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Abstract. - OBJECTIVE: The aim of this
study was to assess the effects of regular phos-
pholipid tear supplement application on five soft
contact lens materials (FDA Types I-V).
MATERIALS AND METHODS: Twenty unworn
lenses of each lens type were assessed and giv-
en an identification number. An initial set of mea-
surements was made on each lens before be-
ing immersed in the phospholipid tear supple-
ment solution for one hour. After one hour, the
lens was removed, gently rinsed in saline, and
the measurements were repeated. This process
was repeated for each lens, of each type. Each
lens parameter was assessed in the sequence:
Refractive Index (% H,0), Dioptric Power (BVP),
Lens Diameter (OD), and Lens Curvature (BCOR).
RESULTS: All measurements of % H,0, BVP, OD
and BCOR did not differ between baseline and af-
ter lenses being immersed in the phospholipid tear
supplement solution for one hour [all soft contact
lens materials (FDA Types I-V) p> 0.05]. However, in
the type IV lenses, a statistically significant change
in the % H,O was found. Only a 1% reduction was
observed, and, in the investigator’s opinion, the
significance of these results is due more to a statis-
tical anomaly produced by having very repeatable
measurements showing very little variation.
CONCLUSIONS: The phospholipid tear sup-
plement solution did not adversely change the
physical parameters of unworn soft contact
lenses, of the five FDA Types, to the extent that
would be considered clinically significant.
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Introduction

The complications of contact lens wear, partic-
ularly dry eye symptoms, are thought to be asso-
ciated with the mechanical barrier created by the
lens rather than the duration of wear or lens mate-
rial'3. Almost half (44%) of soft contact lens wear-
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ers use the one-month disposable types*. However,
nearly 50% of all contact lens wearers, including
dailies, complain of dry eye symptoms that can
be severe enough for more than one-fifth of those
who started using any soft contact lenses to stop
wearing them'”. This high rate of intolerance has
mostly stayed the same, despite the utilization of
enhanced oxygen-permeable materials made of a
combination of siloxane monomers and hydrogel
material>¢. This combination is thought to cause
less irritation to the eye and better morphological
adaptability with the ocular refractive surfaces
for short and medium periods of wear®. Howev-
er, according to the Tear Film and Ocular Surface
Society (TFOS) workshop®, this improvement in
contact lens material has not prevented millions of
contact lens wearers from abandoning their con-
tact lenses permanently or for some time (up to two
years or longer). Refractive disorders are generally
associated with higher rates of dry eye symptoms,
but dry eye disease (DED) remains five times high-
er in those who wear contact lenses vs. those who
wear spectacles only*. The contact lens splits the
tear film into an aqueous-lipid layer in front of the
lens and an aqueous-mucin layer behind the lens*’.

Further, the siloxane monomers render the soft
contact lens more hydrophobic®®. Without the mucin
layer in the part of the tear film in front of the lens,
this layer becomes less adherent to the hydrophobic
lens surface and more prone to evaporation’. More-
over, contact lens wearers can blink less frequently
than normal, distorting tear film spread and increas-
ing evaporation of the part of the tear film in front of
the lens and permeation and evaporation (pervapo-
ration) of the aqueous behind the lens™.

This problem becomes more apparent in pa-
tients with dry eye>®. The only solution for those
patients may be tear supplements or rewetting
drops while wearing contact lenses™'*!". Conven-
tionally, most of these rewetting agents are water
or non-lipid based. However, some reports'*!* have
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shown that patients who have used lipid-based
eye drops (especially those with MGD) have re-
ported a higher rate of symptom relief and resto-
ration of their tear film’s lipid layer. Many of these
reports'*!> assessed the advantages of lipid-based
supplements on contact lens wearers as a rewetting
agent and treatment for dry eye while wearing con-
tact lenses. One of the possible limitations may be
the incompatibility of the tear supplement prepa-
rations and their interference with the contact lens
refractive function. The latter can be caused by
changes in the composition of the contact lenses or
their morphological properties'®"”. This was once
theoretically thought to be more likely the case
with lipid-based tear supplements, especially with
some concerns of deposits accumulation in the lens
material. However, the new investigations'* contin-
ue to report this not being the case.

