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Introduction
Research over the past decade has uncovered 
a growing number of risk factors for the 
development of contact lens-related corneal 
infiltrative events (CIEs). Each discovery, however, 
has raised additional questions. The eye care 
professional (ECP) needs to understand not only 
how to identify these risk factors, but to appreciate 
their possible interactions, as multiple risk factors 
in an individual patient are the norm, not the 
exception. At the Global Summit on Contact Lens-
Related Corneal Infiltrative Events, held at the 
same time as the 2013 Association for Research in 
Vision and Ophthalmology (ARVO) Annual Meeting, 
an international panel of experts met to discuss 
how risk factors for CIEs impact the contact-lens 
wearing patient. The panel was moderated by 
Nathan Efron, BScOptom, PhD, DSc, FAAO.
 
The markers we use to assess the impact of 
contact lens wear on the corneal surface have 
evolved since the 1970s in parallel with advances 
in lens material technology, progressing from 
corneal staining (with rigid gas-permeable 
lenses), to stromal edema and corneal thickness 
(low Dk lenses), epithelial microcysts (extended 
wear), and limbal redness (silicone hydrogels 
[SiHy]). While all of the above markers still 
have diagnostic utility in certain modalities of 
lens wear, corneal infiltrative events (CIEs) are 
currently receiving the most scrutiny. 

Although an infiltrate can be anything that 
infiltrates into the stroma or the epithelium, 
“typically we think of infiltrates as being 
inflammatory cells,” said Dr. Efron. Credit for this 
insight, he observed, largely goes to a group of 
researchers led by Holden et al, who, in a bold 
experiment, took biopsies from patients with 
contact lens-induced peripheral ulcers (CLPU) 
and verified the presence of polymorphonuclear 
leukocytes. (Holden, 1999)

Contact-Lens-Related CIEs: 
An Overview
Dr. Shovlin listed 3 factors—multipurpose 
solutions (MPS), silicone hydrogel (SiHy) lenses, 
and the bacterial bioburden on the lens surface 
and in the lens case—that appear to play an 
important part in developing CIEs. A growing 
number of studies since 2007—including those 
published in the peer-reviewed literature 
(Carnt, 2009), published case series (Sacco, 
2011; Sher, 2013), and case series presented 
at congresses (Kislan, 2010; Diec, 2009; 
Reeder, 2011; Zimmerman, 2012)—support an 
association between CIEs and these risk factors. 
With regard to MPS, the rate of these events—
contact lens-associated infiltrative keratitis 
(CLAIK) and other CIEs—may vary depending 
on the specific preservatives in the MPS, with 
a disproportionate number of cases (as high as 
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83% [Kislan, 2010]) reported among users of 
the polyquaternium-1 (PQ-1)/Aldox-based MPS 
Opti-Free Replenish.

Dr. Shovlin cited evidence from his practice 
that further supports this relationship. 
He charted the use of ICD-9 codes 370.40 
(keratoconjunctivitis, unspecified) and 370.44 
(keratitis) from patient records between 1997 
and 2012. The record review revealed a small 
uptick in the rates of CIEs with the introduction 
of SiHy lenses, followed by a more prominent 
increase in his group practice with the 
introduction of Opti-Free Replenish. The rate 
of these CIE events declined when his practice 
discontinued use of this specific MPS in 2009.

With regard to bioburden, Dr. Shovlin observed 
that Willcox and colleagues, in examining lens 
cases of patients after 1 month using several 
MPS types, found that Opti-Free Replenish had 
a higher rate of gram-negative contamination 
compared with other MPS. (Willcox, 2010) 
Specifically, lens cases were contaminated 
with Delftia acidovorans, Stenotrophomonas 
maltophilia, Serratia marcescens, and 
Achromobacter spp. (Willcox, 2010) These gram-
negative pathogens were also identified via 
RNA sequencing at significantly higher levels in 
the lens cases of 28 patients with keratitis or 
corneal ulcers in a separate study by Wiley and 
colleagues. (Wiley, 2012)

In a more recent study, Kilvington et al 
examined bacterial resistance to several 
MPS formulations by organisms from the 
lens cases of 18 CLAIK patients who were 
Opti-Free Replenish users. “Although there 
was a broad diversity of organisms, 3 that 
stood out were Achromobacter [61% of cases], 
Stenotrophomonas [22%] and Delftia [11%].” 

The isolated organisms were regrown and then 
challenged with 4 different MPS formulations: 
Opti-Free Replenish, Opti-Free PureMoist, 
Biotrue®Multi-Purpose solution, and Complete 
RevitaLens. In this experiment, both Opti-
Free Replenish and Opti-Free PureMoist 
performed poorly against Achromobacter, 
with a <1.0 log kill rate against all 11 strains 
isolated at 6 hours. (Opti-Free PureMoist 
showed a slightly greater efficacy after 24 
hours and 14 days of exposure to the MPS.) 
In comparison, Complete RevitaLens and 
Biotrue MPS demonstrated more effective log 
kill rates against nearly all the clinical isolates. 
(Kilvington, 2013) In a similar study presented 
at the 2012 American Academy of Optometry 
conference, Opti-Free Express, Replenish 
and PureMoist (all PQ-1/Aldox formulations) 
showed poor killing against Achromobacter 
(<1.0 log reduction) and Stenotrophomonas 
(<1.3 log reduction), but were slightly 
more effective against Delftia (3.0, 1.4, 2.9 
log reduction for Express, Replenish and 
PureMoist respectively). (Merchea, 2012)

