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ABSTRACT

Purpose. This randomized, double-masked study compared the effectiveness of two commercially available ocular
lubricants containing either 0.3% Carbomer 934 or 0.18% sodium hyaluronate (SH) in treating moderate dry eye.
Methods. Sixty-five subjects with dry eye were recruited and supplied with eyedrops containing either Carbomer or SH
to use for a month. Principle outcome measures were the severity of symptoms of ocular irritation, tear break-up time
without (NIBUT) and with (TBUT) fluorescein, and corneal and conjunctival staining with fluorescein and lissamine

green, respectively. At the end of the experiment, subjects were also asked, on average, how many times a day they used

the treatment and the duration of any postinstillation blur.

Results. Both Carbomer and SH reduced the symptom severity and ocular surface staining, but neither had a lasting effect
on NIBUT or TBUT. The treatment effects of Carbomer and SH were equivalent for symptoms, NIBUT and TBUT.
However, for both corneal and conjunctival staining, SH outperformed Carbomer in improving the integrity of the ocular
surface. There was no difference in the average instillation frequency of the two products. Visual disturbance after
instillation of either formulation was generally short, but lengthy periods of blur were significantly more common after

the use of Carbomer.

Conclusions. Both of the eyedrops trialled are suitable for patients with moderate dry eye, but of the two, the
SH-containing treatment has marginal benefits in therapeutic efficacy and has less propensity to cause visual disturbance.

(Optom Vis Sci 2008;85:750-757)
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tear substitutes

ear substitutes increase the volume of fluid at the ocular

surface, and in doing so reduce cellular damage by lessening

the osmotic pressure of the tear film and friction from eyelid
movements in dry eye. The majority of available formulations do
not actively modulate inflammation, however, their dilution of
pro-inflammatory substances is likely beneficial, These treatments
are frequendly effective in mild and moderate dry eye by interrupt-
ing its deleterious self-sustaining cycle, although the resolution of
symptoms and objective signs is often incomplete.} For the fore-
secable future, tear substitutes will likely continue to be the most
common initial therapeutic strategy for this group of conditions,
owing to their simplicity and low cost. Appropriate dosing of these
products is determined by disease severity and the length of time
that they remain at the ocular surface, an atribute primarily de-

pendent on their viscosity.t Eyedrops containing Carbomers or
sodium hyaluronate (SH) are increasingly being used because of
their non-Newtonian time-dependent response to shear strain.
This causes the viscosity of these substances to reduce with agita-
tion. These treatments therefore have a longer ocular residence
time over more watery formulations and so permit more conve-
nient dosing without impeding blinking or causing the marked
visual blur associated with petrolatum-based ointments.’
Structurally, the Carbomer resins (-910, -934, -940, -941, and
-962) are synthetic, high molecular weight, nonlinear polymers of
predominandy acrylic acid, cross-linked with a polyalkeny! poly-
ether. The listed formulations are chemically similar to each other
bue differ in ascending molecular weight. These anionic polymers
expand on neutzalization in aqueous media to form three-dimensional
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gel networks.S SH is a glycosaminoglycan disaccharide biopolymer
that in solution forms entangled chains linked by noncovalent inter-
actions.”~> Moreover, SH has a huge capacity to bind water, 1000-
fold its own weight, and resists dehydration.!® Long considered an
inert filling material of the extracellular matrix, SH is now recognized
as having an important role in cellular migration and immunomodu-
lation. "4 The specific theological characteristics of both Carbomer
and SH are dependent on their molecular size and concentration, and
are influenced by the pH and ionic charge of their environment!316;
although pH has little appreciable effect on either Carbomers or SH
within the physiological range.%17

This study compared the effectiveness of two eyedrops contain-
ing either 0.3% Carbomer 934 or 0.18% SH in treating moderate
dry eye over a month.

METHODS
Subjects

Sixty-five subjects (median 38 years, ranging between 21 and 64
years) with moderate dry eye were recruited from students and
patients attending primary care clinics at Cardiff University
(Cardiff, UK). The teners of the Declaration of Helsinki were
followed. Informed consent was obtained and the study was ap-
proved by the School of Optometry and Vision Sciences’ research
ethics committee. Moderate dry eye was defined as tear break-up
time after fluorescein instillation (TBUT) <10, staining of the
cornea with fluorescein and bulbar conjunctiva with lissamine
green between grades 1 and 3 with the logarithmic Oxford
scheme.'® All of these signs had to be present in both eyes before
and after a run-in period of 7 to 14 days, wherein they were in-
structed to use unpreserved 0.9% saline (Unilarm; CIBA. Vision
Ophthalmics, Annonay, France), as required, up to four times a
day in both eyes. Other topical eyedrops were prohibited during
this week.

