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Background: The purpose of this study was to assess whether differences in central corneal
dendritic immune cell densities associated with combinations of soft contact lenses and lens
care solutions could be detected by in vivo confocal microscopy.

Methods: Participants were adults naive to contact lens wear (n = 10) or who wore soft contact
lenses habitually on a daily-wear schedule (n = 38) or on a study-assigned schedule for 30 days
with daily disposable silicone hydrogel lenses (n = 15). Central corneas were scanned using
an in vivo confocal microscope. Cell densities were compared among groups by demographic
parameters, lens materials, and lens care solutions (polyhexamethylene biguanide [PHMB],
polyquaternium-1 and myristamidopropyl dimethylamine [PQ/MAPD], peroxide, or blister
pack solution [for daily disposable lenses]).

Results: Among lens wearers, no associations were observed between immune cell
densities and age, gender, or years of lens-wearing experience. Mean cell density was
significantly lower (P < 0.01) in nonwearers (29 £ 23 cells/mm?, n = 10) than in lens wearers
(64 £ 71 cells/mm? n = 53). Mean cell density was lower (P = 0.21) with traditional polymer
lenses (47 £ 44 cells/mm?, n = 12) than with silicone hydrogel lenses (69 = 77 cells/mm? n=41).
Lowest to highest mean density of immune cells among lens wearers was as follows: PQ/MAPD
solution (49 + 28 cells/mm?), blister pack solution (63 + 81 cells/mm?), PHMB solution
(66 * 44 cells/mm?), and peroxide solution (85 + 112 cells/mm?).

Conclusion: In this pilot study, in vivo confocal microscopy was useful for detecting an
elevated immune response associated with soft contact lenses, and for identifying lens-related
and solution-related immune responses that merit further research.

Keywords: Clear Care, in vivo confocal microscopy, Langerhans, Opti-Free Replenish, ReNu
Multi-Plus

Introduction
Types of immune cells that have been identified in the inflamed corneas of animals
and humans include lymphocytes, granulocytes, macrophages, and dendritic cells
(including Langerhans-type dendritic cells).!? Corneal dendritic immune cells are
responsible for recognizing and capturing antigens, and for presenting those antigens
to T cells, in order to activate secondary immune responses.** The migration of
dendritic immune cells from the limbus into the central cornea may be initiated by
proinflammatory cytokines or chemokines™® and may be accomplished via pathways
along the nerve plexus.’

Only minimal numbers of dendritic immune cells are present in a healthy central
cornea, but larger numbers arrive in response to immune or inflammatory challenges.
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Early quantitative analyses of central corneal dendritic
immune cells were studies of excised animal tissues, after
conditions such as herpetic keratitis® or extended contact lens
wear.” More recently, in vivo confocal microscopy has been
used to quantify the densities of dendritic immune cells in the
central corneas of healthy subjects;>! of eyes inflamed with
keratitis, keratoconjunctivitis, or graft rejection;” of eyes with
diabetic neuropathy;'! and of eyes of contact lens wearers.'?
Mean density of central corneal dendritic immune cells has
been reported to be approximately 195 £+ 76 cells/mm? in
inflamed eyes,? approximately 24 + 11 to 34 + 3 cells/mm?
in healthy eyes,>!° and approximately 78 £ 25 cells/mm? in a
mixed population of hard and soft contact lens wearers.'? In
contact lens wearers, the density of dendritic immune cells in
the central cornea was found to vary by years of experience
with contact lens wear; the immune response was signifi-
cantly lower in experienced lens wearers (>10 years’ experi-
ence) than in newer lens wearers (<5 years’ experience).'?

Although in vivo confocal microscopy has been used to
quantify dendritic immune cells in the conjunctiva'® and in
the central corneas'? of contact lens wearers, no studies as
yet have reported the central corneal dendritic immune cell
densities with respect to wear of silicone versus traditional
hydrogel soft contact lenses, or with respect to use of dif-
ferent lens care solutions. This gap in the literature may be
partly due to the labor-intensive and not yet standardized
nature of manually analyzing confocal images. The purpose
of this study was to use confocal microscopy to examine the
numbers of dendritic immune cells in the nerve layers of the
corneas of subjects who habitually wore soft contact lenses
and who cared for their lenses with various lens care solu-
tions, in order to assess the usefulness of confocal micros-
copy in this context and to identify any potential immune
responses associated with contact lens materials and/or lens
care solutions.

