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The annual conference of the Association for
Research in Vision and Ophthalmology
(ARVO) inevitably unveils exciting innovations in the ongoing evolution of tear substitutes, and this year’s meeting yielded even more
varied research on the topic than usual. From
the introduction of novel artificial tear formulations to the success of new implementations
of existent products, ARVO provided ample
evidence that dry eye management is becoming
ever more science-driven and efficacious.
Results of studies for several drops in development were presented, generating interest in
further testing of these formulations.
Cationorm (Novagali), a cationic oil-in-water
emulsion, was tested at two different concentrations in moderate dry eye patients and appeared safe and tolerable to patients while improving such clinical signs as Schirmer scores,
tear film break-up time (TFBUT) and lissamine green staining relative to baseline.1 In
a basic science study, Cationorm achieved
positive results with regard to surface wettability in rabbit cornea and conjunctiva, and
showed an ability to spread quickly and fully
in the tear film.2
Another experimental formulation undergoing animal testing—Clarity (Alimera)—focused on controlling tear film dehydration.
This lubricant eye drop exhibited superior deturgescence (ocular hydration control) compared to Refresh Tears (Allergan) in damaged
rabbit cornea.3
I-Drop (Bioscia) is a visco-adaptive wetting
solution that was tested in a small group of
post-LASIK patients (n=20), and was generally preferred by patients due to less blurring
and greater comfort relative to comparable
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marketed artificial tears.4 While inconclusive
due to the small sample size, the data suggests
that further investigation into this formulation is warranted.
The most developed of the investigational
dry eye products at ARVO this year was diquafosol tetrasodium 2%. A six-week study
measured tear film thickness and found that
diquafosol-treated subjects had thicker tear
film measurements between blinks and overall
at six weeks.5
While many of the experimental tear substitutes discussed at ARVO seem promising,
researchers are also continuing to investigate
products already on the market. For example,
GenTeal (Novartis) and Tears Naturale
Single-Dose Units (Alcon) were compared for
safety and efficacy in 37 dry eye patients. Over
the course of the four-week study, the number
of GenTeal-treated subjects with clinical signs
indicative of dry eye was significantly reduced
compared to the Tears Naturale group. Patient
tolerability and convenience of use were comparable for the two treatments, and the lack of
adverse events suggests that the GenTeal
preservative GenAqua is non-irritating.6
A study of the more viscous GenTeal Gel,
which contains a carbopol-type gel, was also
presented this year. The outcomes suggest that
tear substitutes may have important alternate
uses: in 10 cases of small-gauge cataract
surgery, GenTeal Gel effectively served as a
long-lasting wetting agent capable of maintaining corneal clarity.7
A recent trial compared Refresh Tears and
Systane (Alcon) for comfort and tolerability in
a population of early-stage dry eye patients
(n=55). Refresh contains the viscosity agent

carboxymethylcellulose (CMC) while
Systane uses the gelling agent HP-Guar
to deliver the demulcents polyethylene
glycol (PEG) and propylene glycol (PG).
For this study, patients instilled Refresh
in one eye and Systane in the other and
rated each drop on blurring, stickiness
and soothing, immediately and at a oneweek follow-up visit. Subjects reported
less blurring and stickiness with the
CMC-based drop, and 53 percent of patients indicated a preference for the
CMC drop at the follow-up visit.8 While
these results are interesting, previous
studies comparing Systane and Refresh
Tears have demonstrated a reduction in
clinical signs of dry eye (staining and TFBUT) in favor of Systane.9,10
Refresh Tears were also tested against
Restasis (cyclosporine, Allergan), the
only prescription product currently indicated for dry eye. This study looked at
treatment effects on goblet cell density—
goblet cells are responsible for ocular
mucin production and are therefore vital
to the maintenance of a healthy tear
film. As CMC is intended to improve the
mucin component of the tear film, this
seemed a logical parameter. A small
group of six severe dry eye sufferers was
treated for four weeks with Refresh Tears
and for 12 weeks with Restasis. Restasis
treatment resulted in significant increases in goblet cell density compared to
both baseline and Refresh treatment after six weeks, though not at 12 weeks
(despite higher values, the data was not

significant). Refresh Tears treatment did
not result in any notable changes in goblet cell density.11
The corticosteroid loteprednol
etabonate (Lotemax, Bausch & Lomb)
and the oil-in-water metastable solution
Soothe (Alimera) were tested for their
immediate and long-term effects on lidwiper epitheliopathy (LWE)—upper lid
margin staining thought to be indicative of dry eye symptomatology.
Lotemax, as a steroid, has primarily
anti-inflammatory effects, while Soothe
is intended to stabilize the tear film by
enhancing the lipid layer and increasing
ocular surface lubricity. Both treatments
effectively reduced LWE findings during
the five-to-10–week treatment phase of
the study, and these improvements were
still present throughout the one-year
maintenance phase. Traditional corneal
and conjunctival staining values were
also recorded, and both Soothe and
Lotemax reduced these overall scores by
35 percent during the treatment phase,
improvements that did not revert in the
course of the following year.12
Systane Free (Alcon), a recent introduction to the market, was the subject
of several posters at ARVO. Systane
Free is a liquid gel formulation that is
unpreserved in the eye—instead of traditional preservatives, the drop incorporates an ionic buffer system comprising
substances such as borate, sorbitol,
aminomethyl propanol and zinc. These
components keep the tear substitute