Experimental Design

After the initial screening appointment and run-in period, base-
line measurements were obtained: symptom severity, tear break-up
time, and ocular surface staining, Subjects were then supplied with
Preservative-free monodoses of either 0.3% Catbomer 934 (Lacry-
vise; Alcon, Hiinenberg, Switzerland) (n = 33) or 0.18% SH
(Vismed; TRB Chemedica AG, Munich, Germany) (n = 32).
These were relabeled to give them a very similar appearance, and
were allocated in a double-masked manner using block randon-
zation to ensure nearly equal group numbers, Baseline data for the
o groups is presented in Table 1.

Instructions were given to use the tear substitutes as symptoms
dictated with a minimum of two and maximum of eight instilla-
tions in both eyes, every day for 28 = 3 days. After the month of
eyedrop use, subjects returned for a final visic where assessment of
Symptoms and objective testing was repeated.

Subjects were asked to refrain from using treatments for at least
4 h before every visit. For each subject, all measurements were
taken in one randomly selected eye, and the same eye was used
during testing at the baseline and final visiss.

The severity of symptoms, taken here to represent an aggregate
function of how ofien symproms occur and how intense they ave

TABLE 1.

Baseline data for the two treatment groups supplied
with eyedrops containing either Carbomer or sodium
hyaluronate (SH) :

Group variable Carbomer SH Total
Number of subjects 33 32 65
Median age 36yr 39yr 38yr
Mean OCI score 440 units  42.5units  43.3 units
Median NIBUT 445 5.7s 5.1s
Median TBUT 34s 4.7 s 4.3s
Median corneal 1.5 log units 1.6 log units 1.6 log units

staining

Median conjunctival 2.1 log units 2.4 log units 2.2 log units
staining

when they do, was investigated with the ocular comfort index
(OCD). This is a psychometrically validated 12-item instrument
with significant advantages over other existing questionnaires that
attempt to quantify this variable.'® The OCI consists of six ques-
tion doublets that inquire about the frequency and intensity of
dryness, grittiness, stinging, pain, and itching of the eyes in the last
week, It uses a seven category (0 to 6) rating scale, but does not
simply summate these ratings to derive an ordinal ranking.
Through a variant of item-response theory known as Rasch analy-
sis, it transforms these raw data counts into estimates of person
“ability” on a linear interval scale and is thus better able to quantify
change. This scale runs from 0 to 100 abstract units. Furthermore,
the scoring technique is based on probability and uses statistical
methods to account for missing data more satisfactorily than tra-
ditionally scored questionnaires. The vernacular of Rasch analysis
is a relic from its origins in the educational testing of aptitude,
where persons with more “ability” are more likely to score higher
than those with lower abilities, and the term has nothing to do the
capability of respondents to complete the questionnaire. The ques-
tions of the OCI are negatively worded, and therefore, contrary to
the intuition of most clinicians, with this instrument more “able”
persons experience a greater degree of discomfort. It follows that
individuals with severe symptoms will score highly with the OCI.
The theoty of Rasch analysis has recently been reviewed.?

Tear break-up time was assessed without (NIBUT) and then
with (TBUT) fluorescein. NIBUT was measured using the Tear-
scope Plus (Keeler Limired, Windsor, UK}, This apparatus consists
of a circular cold light source that projects a grid onto the tear film,
which acts as a convex mirror, forming an image that can be visu-
alized with a slitlamp. The time elapsing from a blink to the firsc
detectable distortion of the grid’s image is the NIBUT. To evaluate
TBUT, 1 pl of 2% fAuorescein (Minims; Chauvin Pharmaceuti-
cals, Romford, Essex, UK) was instilled onto the temporal bulbar
conjunctiva with the subject looking superior-nasally.!

During measurement, the tear film was viewed with a slitlamp
and the cornea was illuminated obliquely by a circular beam, 10
mm in diameter and 30° temporal to the observation system. The
maximum diamerer permitted by the sliddamp was used to mini-
mize scanning and the potential for delay in the derection of tear-
rupture.*>?3 Visualization of tear film fluorescence was enhanced
with a cobalt blue filter transmitting 330 to 400 nm over the
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illumination system, an ancillary part of the slitlamp, and a gelatin
filter transmitting >510 nm over the microscope’s objective lens
(Kodak Wratten #12; Rochester, NY). With both break-up time
methods, the median of three recordings was used for analysis. The
median was chosen because it is insensitive to outliers, for which
these measures are prone.

After assessment of tear break-up time, fluorescein and lissamine
green were used to assess the integrity of the corneal and bulbar
conjunctival surfaces, respectively, The fluorescein (Fluorets;
Chauvin Pharmaceuticals, Romford, UK) and lissamine green
(Lissamine Green Ophthalmic Strips; Rose Stone Enterprises, Alta
Loma, CA) impregnated strips were wetted with saline and applied
to the inferior conjunctiva. The extent of staining was evaluared
with the logarithmic Oxford scheme.® With this reference scale,
staining was recorded in log units (log;q of the dot count), rather
than arbitrary grades, rounding to the nearest half log unit. The
nasal and temporal bulbar conjunctiva were scored separately and
then summed.