Methods

Enrollment

Eligible subjects were recruited from adults aged 18 years
or older, of either gender and of any race, who presented for
a routine examination. Eligible subjects had been wearing
traditional polymer hydrogel or silicone hydrogel contact
lenses on a daily-wear schedule for at least 2 weeks prior to
the qualification examination, or were naive to contact lens
wear. To enter the study, a subject’s distance visual acu-
ity was required to be correctable with soft contact lenses
to 20/30 Snellen or better in each eye. Exclusion criteria
related to the eyes were as follows: one functional eye or a

monofit lens; current ocular conditions such as active acute
blepharitis, infections, or iritis; any abnormal slit-lamp
finding (including blepharitis, meibomian gland disease,
conjunctival hyperemia, conjunctival or limbal inflammation,
or infection); use of topical ocular medications (prescription
or over-the-counter); or any systemic condition with signifi-
cant ocular side effects that could adversely affect contact
lens wear. Sodium fluorescein (Ful-Glo® fluorescein sodium
strips; Akorn Inc, Lake Forest, IL) was administered to look
for evidence of corneal staining; the location, area, and type
of staining were recorded, but staining parameters were not
exclusion criteria. All eligible subjects provided informed
consent in accordance with the Declaration of Helsinki.
Participant flow of enrolled subjects is shown in Figure 1.
Of lens wearers who met all of the enrollment criteria,
a subset of 15 subjects (by random assignment) were given a
30-day supply of PureVision® balafilcon A silicone hydrogel
contact lenses (Bausch and Lomb, Rochester, NY). These
15 subjects were not assessed for dendritic immune cells
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Figure | Disposition of the 63 subjects who participated in the study.
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associated with use of their habitual lenses and solutions, but
instead were instructed to discontinue using their habitual
lenses and solutions and to use the study lenses as daily
disposable lenses, without any lens care solution, for at least
one month prior to the next study visit, at which time their
corneas would be scanned. Thus, the lens care regimen of
15 subjects was known, but the lens care regimens of the
habitual lens wearers were not recorded.

At successful completion of the enrollment visit,
a follow-up study visit was scheduled. For evaluation of
eyes after habitual use of lens and product, the follow-up
visit was scheduled for =1 day after the enrollment visit. For
evaluation of eyes after wearing the study-distributed daily
disposable silicone hydrogel lenses, the follow-up visit was
scheduled for 30 days after the enrollment visit. All subjects
were instructed to discontinue wearing their habitual contact
lenses or study-distributed daily disposable silicone hydrogel
lenses at least 18 hours prior to the study appointment.

Corneal assessments

At the study visit, each enrolled subject arrived without
lenses inserted, and eligibility criteria were reverified.
A central corneal scan was taken with a Heidelberg Retina
Tomograph Rostock Cornea Module (HRT/RCM; Heidelberg
Engineering GmbH, Heidelberg, Germany). The light source
was a 670 nm diode laser (Class 1) with 1 um resolution.
Images were captured with an area of 400 um by 400 um
and a digital image size of 384 by 384 pixels. Each volume
scan captured a series of 40 images, in 2 Wm increments,
yielding an 80 wm stack of images. The ophthalmic pho-
tographer captured at least four volume scans per eye; extra
scans were captured if alignment problems were encountered
or suspected.

Image and data analysis

Image analyses were conducted by a single investigator in
a masked fashion. Volume scans were evaluable only if
they had been captured at an axis that was perpendicular
to the surface of the cornea. Volume scans were excluded
from analysis if they had captured images from an angle
that was oblique to the surface of the cornea. Oblique scans
were identified by the presence of different types of cells,
representing different layers of cells, appearing in different
areas of the same image.