“A key point from our work and others is 
that the total volume of bacteria counts,” 
Dr. Shovlin commented. He called the sheer 
number of bacteria in the cases he studied 
“impressive,” noting that one case actually 
arrived dry, yet significant bacteria could still 
be grown due to the protection of the biofilm. 
With regard to the performance of the MPS, 
he pointed to the better efficacy of OptiFree 
PureMoist for most of the gram-negative 
bacteria identified in cases of Replenish 
users, observing that it has the same biocidal 
component as Replenish, but with the addition 
of EDTA—a potentially relevant difference that 
should be explored further. 
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Risk Factors for CIEs
Robin Chalmers OD, FAAO, FBCLA, reviewed 
key findings from CIE risk factor studies. These 
risk factors are summarized in Table 1. (Morgan, 
2005; Chalmers, 2007; Chalmers 2007; 
Chalmers 2010; Chalmers, 2011; Chalmers 
2012; Szczotka-Flynn; Radford, 2009)

Outcomes of CIE studies, she observed, may 
be influenced by the study design. (Chalmers, 
2007) For example, because patients generally 
see their ECP only when they experience 
symptoms, studies outside of the research 
setting are less likely to include patients with 
asymptomatic CIEs, and they are also difficult 
studies to assess lens wear schedules or lens 
care practices. Additionally, because clinical 
trials often exclude persons under 18 or over 
50 years of age, it may be difficult to examine 
age-related risk. And short duration trials 
may not be capable of adequately assessing 
seasonal risks.

Studies of CIE risk can also yield some 
surprising results. For example, a UK study 
by Radford found a 2.7-fold increase in CIE 
risk for daily disposable lenses. Dr. Chalmers 
said that the high rate of overnight use of 
DW lenses in the UK and the high use of a 
single brand may have influenced the findings. 
(Radford, 2009) Her own early research in the 
US found no increased risk (nor any protective 
effect) from daily disposable lens use overall. 
(Chalmers 2010) In a more recent masked 
multicenter case control study of CIE risk 
factors involving 166 adjudicated CIE cases 
that was designed to study the effect of lens 
materials and care products, there was no 
significant association between any specific 
MPS or lens use and CIEs. These findings are 
in contrast to the case series findings in Dr. 

Shovlin’s, Dr. Sher’s and Dr. Kislan’s practices. 
(Chalmers 2012) The most striking finding in 
the case control study was the 12X protective 
effect of daily disposable lenses among daily 
wearers, implicating lens care products and 
the lens case environment as drivers for these 
events. Dr. Chalmers is currently conducting 
a large contact lens registry to determine 

 
Table 1. Risk factors for CIEs  
Morgan, 2005; Chalmers, 2007; Chalmers 
2007; Chalmers 2010; Chalmers, 2011; 
Chalmers 2012; Szczotka-Flynn, 2013;  
Radford, 2009

Increased Risk Magnitude

Lens bioburden 8X (with SiHy 
lenses)

Gram-positive 3X-8X

Gram-negative 5X

Use of reusable SCLs (daily 
disposable referent)

4X (all wear 
schedules), 12X 
Daily Wear

Extended wear 2X-5X (with SiHy 
lenses)

MPS (all brands; hydrogen 
peroxide referent) 

≈3X

SiHy material in EW and DW 
(hydrogel referent)

≈2X

Age

<25 y in FDA pivotal and post-
approval studies

≈2X

>50 y in post-approval study 2X

Decreased Risk 
(Protective)

Daily disposable lenses 12 X

Mucin balls ≈6X

Age* 4%-5% protection 
with each year of 
age

*�Because�clinical�trials�often�exclude�persons�under�18�or�over�50�
years�of�age,�it�may�be�difficult�to�examine�age-related�risk.
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complication rates with hydrogel and SiHy 
daily disposable lenses.

SiHy Lenses and  
Microbial Keratitis  
Addressing the infectious end of the CIE 
spectrum, Fiona Stapleton, MSc, PhD, 
MCOptom, FAAO, FBCLA, DCLP, posed the 
question of whether SiHy lenses have an 
effect on the incidence, severity, lesion 
characteristics, or causative organisms in MK. 

Studies reporting the unadjusted incidence 
of MK appear to show no increased risk with 
the use of EW SiHy lenses. (Morgan, 2005; 
Schein, 2005; Stapleton, 2008) However, her 
own research in an Australia/New Zealand 
population did find an increase with DW lenses 
that disappeared after adjustment for other 
risk factors. (Stapleton, 2008) An unexpected 
impact on MK risk such as this could occur, she 
explained, if the study is conducted early in the 
life cycle of the lens.

She offered an example. “We compared the 
relative CIE risk for frequent replacement versus 
non-frequent replacement lenses when frequent 
replacement lenses were first introduced. 
Initially, we saw a higher risk with the frequent 
replacement lenses, a risk that disappeared 
over time as the percentage of users grew from 
5% to 60%.” (Keay, 2007) The reason for this 
phenomenon is unknown; however, “There is 
something about these early adopters—whether 
it is related to practitioner behavior or patient 
behavior—that is different from when the lenses 
grow to become a lens of first choice.”

Although lens material did not persist as a risk 
factor on multivariate analysis in her study, 
there was a dose-dependent risk with DW, 

as well as a higher risk with EW, Internet lens 
purchase, and poor case hygiene. (Stapleton, 
2008) Hygiene as well as compliance also 
influenced MK risk in wearers of second-
generation SiHy lenses, according to the 
findings of a Singapore study by Lim and 
colleagues presented at the 2013 ARVO 
meeting. (Lim, 2013) 

MK severity was similarly unaffected by lens 
type in Dr. Stapleton’s Australia/New Zealand 
study. “Two factors that did influence vision 
loss were isolation of an environmental 
organism (Pseudomonas or other gram-
negative bacteria, fungi, and Acanthamoeba) 
and a delay in treatment of more than 12 
hours.” A difference in severity did not emerge, 
however, in a study of 28 hydrogel and SiHy 
users who were matched for treatment delay 
and causative organism (although there was a 
significantly shorter symptom duration in the 
SiHy users [4 vs 7 days; P=0.02]). (Keay, 2006)

The influence of both hygiene and compliance 
on MK severity was apparent. “In severe 
disease we saw no effect of lens material 
type on MK,” she observed. “However, 
infrequent case replacement and poor case 
hygiene account for 60% of the disease load.” 
(Stapleton, 2012; Edwards 2009)

The spectrum of causative organisms in MK is 
similar with hydrogel and SiHy lenses. “We see 
an overwhelming preponderance of gram-
negative bacteria [65%-70%], particularly 
Pseudomonas, while a quarter of organisms 
are gram-positive and 5% to 10% are fungi 
or amoebae.” (Stapleton, 2007; Stapleton, 
2013; Keay, 2009) Culture-positive lesions may 
be anywhere on the cornea. With both lens 
materials, lesions are an average of 3 mm from 
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The first system for categorizing different pre-
sentations of CIEs was proposed 35 years ago 
by Josephson and Caffery, who classified CIEs 
according to etiology. (Josephson and Caffery, 
1979) Since then, various others have been 
proposed. Unfortunately, the net result of such 
efforts has often been greater confusion rather 
than clarity. 

