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A Series of
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Combinations
As new lenses and solutions enter the market, practitioners
need to examine lens/solution combinations.
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Silicone hydrogel lenses are playing a growing
role in today’s contact lens practice, making up
one in five of all lenses dispensed.1 There are
now five silicone hydrogel materials widely used
in the United States, each with a different
chemical composition and surface treatment
(Table 1).
Some silicone hydrogel materials are more biocompatible with certain multi-purpose solutions
(MPS), making the selection of an appropriate
disinfecting solution essential in optimizing the
lens wearing experience. Biocompatibility refers
to the solution/lens interactions that can be
caused by the uptake of preservatives from the solution into the lens during overnight disinfection. Upon lens application, the preservatives release from the lens, sometimes resulting in varying amounts of corneal staining.2
There have been anecdotal and published reports of diffuse corneal staining after application
of both traditional and silicone hydrogel lenses
that had been soaked in certain solutions. Jones
et al reported a high incidence of staining with
PureVision (Bausch & Lomb) lenses with ReNu
MultiPlus (Bausch & Lomb), a biguanide-based
MPS, and a low incidence of staining with
Opti-Free RepleniSH (Alcon) with Polyquad.3
Diffuse punctuate staining was seen scattered
across the cornea or in a ring around the periphery. Although subjects were generally
asymptomatic, the severity of staining required
the cessation of lens wear in some cases.
A retrospective analysis of subject records by
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Jalbert et al showed that lens wearers who exhibit low grade punctuate epithelial staining are
three times more likely to experience a corneal
infiltrative event and report slightly lower subjective comfort.4 A recent study by Garofalo et al
suggests that the optimal time to observe corneal
staining in silicone hydrogel lens wearers is 2 to
4 hours after lens application.5
As the number of silicone lens materials
and MPS options increase, more information
is needed to identify and avoid the
solution/lens combinations that induce unacceptable levels of corneal staining and to predict which solutions have the greatest likelihood of success with each lens material. We
decided to systematically examine the interactions of commonly used silicone hydrogel materials and MPS using a consistent testing
method in a series of studies. To date, we have
evaluated the biocompatibility of five silicone
hydrogel lens materials (Table 1) with eight
commonly used MPS, a peroxide-based solution and saline as a control (Table 2). We also
tested Acuvue 2 (Vistakon), a frequently prescribed Group IV hydrogel contact lens. As
new solutions or lens materials become available, they can be tested and compared using
this methodology.
Study Method
A series of 23 clinical studies have been conducted to date at one site using a randomized,
double-masked, cross-over design. Successful hy-
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Table 1. Silicone Hydrogel Lens Materials Tested
CONTACT LENS
(POLYMER)

FDA CLASS

SURFACE MODIFICATION

MONOMERS

Acuvue Oasys (senofilcon A)

Group I

None, internal wetting agent - PVP

Acuvue Advance (galyfilcon A) Group I

None, internal wetting agent - PVP

Night & Day (lotrafilcon A)

Group I

25 nm Plasma coating

O2Optix (lotrafilcon B)

Group I

25 nm Plasma coating

PureVision (balafilcon A)

Group III

Plasma oxidation

mPDMS, DMA, HEMA
siloxane macromer,
EGDMA, PVP
mPDMS, DMA, HEMA
siloxane macromer,
TEGDMA, PVP
DMA, TRIS, siloxane
macromer
DMA, TRIS, siloxane
macromer
NVP, TPVC, NCVE, PBVC

drogel lens wearers were recruited for each
study. Thirty subjects were included in
each study with the exception of ReNu
with MoistureLoc (Bausch & Lomb), a
discontinued product for which testing is
no longer permitted. Test lenses were presoaked overnight for at least 12 hours in
one of the test solutions being evaluated.
All lens cases were precycled with the test
solution before use to eliminate any variability in staining caused by uptake of
preservatives into the lens case. Non-preserved saline (Unisol 4, CIBAVision) was
used as a control solution and tested in
each individual study.
On the day of testing, subjects were instructed to refrain from lens wear. A baseline slit lamp examination was conducted
on each subject to ensure that corneas
were stain free or within acceptable limits. The subject’s corneas were examined
with fluorescein, a cobalt filter and a
Wratten #12 yellow filter. Both the type
(severity) of staining and the area of
staining were assessed for each of the five
regions (central, inferior, temporal, superior and nasal) of the cornea, allowing for
a sensitive measure of corneal staining.6
The type of staining was graded using the
following grading scale: 0=none, 1=micropunctate, 2=macropunctate, 3=coalesced macropunctate, 4=patch (>1 mm).
The area of corneal staining for each of
the five regions was estimated using a 0 to
10 point scale where 0=no staining, 1=10
percent staining, 2=20 percent staining…..10=100 percent staining in each