At the end of the experiment, subjects were asked, on average,
how many times a day they used the treatment and, rounded to the
nearest whole minute, the duration of any postinstillation blur,

Details of Carbomer and SH Treatments

Carbomer 934 is reported to be a polymer of acrylic acid cross-
linked with alkyl-sucrose, although the exact composition of the
Carbomer polymers is proprietary information,?® The treatment
containing Carbomer used in this study had a pH of 7.5, was
preservative-free and was marketed as isotonic to normal tears.

The treatment containing SH acquired this substance by bacte-
rial fermentation with a restricted molecular weigh, averaging
1.2 X 10° Da. It was formulated to have a pH of 7.4 and was
relatively hypotonic (150 mOsm/I) to normal tears, It also contained
trace quantities of various ions, but no preservatives (Table 2).

Statistics

Continuous Data. The treatment effect was found for the
OClI score, NIBUT and TBUT by subtracting the value at the end
of the study from that obtained at baseline, immediately before tear
substitutes were issued. The distribution of break-up time was
skewed in the sample, as has been reported previously.”® However,

TABLE 2.
Excipients of the two eyedrops used in this work

0.3% Carbomer 934 0.18% Sodium hyaluronate

the distribution of treatment effects for both NIBUT and TBUT
was compatible with a normal distribution, and so parametric tests
were appropriate for this difference data. Confidence intervals
(CIs) for the treatment effect of both products were calculated, and
a one-sample t-test was used to test the null hypothesis that the
average treatment effect of each was zero, Differences between the
treatment effects of the two products were compared with Cls and
t-tests for two independent groups.

Rejection of the null hypothesis, or a CI for group differences
that does not include zero, is statistical evidence of disparity be-
tween group averages, but the converse is not positive evidence for
equivalence.?® Statistical equivalence between group averages can,
however, be established if the entire length of the CI for the differ-
ence lies within an amount that is considered inconsequential,
Other situations should be considered statistically indeterminate.
The size of the difference berween groups that is considered trivial
is not a statistical problem, but a semi-arbitrary choice. Values
selected in this work were those deemed by the investigators to be
the smallest amount that may influence a clinical decision in the
diagnosis or management of dry eye. This choice was based on
their personal experience, rather than universally accepted criteria.
These threshold values are listed in Table 3.

Grouped Data. The Oxford grading scheme has a logarith-
mic structure. It therefore derives structured numerical data, rather
than unstructured ordinal data, because there is 2 mathematical
relation between the scores on its scale. Although not obligatory, it
is commonly used in a discreet manner, rounding to the nearest
half log unit, and this was the recording procedure used in this
work. When the number of category groupings greatly exceeds the
range encountered in the sample, minimal error is incurred by
simplifying the statistical analysis of data by assuming it to repre-
sent a continuous variable. This has the advantage of enabling
parametric tests to be considered. However, when, as in this case,
there are only a few categories, such treatment is inappropriate.

Thereare statistical techniques that account for gtouping within
data without losing information by ignoring its algebraic struc-
ture,?® but here an additional consideration was that the distribu-
tion of the trearment differences of the ocular surface staining data
was skewed, with no difference being noted more frequently than
the normal distribution would predict. Accordingly, the most suit-
able hypothesis analyses were rank-based, which, in addition to not
making distributional assumptions, are intrinsically blithe to the
discrete or continuous nature of data.?” Specifically, the Wilcoxon
matched pairs signed rank sum test was used to compate Scores
before and after topical therapy, and the Mann-Whitney test was
used to compare the treatment effects of the two parallel study

Concentration Concentration TABiE 3
Ingredient  (mg/ml) Ingredient (mg/ml) Changes in principle outcome measures that were consid-
Vanmnitol 50 Disodium 3.2 ered clinically significant
monohydrogen
phosph);te g Outcome measure Clinically significant change
Sodium chloride 2.7% OCi score 3 upits
Potassium chloride ~ 1.03 NITBUT 3
Sodium 1.25 Magnesium chloride 0.092 TBUT 3
hydroxide Calcium chloside 0.089 Corneal staining 0.5 log units
Sodium citrate 0.26 Conjunctival staining 0.5 log units

Optomstry and Vision Science, Vol. 83, No. 8, August 2008



Carbomer and Sodium Hyaluronate Eyedrops for Moderate Dry Eye—Johnson etal. 753

TABLE 4.