preserved in the bottle, but the molecules are deactivated by ions in the human tear film upon instillation. Systane
Free was compared to GenTeal, which
contains the preservative sodium perborate; Refresh Tears, which contains the
synthetic oxychloro complex preservative; and Soothe, which is preserved
with polyhexamethylene biguanide. All
of the formulations were assessed for
their ability to reduce three common
bacterial varieties and two types of fungus (to determine adherence to USP efficacy standards). Demonstrating a fourto-five–log reduction of all bacteria and
a three-to-four– log reduction of both
fungi by the end of the four-week study,
Systane Free’s ionic buffer system met
USP preservative efficacy standards as
well as the more traditional preservatives used in the other marketed drops.13
At this year’s ARVO, results of a study
were presented that compared Systane
Free to Refresh Tears and Refresh Plus
(Allergan) in order to assess efficacy in
reducing symptoms and signs of dry eye
in a population of 135 dry eye subjects.
While all three products reduced dry eye
symptoms, Systane Free patients showed
a mean improvement in corneal staining
that was statistically significant relative
to Refresh Tears and exhibited a statistical trend relative to Refresh Plus.14
Another study compared Refresh
Liquigel (Allergan) and Systane Free to
determine any differences in blurring
tendencies and patient comfort and ac-

One of the primary goals of any new tear substitute or therapy for dry eye is extension of tear film break-up time. Note here the tear film
prior to and during break-up. The black spots in the second image are micelles, or dry areas.
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ceptability. Subjects deemed Systane
Free caused less blurring than Refresh
Liquigel. There was no significant difference in drop comfort between the
two tear substitutes.14
One study measured tear film thickness and meniscus properties using
OCT to examine the effects of Refresh
Liquigel, Refresh Tears and Systane on
the tear film. The result was a determination that tear viscosity heavily influenced tear film thickness and the properties of the lower tear meniscus
(Liquigel is the most viscous, followed
by Systane), whereas Systane had the
most distinct influence on the properties of the upper tear meniscus.15
An in vitro study showed the usefulness of using fluorescein to stain the
concentrated active component from an
artificial tear and thereby assess epithelial wound healing. The research looked
specifically at CMC and demonstrated
that it bound to corneal cells with a primary residence time of 1 to 2.5 hours,
and that it appeared to stimulate wound
closure. The wound-healing testing procedure could be especially applicable to
a tear substitute’s efficacy in postLASIK patients.16 While wound healing
was confirmed as a reasonable postLASIK efficacy parameter, other researchers tried to determine if aqueous
tear evaporation could be influenced by
tear substitute use. Five products were
tested for their ability to modulate the
evaporative rate of the tear film: two
lipid emulsions, a demulcent tear, an in
situ gelling formulation and a lipid
preparation
applied
externally.
Interestingly, at the 15-minute time
point, not one of the formulations exhibited a significant influence on the
aqueous tear evaporation rate. However,
some of the drops did exhibit statistical
trends, either in decreasing or in increasing the evaporative rate, suggesting
that this merits further study—ideally
including observations at more extended time points.17
In addition to the introduction of
novel parameters and new methods of
measuring and interpreting existent pa44

rameters, newly conceived formulations
and newly discovered substances are being studied in the hopes that they might
be able to satisfy the ever-changing parameters and prove useful to dry eye sufferers. The lacrimal gland, it was recently found, produces an extra-cellular glycoprotein called lacritin that is present
in the tear film. Lacritin was hypothesized to be important for ocular surface
maintenance, and this theory received
an initial confirmation with the results
of an animal study in which lacritintreated rabbits experienced statistically
significant increases in tear flow (as
measured by Schirmer strips) over a
four-week period.18 Although rabbits
likely have lower natural lacritin production than humans, the results of this
trial still suggest that the substance has
potential as a dry eye therapy and
should be tested further.19
A preservative-free suspension of
phosphatidylcholine derivatives and
cholesterol in trehalose solution that is
currently in the basic science phases of
testing represents a potential tear substitute with a more traditional mechanism
of action. Trehalose is a dehydration-resistant carbohydrate, and in combination with the lipid-layer–enhancing suspended components, it is hoped it can
help effect a drop that increases tear
film retention time and promotes ocular
epithelial health.20
Another experimental drop looking
to achieve similar endpoints and display
therapeutic benefit in doing so is
Moli1901. This Type B lantibiotic is
thought to stimulate water and chloride
secretion in the ocular epithelium, effectually hydrating the eye. Moli1901
significantly increased tear prod u c t i o n
in rabbits at relatively high concentrations, and was found to be safe and tolerable in humans over the course of a
four-week study at concentrations up to
0.1%, although 80 percent of subjects
experienced non-serious treatment-related adverse events.21,22
Another study looked at the woundhealing capabilities in patients recovering from photorefractive keratectomy
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(PRK) of Xan-hyal, a non-preserved
ophthalmic gel containing xantham
gum, a gelling agent and sodium
hyaluronate—a naturally occurring lubricant. Xan-hyal was not only well-tolerated, but showed exceptional efficacy
in promoting corneal wound healing in
the post-PRK patients, with a median
healing time of three days.23 While not
yet tested for dry eye, the wound-healing ability and composition of Xan-hyal
suggest it has potential as an investigational dry eye treatment.
Once again, ARVO provides a bevy
of studies with information to help practitioners better treat dry eye as well as
learn more about innovative tear substitute and dry eye therapy research.
Recent research has served to refine our
understanding of currently marketed
drops, determine the strengths of newly
marketed ones, develop new tests and
parameters for helping us compare and
comprehend tear substitutes and introduce promising new potential therapies
in the early stages of development. All
of this research, highlighted by new science-driven treatment formulations,
makes the future for dry eye sufferers
look considerably less bleak.
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