region. The scores for the five regions
were then averaged to obtain a total area
of staining score for each eye. For a subject to be eligible to participate in the
study, corneal staining type at the baseline visit must have been absent or micropunctate in all regions and the sum of
type for all regions must have been less
than 4 in each eye. In addition, the staining area must not have been 20 percent or
greater in two or more regions. This strict
baseline staining criteria was utilized to
minimize the effect of any baseline staining on the test solution/lens combination.
Presoaked lenses were applied by the coinvestigator, masking the subject and examining investigator regarding lenses and
solutions. Comfort was evaluated by each
subject after 10 minutes of wear on a 100point visual analog scale using the following scale labels: 0=causes pain, 20=very
uncomfortable, 40=slightly uncomfortable, 60=comfortable, 80=very comfortable, 100=excellent, cannot be felt.
If the subject could not for any reason
(discomfort, dryness, improper lens fit,
etc.) adjust to wearing the assigned lenses
after 15 minutes, he was discontinued.
Subjects were instructed to refrain from
using rewetting drops or other lens care
products during the 4-hour testing period.
After 2 hours of lens wear, subjects
again evaluated comfort on the 100-point
scale. Lenses were then removed by the
co-investigator and placed in a lens case
containing the test solution. Lenses were
removed for a total of about 5 minutes

during each observation. Staining type
and area were graded for each of five
corneal regions for each eye. All grading
was done by the examining investigator
who was masked as to which solution/lens
combination was used. Lenses were then
reapplied and worn for an additional 2
hours. The same grading procedure was
used at the 4-hour observation period.
Subjects were released from the study
after the 4-hour visit and returned to their
pre-study lenses and lens care. About 1
week later, the subjects were crossed over
to another solution/lens combination following the procedures described above.
Up to five solution/lens combinations
were evaluated in each study.
For the 2- and 4-hour examinations,
staining was graded as described above.
The results for the eye with the maximum staining type and area for each
subject were averaged to determine the
overall average staining type and area
for each solution/lens combination being tested. A “worse eye” analysis was
used because the eyecare practitioner is
naturally most concerned about the eye
with maximum corneal staining.
Results
Staining. To date, 59 different solution/lens combinations have been tested
on 1,737 total subjects. Some subjects participated in multiple studies. The majority
of the corneal staining type observed was
micropunctate. However, in cases of dense
staining, the micropunctate staining often
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Table 2. Lens and Solution Combinations:
Percentage of Average Corneal Staining Area at 2 Hours (n=30)
UNISOL 4
SALINE1

CLEAR
CARE4

OPTI-FREE
EXPRESS1

OPTI-FREE
REPLENISH1

RENU
MOISTURELOC3

Acuvue 25

1%

1%

2%

5%

25%

Acuvue Advance5

1%

1%

1%

1%

No Further Testing

Acuvue Oasys5

2%

1%

3%

5%

10%

PureVision3

2%

1%

4%

7%

6%

O2Optix4

2%

1%

2%

5%

7%

Focus Night & Day4

2%

1%

2%

3%

6%

H2O2
1

POLYQUAD1

Alcon; 2 AMO; 3 Bausch & Lomb; 4 Novartis; 5 Johnson & Johnson

becomes coalesced. The average staining
area at 2 hours after lens insertion for each
of the solution/lens combinations tested is
shown in the Staining Grid (Table 2),
which represents a compilation of all 23
studies. For easy interpretation, the
Staining Grid is color-coded such that
lens/solution combinations that produced
minimal average staining areas (less than
10 percent) are indicated in green, combinations averaging 10 to 20 percent are in
yellow and those averaging higher than 20
percent are in red. Table 3 provides descriptive statistics of all cells composing
the Staining Grid, including mean staining area at 2 hours, standard deviation of
the staining area at 2 hours and the sample size tested.
The solutions containing Polyquad
(Opti-Free RepleniSH, Opti-Free
Express) and hydrogen peroxide (Clear
Care, CIBAVision) produced consistently low staining areas with all lens
brands evaluated compared to the
biguanide-based solutions. With each
lens material tested, staining area was
less than 10 percent at 2 and 4 hours.
Results for the six biguanide-based solutions varied with the lens materials.
The majority of the biguanide-based
brands showed a high level of staining
38