The current study considers the possible ef-
fects of prolonged exposure to a phospholip-
id-based eye drop on the five soft contact lens
materials (FDA Types I-V). Four separate lens
parameters were measured before and after ex-
posure to phospholipid-based eye drops. These
included lens curvature (BOZR), overall lens di-
ameter (OD), lens central thickness, lens power
(BVP) and refractive index (RI) as a measure of
water content (% H,O).

The hypothesis is that the phospholip-
id-based eye drop formulation should not cause
morphological changes to any contact lens type.
Thus, allowing contact lens wearers to be able to
use this formulation while having their lenses on.

Materials and Methods

Twenty unworn lenses of each lens type were
assessed and given an identification number. An
initial set of measurements was made of each
lens before being immersed in the phospholip-
id-based eye drop formulation for one hour. This
period corresponds to the rapid kinetics of the
lens-drug systems (uptake/release) reported in
previous drug delivery studies'>'® of the contact
lens in vitro and is reasonable to study the effect
of phospholipid-based eye drop formulation con-
tact lens with in vivo use. After one hour, the lens
was removed and gently rinsed in saline (NaCl),
and the measurements were repeated. This pro-
cess was repeated for each lens of each type. Each
lens parameter was assessed in the following se-
quence: RI (% H,0), BVP, OD, BOZR, and lens
central thickness.
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Contact lenses included in this study:
Five types of contact lenses were used in this
study according to the FDA group classifica-
tions of soft contact lens materials:
Type I: <50% water content, non-ionic: BOZR:
8.70 mm, OD: 14.00 mm, BVP: -3.00 DS
Softlens® 38, Bausch & Lomb (Polymacon A |
1, 38% water).
Type I1: > 50% water content, non-ionic: BOZR:
8.60 mm, OD: 14.20 mm, BVP: -3.00 DS
Softlens® daily disposable, Bausch & Lomb
(Hilafilcon B || 2, 59% water).
Type I1I: < 50% water content, ionic: BOZR:
8.60 mm, OD: 14.00 mm, BVP: -3.00 DS
Purvision 2HD, Bausch & Lomb [Balafilcon A
(Silicon Hydrogel), 36% water].
Type IV: > 50% water content, ionic: BOZR:
8.60 mm, OD: 14.20 mm, BVP: -3.00 DS
Biomedics® 1-Day Extra, Coopervision (Ocu-
filcon D IV 1, 55% water).
Type V: Enhanced oxygen porous materials
(e.g., Silicon Hydrogel SiH): BOZR: 8.40 mm,
OD: 1420 mm, BVP: -3.00 DS Coopervi-
sion [fanfiction (Silicon Hydrogel), 55% water].
Note: There were no hydrogel soft contact
lenses under type III available. However, there
are several SiH materials available that fit this
type. Regarding type V, another SiH was chosen
to represent this contact lens material.

Lens Refractive Index

The water content of a soft contact lens can be
estimated indirectly by measuring the refractive
index. As the water content increases, the refrac-
tive index decreases, and there is a high correlation
between these two variables in the range between
30% and 70% water content. The refractive index
under specific conditions and for a given wave-
length is the sine of the angle of incidence divided
by the sine of the angle of reflection. The angle at
which total internal reflection occurs can be easi-
ly measured using a hand-held Abbé Refractom-
eter - the Atago CL-1 Soft Lens Refractometer'.
The hydrated lens is blotted dry and, using a glass
daylight plate, planted onto the fixed prism of the
refractometer. The instrument is then directed to-
ward an external light source, and a border between
dark and light fields is observed. The water content
is then read directly from the eyepiece scale.

Before each series of measurements, the instru-
ment is calibrated using a saturated sodium chloride
solution. One drop of this solution is placed on the fixed
prism, and the scale is observed. A correctly calibrated
instrument will give a scale reading of 21% H.O.
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Lens Power

The lens’s back vertex dioptric power can be de-
termined using a focimeter (Figure 1)?°. The foci-
meter’s theory of operation is based upon Newton’s
relationship, which links the distance between the
object and the first principal focus and the distance
between the image and the second principal focus
with the back vertex power of the lens. For this
measurement, the lens is removed from its stor-
age solution, and any excess solution is removed
before being placed on the focimeter. Immediate
measurement is made as soon as the lens is tak-
en out of the solution, while studies have shown
that accurate measurement can be made with up
to four minutes’ exposure to air. However, to avoid
any risk of influencing the other measurements,
lens power is the second parameter assessed af-
ter refractive index measurement and before lens
curvature and diameter. Since these last two mea-
surements are made with the lens immersed, any
possible dehydration is reversed.

