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Abstract
Purpose—This study determined the association between mucin ball formation and corneal
infiltrative events (CIEs) during continuous wear (CW) with lotrafilcon A silicone hydrogel (SH)
contact lenses.

Methods—Subjects (n=205) in the Longitudinal Analysis of Silicone Hydrogel Contact Lens
Study wore lotrafilcon A contact lenses for 12 months of CW. The primary outcome was a CIE.
Kaplan-Meier methods were used to estimate the unadjusted cumulative incidence of remaining
CIE free stratified by mucin ball presence. Cox proportional hazards regression was used to model
the hazard of developing a CIE as a function of mucin ball formation and other covariates.

Results—Over half (54.2%) of subjects displayed some presence of mucin balls during at least
one visit and about one-third (32.8%) displayed repeated episodes. Mucin ball scores were
correlated between the two eyes and weakly correlated with corneal curvature (p<=0.005).
Univariate analyses revealed that the relative hazard for a CIE was 0.35 (95% confidence interval
(CI) 0.19–0.68) if a single episode of mucin balls was detected and 0.17 (95% CI 0.06–0.43) if
repeated episodes were detected. Upon multivariate analysis, repeated presence of mucin balls was
associated with an 84% decreased hazard of experiencing a CIE (hazard ratio 0.16, 95% CI 0.06–
0.44).

Conclusions—The presence of mucin balls is significantly associated with a decreased
incidence of CIEs, and the effect is greatest when they are repeatedly present over time. We
hypothesize that mucin ball presence represents a more concentrated or viscous mucus layer which
prevents upregulation of the immune response against bacterial ligands.

INTRODUCTION
Mucin balls are spherical, translucent, insoluble, substantially rigid, tear film derived bodies
composed of naturally occurring mucins on the ocular surface that form between the back
surface of a contact lens and the corneal epithelium.1–3 Upon removal of the contact lens,
the mucin balls are rapidly blinked away, however, they leave behind depressions within the
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corneal epithelium. The depressions display unreversed illumination and are therefore
visible with the slit-lamp biomicroscope, however, their appearance is enhanced with
instillation of sodium fluorescein because fluorescein pools within the depressions.1, 2, 4

After lens removal, the depressions completely resolve within 24 hours.1, 4

Confocal microscopy indicates that the sizes of mucin balls range from 34 μm to 79 μm.3, 5

Their size is rather large in comparison to the post lens tear film whose thickness is about 1–
2 μm,6, 7 therefore, they become immobilized between the contact lens and corneal
epithelium. The mucin ball induced depressions do not cause fluorescein to penetrate into
the epithelium.1, 2 However, because the corneal epithelium is about 50–70 μm, mucin balls
can extend through the entire thickness of the corneal epithelium and reach the basal
lamina.3–5 They laterally displace epithelial cells rather than simply flatten them.3

The presence of mucin balls has been referred to as peculiar,4 and a complication of lens
wear.8 Some have postulated that the gaps they form within the corneal epithelium may
open a pathway for microorganisms to penetrate the cornea,5 or they may represent a
compromise of the mucus phase of the tear film.7 One unpublished study reported that in
subjects wearing daily wear lenses, the presence of mucin balls was associated with a greater
risk of corneal infiltrative events (CIEs)9, and others have recommended contact lens
management strategies to reduce them.1, 4 However, the presence of mucin balls does not
impact visual acuity nor subject comfort or satisfaction,1 and most studies assessing their
presence have found no association with adverse ocular responses.1, 10, 11 The presence of
mucin balls has not shown any evidence of cellular infiltration by keratocytes or immune
cells.3 In fact, Morgan and Efron reported reduced conjunctival and limbal redness in the
presence of mucin balls,12 and they may simply reflect a specific, yet unknown,
characteristic of mucins in the tear film.