Currently, the most widely accepted classifica-
tion system is based on research by Sweeney 
and colleagues, who created 6 categories (5 
noninfectious, or sterile, CIEs plus microbial 
keratitis) based on appearance. (Sweeney, 
2003) “This work did us a great service by 
describing the various clinical appearances of 
corneal infiltrative events,” said Dr. Efron, “but 
in another sense it did a bit of a disservice by 
giving us a wide range of terms to describe 
events with a great deal of overlap.” 

Dr. Efron illustrated the limitations of the 
Sweeney classification system using symp-
tomatic patients from the Manchester Keratitis 
Study, in which he had previously classified 
CIE cases according to a simple severity score. 
Of 111 patients whom he then evaluated using 
the Sweeney classifications (microbial kerati-
tis, infiltrative keratitis, contact lens peripheral 
ulcer, or contact lens-induced acute red eye) 
only 20% could be classified as having 1 con-
dition, while 56% met criteria for 2 conditions, 
and 13% met criteria for 3. The remaining 11% 

did not fit into any category. (Efron, 2006; 
Efron, 2006)

“When we talk about these CIEs and then sep-
arately we talk about microbial keratitis it re-
ally does not work,” Dr. Efron argued. Instead, 
“we should be thinking about these events on 
a continuous spectrum that includes microbial 
keratitis. Essentially, any of these events could 
be microbial keratitis depending on where we 
are in the natural history of the event.” In prac-
tice, this means that, rather than attempting to 
assign a discrete category to a CIE at the time 
the patient presents, the ECP should remain 
mindful of the potential future natural history 
of the patient’s CIE, with reference to the prior 
disease course (Figure 1).

His proposal was met with qualified agreement 
from the other panelists. It was pointed out 
that this was a good approach for educating 
ECPs on best clinical practices. However, dis-
crete classifications remain useful in clinical tri-
als (and Dr. Willcox presented data suggesting 
the different categories vary in their bioburden 
makeup). In fact, several participants proposed 
doing away altogether with the concept of 
sterile CIEs. Less virulent organisms have been 
identified in what have been labeled sterile 
CIEs, (Donshik, 1995; Szczotka-Flynn, 2013) 
which suggests that it is the pathogenicity of 
the organism and the body’s immune response 
that determine the precise disease profile.

The Dilemma of Classifying CIEs

20

Clinical
Severity

Score

10

6

0
-18 -12 -6 0 6 12 18 24 30 36 

Time (hours)

Presentation
to practitioner

Discomfort
threshold

“Type A”
High virtulence
rapidly progressing MK

“Type B” Low virulence
self-limiting MK or sterile CIE

Figure 1

Figure 1. The importance of considering the natural history of a CIE. If a patient presents to an ECP 
at ‘time = 0” with some discomfort, it is virtually impossible to predict whether the CIE will increase 
in severity (‘Type A’) or be self-limiting and resolve naturally without intervention (‘Type B’).  
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the center of the cornea, with no lens-related 
differences in size. (Stapleton, 2013)

“So what are the outstanding questions in 
terms of corneal infection and SiHy lenses?” 
Dr. Stapleton asked. “The unadjusted risk 
associated with daily wear lenses is intriguing, 
and it would be worth knowing if this was 
an early adopter effect.” She has not found 
evidence for a combined lens material-lens 
solution effect. “But we do know that MPS 
type is relevant both in the severe daily wear 
group in Australia and in the all-MK group 
in Singapore. It will be intriguing to see the 
impact of antimicrobial cases and lenses the 
more we delve into this.”

The Microbiology of CIEs 
Dr. Willcox reviewed the complex relationship 
between CIEs and microbial bioburden. 
Isolates from MK include a spectrum of micro-
organisms, not only gram-negative pathogens 
but also gram-positive bacteria, fungi, and 
viruses. Causative agents vary among different 
countries, he observed, reflecting in part 
the local rates of lens care use. Domestic 
water supply impacts isolate patterns, (Joslin, 
2010) as does economic health: “As a nation 
increases in gross national income the rate 
of bacterially driven MK rises and the rate 
of fungal MK falls—probably as a result of 
people not working in rural communities,” he 
explained. (Shah, 2011)

The association between contamination of 
the lens and lens case was first demonstrated 
unexpectedly by Holden and colleagues in a 
1996 study of corneal swelling. After lenses 
were removed from patients’ eyes, they were 
accidently placed in unpreserved saline for a 
week rather than in disinfecting solution. When 

the lenses were reinserted into the eyes, the 
patients developed contact lens-associated 
acute red eye (CLARE) and infiltrative keratitis. 
“When we looked at the saline, it was 
contaminated with Pseudomonas and Serratia, 
and when we looked at the lenses, they were 
also contaminated with Pseudomonas and 
Serratia,” said Dr. Willcox. Higher levels of 
bacteria were linked to more severe CIEs. 
(Holden, 1996)