with PureVision lenses. At the 2-hour examination, staining areas for PureVision
lenses with ReNu MultiPlus (73 percent)
and Complete MoisturePlus (48 percent)
were the highest observed to date in our
trials. (This excludes Wal-Mart and
Target private-label solutions which are
discussed later.) By 4 hours, the average
staining area for these two combinations
had slightly reduced to 63 percent and 42
percent, respectively. Among the
biguanide-preserved solutions, only
ReNu with MoistureLoc, now discontin-
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ued, produced a minimal staining area
with PureVision lenses. O2Optix and
Focus Night & Day lenses (CIBAVision)
presented more staining with some
biguanide-based solutions than others.
Minimal staining was observed at two
hours with AQuify, moderate staining
with Complete MoisturePlus, and higher
levels of staining with ReNu MultiPlus.
Acuvue Oasys (Vistakon) was associated with lowest areas of staining among
the five silicone hydrogel materials tested. Average staining areas of under 10
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RENU
MULTIPLUS3

WAL-MART
MPS

TARGET
MPS

COMPLETE
MOISTUREPLUS2

AQUIFY4

1%

1%

1%

2%

1%

13%

16%

13%

20%

2%

9%

12%

8%

5%

3%

73%

71%

76%

48%

21%

24%

41%

28%

18%

3%

24%

36%

24%

16%

3%

Biguanides

percent were seen with AQuify, OptiFree Express, Opti-Free RepleniSH,
ReNu MultiPlus and Complete
MoisturePlus. Staining areas were also
under 10 percent with Acuvue 2 lenses
for all solutions tested except ReNu with
MoistureLoc, which showed a notably
higher staining area of 25 percent.
Typically, the staining area for each solution/lens combination increased from
baseline to the 2-hour observation, then
remained stable or slightly decreased at 4
hours. The ranking of the most to least reactive solution for each lens material did
not change from 2 to 4 hours. Solution/
lens combinations with less than 20 percent staining areas at 2 hours remained
relatively stable at the 4-hour visit.
Staining areas of the solution/lens combinations with higher levels at 2 hours
(more than 20 percent) typically decreased by about 5 to 10 percentage points
at 4 hours. Figures 1 and 2 show examples
of the changes observed from 2 to 4 hours
with a lens material that typically shows
high levels of staining (PureVision, Figure
1) and with a lens material that shows less
staining (Acuvue Oasys, Figure 2).
Comfort. Comfort as measured on a
0-100 scale tended to be inversely related to the area of corneal staining.

Although few comfort differences
among solutions were observed when
the staining area was low, solution/lens
comfort ratings were consistently lower
for silicone hydrogel lenses when the
staining area exceeded 20 percent.
The range of comfort scores by solution
was greatest with PureVision. Figure 3
shows that, in general, better comfort was
associated with lower staining scores at
the 2-hour observation time. There was
little variation in ratings of any solution
at the 2- or 4-hour observation times.
Also, the comfort difference between the
2- and 4-hour observation times tended
to increase more with higher staining.
Discussion
Sodium fluorescein does not penetrate
the intact cornea, nor does it form a firm
bond with any vital tissue. Corneal fluorescein staining is observed when the epithelial cell is injured and the dye diffuses
freely through the intercellular spaces and
accumulates in the defect.7 Staining is a
sensitive indicator of ocular stress that
can be used to evaluate the clinical performance of lenses and contact lens solutions. Biocompatibility of the solution/
lens combination with the cornea is important in order to maintain an intact ep-