The focimeter is calibrated, before use, by pre-set-
ting the scale to zero dioptric power and adjusting the
eyepiece lens to bring the ring target into focus. This
standardizes the instrument for the observer.

Lens Curvature, Lens Central Thickness
and Lens Diameter

These three parameters can be assessed us-
ing the same instrument - the JCF Optimec Lens
Analyser (Figure 2)*'. This instrument uses a

Figure 1. The focimeter used in the current study to measure
a lens’s back vertex dioptric power.

Figure 2. JCF Optimec Lens Analyser, used in this study
to assess lenses’ curvature, diameter, and central thickness.

front projection system. For lens curvature and
central thickness, the lens is placed in an immer-
sion chamber, convex surface upwards, on an 8.50
mm diameter cylinder, and centered. The lens
profile is then viewed on a built-in screen at X15
magnification. A probe is manually advanced un-
til contact is confirmed by the observer, detect-
ing a just noticeable edge lift. The same amount
lowers the probe, and the back optic radius and
central lens thickness is read directly in millime-
ters. For lens diameter, the lens is transferred to a
second immersion bath, and its transverse section
is projected against a millimeter scale engraved
on one edge of the immersion bath. The JCF Op-
timec Lens Analyser is self-calibrating, and no
adjustment is required.

Statistical Analysis

Data were entered and analyzed using SPSS
released 2017 (SPSS Statistics for Windows, Ver-
sion 25.0. IBM Corp., Armonk, NY, USA). A
two-tailed p-value lower than 0.05 was considered
significant for all comparisons. The data sets were
checked for normality (Shapiro-Wilk test) before
statistical analysis. All data sets reject the null
hypothesis. Statistical analysis was performed
on the data using the Wilcoxon (non-parametric)
test to consider the differences between pre-and
post-immersion in phospholipid-based eye drop
formulation.
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Results

The changes were measured for each of the
five types of lenses, respectively, for lens refrac-
tive index as a measure for water content, lens re-
fractive power, lens curvature, lens diameter, and
lens central thickness.

All the measurements for types I, III, IV and
V showed no statistically significant differences
between pre-immersion and post-immersion mea-
surements for all lens parameters (p-value > 0.05).

In type II, the water content showed statistical-
ly significant reductions (p-value = 0.034) based
on repetitive measures (Table I). However, all other
parameters for type 11 did not show any significant
change (p-value > 0.05), as with other lens types.

Discussion

Developing an adequate artificial tear solution
that is both physiologically relevant and stable is
critical in developing an in vitro model to exam-
ine the dynamics of tear film interactions on a
contact lens surface.

The most recent tear film model comprises a gly-
cocalyx layer surrounding the corneal epithelium,
an outer non-polar lipid layer, an inner polar lipid
layer with intercalated proteins, an aqueous phase
with various proteins, and mucins that form gels?%.

The idea of administering medications, espe-
cially through a hydrogel (contact lens), was first
proposed in the 1960s**. Developing contact lenses
as an eye drug delivery system has been and con-
tinues to be fraught with difficulties***. Controlled
drug release must be maintained for the proper
amount of time while also ensuring satisfactory
optical clarity, patient comfort during extended
wear, and biocompatibility. These are the current
concerns. Several strategies were used to load the
target drug into a lens delivery device. The follow-
ing section addresses several major ways for devel-
oping a contact lens-based drug delivery system,
including lenses soaked in a drug solution, molec-
ularly imprinted polymeric hydrogels, drug-poly-
mer films integrated with contact lenses, and con-
tact lenses loaded with liposomes™.

Many multifunctional contact lens care prod-
ucts comprise an antibacterial agent, surfactant,
and buffer system. The lipid removal performance

Table I. Lens refractive index as a measure of water content (H,0%), lens power (BVP), lens curvature (BCOR), overall lens
diameter (OD) and central lens thickness (CT) were assessed for twenty unworn lenses of the FDA Type Il before and after
prolonged exposure to phospholipid-based eye drop formulation.