Contact lenses made of SH materials are associated with a 2-fold increased risk of CIEs
compared to their low Dk counterparts,13, 14 but the etiology for this increased risk is
unclear. The Longitudinal Analysis of Silicone Hydrogel (LASH) Contact Lens Study was
designed to assess risk factors for the development of CIEs during CW with SH lenses. The
conceptual model for CIE development is outlined in Figure 1. In this model, bacterial
contamination of contact lenses is theorized to be a necessary but not sufficient risk factor
for CIE development. The LASH Study confirmed that bacterial contamination of contact
lenses is strongly associated with a CIE.15 The LASH Study was also designed to assess the
other variables in the conceptual model, that is, whether clinically evident changes to the
superficial corneal epithelium in the form of corneal staining or mucin ball depressions were
also associated. Corneal staining was not associated with development of a CIE over time.15

The purpose of this report is to assess the association between mucin ball formation and
development of CIEs.

METHODS
The LASH Study was a prospective cohort study of subjects fit to the Night & Day SH lens
(lotrafilcon A, Ciba Vision, Duluth, GA) for up to 29 consecutive nights of CW, with
monthly disposal, and followed for 1 year. The primary outcome was the time to
development of a CIE. The study was approved by the University Hospitals Case Medical
Center Institutional Review Board and followed all the Tenets of the Declaration of
Helsinki. The purpose of this report is to determine the impact of mucin ball formation on
the cumulative incidence of CIEs in the LASH Study.

The LASH Study cohort and design have been detailed elsewhere.15, 16 In brief, healthy
subjects were at least 15 years of age, with refractive errors between +6.00 Diopters (D) to
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−10.00 D, minimal or no astigmatism, flat and steep keratometry readings between 39.00 D
and 48.00 D, and no contraindications to CW lens use. Subjects returned for visits after 1
week of extended wear (EW), and then after 1, 4, 8 and 12 months of CW. At every visit,
each eye was assessed for presence of a CIE using definitions adopted from the standards as
listed in the “Institute for Eye Research/L.V. Prasad Eye Institute (IER/LVPEI) Guide To
Corneal Infiltrative Conditions”.17 Additionally, a clinical severity matrix was used to
gather signs and symptoms of a CIE which generated a cumulative CIE score per eye for
each subject visit as reported previously.15 Using these definitions, a subject was classified
as experiencing a CIE if they had a visible presence of at least 1 corneal infiltrate of any size
regardless of any other signs or symptoms, or if they had an incident corneal scar from a
presumed contact lens peripheral ulcer during the follow-up period. Each visit also included
an assessment of vision, lens fit, posterior lens debris, and front surface lens wetting and
deposits. Lenses were aseptically removed and biomicroscopic evaluations were performed.
Efron Grading Scales18, 19 were used for grading blepharitis, meibomian gland dysfunction,
corneal neovascularization, epithelial microcysts, and corneal edema. The IER grading
scales20 were used for grading upper tarsal plate redness and roughness, limbal redness,
bulbar redness, conjunctival staining in 4 peripheral corneal zones, and corneal staining in 5
corneal zones. Sodium fluorescein was used to assess both corneal and conjunctival staining.
The Schirmer test with anesthesia was performed at the 1 month CW visit. At selected visits,
lenses were cultured using an agar overlay technique and the bioburden assessed as
described previously.16 Briefly, substantial bioburden was identified if a lens harbored
pathogenic species or higher than normal levels of commensal species.

Grading of mucin balls was determined by quantifying the surface area and density of their
fluorescein pooled depressions in each of 5 zones on the corneal surface. First, the presence
of mucin balls was determined by the investigator by observation of the pearly grey
microspheres trapped beneath the contact lens as seen through the slit lamp biomicroscope at
each visit. If the investigator noted mucin ball presence, the location, quantity, and density
of the mucin balls were recorded by observing their fluorescein pooled depressions after lens
removal. Specifically, fluorescein strips were wet with one drop of saline prior to swabbing
the inferior tarsal conjunctiva, and grading was performed with a yellow Wratten filter in
combination with a cobalt blue filter over the light source. Surface area and density of the
mucin ball depressions were recorded in each of 5 corneal zones using slightly modified
versions of the IER grading scales20 as shown in Figure 2.