In each evaluable volume scan, the subbasal nerve plexus
layer was identified by morphology and by approximate
depth in the volume scan; the nerve plexus usually can
be found approximately 60 um posterior to the surface of

the cornea.' The nerve plexus generally spans a depth of
1-3 scans, or a thickness of 2—6 um. When the nerve plexus
layer spanned multiple images in a volume scan, dendritic
immune cells were counted in the image that had the clearest
nerve definition. Dendritic immune cells were tagged in the
image by the investigator, who used best clinical experience
to identify dendritic immune cells on the basis of parameters
such as their brightness and morphology (see Figure 2). The
HRT/RCM software then divided the number of the tagged
cells by the area of the image (0.16 mm?) to yield the density
of cells. Cells in each evaluable image were counted twice,
independently, by the same investigator at two different
times; all confirmation counts matched original counts.
Where available, multiple results from multiple volume scans
were averaged per eye; thereafter, results from both eyes were
averaged together, before averaging per study group.

Data were compared among groups by lens type and
lens care solution type, by duration of experience with lens
wear, by gender, and by age. Durations of experience with
contact lens wear, categories of cell densities, and subject
ages were sorted into similar categories as were presented
in a similar study.'> As previously described,'? experi-
ence categories were as follows: less than 5 years, 5-10
years, and more than 10 years. As previously described,'
cell density categories were as follows: =64 cells/mm?
for “low/moderate” density, and >64 cells/mm? for

Figure 2 In vivo confocal microscopy image of dendritic immune cells in the central
cornea. This image is from a study participant who habitually wore silicone hydrogel
soft contact lenses and who used a polyquaternium-|I and myristamidopropyl
dimethylamine solution to care for the lenses. The five features that are marked by
arrows were tagged by the investigator as dendritic immune cells.
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“elevated” density. The low/moderate density category
represented =4 cells per 0.0625 mm? image in the previous
study,'? and represented approximately =5 per 0.16 mm?
image in the current study. As previously described,'
age categories were as follows: <30 years, 30-50 years,
and >50 years. Results are presented as mean =+ standard
deviation in text and as the mean = 95% confidence interval
in figures. Statistical differences were investigated by a
two-sided, unpaired #-test for continuous variables and by
Chi-square for categorical variables.

Results

Population characteristics

A total of 63 subjects (126 eyes) were evaluated, ie,
10 subjects who were naive to lens wear, 38 subjects in the
habitual use group (including habitual daily disposable tradi-
tional polymer hydrogel lens wearers), and 15 subjects in the
study-distributed daily disposable silicone hydrogel group.
The baseline characteristics, sorted by habitual lens care
solution and habitual lens type, are shown in Table 1. Among
habitual wearers of traditional polymer hydrogel lenses, lens

brands included Acuvue®

types (Johnson and Johnson),
Soflens® 38 (Bausch and Lomb), Biomedics® (American
Hydron), Dailies (Ciba Vision), Frequency® 55 (Cooper-
Vision), Freshlook® Daily (Ciba Vision), and Proclear®
(Cooper Vision). Among habitual wearers of silicone
hydrogel lenses, lens brands included Acuvue® Advance®
and Oasys® (Johnson and Johnson), Biofinity® (Cooper-
Vision), PureVision® (Bausch and Lomb), Focus® Night
and Day (Ciba Vision), and O2 Optix® (Ciba Vision). All
habitual users of peroxide care solution used ClearCare®
(Ciba Vision) and all habitual users of PQ/MAPD solution
used Opti-Free® Replenish® Multi-Purpose Disinfecting
Solution (Alcon). Among habitual users of PHMB solu-
tions, brands included Aquify® (Ciba Vision), Complete®
Multi-Purpose Solution Easy Rub® Formula (Abbott Medical
Optics), ReNu MultiPlus® (Bausch and Lomb), and generic
or store brands.

Image evaluation

Of the 126 eyes, 124 had at least one evaluable image. For
those 124 eyes, the average number of evaluable images
was 2.5 = 1.0 (range, 1-5) images, with 22 eyes having
one evaluable image and 102 eyes having more than one
evaluable image. Of the 63 subjects, all had at least one
evaluable image. For those 63 subjects, the average number
was 4.9 = 1.8 evaluable (range, 1-9) images, with 62 of
63 subjects having more than one evaluable image.