Lens refractive Lens refractive Lens curvature Lens diameter Lens central
index power thickness

Before After Before After Before After Before After Before After
59 59 -3 -3 8.2 8.2 14 14 0.1 0.1
59 58 -3 -3 8.2 8.2 14 14 0.1 0.1
59 59 -3 -3 8.2 8.2 14 14 0.1 0.1
59 59 -3 -3 8.2 8.2 14 14 0.1 0.1
59 58 -3 -3 8.3 8.2 14 14 0.1 0.1
59 59 -3 -3 8.2 8.2 14 14 0.1 0.1
59 59 -3 -3 8.2 8.1 14 14 0.1 0.1
58 57 -3 -3 8.2 8.2 14 14 0.1 0.1
59 59 -3 -3 8.2 8.2 14 14 0.1 0.1
59 57 -3 -3 8.3 8.3 14 14 0.1 0.1
59 59 -3 -3 8.1 8.1 14 14 0.1 0.1
59 59 -3 -3 8.2 8.2 14 14 0.1 0.1
59 59 -3 -3 8.2 8.2 14 14 0.1 0.1
59 59 -3 -3 8.2 8.2 14 14 0.1 0.1
59 59 -3 -3 8.2 8.2 14 14 0.1 0.1
58 58 -3 -3 8.2 8.1 14 14 0.1 0.1
58 58 -3 -3 8.2 8.2 14 14 0.1 0.1
59 59 -3 -3 8.2 8.2 14 14 0.1 0.1
59 58 -3 -3 8.2 8.2 14 14 0.1 0.1
59 59 -3 -3 8.2 8.2 14 14 0.1 0.1
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of three commercially available lens care solutions
was investigated. The results revealed no signifi-
cant differences in the total concentration of either
polar or non-polar lipid deposits. Eye drops are the
most frequent means of medication delivery to the
eye, accounting for over 90% of all ophthalmic for-
mulations®*, While eye drops are easy to admin-
ister, the low bioavailability of less than 5% is a
significant disadvantage.

Bontempo and Rapp**?’ conducted experi-
ments in the mid to late 1990s to investigate lipid
deposition and the influence of lipid and protein
interactions on standard hydrogel and rigid gas
permeable (RGP) contact lens formation. Ac-
cording to their findings, FDA group III contact
lens materials deposit the least lipid, while group
II lenses, which are high water non-ionic lenses,
deposit the most**. This discovery prompted them
to devise the “pull/push” paradigm to explain
lipid deposition***. According to their theory,
the “pull” symbolizes the contact lens polymer
material drawing the lipids into the matrix and
away from the aqueous ATS. At the same time,
the “push” reflects the lens’s water content urging
the lipid to go into the matrix***.

No statistically significant correlations of lens
refractive index as a measure of water content (%
H,0), lens power (BVP), lens curvature (BCOR),
overall lens diameter (OD) and central lens thick-
ness (CT) were assessed for twenty unworn lenses
of the FDA Type I before and after prolonged ex-
posure to phospholipid-based eye drop formula-
tion in this study.

The composition of phospholipids found in
tears and on contact lenses was examined, as well
as the impact of contact lens material and lens
cleaning solutions on the concentration of total
and specific phospholipids and cholesterol that
may be measured. Although earlier research™-*!
has established the profile of proteins in tears,
little has been done to identify phospholipids in
tears, and the profile of non-polar lipids is still a
matter of debate.

Balafilcon A contact lenses are FDA group
IIT contact lenses with low water content and
an ionic polymer. In contrast, Senofilcon A is
an FDA (Food and Drug Administration, USA)
group I material with low water content and a
non-ionic polymer. Various studies*** have
demonstrated that non-ionic polymer-containing
contact lenses deposit more lipids, whereas ionic
contact lenses deposit more protein but less lip-
id. Pain and infection are just two of the many
contact lens-related problems linked to the depo-

sition of tear film components onto contact lens-
es®%. The creation of better contact lenses or
lens care products that focus on removing these
compounds may be made possible by a thorough
understanding of the precise molecules that are
deposited.

Conclusions

The study found no significant alterations in
type L, IIL, IV, and V lens parameters. A statisti-
cally significant change in the water content was
found in the type Il lenses. However, only a 1-2%
reduction was observed. This small reduction
showed statistical significance due to a statistical
anomaly produced by having repeatable measure-
ments but cannot carry interpretable clinical sig-
nificance.

In conclusion, we found that the physical pa-
rameters determining morphology and formula-
tion of unworn soft contact lenses of the five FDA
Types were not altered, to the extent that would
be considered clinically significant, after expo-
sure to phospholipid-based eye drop formulation
by mode of in vitro immersion, which surpasses
the eye wearing conditions.
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