The effect of treatments containing either carbomer or sodium hyaluronate (SH) after 1 month of use in subjects with

dry eye

Treatment effect: Post-treatment value minus baseline (95% CI or median)

Difference in effect: Carbomer

minus SH (95% Cl or differenca

Carbomer SH in medians)
OC! symptoms =31t ~-85units  p<0.017 —4.8to~8.7 units p<0012 ~26102.4 units p =094
TBUT ~0.09t0 0.87 5 p=0.11 ~0.50t0 0.60 s p=0.84 ~0.38t01.04s p=035
NIBUT -0.33101.165 p=016 —0.52100.81 s p = 0.66 —~0721t01.25s p =059
Corneal staining  ~0.44 log units p<0.01*  -0.67 log units p<001*  0.22 log units p = 0.0362
Conjunctival ~0.42 log units p<0.01"  —1.18 log units pP<0.01*  0.76 log units p =0.0122
staining

The differences between the treatment effects of these two eyedrops are listed in the right-hand column of the table as the treatment

effect of carbomer minus the treatment effect of SH.

Differences are generalized with confidence intervals (Cls) for parametric data, otherwise average values are presented.
Statistically significant differences are indicated by lowercase superscript alphabet.

arms, both with corrections for tied ranks. Unfortunately, the es-
timation of effect size with CIs is not possible with either of these
analyses.

The median was used as an estimate of central tendency for
skewed grouped data. When the middle rank was contained in a
group with a frequency exceeding one, rather than use the mid-
point of the category’s range, a more exact value was obtained by
interpolation. In this method, the fraction of the range of the group
containing the 50th percentile, corresponding to the middle rank
minus the cumulative frequency of the preceding lower group,
relative to the frequency of the group containing the middle value,
was taken as the median.?®

A p-value of <0.05 was interpreted as statistically significant in
all hypothesis tests,

RESULTS

A summary of results is presented in Table 4. Both the Car-
bomer and SH treatments trialled reduced symptom severity and
acular surface staining (p < 0.01; one sample t-tests) (Figs. 1 and
2). In contradistinction, average values of NIBUT and TBUT did
Not statistically change from baseline after the use of either eyedrop
(Fig. 3).

For the improvement in the OCI score, not only was this change
statistically significant but also the lowest values of the 95% Cls for
the treatment effect of both eyedrops exceed the minimal clinically
important difference chosen before analysis. It can therefore be
confidently inferred that the two treatments bring about a mean-
ingful improvement in symptoms, The skewed distribution of the
treatment effect data for corneal and conjunctival staining meant
that a similar analysis with Cls could not be undertaken for these
outcome measures. '

The treatment effects of the Carbomer and SH products were
compared directly. No statistically significant difference was found
between their beneficial effect on symptoms (p = 0.94; t-test for
independent groiips), Furthermore, the 95% CI for the difference
in their treatment effects on the OCI score did not include a value
that exceeded the threshold chosen to signify a clinically important
difference. This provides evidence that the two weatments should
be considered clinically equivalent in their capacity o reduce

symptoms. In contrast, there was a small, but statistically signifi-
cant, difference in their ability to improve ocular surface health,
The treatment containing SH reduced corneal and conjuncrival
staining more than the Carbomer formulation (p = 0,036 and
0.012, respectively; t-tests for independent groups).

There was no statistically significant difference berween the self-
reported instillation frequency of the two treatments (p = 0.20;
Mann-Whitney test) (Fig. 4A). The median number of drops in-
stilled per day for the two treatments were 2.1 and 2.3 for Car-
bomer and SH, respectively.

The duration of visual disturbance after drop instillation was
typically reported to be less than 1 min with both treatments,
(16/33) 48% and (2/32) 6% experienced blur for 1 min or
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FIGURE 1.

The treatment effect of eyedrops containing either Catbomer or SH on the
OCl score. A negative number indicates a reduction in the severity of
sympioms from baseline after reatment. In the box-plot, the box size
delineates the 25th and 75th percentiles, and fts whiskers indicate the
extreme values that are closer than one and a half box lengths from the
box; more extreme values are considered outliers and are denoted by an

open circle.
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The treatment effect of eyedrops containing either Carbomer or SH on corneal staining (A) and conjunctival staining (B), assessed with the logarithmic
Oxford scheme. A negative number indicates a reduction in the amount of ocular surface staining after treatment, In the box-plot, the box size delineates
the 25th and 75th percentiles, and its whiskers indicate the extreme values that are closer than one and a half box lengths from the box; more extreme

values are considered outliers and are denoted by an open circle.
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The treatment effect of eyedrops containing either Carbomer or SH on non-invasive break-up time (NIBU]’) (A} and break-up time after fluorescein
instillation (TBUT) (B). A positive number indicates a lengthening of break-up time from baseline after treatment. In the box-plot, the box size delineates
the 25th and 75th percentiles, and its whiskers indicate the extreme values that are closer than one and a half box lengths from the box; more extreme

values are considered outliers and are denoted by an open circle.

longer with Carbomer and SH, respectively, which gives a rel-
ative risk of 7.8 (p < 0.01; Fisher exacr test) (Fig. 4B). How-
ever, it should be noted thar, even when present, blur was
seldom regarded as debilitating with either treatment.