The grading of mucin balls was also performed by masked readers using digitally acquired
photographs using the same grading criteria as listed in Figure 2. Briefly, approximately 15
minutes after the investigator’s staining evaluation, fluorescein was re-instilled using the
same technique, and digital photographs were acquired using the Zeiss Photo-slit lamp and a
modified version the Collaborative Longitudinal Evaluation of Keratoconus (CLEK) Study’s
photographic slit-lamp protocol for corneal staining.21 Up to 8 photographs were taken per
eye at 16X magnification with the cobalt blue and Wratten filters in place at multiple focal
planes to achieve various views of the fluorescein pooling pattern. Prior to grading images,
each reader was trained and certified on the ability to grade corneal staining and to
distinguish the brightly pooling, sharply bordered, round mucin ball depressions from
corneal fluorescein uptake. Figure 3 displays two representative images to compare the
differences between typical contact lens induced corneal staining and mucin ball induced
fluorescein pooling.

For every eye at each visit, a score representing magnitude of mucin ball presence was
derived for each of the 5 corneal zones and an overall score was calculated by adding up the
scores of the individual zones. Possible scores ranged from 0 (no mucin ball presence) to 20
(extensive mucin ball presence in all 5 zones). Additionally, the overall degree of mucin ball
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presence was defined as “any reportable presence” or “substantial presence” after
consideration of surface area and density as listed in Table 1, and the frequency of each level
was reported separately for investigator graded data and masked reader data. Once the eye
with a CIE was determined, mucin ball variables were drawn from the eye with a CIE at
visits preceding the event, or the left eye for event free subjects.

Mucin ball variables were stratified and modeled as binary fixed covariates as 1) present (or
absent) on at least one visit preceding a CIE or any visit for event free subjects, and 2)
repeatedly present (or not) on at least two visits preceding a CIE or any visits for event free
subjects. Mucin ball variables were additionally modeled as time dependant covariates in
separate analyses. Clinical, biomicroscopic, and demographic variables were stratified and
modeled as binary fixed covariates as listed in Table 2.

Statistical Methods
Univariate analyses including chi-square tests, Fisher’s exact tests, and univariate logistic
regressions were used to examine associations between mucin ball presence and substantial
lens bioburden, subject demographics, and biomicroscopic findings. Spearman’s rank
correlations of mucin ball scores and hours awake at the time of examination, flat
keratometry readings, and between eyes were performed for each visit.

Time-to-event analyses were conducted with mucin ball presence as the primary covariate
and time to CIE development as the outcome. A subject was classified as experiencing a
CIE at the first occurrence of any CIE regardless of severity in either eye. If a subject had a
bilateral first event, the eye with the more severe CIE was used. Once the eye with a CIE
was determined, data were drawn from the eye that had the CIE at visits preceding the event,
except lens microbiology which included data on the day of the event. If a subject ended the
study event free, the covariates from the left eye were used in the analysis.

Kaplan-Meier (KM) methods were used to estimate the unadjusted cumulative incidence of
remaining CIE free stratified by 1) presence or absence of at least one episode of mucin
balls or 2) repeated episodes of any reportable mucin ball presence. KM methods were
repeated for substantial mucin ball presence. The log-rank test was used to determine if there
were significant differences in cumulative incidence of CIE by these variables. Univariate
Cox proportional hazards regressions were used to determine initial assessments of risk for
each level of mucin ball presence.

Potential confounding variables were assessed by determining if univariate associations
existed between various demographic or clinical covariates of interest with both mucin ball
presence and time to developing a CIE. Variables found to be significant in previous
analyses15, biologically plausible covariates, and potential confounders were examined in a
multivariable Cox proportional hazards model. All analyses were conducted using SAS
version 9.1.3 (SAS Institute, Inc., Cary, NC) procedures.

