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Purpose: The primary objective of this study was to evaluate the in vivo pre-lens non-
invasive drying-up time of two types of daily disposable contact lenses (DDCLs) after 12
hours of wear.

Methods: This prospective, randomized, single-center, cross-over pilot study evaluated 31
subjects aged 18—44 years with normal eyes and good tear film stability who were adapted
current soft contact lens wearers. Subjects wore nelfilcon A and stenfilcon A DDCLs for 12
hours each on two different days. Non-invasive video keratography drying-up time (NIK-
DUT) videos of each eye were recorded 12 hours after lens insertion for about 25 seconds,
with a 5-minute tear film recovery time allowed between video recordings of the right and
left eyes to avoid bias. Post-blink time required to reach 15% distortion of the projected rings
and the speed of break-up at 15 seconds post-blink were measured at each time point and on-
eye wettability was determined by ring mire projection under white light illumination.
Results: Mean time to reach 15% ring distortion was similar for nelfilcon A (19.25+3.20
sec) and stenfilcon A (20.24+3.02 sec) DDCLs but varied highly among subjects. The mean
speed of break-up at 15 sec post-blink was 0.3+0.38% distortion/sec (95% confidence
interval [CI] 0.138-0.365% distortion/sec) for nelfilcon A and 0.2+0.23% distortion/sec
(95% CI 0.048-0.279% distortion/sec) for stenfilcon A DDCLs.

Conclusion: Multifunctional topography allowed the objective evaluation of in vivo pre-
lens tear film stability using ring mire projection. This dynamic method was simple, fast and
non-invasive, enabling measurements of NIK-DUT and evaluating wettability over a large
area, greater than the optical zone of the contact lens surface, for the entire inter-blink
interval.

Keywords: pre-lens tear film stability, wettability, daily disposable contact lenses, non-
invasive break-up time, non-invasive drying-up time, corneal topography

Introduction

Both wetting and oxygen permeability are important factors affecting contact
lens biocompatibility and comfort." Wetting by the tear film ensures the integra-
tion of the contact lens surface, allowing sliding movement, reducing lid friction
on the lens surface, and providing good optical images and regular tear film
exchange.” Studies have shown that the main reasons for the termination of
contact lens wear are discomfort, dryness, red eyes and vision problems,* ® with
wetting of the ocular surface the most important factor preventing discontinua-
tion of contact lens wear.”
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Symptoms such as discomfort, dryness, red eyes and
vision problems are caused by alterations in tear film
composition during contact lens wear. Contact lenses
split the tear film into pre-lens and post-lens tear film.
Reductions in the lipid layer and aqueous phase of the pre-
lens tear film are dependent on contact lens material and
design,® with contact lens wear having a negative effect on
tear film stability.*'> Evaporation can result in tear film
thinning or break-up, leading to contact lens dehydration,
characterized by a water gradient in which there is more
moisture on the inner than the outer surface of the lens and
more damage to epithelial cells. A thicker lipid layer can
provide better tear film stability, resulting in a lower rate of
tear film evaporation.”'*'* Tear film break-up time is
significantly shorter in eyes wearing contact lenses (3—10
sec)® than in normal eyes without contact lenses (15 sec).”
Tear meniscus height decreases significantly after 4 hours
of working on video display units in both contact lens
wearers and non-wearers, with contact lens wearers
experiencing enhanced dryness and visual impairment
compared with non-wearers.'® The increased evaporation
on the contact lens surface may also be due to the mechan-
ical effect of the contact lens itself.'”

Physico-chemical evaluations of the properties of poly-
mer hydrogel lenses have shown that hydrogels act like
sponges, resulting in a pressure gradient on the corneal
stroma and maintaining a balanced water content. Water
content may be reduced by evaporation during the open-
eye period, the dehydration-rehydration cycle on the front
surface of the contact lens caused by blinking and changes
in osmotic gradients.'® Tear film or the application of
rewetting drops may compensate for the lack of moisture
in contact lenses. Although this has not yet been shown
directly in silicone hydrogel contact lenses, in vitro and
in vivo studies have shown that silicone hydrogel lenses
dehydrate to a lesser extent than do contact lenses made of
other materials.'®*

Good wettability requires the surface of the contact
lens to be hydrophilic, a condition that results from the
accumulation of polar molecular groups on the contact
lens surface. Upon insertion into the eye, mucin film
forms around the contact lens, with the polymeric surface
of the contact lens enhancing wetting.' Under poor wet-
ting conditions, however, hydrogel contact lenses may
possess hydrophobic properties, resulting in the alignment
of the polar groups to the inside of moist contact lenses.