Dr. Willcox’s continued research has revealed 
about a 5-fold increase in the risk of CIEs in 
carriers of gram-positive bacteria on hydrogel 
lenses. (Willcox, 2011) Szczotka-Flynn and 
colleagues identified a risk increase of similar 
magnitude in persons with substantial 
bioburden on SiHy lenses. (Szczotka-Flynn, 
2010) The risk in these studies was for any CIE, 
including microbial keratitis; however, different 
risk and contamination patterns emerged for 
hydrogel lenses when the CIEs were examined 
by category (Table 2). (Willcox, 2011) While 
carriage of bacteria on lenses can predispose 
to a particular condition (eg, CLARE and gram-
negative bacteria (Table 2), the condition 
can be caused by sporadic colonization of 
lenses (eg, infiltrative keratitis and Abiotrophia 
defectiva; Table 2). (Willcox, 2011)

Dr. Willcox proposed a mechanism for 
the pathogenesis of CIEs. In this schema, 
pathogen-associated molecular patterns such 
as endotoxins/lipopolysaccharides/fimbriae 
from adherent, colonized bacteria on the lens 
interact with corneal epithelial cells and/or 
polymorphonuclear leukocytes (PMNs). This 
leads to the production of cytokines and other 
inflammatory mediators and subsequently, 
infiltration by PMNs. For  microbial keratitis, 
some sort of epithelial disruption, such as 
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a full-thickness erosion, is likely a necessary 
prerequisite.

Because bacteria are ubiquitous, “virtually 
every lens case is colonized with bacteria,” 
said Dr. Willcox. About 75% are colonized 
with gram-positive bacteria, and this remains 
consistent regardless of which lens care 
solution is used. However, “with gram-negative 
bacterial contamination you do get over-
representation depending on the type of MPS 
that you use. In our studies, about half the 
lens cases of users of Opti-Free Replenish 
were contaminated with gram-negative 
bacteria. Aquify had a relatively high rate as 
well.” (Willcox, 2010; Willcox, 2011) Serratia, 
Delftia, and Achromobacter are among the more 
common pathogens, and Dr. Willcox has shown 
that these organisms tend to adhere to lenses 
to the order of about 4 to 7 logs—similar to 

levels seen with Pseudomonas. The incidence 
of CIEs increases linearly as the percentage 
of lens cases with at least 1 of these 3 gram-
negative bacteria rises. (Willcox 2012)

Finally, Dr. Willcox addressed the issue of 
solution induced corneal staining (SICS) 
with lens solutions. An earlier study by 
Carnt suggested the appearance of SICS 
was associated with an approximately 5-fold 
incidence in CIEs. (Carnt, 2007) However, the 
risk only became apparent after 3 months, 
a surprising finding given that SICS occurs 
within the first few hours after lens insertion. 
“This led us to think that maybe there is not 
a direct association; perhaps the two effects 
are coinciding.” Noting that SICS does not 
occur with hydrogen peroxide solutions, Dr. 
Willcox reanalyzed these data, comparing 
patients who had SICS versus those that did 

Table 2. Variations in CIE Risk in Hydrogel Users
Willcox, 2011

CIE 
Category

Odds Ratio Microbes Isolated

Contact 
lens-induced 
acute red eye 
(CLARE)

5.19 (1.58-17.08; P=0.007)
(gram-negative only)

Acinetobacter spp; Escherichia coli; Haemophilus 
inf luenzae; Klebsiella spp; Pseudomonas spp; Serratia spp; 
Stenotrophomonas maltophilia; Neisseria spp, Aeromonas 
hydrophilia; Streptococcus  pneumoniae;

Contact 
lens-induced 
peripheral 
ulcers (CLPU)

3.74 (1.47-9.94; P=0.008)
(gram-positive only)

Staphylococcus aureus; S. pneumoniae; Pseudomonas spp; 
Serratia spp

Infiltrative 
Keratitis (IK)

No increased risk Abiotrophia defectiva; non-haemolytic Streptococcus spp; 
S. pneumoniae; Acinetobacter spp; viridans streptococci; 
Burkholderia cepacia; H. inf luenzae; Klebsiella spp; Neisseria 
spp; Serratia spp

Asymptomatic 
infiltrative 
keratitis (AIK)

No increased risk S. pneumoniae; Acinetobacter spp; Enterobacter spp; H. 
inf luenzae; Klebsiella spp; Pseudomonas spp S. maltophilia

Asymptomatic 
infiltrates (AI)

7.93 (2.42-25.96; P<0.001)
(gram-positive only)

Normal microbiota only
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not demonstrate SICS. The risk of CIEs was 
the same between the groups. “This suggests 
to us that it’s not staining that’s having the 
effect, it’s something that both types of 
solutions are doing.” 

Clinical Observations  
of CIEs
Neal A. Sher, MD, FACS, presented his study 
findings on CIEs associated with Opti-Free 
Replenish from 2 clinical sites. (Sher, 2013) 
These CIEs began surfacing in his practice in 
2009. Using clinical criteria (CIEs that were 
sterile, small, superficial, centrally located, 
and granular), he and colleagues compiled 
41 cases of CLAIK. The MPS identified by all 
the CIE patients was Opti-Free Replenish and 
the lens brand used most frequently was 
Acuvue Oasys (n=18) but several other SiHy 
and hydrogel lens brands were also observed. 
All cases successfully resolved, most using 
a corticosteroid/antimicrobial combination 
typically for 1 week. After resolution, all 
patients were successfully able to resume 
lens wear but switched to either a peroxide or 
different MPS (biguanide-based formulation). 