Immune cell density and demographic

parameters
The average age of the group was 37 = 14 (range 18-75)
years. Lens wearers in the youngest age group, at less than
30 years of age (n=23), had cell densities of 48 + 38 cells/mm?
(P =0.13 versus central age group; P = 0.67 versus oldest age
group). Lens wearers in the central age group, at age 30-50
years (n=22), had cell densities of 41 £ 6 cells/mm? (P=0.13
versus the youngest group; P = 0.35 versus the oldest group).
Lens wearers in the oldest age group, at older than 50 years of
age (n=238), had cell densities of 57 £49 cells/mm? (P=0.67 ver-
sus the youngest group; P = 0.35 versus the central group).
The overall population was 90.5% female (n = 57) and
9.5% male (n = 6). The small number of men limited the
ability to detect corneal responses related to gender or to com-
binations of gender and age. Mean immune cell density was
P =0.85 between lens-wearing women (39 + 71 cells/mm?,
n = 47) and lens-wearing men (69 72 cells/mm?, n = 6).
All of the subjects naive to lens wear in the study (n = 10)
were women.

Immune cell density and experience

with lens wear

Of the 53 subjects who wore lenses before participating in the
study, 51 subjects had information on file for years of experience
with contact lens wear, as shown in Table 2. Mean duration of
experience was 14 * 11 years. Duration of lens-wearing experi-
ence was similar (P = 0.95) between the silicone hydrogel lens

Table | Numbers of subjects in each group, sorted by habitual lens care solution and habitual lens type

Lens care solution, Nonwearers, Traditional hydrogel Silicone hydrogel Total,

n (%) n=10 wearers, n = 12 wearers, n = 41 n=63

None 10 (16%) - - 10 (16%)
Blister pack - 3 (5%) 15 (24%) 18 (29%)
PQ/MAPD - 3 (5%) I (17%) 14 (22%)
PHMB - 4 (6%) 7 (11%) I (17%)
Peroxide - 2 (3%) 8 (13%) 10 (16%)

Note: All lens wearers were on a daily-wear schedule (no extended-wear users).

Abbreviations: PHMB, polyhexamethylene biguanide; PQ/MAPD, polyquaternium-1 and myristamidopropyl dimethylamine.

submit your manuscript

514

Dove

Clinical Ophthalmology 2012:6


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Immune cells in lens wearer corneas

Table 2 Experience with contact lens wear for 51 of the
53 subjects who wore lenses at the time of entering the study
(no history was available for two lens wearers)

Experience with
lens wear, years

n (with data available)
of n (in study)

Per lens type, mean = SD

Traditional lenses 14+ 13 12 of 12

Silicone lenses 14+ 10 39 of 41
Per care solution, mean + SD

Blister pack 14+9 18 of 18

PQ/MAPD 10+6 13 of 14

PHMB 16+ 11 10 of 11

Peroxide 19+ 15 10 of 10

Note: Categories denote lenses and solutions that were used at time of analysis;
lenses and solutions used before entry into the study may have varied.
Abbreviations: PHMB, polyhexamethylene biguanide; PQ/MAPD, polyquaternium- |
and myristamidopropyl dimethylamine; SD, standard deviation.

group and the traditional polymer hydrogel lens group, and were
statistically similar between all pairwise comparisons of lens
care solution groups. When sorted into lens wear experience
categories, mean immune cell density was statistically similar
(P > 0.43) among categories: subjects with 5 years or less of
experience had cell densities of 49 £ 52 cells/mm? (n = 7),
subjects with 5-10 years of experience had cell densities of
73 £ 92 cells/mm? (n = 16), and subjects with >10 years of
experience had cell densities of 62 + 65 cells/mm? (n = 28).

Immune cells associated

with lens materials

Subjects who wore lenses had a mean immune cell density of
64 £ 71 cells/mm?, which was significantly higher (P < 0.01)
than the density in subjects who were naive to lens wear
(29 £ 23 cells/mm?), as shown in Table 3. When categorized
into immune cell density levels (= 64 cells/mm? for “low/
moderate” density, and > 64 cells/mm? for “clevated” density),
the Chi-square distribution was P=0.11 between lens wearers

Table 3 Immune cell densities by lens material (or lack thereof)

and nonwearers. The mean immune cell density was lower
with traditional polymer hydrogel lenses (47 £ 44 cells/mm?)
than with silicone hydrogel lenses (69 = 77 cells/mm?);
the smaller number of subjects in the traditional polymer
hydrogel group (n = 12) than in the silicone hydrogel group
(n = 41) limited the ability to detect statistical differences
(P=0.21).