DISCUSSION

Both Carbomer and SH reduced the severity of symptoms and
ocular surface suaining after a month of use, supporting their in-
clusion in eyedrops supplied to manage dry eye, The benefits re-
ported in this work agree with the majority of | previous studies that

Qﬁ ;tf?tdr o

have examined the effectiveness of eyedrops . containing these
ingredients, 2?37

In contradistinction, neither Carbomer or SH were found to
have a statistically significant effect on NIBUT or TBUT. It is
possible that the results for break-up time may have been type 1T
errors (false negatives or B errors) because of 2 large vasiability in
these measurements. A poor test-retest repeatability has previously
been reported for break-up time.?® However, in this case, the 95%
Cls for treatment effect do not include the value that was chosen as
the threshold for dlinical importance, and therefore, we can be
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Histogram of the self-reported average daily dosing frequency (A) and average duration of blur immediately after the instillation of eyedrops (B)

- containing either Carbomer or SH.

confident that a dlinically important treatment effect was not
missed. The lack of treatment effect on break-up time is accounted
for by the fact that the usage of eyedrops was not allowed in the 4 h
pteceding measurement, and so almost no lubricant would have
been at the ocular surface during assessment. It follows that the use
of these praducts does not permanently improve the tear film, but
only brings about a temporary change to its theology and function.
Repeated dosing throughout the day and ongoing therapy are thus
required. .

The treatment effects of Carbomer and SH were equivalent for
Symptom severity, NIBUT and TBUT. However, for both corneal
and conjunctival staining, SH outperformed Catbomer in improv-
ing the integrity of the ocular surface. This latter result is despite
the longer ocular residence time of Carbomer vs. SH reported in
the literature and the lack of any differential in dosing load. Using
quantitative gamma scintigraphy, the estimated half-life of 0.2%
SH on the ocular surface has been predicted to be just under five
and a half minutes, which is significantly less than about 15 min
for Carbomer 940, a value estimated from data published by
Wilson et al. % An explanation of this apparent incongruity may be
the result of SH performing better than Carbomer at low concen-
trations. Alternatively, it may reflect the role of the former in
promoting epithelial migration and, at least at certain molecular
weights, its anti-inflammatory properties. Through these mecha-
nisms, SH could augment wound healing of the compromised
ocular surface in dry eye and encourage its robustness to further
insult. These non-lubricating effects of SH are thought to be me-
diated by cell surface receptors. 4! Three of these receptors have
been molecularly characterized, namely cluster of differentiation
antigen (CD)-44, receptor for hyalurosiate-mediated motility
(RHAMM) and intercellular adhesion molecule (ICAM)-1, and
niotably CD44 has been identified at the ocular surface.*>*> Addi-
tionally, there is some evidence that Carbomer formulations, both
-with and without preservatives, can produce in vitro toxic effects to
corneal cells, which is not the case for SH.#% However, although
Statistically significant, the difference in the ability of the tweat~

ments to reduce corneal and conjunctival staining was relatively
small. The difference in treatment effect of the two formulations
for both these outcome measures was typically only 0.5 log units,
which is at the threshold of clinical importance. It is also uncertain
if the therapeutic effects of Carbomer were just delayed compared
to SH, and would have led to an equivalent improvement in ocular
surface health if the treatment period had been extended.

Itjs interesting that, given reposts in the literature which suggest
SH drains more rapidly from the eye than Carbomer,*4® eyedrops
containing SH were not instilled more frequencly. This may have
been because, as suggested above, this treatment retained its effec-
tiveness at lower concentrations than those including Carbomer.
Alternatively, it may have reflected a reluctance to dose more often
because of the associated inconvenience or, pethaps, inaccuracies
in subject recall. : '

The duration of visual disturbance after drop instillation rarely
lasted longer than 1 min for SH, but was not uncommon with
Carborier, although it was generally not considered debilitating.
Lengthy periods of blur after the use of Carbomer have been noted
in previous clinical trials,>*** but not after the use of SH.?” By
rubbing the treatments used in this study between ones fingers, it
could be crudely discerned that the eyedrop containing Carbomer
was more viscous than the SH formulation. The increased viscosity
of Carbomer would have Jikely delayed its mixing with tears after
instillation and may have accounted for this subjective difference,