Wettability is a parameter describing the spread of
a drop of liquid over a solid surface.”? For complete

wetting, the sum of the surface tension of the tear film
and the interfacial tension between the lens material and
the tear film must be less than or equal to the interfacial
tension of the contact lens material. Accordingly, wettabil-
ity is dependent on the material being wetted and on the
composition of the liquid wetting agent. Although contact
angle is regarded by contact lens manufacturers as equiva-
lent to wettability, the two parameters are not directly
related.'®

Several techniques, including break-up time, non-
invasive break-up time and non-invasive keratography
break-up time (NIK-BUT), have been used to assess pre-

2 To determine whether

corneal tear film stability.
a contact lens material is suitable for a subject’s tear film
conditions, it is necessary to assess wetting at the lens
surface. Although this can be determined in vivo using
a slit-lamp, this method has the drawback of examining
only a small area in the reflex zone, and this area may not
be representative of the entire lens surface or optical zone
of contact lenses.

In vivo wettability is regarded as an indicator of actual
tear film stability while wearing contact lenses. Tear film
stability can be determined using invasive and non-
invasive methods. Qualitative methods of measuring the
surface wetting of contact lenses include determination of
pre-lens non-invasive tear film break-up time (PL
NITBUT), pre-lens tear film thinning time, interferometry,
wave front sensing and high-speed videokeratoscopy. PL
NITBUT is based on the method of measuring NITBUT,
a marker of tear film stability without lenses. PL NITBUT
measures the time from the last complete blink until the
first appearance of a distorted grid structure.?* It is there-
fore important to distinguish between actual tear film
break-up and tear film thinning of the projected ring
structure.”> %7 Use of the Tearscope and video topography
can determine the PL NIBUT non-invasive surface dry-up
time.”® % Pre-lens tear film can be analyzed by interfero-
metry, including thin film, Twyman-Green interferometry

lateral 35,36

and sharing interferometry. Furthermore,
changes and irregularities in tear film thickness can be
evaluated by aberrometry.”’

The potential of videokeratoscopy is being explored by
testing new endpoints, which may provide the contact lens
specialist more options to evaluate the surfaces of silicone
hydrogel lenses. In the study, which focused on the subjective
interpretation of the reflected ring mires, three investigators
manually evaluated the first change in wettability on the lens

surface after a blink and graded the dewetting appearance in

submit your manuscript

204

Dove

Clinical Optometry 2020:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Marx et al

five different zones of the lens surface at different time points
during the inter-blink period.*® In contrast, the present study
describes the results of software-supported analyses of the
reflected ring mire, a more user independent approach of
evaluating the performance of soft contact lens after 12
hours of wear.

Objective determination of tear film break-up time by
video topography may enable determination of local dry-
ing of the ocular surface.* Technological advances have
allowed assessments of a much larger zone than the arca
around the light reflex, covering more than the optical
zone of a contact lens. Multifunctional topographers
(Keratograph 5M, Oculus) are simultaneously able to pro-
ject ring mires onto the lens surface and capture a video of
the reflected image (Figure 1).*

The primary objective of the study was to compare the
tear film stability of nelfilcon A and stenfilcon A daily
disposable contact lenses using ring mires projection of the
K5M Oculus NIK-BUT Mode after 12 hours of wear. The
key variables recorded were time to reach 15% ring dis-
tortion and the speed of tear film break-up.

Materials and Methods

This study was conducted at a single site in Jena, Germany
(JENVIS Research Institute at the Ernst-Abbe University
of Applied Sciences Jena), and complied with the ethical
principles of the Declaration of Helsinki and Good
Clinical Practice (GCP). The study protocol was approved
by the local ethic committee of the Friedrich-Schiller-
Universitit, Jena, Germany, and all subjects provided writ-
ten informed consent prior to any assessment. The
ClinicalTrials.gov identifier is NCT 02089191.