When the six men in the study population were excluded
from this analysis, the same trend in mean immune cell
density was observed, ie, least in nonwearers, intermediate
with conventional lenses, and highest with silicone hydrogel
lenses. Values were 29 + 23 cells/mm? among nonwearing
women (n=10), 51 £45 cells/mm? among women who wore
conventional lenses (n = 9), and 66 + 76 cells/mm? among
women who wore silicone hydrogel lenses (n = 38).

Immune cells associated with lens care

solutions
When subjects were sorted by their lens care solution
(or lack thereof), some trends and significant differ-
ences were observable in mean cell densities, as shown
in Figure 3A. The trend from lowest to highest mean
density of immune cells was as follows: nonwearers
(29 £ 23 cells/mm?), PQ/MAPD solution (49 £ 28 cells/
mm?, P = 0.08 versus nonwearers), blister pack solution
(63 £ 81 cells/mm?, P = 0.12 versus nonwearers), PHMB
solution (66 + 44 cells/mm?, P = 0.03 versus nonwearers),
and peroxide solution (85 = 112 cells/mm?, P = 0.16 ver-
sus nonwearers). No significant pairwise differences were
detected among solution subgroups (all 7 = 0.27). Variability
in immune cell density was largest in the peroxide solution
group, ranging from 1 to 370 cells per mm?.

Trends also were observable in immune cell density cat-
egories (see Figure 3B), but no significant differences were
observable (all P = 0.07 by Chi-square). The trend from small-

Immune cell density Nonwearers Lens wearers
n=10 Traditional hydrogel, n = 12 Silicone hydrogel,®> n = 41 Overall group, n =53

Values

Mean + SD 29+23 47 £ 44 69 + 770 64+ 71%

Range (min — max) (3-71) (4-137) (1-370) (1-370)
Categories

Low/moderate, n (%) 9 (90%) 8 (67%) 26 (63%) 34 (64%)

Elevated, n (%) I (10%) 4 (33%) 15 (37%) 19 (36%)

Chi-square vs nonwearers - P=0.19 P=0.10 P=0.11

Notes: Immune cell density categories were defined as =64 cellssmm? for low/moderate density, and >64 cells/mm? for elevated density. ®Including those with study-
distributed daily disposable silicone hydrogel lenses; °P = 0.21 by t-test versus HEMA hydrogel. *P < 0.01 by t-test versus nonwearers.

Abbreviation: SD, standard deviation.
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Overall population: nonwearers, conventional lens wearers, and silicone hydrogel lens wearers
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Figure 3 Central corneal dendritic immune cell densities of the overall study population, grouped by habitual or study-assigned lens care solution. (A) Mean immune cell
densities. Bars represent means and error bars represent 95% confidence intervals. P values by t-test versus nonwearers are shown for each lens-wearing group. (B) Immune
cell density levels. P values by Chi-square versus nonwearers are shown in the legend.

Note: Blister pack = daily disposables.

Abbreviations: PHMB, polyhexamethylene biguanide; PQ/MAPD, polyquaternium-1 and myristamidopropyl dimethylamine.
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Figure 4 Central corneal dendritic immune cell densities of the nonwearers and of the silicone hydrogel lens wearers, grouped by habitual or study-assigned lens care
solution. (A) Mean immune cell densities. Bars represent means and error bars represent 95% confidence intervals. P-values by t-test versus nonwearers are shown for each
lens-wearing group. (B) Immune cell density levels. P-values by chi-square versus nonwearers are shown in the legend.

Note: Blister pack = daily disposables.

Abbreviations: PHMB, polyhexamethylene biguanide; PQ/MAPD, polyquaternium-| and myristamidopropyl dimethylamine.
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nonwearers). No significant pairwise differences could be
detected among combinations of solutions and silicone
hydrogel lenses (all P = 0.27).