ithelial barrier. An intact epithelium is
the best defense against corneal infiltrates
and other adverse ocular events.8-11
Why do some solution/lens combinations cause more staining than others?
One commonly accepted theory is that
the staining may be caused by the solution-induced
chemical
keratitis.
Preservatives are absorbed by the lens
during the soak, then released on to the
eye during lens wear in different amounts
and at different rates. With traditional
hydrogel and silicone hydrogel lenses,
this release and subsequent staining occurs primarily within 2 to 4 hours of lens
application.5 Because our study was designed to quantify this type of staining, 2hour and 4-hour time periods were chosen as observation times in order to measure staining at its peak. Therefore, it is
important that eyecare practitioners
evaluate solution-related staining early in
the patient’s wearing period or refer to
the Staining Grid to select the most biocompatible combination. Studies utilizing corneal examinations later in the
wearing period are unlikely to uncover
solution-induced corneal staining.
In our studies, the solutions containing
Polyquad (Opti-Free Express and OptiFree RepleniSH) consistently produced
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Table 3. Mean, Standard Deviation and Sample Size Used in Staining Grid (2-hour Observation)

Acuvue 2

Advance

Oasys

PureVision

O2Optix

Focus Night & Day

SALINE

CLEAR CARE

OPTI-FREE
EXPRESS

OPTI-FREE
REPLENISH

RENU WITH
MOISTURELOC

Mean=1.3
SD=2.2
N=30
Mean=0.5
SD=1.3
N=30
Mean=1.7
SD=3.4
N=30
Mean=2.0
SD=3.4
N=30
Mean=1.8
SD=4.9
N=30
Mean=1.8
SD=2.2
N=30

Mean=0.9
SD=1.1
N=30
Mean=1.2
SD=2.2
N=30
Mean=1.2
SD=2.5
N=30
Mean=1.0
SD=1.7
N=29
Mean=1.0
SD=1.3
N=30
Mean=1.0
SD=1.9
N=30

Mean=2.2
SD=4.6
N=30
Mean=1.3
SD=2.4
N=30
Mean=3.1
SD=4.9
N=30
Mean=3.9
SD=6.8
N=30
Mean=1.8
SD=2.0
N=30
Mean=2.3
SD=4.4
N=30

Mean=4.7
SD=2.3
N=30
Mean=1.4
SD=3.0
N=30
Mean=4.5
SD=4.7
N=30
Mean=6.5
SD=7.6
N=30
Mean=4.8
SD=6.4
N=30
Mean=3.3
SD=4.1
N=30

Mean=24.9
SD=2.3
N=30
No
Further
Testing
Mean=9.5
SD=7.1
N=30
Mean=5.8
SD=4.1
N=30
Mean=6.7
SD=7.8
N=30
No
Further
Testing

minimal staining across all of the silicone
hydrogel materials studied. The Opti-Free
solutions can be successfully used with
any of the silicone hydrogel materials
tested. Clear Care, a 3% hydrogen peroxide-based solution, also produced minimal staining with all lens materials tested.
Biguanide solutions produced variable
staining results and thus must be matched
carefully to the lens material. Most of the
currently available biguanide-based solutions produced high staining areas (21 to
73 percent) with PureVision lenses. With
the other three silicone hydrogel materi-
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als, AQuify was associated with the lowest staining areas, followed by Complete
MoisturePlus, then ReNu MultiPlus. This
variation among the biguanide-based solutions, some with the same type and
concentration of biguanide, indicates
that in addition to the preservative, the
components of the formulations may play
an important role in determining the
amount of staining.
At the time of this testing (20052006), Wal-Mart MPS and Target MPS
preservatives and preservative concentrations were the same. In addition, they

Review of Cornea & Contact Lenses | MARCH 2007

bear the same series of patent numbers
as the ReNu MultiPlus solution.
Hydrogel lenses may also demonstrate
more staining with some biguanide-based
solutions than others. Group II hydrogels
have been reported to show significantly
more staining with PHMB solutions.12,13
More staining with Acuvue 2, a Group
IV lens, was reported with ReNu with
MoistureLoc compared to Opti-Free
Express in a pilot study.14 In our studies
we also observed significantly more staining with Acuvue 2 when used in combination with ReNu with MoistureLoc (25
percent) than with other solutions.
A previous study found that solutioninduced corneal staining is often asymptomatic.3 However, our study shows an inverse relationship between staining and
comfort. Lower comfort among solutions
began to be reported when staining area
was greater than 20 percent. Solution
/lens combinations with staining of 20
percent or greater (PureVision with
ReNu
MultiPlus
or
Complete
MoisturePlus, O2 Optix with ReNu
MultiPlus and Night & Day with ReNu
MultiPlus) were less comfortable than
other solution options with the same lens
brands.
The long-term clinical implications of
staining caused by to solution/lens interactions are unknown. The low to moder-
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RENU
MULTIPLUS

