would allow for
more consistent grading of essential details, including corneal neo-
vascularization, corneal edema, epithelial bogging, conjunctival
prolapse, conjunctival papillae, wearing time, lens care regi-
men, compliance with prescribed solutions, changes in contrast
sensitivities, and other findings that may be relevant to scleral
lens complications over the long term. The interclinician vari-
ability in the study, along with the wide variety of scleral lens de-
signs and materials, may increase the generalizability of our
data to other practitioners and clinics. The length of follow-up
for each subject was not documented beyond a minimum of
1 year and a maximum of 6 years after fitting. A skew in sam-
pling cannot be excluded, and calculation of incidence rates in
person-years, which would facilitate comparison to soft lens studies,
cannot be presented. The limitations associated with converting
Snellen to logMAR visual acuities were previously addressed. The
advantage of limiting the survey period in our study is consistency
among lens designs, materials, and lens care systems, which afforded
insights into contemporary practices.
CONCLUSIONS

Consistent with the findings of other groups, our study demon-
strates excellent long-term safety and efficacy of scleral lenses in the
visual rehabilitation in subjects with keratoconus.7,9,26,28,31,32,61
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