The treatment containing SH was hypotonic with normal tears,
whereas that conraining Carbomer was isotonic. It should also be
considered that this difference in osmolarity may have affected
thieir efficacy. Elevated tear osmolarity is recognized as a feature
common to all subtypes of dry eye and has been shown to initiate
inflammation in adjacent epithelium.*6~% Moreover, it has been
reported that after 90 days of using a hypotonic formulation of SH,
subjects with Sj6gren syndrome had significantly improved ocular
surface epithelial health, in terms of staining with fuorescein
and Rose Bengal, and impression cytology, vs. an isotonic com-
parative,*® However, contradictory sesults have been reported by
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others who reasoned that the osmolarity of eyedrops has little in-
fluence on their effectiveness because their reductions in tear os-
molarity are of a short duration and, relative to the tear film in
dry eye, even formulations isotonic with normal tears are hypo-
tonic.’®3! These opposing results may have resulted from
differences in dry eye severity in subject samples, outcome mea-
sures assessed, and differences in the osmolarity of treatments.
On balance, it seems that the lower osmolarity of the eyedrop
containing SH would have likely enhanced its effectiveness,
although its relative importance is uncertain.

CONCLUSIONS

This study found that the two commercial eyedrops tested, con-
taining 0.3% Carbomer 934 or 0.18% SH, reduced the severity of
symptoms and extent of ocular surface staining in subjects with
moderate dry eye after use for a month, but neither had a lasting
effect on tear film stability. The effectiveness of these treatments on
subjective and objective markers was similar, although SH was
slightly superior to Carbomer in actuating an improvement in the
integrity of the corneal and conjunctival epithelium. Both the eye-
drops trialled are suitable for patients with moderate dry eye, but of
the two, the SH-containing treatment has marginal benefits in
terms of therapeutic efficacy and has less propensity to cause visual
disturbance on instillation.

ACKNOWLEDGMENTS

We thank Dr Vincent Baeyens and Dr Nabila Ionou-Zekri for their advice.
This study was sponsored by TRB Chemedica, Geneva, Swireerland,
Michael Johnson was additionally supporsed by a research scholarship from
Ultralase Ltd,
Received June 10, 2007; accepted October 1, 2007,

REFERENCES

1. Johnson ME, Murphy PJ. Changes in the rear film and ocular surface
from dry eye syndrome. Prog Retin Eye Res 2004;23:449-74,

2. Behrens A, Doyle JJ, Stern L, Chuck RS, McDonnell PJ, Azar DT,
Dua HS, Hom M, Karpecki PM, Laibson PR, Lemp MA, Meisler
DM, Del Castillo JM, O’Brien TP, Pflugfelder SC, Rolando M,
Schein OD, Seitz B, Tseng SC, van Setten G, Wilson SE, Yiu SC.
Dysfunctional tear syndrome: a Delphi approach to treatment rec-
ommendations, Cotnea 2006;25:900-7.

3. Pllugfelder SC, Geerling G, Kinoshita S, Lemp MA, McCulley J,
Nelson D, Novack GN, Shimazaki ], Wilson C. Management and
therapy of dry eye disease: report of the Management and Therapy
Subcommittee of the International Dry Eye WorkShop (2007). Ocul
Surf 2007;5:165-78.

4. Wei G, Ding PT, Cui YY, Li SM, Zheng JM. [Effect of solution

viscosity on polymer precorneal residence time evaluated by in vitro
method]. Yao Xue Xue Bao 2002;37:469-72. i

5. Smolle M, Keller C, Pinggera G, Deibl M, Rieder J, Litk P. Clear
hydro-gel, compared to ointment, provides improved eye comfort
after brief surgery. Can J Anaesth 2004;51:126-9.

6. Islam MT, Rodriguez-Hornedo N, Ciotti S, Ackermann C. Rheo-
logical characterization of wpical carhomer gels neueralized to differ-
ent pH. Pharm Res 2004;21:1192-9,

7. Meyer K. Chemical structure of hyaluronic acid. Fed Proe 195817
1075-7. :

8. Milas M, Rinaudo M, Roure I, Al-Assaf'§, Phillips GO, Williams PA.

. Optomatry and Vision 8ci

Comparative theological behavior of hyaluronan from bacterial and
animal sources with cross-linked hyaluronan (hylan) in aqueous so-
lution. Biopolymers 2001;59:191-204.

9. Krause WE, Bellomo EG, Colby RH. Rheology of sodium hyaluro-
nate under physiological conditions. Biomacromolecules 2001;2:
65-9.

10. Nakamura M, Hikida M, Nakano T, Ito S, Hamano T, Kinoshita §.
Characterization of water retentive propesties of hyaluronan. Cornea
1993;12:433-6.

11, Nishida T, Nakamura M, Mishima H, Otori T. Hyaluronan stimu-
lates corneal epithelial migration. Bxp Eye Res 1991;53:753~8.