WAL-MART MPS

TARGET MPS

COMPLETE

AQUIFY

Mean=0.9
SD=2.1
N=30
Mean=13.1
SD=9.0
N=30
Mean=8.7
SD=11.8
N=30
Mean=73.5
SD=21.9
N=30
Mean=24.5
SD=18.9
N=29
Mean=23.6
SD=17.7
N=30

Mean=1.1
SD=2.3
N=30
Mean=16.0
SD=12.6
N=30
Mean=11.5
SD=10.7
N=30
Mean=70.9
SD=15.5
N=30
Mean=40.8
SD=27.9
N=30
Mean=35.8
SD=24.1
N=30

Mean=1.0
SD=1.9
N=30
Mean=12.7
SD=8.3
N=30
Mean=8.4
SD=11.2
N=30
Mean=76.3
SD=14.3
N=29
Mean=28.4
SD=20.6
N=30
Mean=24.0
SD=21.2
N=30

Mean=1.9
SD=2.3
N=30
Mean=20.2
SD=11.4
N=30
Mean=4.5
SD=4.9
N=30
Mean=47.9
SD=24.8
N=30
Mean=18.3
SD=16.3
N=30
Mean=15.9
SD=14.7
N=30

Mean=1.1
SD=2.3
N=30
Mean=1.8
SD=3.5
N=30
Mean=2.5
SD=5.5
N=30
Mean=21.2
SD=23.2
N=30
Mean=2.7
SD=3.3
N=30
Mean=2.5
SD=2.5
N=30

ate areas of staining are typically micropunctate and not accompanied by other
significant ocular signs or symptoms. In
higher staining levels (areas), the micropunctate staining often becomes coalesced, and symptoms ranging from mild
lens awareness to severe discomfort can
occur. It is commonly accepted that
corneal staining indicates that the epithelial barrier has been compromised.
The relationship between the disruption
of the corneal epithelium and ocular
manifestations is well established.
Recently, an extensive retrospective
study found that patients who had a history of solution-induced corneal staining
were three times more likely to experience an infiltrative keratitis than patients who had no history of such staining.4 To minimize the potential risks to a
patient, an assessment of corneal staining
should be considered when pairing contact lenses with a solution. The staining
area in this study factored in lens wearing
comfort and may be an indicator of a patient’s lens wearing experience success or
failure. There may be additional clinical
signs or symptoms that can be utilized to
assess the potential risk to a patient. A
future study will measure the staining of
an incompatible lens/solution combination over a 12-hour time period to assess
how it varies throughout the day.

Conclusion
Practitioners who prescribe silicone hydrogel lenses should be aware of the potential for corneal staining of specific materials with specific solutions and choose a
solution that is likely to be biocompatible
with that material. The Staining Grid at
www.staininggrid.com provides a starting
point for making that choice.
Not all subjects will exhibit staining
with any one of the solutions/lenses tested and no solution/lens combination is
completely without staining for all subjects. Examining silicone hydrogel-wear-

ing subjects 2 to 4 hours after lens application will give the best opportunity to
diagnose and correct solution/lens biocompatibility issues.
Results of our studies indicate that the
proper MPS/lens combination plays a role
in providing an optimal lens-wearing experience with silicone hydrogel lenses. A
strong recommendation for the care solution should be made when the lens is dispensed. Finally, it is important to verify on
each visit which solution the patient is actually using to identify less-than-optimal
solution/lens combinations.
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As new silicone hydrogel materials
and MPS are introduced, the eyecare
professional is faced with an increasingly difficult task of identifying and selecting the solution/lens combinations that
will minimize corneal staining. The
Staining Grid provides an easy-to-use
reference tool to evaluate the level of
biocompatibility for various solution/
lens material combinations. The grid is
updated as additional lens solution/material combinations are evaluated.
This series of studies was funded by a
grant from Alcon Research Ltd. RCCL
Dr. Andrasko is the principal investigator
in a private contact lens clinical research
practice in Columbus, OH. Dr. Ryen is
in private practice in central Ohio.
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