Dr. Sher acknowledged the limitations of 
his investigation, including sample size, 
retrospective, uncontrolled design, and lack 
of geographic diversity. Sample size was also 
cited by Katz and colleagues as a significant 
limitation to the conclusions drawn from 
the Chalmers (2012, 2013) study; the results 
of that study may not be generalizable 
due to these sample size limitations, since 
many cases in that study were using daily 
disposable lenses or could not identify MPS 
usage accurately (Katz 2013). The goal of Dr. 
Sher’s investigation, he emphasized, “was to 
bring these Opti-Free Replenish cases to the 

attention of clinicians and encourage them 
to report their observations of these adverse 
events. “ He also encouraged reporting to 
regulatory authorities and manufacturers  
to stimulate interest in a randomized 
control study. Additionally, he commented 
that his case study is one in a succession 
of recent case series or studies that have 
demonstrated similar results. (Reindel, 
2009; Carnt, 2009; Kislan, 2010; Diec, 2009; 
Shovlin, 2011; Wilcox, 2011; Sacco, 2011; 
Kilvington, 2013)

Referring to the findings of the Kilvington 
study that Dr. Shovlin had discussed, Dr. 
Sher remarked “As a clinician, this gets to 
me. I question any product that doesn’t 
kill organisms to an appropriate level.” In 
his opinion, “the etiology of CLAIK is most 
likely the inadequate disinfecting ability of 
PQ-1/Aldox against Gram-negative bacteria 
identified by Kilvington et al. (Kilvington, 2013) 
The subsequent growth of several types of 
bacteria causes deposition of a biofilm on 
the lens and the cases… The infiltrates are an 
immune reaction in the cornea to bacterial 
byproducts in the biofilm.” Genetics, he 
believes, are another relevant factor. “I think 
we will find a genetic predisposition to CIE 
when we have a much less expensive analysis 
of genomes available.” 

Gathering Evidence  
on CIE Risk: Study  
Design Issues
Joanne Katz, ScD, discussed the advantages 
of and challenges in conducting different 
types of clinical studies on contact lenses 
and lens solutions to assess risk factors 
for adverse events like CIEs. (Table 3). “An 
enormous value to the case series approach 



11

is that if there’s something strange going on, 
a number of people will pick up on it,” said 
Dr. Katz. “It gives us information to explore 
the issue further.” A case-control study is a 
more controlled effort in which cases may be 
grouped together from a number of practices 
and matched with controls who do not have 
CIEs but who look as similar as possible to 
the cases in other respects. The advantage 
is the ability to look at a number of different 
cases from different practices, quickly and 
inexpensively. The main limitations are the 
potential for recall bias (eg, misremembering 
the type of MPS) and selection bias (ie, 
selecting controls that are not representative 
of the cases).

The potential for recall bias is reduced in a 
prospective observational cohort, in which the 
researcher identifies a population (eg, contact 
lens wearers), collects exposure information, 
and follows the group forward in time. This 
design allows the researcher to determine if 
the patient has changed any behaviors such as 
switching MPS or the lens case. These studies 

can be time consuming and expensive, and do 
not eliminate the possibility of selection bias. 

A randomized, controlled trial assigns patients 
to a treatment or exposure and follows 
them prospectively over time. Optimally, the 
patients are masked to the intervention (eg, 
the MPS). “There are very few limitations to this 
approach,” said Dr. Katz, “but if you don’t do 
the study well, if you don’t randomize properly, 
if you don’t follow up with patients properly, if 
you don’t mask properly, that’s where you run 
into trouble.” 

A well-designed trial, Dr. Katz explained, 
would randomize participants in a 
representative group of lens wearers to 1 of 
2 masked MPS to see if one produces more 
CIEs than the other. “You want to collect a 
lot of information about behavior, about 
demographics, and modifiers over time,” she 
emphasized. “The ultimate analysis would 
be comparing disease rates between people 
who receive solution A or solution B.” The 
design could be modified to include 4 groups 

Table 3. Types of Trials

Trial Advantages Potential Disadvantages

Case series Alerting signal to potential issues May not be representative of larger 
population
No control group (potential for bias)

Case-control study Ability to look at a larger population in 
a rare condition
Efficiency

Recall bias
Selection bias

Prospective observational 
cohort

Reduced recall bias
Accurate assessment of changes in 
behaviors

Time and expense
Continuing possibility of selection bias

Randomized controlled trial Low potential for bias
Internal validity

Necessary level of complexity often cost-
prohibitive
May be problems with generalizability 
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in order to study an interaction between lens 
type and MPS.

Dr. Katz and Dr. Efron also raised the issue 
of ethical considerations, noting that there 
has to be equipoise—a genuine uncertainty 
in the community as to whether a treatment 
would be harmful or beneficial. In the case 
of PQ-1/Aldox-based MPS, the published 
case series, microbiological information, and 
lab-based studies do raise the possibility that 
equipoise is lacking; on balance, however, 
Dr. Katz believed that this evidence is not 
sufficiently settled to rule out a randomized, 
controlled trial.

Discussing these options, most panelists 
believed that a randomized, controlled trial 
would be prohibitively expensive for studying 
CIEs associated with lens care solutions. The 
low incidence of CIEs demands a large sample 
size, and the length of time needed may lead 
to significant study dropouts, especially among 
young, mobile contact lens wearers who are 
at highest risk. The number of MPS and lens 
types also makes for an unwieldy number of 
potential combinations, even if the choices 
could be narrowed down to a few lens types 
and a few MPS. 

Acknowledging these challenges, Dr. Katz 
suggested strategies to optimize the quality of 
case-control studies. “One step is to focus on 
the definition of a case. How do you define a 
case, and how can you standardize these cases?” 
With CIEs, there is a range of presentations, 
“from asymptomatic all the way to microbial 
keratitis. Can you choose a particular definition 
and narrow your focus?” A second important 
consideration is to focus very closely on 
matching cases with controls. Finally, she said, 

“try to get representative cases from as many 
different practices as possible.”

Managing CIEs
Fortunately, CIEs respond well to treatment. 
Dr. Shovlin observed that, in his experience, 
most cases show an excellent response to 
tobramycin combined with dexamethasone 
or loteprednol. “If you are using one of 
these combinations you will typically see 
resolution within a week.” Compared with 
fourth-generation quinolones, he said that 
tobramycin generally provides better coverage 
of gram-negative organisms. Medication 
should be combined with a switch to peroxide 
or a different MPS and perhaps a change to a 
hydrogel lens.