RESULTS
Across all 1047 subject-visits, about one-third displayed some degree of mucin balls and
about one-tenth displayed substantial presence of mucin balls (Table 1). The ability to grade
mucin ball presence was consistent between the masked readers and the investigator. The
frequency of mucin ball presence by visit is displayed in Table 3. Although mucin balls
appeared in about 30% of subjects by the 1 week visit, the percentage of subjects exhibiting
mucin balls rose to about 50% at the 1 month visit and stayed relatively constant (or higher)
thereafter. Across subjects, over half displayed at least one episode of reportable mucin ball
presence and about one-third displayed repeated episodes (Table 4).
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There was no correlation between the mucin ball score and the number of hours a subject
was awake at any visit (p>0.08). Mucin ball scores were correlated between the two eyes at
each visit as seen in Table 5. Lastly, there was a small correlation between mucin ball scores
and flat keratometry readings at the 4 month visit (right eye r=0.2544, p=0.0047; left eye
r=0.2603, p=0.0036).

The KM unadjusted cumulative incidence after 12 months of follow-up for development of a
CIE of the entire cohort was 26.7% (95% CI 20.1–35.0%).15 Specifically, there were 44
incident CIEs in 38 subjects (6 were bilateral events), 30 were symptomatic events and 14
were asymptomatic. There were no events of microbial keratitis. Table 4 lists the univariate
associations between mucin ball presence and development of CIE. Highly significant
protective associations were noted between mucin ball presence and CIE development
regardless if mucin balls were present during at least one visit or on repeated visits. The
associations between substantial mucin ball presence and CIE development were not as
significant. The same trends were noted whether masked reader data or investigator data
were used. Figure 4 displays the KM plot for time to developing a CIE stratified by presence
or absence of at least a single episode of mucin ball formation. There is evidence for
decreased cumulative incidence of CIEs in subjects with mucin balls, especially after about
120 days. Figure 5 displays the KM plot for time to developing a CIE stratified by presence
or absence of repeated mucin ball formation. There is evidence for decreased cumulative
incidence of CIEs in subjects with repeated episodes of mucin balls, which remained fairly
consistent throughout the study period. When modeled as a time dependant covariate, no
association between mucin balls and CIEs was detected.

Univariate associations between repeated mucin ball presence and other demographic and
clinical covariates of interest are listed in Table 2. Significant associations (at p<0.10) were
noted between repeated mucin ball presence and blepharitis, Asian race, frequent use of
rewetting drops, and smoking. To determine if any of these significant covariates served as
potential confounders between repeated mucin ball presence and CIEs, the associations
between CIE development and these same covariates were assessed in previous analyses.15

Neither blepharitis, Asian race, nor frequent use of rewetting drops were associated with a
CIE. Smoking was previously noted to increase the risk for CIE by about 4-fold15 thus, it
was controlled for in the multivariate analysis. Bacterial bioburden, conjunctival stain, age,
and gender were found to be important variables in CIE development15 thus, they were also
retained in the final multivariate model.

Table 6 presents the results of the multivariate analysis. Repeated presence of mucin balls
was associated with an 84% decreased hazard of experiencing a CIE.

DISCUSSION
In the LASH Study, the presence of mucin balls was found to be a protective indicator of
CIE development during CW with SH contact lenses. Specifically, subjects which formed
mucin balls were found to have an 84% decreased hazard of CIE development. The detailed
capture and grading of mucin ball indentations provided robust data to explore the
hypothesis that the presence of mucin balls during SH lens CW is somehow related to CIE
development. Contrary to our proposed hypothesis and conceptual model, subjects which
produce mucin balls have a decreased risk for CIE development compared to those that do
not.

Mucin balls were first described in 1988 and have been previously referred to as lipid
plugs,22 tear microspheres,23 and microdeposits.24 A subset of the population is predisposed
to develop mucin balls irrespective of the lens material worn, but lens material influences
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the degree of mucin ball formation.25 Mucin balls have been shown to occur in greater
number, and usually greater frequency, during SH lens wear compared to low oxygen
permeable hydrogel lens wear.3, 25 Longer periods of SH lens wear have also resulted in
greater numbers of mucin balls trapped in the post-lens tear film.1, 4, 11