The traditional polymer hydrogel lens subgroups were too
small (2—4 subjects per solution type) to detect any statistical
differences in mean values, but it was noted that all mean
densities were numerically lower in the traditional polymer
hydrogel lens plus solution combination subgroups than in
their comparator silicone hydrogel plus solution combina-
tion subgroups.

Discussion

This study is among the earliest published reports that
describe the use of in vivo confocal microscopy to evaluate
dendritic immune cell densities in the central corneas of
contact lens wearers. As expected, the density of dendritic
immune cells was significantly higher (P < 0.01) in the
central corneas of lens wearers than of nonwearers. Unlike
a comparable study,'? our results indicated no significant
differences or trends in cell densities associated with years
of experience with lens wear or with age of lens wearers;
see Table 4 for a comparison of the two studies. Instead, we
found possible differences in association with lens materials
and lens care solutions, which are parameters that have not
previously been reported and that merit further investigation
in larger-scale studies.

The densities of dendritic immune cells that were found
in this study were within expected ranges. For healthy control
eyes, dendritic immune cell densities reported in the litera-
ture had a mean of 24-34 cells per square mm,>!° a range

that is in accordance with the immune cell density that was
found in this study (mean 29 £ 23 cells/mm? in the subjects
who did not wear lenses). For contact lens wearers, central
corneal dendritic immune cell densities have been reported
in only one study in the literature.'” That study evaluated
an unspecified mixture of traditional polymer hydrogel
and silicone hydrogel lens wearers, who used an unspecified
variety of lens care solutions, and reported that the average
density of dendritic (Langerhans) cells in the central cor-
nea of soft contact lens wearers was 114 + 41 cells/mm?."
That literature value is similar to the result for mixed-type
lenses in the peroxide solution group in the current study
(85 £ 112 cells/mm?), but appears to be higher than the result
for mixed-type lenses in the PQ/MAPD solution group in the
current study (49 £ 28 cells/mm?). The relative consistencies
of the findings of our pilot study with those that are avail-
able in the literature confirm the validity of in vivo confocal
microscopy for this purpose.

One interesting observation in this preliminary study
was that the mean dendritic immune cell density was higher
with silicone hydrogel lenses (69 + 77 cells/mm?) than with
traditional polymer hydrogel lenses (47 + 44 cells/mm?);
however, the small number of subjects in the traditional
polymer hydrogel group (n = 12) limited the ability to detect
statistical differences (P = 0.21). Immune responses to
silicone hydrogel lens materials may be caused by chemical
effects, mechanical effects, or both, since silicone hydrogel
lenses differ from traditional polymer lenses in so many ways.
Compared with traditional polymer hydrogel lenses, silicone
hydrogel lenses reduce the incidence of complications related

Table 4 Apparent differences in demographic-related findings: current study of soft contact lens wearers versus a previous study with

a mixed population of soft and hard contact lens wearers'?

Central corneal immune cell density

Current study, n = 53 lens wearers

Study by Zhivov et al'% n =55 lens wearers

n Cells/mm?, mean £ SD n Cellssmm?, mean £ SEM

Experience with lens wear*

<5 years 7 49 +52 n/r 144 + 58

5-10 years 26 73+£92 n/r 122 + 58

>10 years 28 62 + 65 n/r I5+5
Lens wearer age

<30 years 23 48 + 38 19 130 + 60

30-50 years 22 41 t6 29 40 £ 25

>50 years 8 57 £ 49 10 80 + 55
Lens wearer sex

Men 6° 6972 16 52+36

Women 47 39171 39 90 £ 31

Notes: *Experience with lens wear was not available for two subjects in the current study; *The small number of lens-wearing men in the current study limited our ability to

investigate age/sex interactions that were reported by the reference study.

Abbreviations: SD, standard deviation; SEM, standard error of the mean; n/r, not reported in study by Zhivov et al'%.
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to hypoxia,'> but do not reduce the incidence of microbial
keratitis,'® and have been associated with increased risk for
inflammatory events!” and other types of adverse events.'®
Our results indicate that larger-scale and better controlled
studies of the central corneal immune cell densities in silicone
hydrogel lens wearers versus traditional polymer hydrogel
lens wearers are needed.