Study Design

In this prospective, randomized, open-label and subse-
quently double-masked cross-over pilot study, subjects
were randomized to nelfilcon A or stenfilcon A daily dis-
posable silicone hydrogel lenses contact lenses (see Table
1 for lens specifications). Both lens types are CE-marked
and commercially available in Europe. Pre-lens tear film
stability was assessed as post-blink time required to reach
15% distortion of the projected rings and the speed of
break-up at 15 seconds post-blink measured after 12 hrs
of lens wear.

Study Population

Sample size calculation was based on pilot data obtained
for nelfilcon A and stenfilcon A contact lenses for the time
from first eye opening post-blink to 10% and 20% distor-
tion of the reflected Placido ring system. When the sample
size in each group was 28, a 0.050 level one-sided Log
rank test for equality of survival curves had 80% power to
detect the difference between the two lenses. To account
for possible drop outs, a sample size of 31 subjects was
recommended. The study population included volunteer
subjects aged 18—44 years who were adapted current wear-
ers of soft contact lenses in both eyes, without dry eye
conditions and with good tear film stability (>13
seconds).*’ All subjects had normal eyes, except for
requiring correction for refractive error, which can be
corrected with spherical lenses to achieve 20/25 VA (inclu-
sion requirement). Subjects with marginal dry eyes were
excluded. Subjects were randomly allocated to one of two
contact lens materials by a qualified unmasked staff mem-
ber. Subsequently, both the subject and the investigator

Figure | Graphic of theoretical Placido ring distortions appearing after last blink (left: ideal ring reflection, middle: area with gaps in the projected ring structure, right: wave-
like distortions). The red rings highlight areas where distortions (dewetting) has occurred.
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Table | Specifications of Nelfilcon A and Stenfilcon A Daily Disposable Silicone Hydrogel Soft Contact Lenses

Vision)

Lens Brand Material Wettability H,0O Content | Rx Power Range | Base Curve | Diameter
Name (Manufacturer) Component [%] [D] [mm] [mm]
DAILIES® nelfilcon A (ALCON PVA (31%), Blister: 69 +0.50 to +6.00 8.7 14.0
AquaComfort Vision Care Ltd.) PEG, HPMC (0.25D steps)
Plus® -0.50 to —6.00

(0.25D steps)

-6.50 to —10.00

(0.50 steps)
MyDay™ stenfilcon A (Cooper - 54 +0.50 to +5.00 84 14.2

(0.25D steps)
+5.00 to +6.00
(0.50 D steps)
-0.50 to —6.00
(0.25D steps)
-6.50 to —10.00
(0.50 steps)

were masked to the details of the contact lenses. The
duration of the treatment period was 12 hours in
a single day, after which the contact lenses were removed.
No lens care was required.

Tear film videos were recorded at 12 hours after lens
insertion using the multifunctional video topographer
(Keratograph 5SM® [K5M] OCULUS Optikgerite GmbH,
Wetzlar, Germany). The test lenses were removed after the
12 h follow-up visit. Each subject was subsequently
crossed over to the other contact lens type on the
next day or within the next 6 days, and the procedure
was repeated.

Videos of on-eye wettability were captured by ring
mire reflex assessment under white light illumination.
NIK-DUT videos of each eye were recorded 12 hours
after lens insertion, for about 25 seconds each. Subjects
were instructed to blink twice and then to suppress blink-
ing for that time. A 5-minute tear film recovery time was
allowed between video recordings of the right and left
eyes to avoid bias. The videos were analyzed by manu-
facturer-supplied software to determine ring mire distor-
tion and contact lens surface dry-up time with investigator
control.*® A grid consisting of eight concentric rings with
12 meridians was overlaid virtually over a video that was
recorded during the measurement (Figure 2). This grid
divided the area of the front surface of the lens into 192
small segments, which had to be marked subjectively as
dewetted in each frame of a video file, ie, 32 times per -
second. A

video second by second and checked if the software

trained investigator reviewed each

marked dewetted segments in the analysis area correctly.
If a dewetted area was not marked at the correct time
point, the investigator edited the video. A data table gen-
erated by the grid software allowed determination of the
time point at which 15% ring distortion occurred.
A distortion of 15% of the analyzed area was regarded
as clinically relevant in affecting vision (Figure 3).*** No
specific data were available to determine another endpoint

based on clinical trials rather theoretical consideration.