12. Inoue M, Katakami C. The effect of hyaluronic acid on corneal epi-
thelial cell proliferation. Invest Ophthalmol Vis Sci 1993;34:
2313-15.

13. Gomes JA, Amankwah R, Powell-Richards A, Dua HS. Sodium hy-
aluronate (hyaluronic acid) promotes migration of human corneal
epithelial cells in vitro. Br ] Ophthalmol 2004;88:821-5.

14. Cantor JO, Nadkarni PP. Hyaluronan: the Jekyll and Hyde mole-
cule. Inflamm Allergy Drug Targets 2006;5:257-60.

15. Kerr HR, Warburton B. Surface theological properties of hyaluronic
acid solutions. Biotheology 1985;22:133-44.

16. Unlu N, Ludwig A, van Ooteghem M, Hincal AA. Formulation of
Carbopol 940 ophthalmic vehicles, and in vitro evaluation of the
influence of simulated lacrimal fluid on their physico-chemical prop-
erties. Pharmazie 1991;46:784-8,

17. Garej1, Popa M, Rinaudo M. Role of the pH on hyaluronan behavior
in aqueous solution. Biomacromolecules 2005;6:61-7.

18. Bron AJ, Evans VE, Smith JA. Grading of corneal and conjunctival
staining in the context of other dry eye tests. Cornea 2003;22:
640-50. ,

19. Johnson ME, Murphy PJ. Measurement of ocular surface irritation
on a linear interval scale with the ocular comfort index, Invest Oph-
thalmol Vis Sci 2007;48:4451-8,

20. Massof RW. The measurement of vision disability. Optom Vis Sci
2002;79:516-52.

21, Johnson ME, Murphy PJ. The effect of instilled fluorescein solution
volume on the values and repeatability of TBUT measurements, Cor-
nea 2005;24:811--17, :

22. Cho P, Brown B, Chan I, Conway R, Yap M. Reliability of the tear
break-up time technique of assessing tear stability and the locations of
the tear break-up in Hong Kong Chinese. Optom Vis Sci 1992;69:
879-85. .

23. ChoP, Brown B. Review of the tear break-up time and a closer look
at the rear break-up time of Hong Kong Chinese, Optom Vis Sci
1993;70:30-8. '

24. Cosmetic, Toiletry and Pragrance Assoclation {CTFRA). Cosmetic In-
gredient Chemical Description on Carbomers. Washington, DC:
Cosmetic Ingredient Chemical Description on Carbomers; 1978,

25. Tryon WW. EBvaluating statistical difference, equivalence, and inde-

terminacy using inferential confidence intervals: an integrated alter-

-native method of conducting null hypothesis statistical tests. Psychol

Methods 2001;6:371-86. Co

26. Santer T, Duffy DE. The Statistical Apalysis of Discrete Data. New

York: Springer-Verlag; 1989, . :

Aleman DG. Practical Statistics for Medical Research. London:

Chapman and Hall; 1991, ‘

28. Kim], Dailey R. Biostatistics for Oral Healthcare, Boston: Blaclewell
Publishing; 2007,

27.

.29. Laroche L, Arrata M, Brasseur G, Lagoutte B, Le Mer Y, Lumbroso P,

Mercante M, Notmand F, Rigal D, Roncin S, [Treaument of dry eye

syndrome with lacrimal gel: 2 randomized saulticenter studyl. J Pr
Ophualmol 1991;14:321-6.

50. al-Mansousi §, Tabbara KF, Rasle-Pedersen B, Lubrithal (Leo viscous

Vol. 85, No. 8, August 2008



3L

32

33.

35.

36.

37.

38

39.

40.

41,

Carbomer and Sodium Hyaluronate Eyedrops for Moderate Dry Eye—Johnson et al. 757

eye gel), precorneal residence time in normal and dry eyes. Doc Oph-
thalmol 1994;88:187-94.

Marner K, Mooller PM, Dillon M, Rask-Pedersen E. Viscous car-
bomer eye drops in patients with dry eyes. Efficacy and safety. A
randomized, open, cross-over, multicentre study. Acta Ophthalmol
Scand 1996;74:249-52.

Sullivan L], McCurrach F, Lee S, Taylor HR, Rolando M, Marechal-
Courtois C, Creuzot-Garcher C, Basty DL, Karabatsas C, Bingh Hoh
M, Faschinger C, Laroche L. Efficacy and safety 0 0.3% carbomer gel
compared to placebo in patients with moderate-to-severe dry eye
syndrome. Ophthalmology 1997;104:1402~8.

Bron AJ, Daubas P, Siou-Mermet R, Trinquand C. Comparison of
the efficacy and safety of two eye gels in the treatment of dry eyes:
lacrinorm and viscotears. Eye 1998;12(Pt 5):839-47.