It is a challenge for many patients to maintain 
a proper lens care regimen—a regimen that 
may consist of as many as 49 separate steps. 
(Young, 2012) Although many patients perceive 
themselves as being compliant, in fact, they 
exhibit a variety of noncompliant behaviors. 
(Donshik, 2007) Dr. Shovlin estimated that 
fewer than 0.5% of patients are fully compliant 
in lens care. He emphasized the importance of 
incorporating rubbing into the regimen: “With 
the rub and rinse, you shear off organisms very 
effectively, at least to the 1-log reduction point 
and even beyond.”

Research in the next few years holds the 
promise of additional strategies to protect 
against lens contamination. One such strategy 
is the use of antimicrobial agents other than 
antibiotics. For example, substances such 
as selenium have demonstrated biocidal 
properties. A better understanding of 
geographic variations in bioburden is also 
important. “We need to look at the ecology 
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in the lens case” and develop additional 
protective mechanisms,” Dr. Shovlin said, 
perhaps in the form of quorum-sensing or 
quorum-blocking agents. “These are things that 
are of great interest for future research, and 
we are looking forward to the next few years.”

Conclusions
Our understanding of the risk factors for 
contact-lens related CIEs continues to 
evolve. It is clear that myriad factors affect 
the development of CIEs; however, MPS, 
SiHy lenses, and bacterial bioburden (as well 
as bioburden adhesion to lenses) appear 
to be the significant potential drivers of 
risk. These risks do not occur in a vacuum: 
indeed, numerous studies point to their 
interdependence, with MPS overall compared 
to peroxide, with potentially varying rates 
among different MPS, combined with SiHy 

lenses, creating a greater bioburden and 
increasing the CIE risk. The sheer number of 
MPS and lens options makes it a particular 
challenge to design randomized, controlled 
trials that assess risk. Nevertheless, 
numerous case series and case control 
studies demonstrate that CIEs are often a 
problem for contact lens wearers. ECPs need 
to examine all of their lens-wearing patients 
carefully for CIEs, and ask in greater depth 
about overnight wear, lens type, lens case 
hygiene, and MPS usage. ■

© Bausch & Lomb Incorporated

Biotrue is a trademark of Bausch & Lomb Incorporated. 

All other product/brand names are trademarks of their 

respective owners.

Dr. Chalmers: Research funding/Consultant: 
Alcon, CooperVision, Johnson & Johnson.

Dr. Efron: Consultant: Bausch & Lomb 
Incorporated, Johnson & Johnson, CooperVision, 
Sauflon.

Dr. Katz: Consultant: Bausch & Lomb 
Incorporated.

Dr. Sher: Honoraria: Bausch & Lomb 
Incorporated.

Dr. Shovlin: Advisor: Allergan, AMO, Bausch & 
Lomb Incorporated, Johnson & Johnson; Speaker’s 
Bureau: Vistakon, Ciba Vision, CooperVision, 
Bausch & Lomb Incorporated, AMO, Alcon, 
Genzyme; Clinical Investigator: AMO, Ciba Vision, 
Vistakon, Allergan, CooperVision.

Dr. Stapleton: Project funding: Brien Holden 
Vision Institute, University of New South Wales. 
Ciba Vision, Alcon, Allergan, Bausch & Lomb 
Incorporated.

Dr. Willcox: Funding: Alcon, Allergan, AMO, 
Bausch & Lomb Incorporated, Brien Holden Vision 
Institute, Johnson & Johnson.

Disclosures



CONTACT
LENS-RELATED 
CIEs Understanding the Risk Factors

14

References 
Carnt�N,�Jalbert�I,�Stretton�S,�Naduvilath�T,�Papas�E.�Solution�
toxicity�in�soft�contact�lens�daily�wear�is�associated�with�corne-
al�inflammation.�Optom�Vis�Sci.�2007;84:309-15.�

Carnt�NA,�Evans�VE,�Naduvilath�TJ,�et�al.�Contact�lens-related�
adverse�events�and�the�silicone�hydrogel�lenses�and�daily�
wear�care�system�used.�Arch�Ophthalmol.�2009;127:1616-23.�

Chalmers�RL,�Keay�L,�Long�B,�Bergenske�P,�Giles�T,�Bullimore�
MA.�Risk�factors�for�contact�lens�complications�in�US�clinical�
practices.�Optom�Vis�Sci.�2010�Oct;87(10):725-35.

Chalmers�RL,�Keay�L,�McNally�J,�Kern�J.�Authors’�response.�
Optom�Vis�Sci.�2013;90:e80.

Chalmers�RL,�Keay�L,�McNally�J,�Kern�J.�Multicenter�case-con-
trol�study�of�the�role�of�lens�materials�and�care�products�on�
the�development�of�corneal�infiltrates.�Optom�Vis�Sci.�2012�
Mar;89:316-325

Chalmers�RL,�McNally�JJ,�Schein�OD,�Katz�J,�Tielsch�JM,�Alfon-
so�E,�Bullimore�M,�O’Day�D,�Shovlin�J.�Risk�factors�for�corneal�
infiltrates�with�continuous�wear�of�contact�lenses.�Optom�Vis�
Sci.�2007�Jul;84(7):573-9.

Chalmers�RL,�Wagner�H,�Mitchell�GL,�et�al.�Age�and�other�
risk�factors�for�corneal�infiltrative�and�inflammatory�events�
in�young�soft�contact�lens�wearers�from�the�Contact�Lens�
Assessment�in�Youth�(CLAY)�study.�Invest�Ophthalmol�Vis�Sci.�
2011.;52:6690-6696.

Chalmers�RL.�What�have�pre-�and�postapproval�studies�
shown�about�contact�lens-related�inflammatory�events?�
Eye�Contact�Lens.�2007�Nov;33(6�Pt�2):388-91;discussion�
399-400.

Diec�J,�Evans�VE,�Naduvilath�TJ.�Performance�of�polyquad,�
PHMB�and�peroxide�solutions�with�silicone�hydrogel�lenses.�
Invest�Ophthalmol�Vis�Sci.�2009;50:E-Abstract�5633.