When initially named, mucin balls were only suspected to be composed of ocular mucins. In
2003, Millar provided the definitive evidence that mucin balls are indeed composed of
collapsed ocular mucin with no evidence of lipid or bacterial encapsulation.3 The mucus
layer, present along the apical surface of the entire ocular surface epithelium, provides a
barrier to pathogen penetrance, a mechanism for removal and trapping of particulates, and a
means of hydrating the ocular surface.26 Mucus is a colloid composed of mucins and
inorganic salts suspended in water.27 Mucins are strongly hydrophilic glycosylated proteins,
which have strong barrier properties against microbial invasion and can also inhibit bacterial
multiplication.27, 28 At least 4 of the 19 human mucin genes are expressed by the ocular
surface epithelium (MUC1, MUC4, MUC5, MUC16).26, 29 MUC1, MUC4 and MUC16 are
membrane spanning mucins; MUC1 and MUC16 are produced by all ocular surface
epithelia including corneal epithelium and MUC4 is most prevalent in conjunctival
epithelium.26, 29, 30 MUC5AC is a secretory mucin derived from conjunctival goblet cells.30

Secretory mucins form a highly hydrated gel over epithelial surfaces providing lubrication
and protection.31 The membrane spanning mucins constitute the glycocalyx atop the
conjunctival and corneal epithelia which is covered by a mucous blanket composed of the
secreted mucins.27 Together, these mucins compose the posterior layer of the pre-ocular tear
film, beneath the aqueous and lipid layers. Reports on potential alterations of mucin
expression during contact lens wear are inconclusive. Although some groups report
decreased expression of several mucins with contact lens wear32–34, others report decreased
mucin expression only in symptomatic wearers35, and others have found no differences in
mucin expression between lens wearers and non-wearers.36

Mucin balls are thought to occur as a result of shear and tension forces caused by the
mechanical interaction of the lens with the ocular surface,11 and they have been observed in
all quadrants of the cornea.1 The high modulus of SH lenses (especially the lotrafilcon A
material),37 coupled with minimal protein deposition38 and depletion of aqueous tears
beneath lenses during overnight wear,39, 40 results in a mucin-rich post-lens tear film. The
inherent surface tension forces associated with SH lens movement during blinking and rapid
eye movement cause the viscous and concentrated mucin to roll up into spheres.2, 7

Tan and colleagues reported the incidence of mucin balls varied from about 50% to 82%
across repeated visits of subjects wearing SH lenses for extended wear.25 Dumbleton and
others have reported 70% of subjects exhibit mucin balls with lotrafilcon A lens extended
wear,1, 12 29% exhibit them repeatedly across study visits1, and only about 5% demonstrate
significant numbers.8 The incidence of subjects exhibiting mucin balls in the LASH Study
was about 54% for at least one episode of mucin ball formation and 18% for repeated
episodes. The incidence in the LASH Study is slightly lower than others have reported
previously. In Dumbleton’s study1, only adapted contact lens subjects already successful in
extended wear were enrolled, whereas previously successful extended wear was not a
prerequisite for the LASH Study. Therefore, if the ability to form mucin balls is protective,
then perhaps Dumbleton’s subjects had higher levels of mucin as a group (compared to the
LASH cohort) which contributed to their success in extended wear at study entry and
subsequently resulted in greater incidence of mucin ball formation.

Two other groups have also reported steeper corneal curvatures to be associated with greater
mucin ball presence when only a single, relatively flat, base curve was used.1, 25 Dumbleton
and colleagues postulated that a greater “mismatch” between the lens and corneal surface
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results in more lens movement and mucin ball formation presumably from greater shear
friction forces incurred with movement. In the LASH Study, two base curves were used, and
the majority of subjects were fit with the 8.4 mm base curve lens. Thus, presumably the
effect of a “mismatched” lens to cornea fitting relationship was lessened in the LASH Study
which could have accounted in a lower incidence; nonetheless, the incidence was still
considerably high and the correlation with steeper corneal curvatures remained.