One notable finding of the current study was that users of
peroxide solution had the highest and most variable density
of central corneal dendritic immune cells. Peroxide solu-
tions may be associated with variable and elevated immune
responses for a variety of reasons. Some clinicians believe
that peroxide solutions can offer a reduced amount of irrita-
tion because peroxide solutions lack preservatives; thus,
some practitioners may recommend peroxide solutions to
contact lens wearers who report intolerance issues when
using preserved solutions.” That is, peroxide solutions may
be prescribed to “problem” patients. In this study, no sub-
jects reported experiencing intolerance issues at the time of
the examination, but we did not query whether subjects had
been switched to a peroxide solution in their past because
of a previous intolerance issue that may have indicated an
elevated corneal susceptibility. Alternatively (or in addi-
tion), the elevated immune response observed in this study
could have been due to disadvantages that are possible with
peroxide solutions, such as incomplete neutralization of the
solution before insertion of the lens into the eye, or lack of
continued preservation after disinfection is complete."” Given
these preliminary findings, we believe that immune reactions
in the corneas of users of peroxide lens care solutions should
be investigated more thoroughly.

This study also demonstrated that wearers of silicone
hydrogel lenses conditioned with PHMB solutions had a
significantly elevated density of dendritic immune cells
(P = 0.03 versus nonwearers), second only to the elevation
observed with peroxide solutions. This finding may be related
to the previously reported undesirable interactions between
silicone hydrogel lenses and these types of multipurpose con-
ditioning solutions.?’?? In acute studies (2-hour studies)**?!
and in a longer-term (1-month) study,? silicone hydrogel
lenses that were conditioned with PHMB-preserved solutions
resulted in excessive corneal staining, while silicone hydrogel
lenses conditioned with peroxide solutions or PQ/MAPD
solutions resulted in minimal corneal staining. Similarly,
silicone hydrogel lenses in combination with PHMB solutions
have been found to induce fluorescein penetration through
the cornea at a rate ratio that was significantly higher than the
rate ratio associated with PQ/MAPD solution and silicone

hydrogel lenses.” Laboratory and clinical studies have
indicated that silicone hydrogel lenses absorbed biocides (like
PHMB and alexidine) during soaking,?*2¢ and then released
the biocides into the eye during lens wear.?” Beyond the
effect of disinfectants on the lens material, other ingredients
in the lens care solution, such as surfactants or buffers, may
change the interactions between a silicone hydrogel lens and
the cornea.” Interactions are very complex between silicone
hydrogel lenses, their care solutions, and the corneas of their
wearers, and merit further investigation.

This study had many limitations, including a design that
was a mix of prospective and cross-sectional; a small number
of subjects in each group; a population in which men rep-
resented only 9.5% of lens wearers and 0% of nonwearers;
and a large number of unknown variables, such as adherence
to lens care regimens and duration of lens wear per day.
Larger numbers of subjects may have allowed detection of
more differences that were statistically significant; however,
manual cell counting is so time-consuming that large-scale
studies may be impractical until software-based analysis
options become available. Larger numbers of subjects also
may have allowed us to investigate factors that could have
contributed to the observed variability in dendritic immune
cell density in some groups; such variability-inducing factors
could have included compliance with care regimens, duration
of lens wear per day, and gender. The current study could
have benefitted further from the addition of an established
measure of corneal health (such as corneal staining) to
compare with this investigational measure of corneal health
(dendritic immune cell density).

Conclusion

This study found that in vivo confocal microscopy was a
useful (though laborious) technique to evaluate dendritic
immune cell densities in the central corneas of soft contact
lens wearers and to detect possible differences in corneal
responses associated with different types of lens materials
and lens care solutions. The results of this study should be
useful in guiding future investigations into the impact of soft
contact lens materials and lens care solutions on the cornea.
While previous work has identified age, gender, and experi-
ence with lens wear as important factors contributing to the
immune response in the central cornea, our study indicates
that lens type and lens care solution are also contributing
factors. Given that these subject-related, lens-related, and
solution-related variables may affect central corneal dendritic
cell density, all of these variables should be controlled in
confocal studies of the corneas of soft contact lens wearers.
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Further study is needed to elucidate the interrelated nature

of these variables.
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