Donshik�PC,�Ehlers�WH,�Anderson�LD,�Suchecki�JK.�Strategies�
to�better�engage,�educate,�and�empower�patient�compliance�
and�safe�lens�wear:�compliance:�what�we�know,�what�we�
do�not�know,�and�what�we�need�to�know.�Eye�Contact�Lens.�
2007;33:430-4.�

Donshik�PC,�Suchecki�JK,�Ehlers�WH.�Peripheral�corneal�infil-
trates�associated�with�contact�lens�wear.�Trans�Am�Ophthal-
mol�Soc.�1995;93:49-60;�discussion�60-4.

Edwards�K,�Keay�L,�Naduvilath�T,�Snibson�G,�Taylor�H,�Staple-
ton�F.�Characteristics�of�and�risk�factors�for�contact�lens-re-
lated�microbial�keratitis�in�a�tertiary�referral�hospital.�Eye�
(Lond).�2009;23:153-60.

Efron�N�and�Morgan�PB.�Can�subtypes�of�contact�lens-asso-
ciated�corneal�infiltrative�events�be�clinically�differentiated?�
Cornea.�2006;25:540-4.�

Efron�N�and�Morgan�PB.�Rethinking�contact�lens�associated�
keratitis.�Clin�Exp�Optom.�2006;89:280-98.

Holden�BA,�La�Hood�D,�Grant�T,�et�al.�Gram-negative�bacteria�
can�induce�contact�lens�related�acute�red�eye�(CLARE)�re-
sponses.�CLAO�J.�1996;22:47-52.

Holden�BA,�Reddy�MK,�Sankaridurg�PR,�Buddi�R,�Sharma�
S,�Willcox�MD,�Sweeney�DF,�Rao�GN.�Contact�lens-induced�
peripheral�ulcers�with�extended�wear�of�disposable�hydrogel�
lenses:�histopathologic�observations�on�the�nature�and�type�
of�corneal�infiltrate.�Cornea.�1999;18:538-43.

Josephson�JE,�Caffery�BE.�infiltrative�keratitis�in�contact�lens�
wearers.�Int�Contact�Lens�Clin.�1979;6:223-241.

Joslin�CE,�Tu�EY,�Shoff�ME,�Anderson�RJ,�Davis�FG.�Shifting�
distribution�of�Chicago-area�Acanthamoeba�keratitis�cases.�
Arch�Ophthalmol.�2010;128:137-9.�

Katz�J,�Schein�O.�Letter�to�the�editor:�Multicenter�case-con-
trol�study�of�the�role�of�lens�materials�and�care�products�
on�the�development�of�corneal�infiltrates.�Optom�Vis�Sci.�
2013;90:e79.�

Keay�L,�Edwards�K,�Naduvilath�T,�Forde�K,�Stapleton�F.�Factors�
affecting�the�morbidity�of�contact�lens-related�microbial�
keratitis:�a�population�study.�Invest�Ophthalmol�Vis�Sci.�
2006;47:4302-8.

Keay�L,�Edwards�K,�Stapleton�F.�Signs,�symptoms,�and�comor-
bidities�in�contact�lens-related�microbial�keratitis.�Optom�Vis�
Sci.�2009�Jul;86:803-9.

Keay�L,�Stapleton�F,�Schein�O.�Epidemiology�of�contact�
lens-related�inflammation�and�microbial�keratitis:�a�20-year�
perspective.�Eye�Contact�Lens.�2007;33:346-53.

Kilvington�S,�Shovlin�J,�Nikolic�M.�Identification�and�suscepti-
bility�to�multipurpose�disinfectant�solutions�of�bacteria�iso-
lated�from�contact�lens�storage�cases�of�patients�with�corneal�
infiltrative�events.�Cont�Lens�Anterior�Eye.�2013�Mar�1.�pii:�
S1367-0484(13)00026-X.�[epub�ahead�of�print].

Kislan�TP,�Hom�MM.�Corneal�infiltrates�with�multipurpose�
solutions�and�contact�lens�combinations.�Invest�Ophthalmol�
Vis�Sci.�2010;51(suppl):E-Abstract�3424.

Lim�C,�Carnt�NA,�Farook�M,�et�al.�Risk�Factors�for�Contact�Lens�
Related�Microbial�Keratitis�in�Singapore.�Invest�Ophthalmol�
Vis�Sci.�2013;54:ARVO�E-Abstract�509.�

Merchea�MM,�et�al.�Optom�Vis�Sci.�2012;89:E-abstract�
125376.



15

Morgan�PB,�Efron�N,�Brennan�NA,�Hill�EA,�Raynor�MK,�Tullo�
AB.�Risk�factors�for�the�development�of�corneal�infiltrative�
events�associated�with�contact�lens�wear.�Invest�Ophthal-
mol�Vis�Sci.�2005;46:3136-43.

Morgan�PB,�Efron�N,�Hill�EA,�Raynor�MK,�Whiting�MA,�
Tullo�AB.�Incidence�of�keratitis�of�varying�severity�among�
contact�lens�wearers.�Br�J�Ophthalmol.�2005;89:430-6.

Radford�CF,�Minassian�D,�Dart�JK,�Stapleton�F,�Verma�
S.�Risk�factors�for�nonulcerative�contact�lens�com-
plications�in�an�ophthalmic�accident�and�emergency�
department:�a�case-control�study.�Ophthalmology.�2009�
Mar;116:385-392.�

Reeder�R�and�Harthan�J.�Trends�associated�with�corneal�infil-
trative�events�in�soft�lens�wearers�[Poster].�Global�Specialty�
Lens�Symposium,�2011.�

Reindel�W,�Cairns�G,�Bateman�K.�Determining�relationships�
between�various�safety�parameters�and�lens�care�solutions�
using�meta-analysis.�Cont�Lens�Anterior�Eye.�2009;32�
210–254�

Sacco�AJ.�Contact�Lens-Associated�Infiltrative�Keratitis�and�
Multipurpose�Solutions.�Contact�Lens�Spectrum.�April�
2011.��http://www.clspectrum.com/articleviewer.aspx?arti-
cleid=105455.