There was sufficient rationale to consider the impact of mucin ball formation on CIE
development. Ladage has shown that mucin ball indentations can reach the basal lamina, and
Ki-67 positive stromal cells were detected beneath these deep depressions indicating active
proliferation and a focal increase in stromal cell density.5 Fleiszig has demonstrated that the
mucus phase is critically important in preventing attachment of potential pathogens to the
corneal surface.41, 42 In the absence of a properly formed mucus layer, bacteria are more
likely to attach to the cornea and establish infection,7 or initiate an inflammatory response.
Approximately, one third of SH lenses harbor substantial lens bioburden during CW.16 If the
protective mucus layer is disrupted in any way, the prevalent bacterial presence on lens
surfaces may upregulate the immune response and result in a CIE.

On the contrary, the presence of mucin balls, especially in a repeated fashion, is significantly
associated with a decreased incidence of CIEs. The mucin balls themselves are not likely
protective, although they may entrap foreign objects or microbes which can halt an immune
response against such ligands, or they may act like a “ball bearing” to separate the lens
physically from the corneal epithelium. A more plausible explanation is that subjects who
produce mucin balls have specific mucin characteristics rendering them less likely to
develop signs of corneal inflammation. Indeed, our findings (lack of an association in the
time dependant analysis) argue that the protective effect likely reflects a chronic rather than
an acute factor. One theory is that mucin balls may be a biomarker for a more concentrated
or viscous mucus layer.

Silicone hydrogel lens wear probably results in the formation of more mucin balls because
they adsorb many fewer proteins and mucins compared to their hydrogel counterparts.38, 43

Conventional hydrophilic materials deposit both membrane spanning and secretory ocular
surface mucins44 into the lens matrix which masks their post-lens tear film presence. The
lower deposition of SH materials coupled with the higher modulus of the material
mechanically rolls up the mucins making them visible. The effect is greatest with SH lenses
of high modulus, and thus we have easily captured their presence with use of the lotrafilcon
A material which has the highest modulus of any SH lens type. Results would likely differ if
other SH lenses of lower modulus were used. The differences between subjects that display
mucin balls with lotrafilcon A lenses and those that do not may simply reflect differences in
their mucin characteristics.

Differential diagnoses which can lead to exposure misclassification include filamentary
keratitis, microcysts, vacuoles, and dimple veils from trapped air bubbles.1, 4 Mucin balls
differ from corneal filaments which are prevalent in ocular surface disease and are
composed of damaged cells and mucins that form long strands which are adherent to
damaged sites on the corneal surface.45 No LASH Study subjects had filamentary keratitis,
thus, it is not likely that filaments were misclassified as mucin balls. Although microcysts,
vacuoles, and dimple veils can resemble mucin balls, it is not likely that they mimicked the
appearance of mucin ball indentations in this study. Corneal epithelial microcysts consist of
necrotic cellular tissue or cellular debris secondary to hypoxia. They are typically smaller
than mucin balls, less commonly found with longer term wear of SH lenses, and they do not
induce surface depressions which pool with fluorescein.1, 4 Vacuoles are also an epithelial
response to hypoxia, and although they appear perfectly round as mucin balls do, they do not
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create depressions nor pool fluorescein. Lastly, trapped air bubbles can create indentations
that pool fluorescein (dimple veils), but the air bubbles would have been clearly visible on
biomicroscopic evaluation before lens removal. Thus, the technique used in the LASH Study
to identify mucin ball presence (fluorescein pooling of indentations) is probably the best
method to avoid exposure misclassification.