Statistical Analysis

The primary analysis population was the per protocol set.
The primary outcome variable was time to reach 15%
distortion. Overall analysis was based on the test of

Figure 2 Overlay grid used by the Oculus NIK-BUT software.
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Figure 3 Screenshot of the analyzing software (LEFT: purple segments = objectively detected, blue segments = added by investigator, RIGHT wettability map and function

segments over time).

homogeneity with the Log rank test from PROC
LIFETEST in SAS. This test was regarded as more appro-
priate than the Wilcoxon test for these survival data, as the
two treatments could differ primarily at longer survival
times. Kaplan—Meier plots were also generated.

For the secondary variable, a mixed model repeated
measure (MMRM) model was used to analyze the data.
The model included terms for period and sequence, as well
as lens type (=treatment). An unstructured variance-
covariance matrix was used to model the within-subject
correlation. If the unstructured variance-covariance matrix
resulted in a lack of convergence, then other covariance
structures were investigated. Within-treatment and
between-treatment estimates of speed of break-up, along
with the associated standard errors and 95% confidence

intervals, were calculated.

Results

Of the 31 subjects with normal eyes and good tear film
stability enrolled in this study, 16 (51.6%) were rando-
mized to nelfilcon A followed by stenfilcon A contact
lenses and 15 (48.4%) to stenfilcon A followed by nelfil-
con A contact lenses. Across these treatment sequences, 30
(96.8%) of the 31 subjects completed the study. One sub-
ject was lost to follow up.

Over the 25-second test period, 11 of the 30 subjects
wearing nelfilcon A and 12 of the 30 subjects wearing stenfil-
con A lenses for 12 hours reached 15% distortion of the
projected rings, with the majority of subjects not reaching
15% distortion over the test period. Regardless of lens type,
Kaplan—Meier analysis showed good maintenance of tear film
coverage during the inter-blink interval, with 60% and 65% of
subjects wearing nelfilcon A and stenfilcon A contact lenses,
respectively, not reaching 15% segment distortion (Figure 4).

The time to reach 15% distortion varied widely among
subjects, ranging from 12 to 24 seconds post-blink (Table 2).
Kaplan—Meier analysis showed that the post-blink time to
reach 15% distortion of the projected rings after 12 hours of
lens wear was similar for the two lens types (p = 0.3832 by
log rank test). Similarly, the mean speed of break-up at 15
seconds post-blink (% distortion/sec) after 12 hours of lens
wear was similar for subjects wearing nelfilcon A (0.3%/sec)
and stenfilcon A (0.2%/sec) contact lenses (Table 3).

The results of explorative endpoints at the 5 min and 8
h follow-up times are not shown. The comfort and vision
results were reported previously.>® There were no adverse
events during the study.

Discussion
Multifunctional topography units have been shown to suc-
cessfully measure pre-corneal tear film stability. Use of

Clinical Optometry 2020:12
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Figure 4 Kaplan—Meier analysis of time post-blink required to reach 5% distortion after 12 hours of lens wear.

this technology can also determine in vivo pre-lens tear
film break-up time using ring mire reflex assessment. This
simple, fast and non-invasive technique can be used to
NIK-DUT in an
independent manner. It can be used to assess the wettabil-

evaluate automated, examiner-
ity of the lens surface over a larger area than the area
assessed using slit-lamp-based methods. The area covered
by this method is greater than the optical zone of the

contact lens surface, measuring an area approximately

Table 2 Time Post-Blink to Reach 15% Distortion of the
Projected Rings After 12 Hours in Subjects Who Reached 15%
Distortion

Seconds Nelfilcon A Stenfilcon A
N I 12

Mean (SD) 19.25 (3.20) 20.24 (3.02)
Median 19.50 20.46

Min — Max 12.2 -23.3 15.9 —24.1

Table 3 Mean Break-Up Speed at |5 Sec Post-Blink (%
Distortion/Sec) After 12 Hours of Wear of Nelfilcon A and
Stenfilcon A Contact Lenses