Schein�OD,�McNally�JJ,�Katz�J,�et�al.�The�incidence�of�microbial�
keratitis�among�wearers�of�a�30-day�silicone�hydrogel�extend-
ed-wear�contact�lens.�Ophthalmology.�2005;112:2172-9.

Shah�A,�Sachdev�A,�Coggon�D,�Hossain�P.�Geographic�varia-
tions�in�microbial�keratitis:�an�analysis�of�the�peer-reviewed�
literature.�Br�J�Ophthalmol.�2011;95:762-7.�

Sher�NA,�Jedicka�J,�Golben�M.�Multipurpose�solution�
may�be�associated�with�contact�lens-associated�infil-
trative�keratitis.�Ocular�Surgery�News.��10�April�2013.�
http://www.healio.com/ophthalmology/cornea-ex-
ternal-disease/news/print/ocular-surgery-news/%-
7B73a82355-f9ee-4096-b292-f0abc5565549%7D/
multipurpose-solution-may-be-associated-with-con-
tact-lens-associated-infiltrative-keratitis.�Accessed�July�
25,�2013.

Shovlin�J,�Eiden�SB,�Hom�MM,�et�al.�Infiltrative�keratitis�in�
daily�lens�wearers:�do�you�see�what�I�see?�Contact�Lens�
Spectrum.�April�2011.�http://www.clspectrum.com/article.
aspx?article=105461.�Accessed�June�3,�2013.�

Stapleton�F,�Edwards�K,�Keay�L,�et�al.�Risk�factors�for�moder-
ate�and�severe�microbial�keratitis�in�daily�wear�contact�lens�
users.�Ophthalmology.�2012;119:1516-21.

Stapleton�F,�Keay�L,�Edwards�K,�et�al.�The�incidence�of�contact�
lens-related�microbial�keratitis�in�Australia.�Ophthalmology.�
2008;115:1655-62.

Stapleton�F,�Keay�L,�Edwards�K,�Holden�B.�The�epidemiology�
of�microbial�keratitis�with�silicone�hydrogel�contact�lenses.�
Eye�Contact�Lens.�2013;39:79-85.

Stapleton�F,�Keay�LJ,�Sanfilippo�PG,�Katiyar�S,�Edwards�KP,�
Naduvilath�T.�Relationship�between�climate,�disease�severity,�
and�causative�organism�for�contact�lens-associated�microbial�
keratitis�in�Australia.�Am�J�Ophthalmol.�2007;144:690-698.

Sweeney�DF,�Jalbert�I,�Covey�M,�et�al.�Clinical�characterization�
of�corneal�infiltrative�events�observed�with�soft�contact�lens�
wear.�Cornea.�2003;22:435-42.

Szczotka-Flynn�L,�Chalmers�R.�Incidence�and�epidemiologic�
associations�of�corneal�infiltrates�with�silicone�hydrogel�con-
tact�lenses.�Eye�Contact�Lens.�2013;39:49-52.

Szczotka-Flynn�LB,�Pearlman�E,�Ghannoum�M.�Microbial�
contamination�of�contact�lenses,�lens�care�solutions,�and�
their�accessories:�a�literature�review.�Eye�Contact�Lens.�
2010;36:116-29.

Szczotka-Flynn�LB.�Longitudinal�Evaluation�of�Silicone�
Hydrogel�(LASH)�Study.�NCT00727402.�http://clinicaltri-
als.gov/ct2/show/NCT00727402.�Accessed�October�29,�
2013.

Wiley�L,�Bridge�DR,�Wiley�LA,�et�al.�Bacterial�Biofilm�Diversity�
in�Contact�Lens-Related�Disease:�Emerging�Role�of�Achromo-
bacter,�Stenotrophomonas,�and�Delftia.Invest�Ophthalmol�Vis�
Sci.�2012;53:3896-3905.

Willcox�M,�Sharma�S,�Naduvilath�TJ,�Sankaridurg�PR,�Go-
pinathan�U,�Holden�BA.�External�ocular�surface�and�lens�
microbiota�in�contact�lens�wearers�with�corneal�infiltrates�
during�extended�wear�of�hydrogel�lenses.�Eye�Contact�Lens.�
2011;37:90-5.

Willcox�MD,�Carnt�N,�Diec�J,�et�al.�Contact�lens�case�contami-
nation�during�daily�wear�of�silicone�hydrogels.�Optom�Vis�Sci.�
2010;87:456-64.

Willcox�MDP.�Solutions�for�care�of�silicone�hydrogel�lenses.�
Eye�Contact�Lens.�2013;39:24-28.

Young�G.�Disinfection�in�49�Steps.�Contact�Lens�Spectrum,�
January�2012:�53-4.

Zimmerman�A,�Emch�A,�Geldis�J,�Nixon�G,�Mitchell�GL.�
Contact�lens�care�behaviors�associated�with�inflammatory�
and�infectious�corneal�conditions.�Optom�Vis�Sci.�2012;89.�
E-abstract�120046.



1  Based on patient satisfaction study.  
2 Based on 2855 multi-purpose users asked to try Biotrue for about 7 days.
© 2014 Bausch & Lomb Incorporated. ®/™ are trademarks of Bausch & Lomb Incorporated or its a   liates.    PNS07238          HL6195

RECOMMEND BIOTRUE®  

The multi-purpose solution that works like your eyes

Make wearing lenses easier 
on your patients’ eyes1

matches the pH of healthy tears
utilizes a lubricant found in the eyes
keeps key benefi cial tear proteins active

No wonder 9 out of 10 patients prefer 
Biotrue over the leading multi-purpose solution2

biotrue.com

CLS – single page – release X/XX/13
Contact: Dmitriy Kuzin, Dmitriy.Kuzin@bausch.com

Trim size: 8" x 10.875"
Page (live area): 7.375" x 10.125"
Page Bleed: 8.375" x 11.125" 