The theory generated from this study is that mucin balls reflect a mucin rich tear film which
is protective against microbial stimulation of the immune system. In other words, the clinical
observation of mucin balls, especially when present repeatedly, but regardless of number or
density, indirectly reflect a subject who is relatively “protected against” a CIE. Microbes
present on lens surfaces will become enveloped in, or physically cannot penetrate the
mucus-rich tear film and thus will be unable to upregulate the immune response at the
epithelial surface. Further research is required in this area to confirm this theory and better
understand the role mucins play in contact-lens-associated infiltrative keratitis.
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Figure 1.
Conceptual model for CIE development.
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Figure 2.
Example of photographic mucin ball fluorescein depression grading. Each of the 5 corneal
zones was graded for surface area and density of mucin ball depressions. On this subject-
visit this eye was classified with substantial mucin ball presence.
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Figure 3.
Example of photographic differences between corneal staining and mucin ball fluorescein
pooling depressions: a) arrow points to center of corneal fluorescein staining area displaying
small and irregularly bordered dots of stain; b) arrow points to one of many mucin ball
depressions pooling with fluorescein which are brighter, rounder, and larger than that noted
in 2a.
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Figure 4.
Unadjusted cumulative probability of remaining CIE free stratified by presence or absence
of at least one episode of mucin ball formation.
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Figure 5.
Unadjusted cumulative probability of remaining CIE free stratified by presence or absence
of repeated episodes of mucin ball formation.
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Table 2

Stratification and Frequency of Demographic or Clinical Covariates and Univariate Logistic Regression
Results for Presence of Repeatable Episodes of Mucin Ball Formation

Covariate Frequency (%) P value Odds Ratio (95% Confidence Interval)

Baseline Covariates

Current Smoker 21 (10.5%) 0.0594 0.31 (0.09–1.12)

Age; under 21 26 (12.7%) 0.7169 1.18 (0.49–2.83)

Male 48 (23.4%) 0.2505 0.67 (0.34–1.32)

Asian race 31 (15.1%) 0.0309 0.34 (0.13–0.94)

Neophyte 53 (25.9%) 0.7896 0.91 (0.45–1.83)

History of previous adverse event 90 (49.2%) 0.5626 1.21 (0.64–2.27)

Contact Lens Rx: greater than +−5.00D 63 (30.9%) 0.3827 0.76 (0.39–1.44)

Clinical Covariates

Blepharitis; grade 2 or higher 20 (9.8%) 0.0433 2.51 (1.01–6.27)

Meibomianitis; grade 1 or higher 17 (8.3%) 0.1907 1.94 (0.71–5.28)

Upper palpebral conjunctival roughness; grade 2 or higher 95 (46.3%) 0.9563 0.98 (0.54–1.79)

Conjunctival Stain; grade 2 or higher 76 (37.1%) 0.2887 1.39 (0.76–2.56)

Bulbar Conjunctival Redness; grade 2 or higher 35 (17.1%) 0.8465 0.92 (0.42–2.03)

Limbal Redness; grade 2 or higher 36 (17.6%) 0.2684 0.63 (0.28–1.43)

Corneal Neovascularization; grade 1 or higher 20 (9.8%) 0.1974 0.47 (0.15–1.49)

Corneal Edema; grade 1 or higher 7 (3.4%) 0.2875 0.33 (0.04–2.81)

Dry Eye; <10mm wet on Schirmer strip 21 (12.4) 0.5863 1.35 (0.46–3.99)

Other Covariates

Frequent use of rewetting drops 109 (55.6%) 0.0558 1.83 (0.98–3.39)

Substantial Lens Bioburden 60 (32.4%) 0.6820 0.87 (0.46–1.66)

Bold: significant at p<0.10
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Table 5

Correlations Between the Eyes for Mucin Ball Scores Across Visits

1 month visit 4 month visit 8 month visit 12 month visit

r value 0.5030 0.6127 0.5995 0.6057

P value <0.0001 <0.0001 <0.0001 <0.001
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Table 6

Multivariate Analysis for Development of CIE

Variable P value Hazard Ratio 95% confidence interval

Repeated Mucin Ball Presence

No Referent

Yes 0.0003 0.16 0.06–0.44

Substantial Lens Bioburden

No Referent

Yes <0.0001 4.45 2.11–9.39

Smoking

Not currently Referent

Currently 0.0122 3.10 1.28–7.49

Conjunctival Stain

No Referent

Yes 0.1406 0.56 0.26–1.21

Gender

Female Referent

Male 0.2541 0.62 0.28–1.40

Age

Over 21 Referent

21 or younger 0.5752 1.29 0.53–3.15
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