9-10 mm in diameter and covering approximately 50%
of the contact lens surface.* In theory, this technique can
allow the objective quantification of the wettability of
different soft contact lens surfaces. The NIK-DUT method
does not require contact with the lens. Furthermore, the
evaluation can be performed automatically, employing
computer software for all measurements and to reduce
subjective influences. This provides an advantage over
contact angle-based methods, the results of which have
low reproducibility.*®*”

However, this study showed that a totally investigator
independent analysis is not yet possible, as almost all
videos needed investigator editing. The primary parameter
measured in the current study was the post-blink time
required to reach 15% distortion of the projected rings
after 12 hours of lens wear. The results obtained with
nelfilcon A and stenfilcon A lenses did not differ signifi-
cantly (p=0.3832 by log rank test). In addition, the speed
of break-up measured 15 seconds after 12 hours of wear
did not differ significantly (p=0.1645 by log rank test).
Both study lenses showed good tear film stability, with
most subjects not reaching 15% distortion of the pre-lens
tear film. Moreover, when observed, this level of tear film
distortion was reached only about 20 seconds post-blink.
Measurements of subjective comfort and vision for nelfil-
con A and stenfilcon A contact lenses after 5 minutes, 8
hours and 12 hours of lens wear showed very good

%ISecond Nelfilcon A Stenfilcon A

N 31 30

Mean (SD) 0.3 (0.38) 0.2 (0.23)

95% ClI [0.138, 0.365] [0.048, 0.279]
208 submit your manuscript
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acceptance of both (data not shown). These findings were
confirmed by further studies.**°

Factors that may influence the wettability of daily dis-
posable silicone hydrogel contact lenses include lens com-
position (ie, the molecular structures of lens materials),
environmental and thermal factors (eg, low humidity, air
conditioning) and reduced blink rate resulting from increased
computer screen-related work. These factors may increase
evaporation of the tear film and shorten tear break-up time.”'

This study had several limitations, generally associated
with the use of Placido ring imaging. In general, reflec-
tions of Placido ring images on deep-set eyes are not
complete, and the quality of these reflected ring images
may be disturbed by reflection of the eyelashes, pupil play
and mucin structures floating within the tear film directly
after the blink, factors that also impede automated analy-
sis. These deficiencies may have led to artifacts falsely
indicating a pre-lens tear film break or later detection of
a dry spot. The videos should therefore have been
reviewed to determine whether the automated software
correctly evaluated dewetting of the lens surface. On-eye
wettability was determined by ring mire projection under
white light illumination using video topography. The white
light condition provides higher contrast of the image, but
may lead to glare for some patients. In addition, the seg-
ments of the overlaid grid were not all equal in size. This
may be relevant when the place of the dewetted area is
observed. More central segments are smaller in size than
more peripheral segments. Practically 15% of distorted
segments would have a greater clinical impact if they
occurred more centrally than more inferiorly. Curvature
readings would allow a good approximation of the real
area expressed in mm?.

Compared with the fully subjective evaluation of the
Placido rings reflected from the lens surface,® the objec-
tive approach uses a grid that centrally overlies the video.
It allows software to highlight detected ring distortion as
an indicator of the dewetting process. However, editing by
an investigator remains necessary to determine exact
results, as real-world limitations like pupil play and initial
contact lens movement are challenging factors for fully
automated analyses.

Conclusions

In summary, the wettability parameters of nelfilcon
A and stenfilcon A contact lenses did not differ signifi-
cantly when assessed by the tear film evaluation method
of the Oculus K5 keratograph. The technical set-up was

able to capture information to assess tear film dynamics
over a certain inter-blink period. Although subjective
evaluation was able to determine the first noticeable
ring distortion and grade wettability, this procedure is
very time consuming in practice.’® The objective
approach may reduce the time necessary to evaluate the
captured information. Future studies can evaluate new
endpoints that better account for the dynamics of the pre
lens tear film and that are not limited to a certain time
point as in the present study. The high censoring rate in
both lens groups suggests a need for a more sensitive
analytic method to better assess the post-blink times of
these lenses or an endpoint below 15% distortion, ideally
based on study results indicating a subjective noticeable
difference in comfort or vision.

Data Sharing Statement

The Study results are available on -clinicaltrials.gov.
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of sharing datasets.
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