- Condon PI, McEwen CG, Wright M, Mackintosh G, Prescott RJ,

McDonald C. Double blind, randomised, placebo controlled; cross-
over, multicentre study ro determine the efficacy of 2 0.1% (w/v)
sodium hyaluronate solution (Fermavisc) in the treatment of dry eye
syndrome. Br ] Ophthalmol 1999;83:1121-4.

McDonald CC, Kaye SB, Figueiredo FC, Macintosh G, Lockett C. A
randomised, crossover, multicentre study to compare the perfor-
mance of 0.1% (w/v) sodium hyaluronate with 1.4% (w/v) polyvinyl
alcohol in the alleviation of symptoms associated with dry eye syn-
drome. Eye 2002;16:601-7.

Aragona P, Di Stefano G, Ferreri F, Spinella R, Stilo A. Sodium
hyaluronate eye drops of different osmolarity for the treatment of dry
eye in Sjogren’s syndrome patients. Br J Ophthalmol 2002;86:
879-84.

Brignole F, Pisella PJ, Dupas B, Baeyens V, Baudouin C. Efficacy and
safety of 0.18% sodium hyaluronate in patients with moderate dry
eye syndrome and superficial keratitis. Graefes Arch Clin Exp Oph-
thalmol 2005;243:531-8.

Vanley GT, Leopold IH, Gregg TH. Interpretation of tear film
breakup. Arch Ophthalmol 1977;95:445-8.

Snibson GR, Greaves JL, Soper ND, Tiffany JM, Wilson CG, Bron
AJ. Ocular surface residence times of artificial tear solutions, Cornea
1992;11:288-93,

Wilson CG, Zhu YP, Frier M, Rao LS, Gilchrist P, Perkins AC,
Ocular contact time of a carbomer gel (GelTears) in humans, Br ]
Ophthalmol 1998;82:1131-4,

Entwistle J, Hall CL, Turley EA. HA receptors: regulators of signal-
ling to the cytoskeleton. J Cell Biochem 1996;61:569~77.

42.

43.

44

45,

46,

47.

48.

49.

50.

51

Zbu SN, Nolle B, Duncker G. Expression of adhesion molecule
CD44 on human corneas. Br ] Ophthalmol 1997;81:80—4.

Lemer LE, Schwartz DM, Hwang DG, Howes EL, Stern R. Hyalu-
ronan and CD44 in the human cornea and limbal conjunctiva. Exp
EBye Res 1998;67:481-4.

Dicbold Y, Herreras JM, Callejo S, Argueso P, Calonge M. Car-
bomer-versus cellulose-based artificial-tear formulations: morpho-
logic and toxicologic effects on a corneal cell line. Cornea 1998;17:
433-40, :

Debbasch C, Pisella PJ, Rat P, Warnet JM, Baudouin C. [Cyrotox-
icity evaluation of three tear substitutes used in the treatment of dry
eye syndromes]. ] Fr Ophralmol 2000;23:863--9.

Ciprandi G, Buscaglia S, Pesce G, Lotti R, Rolando M, Bagnasco M,
Canonica GW. Effects of conjunctival hyperosmolar challenge in
allergic subjects and normal controls. Int Arch Allergy Immunol
1994;104:92-6.

Li DQ, Chen Z, Song XJ, Luo L, PAugfelder SC. Stimulation of
matrix metalloproteinases by hyperosmolarity via 2 JNK pathway in
human corneal epithelial cells. Invest Ophthalmol Vis Sci 2004;45:
4302-11.

LiDQ, Luo L, Chen Z, Kim HS, Song X, Pugfelder SC. JNK and
ERK MAP kinases mediate induction of IL-1beta, TNF-alpha and
IL-8 following hyperosmolar stress in human limbal epithelial cells,

Exp Eye Res 2006;82:588-96.

Luo L, Li DQ, Pflugfelder SC. Hyperosmolarity-induced apoptosis
in human corneal epithelial cells is mediated by cytochrome ¢ and

MAPK pathways, Cornea 2007;26:452-60.

Wright P, Cooper M, Gilvarry AM. Effect of osmolarity of artificial

tear drops on relief of dry eye symptoms: BJ6 and beyond. Br ]

Ophthalmol 1987;71:161-4. :

Papa V, Aragona P, Russo 8, Di Bella A, Russo P, Milazzo G. Compar-

ison of hypotonic and isotonic solutions containing sodium hyaluronate

on the symptomatic treatment of dry eye patients. Ophthalmologica

2001;215:124-7.

Michael E. Johnson

Deparsment of Opthalmology

Bristol University, Bristol Eye Hospital
Lower Maudlin Street

Bristol, BSI 2LX

United Kingdom

e-mail: JohnsonMyoptometrist@gmail.com

Optownetyy and Vision Science, Vol 85, No, 8, August 2008



