Clinical Ophthalmology

Dove

ORIGINAL RESEARCH

Objective Evaluation Of On-Eye Optical Quality Of
Daily Disposable Silicone Hydrogel Contact Lens
With Internal Wetting Agents

Shizuka Koh@®'?

Kiyoshi Watanabe?
Kohji Nishida?

'Department of Innovative Visual
Science, Osaka University Graduate
School of Medicine, Osaka, Japan;
2Department of Ophthalmology, Osaka
University Graduate School of Medicine,
Osaka, Japan; 3Watanabe Eye Clinic,
Osaka, Japan

Correspondence: Shizuka Koh
Department Of Innovative Visual Science,
Osaka University Graduate School Of
Medicine, Room E7, 2-2 Yamadaoka,
Osaka 565-0871, Japan

Tel +81-6-6879-3456

Fax +81-6-6879-3458

Email skoh@ophthal.med.osaka-u.ac.jp

This article was published in the following Dove Press journal:
Clinical Ophthalmology

Purpose: To investigate the on-eye optical quality of a daily disposable silicone hydrogel
contact lens with internal wetting agent.

Patients and methods: Study subjects were daily disposable soft contact lens wearers
(N=20) who were instructed to wear daily disposable hydrogel etafilcon A lens (without
added wetting agent) or daily disposable silicone hydrogel senofilcon A lens (with an internal
wetting agent), for a week. Subjects wore their respective lenses bilaterally and disposed of
the pair of lenses daily. At the end of the 1-week test-wear period, the on-eye visual
performances of the lens and the ocular surfaces were evaluated. A wavefront sensor
measured sequential ocular higher-order aberrations (HOAs) for 10 s after the blink. The
aberration data were analyzed in the central 4-mm diameter up to the sixth-order Zernike
polynomials. Total HOAs, fluctuation index (FI), and stability index (SI) of the total HOAs
over time were compared between the two lenses. Ocular surface evaluation with fluorescein
was performed following the wavefront measurement.

Results: The senofilcon A lens had significantly lower average total HOAs, FI, and SI
(»<0.001, p=0.001, p=0.007, respectively) than the etafilcon A lens. After 1-week wear of
each lens, corneal staining was observed in eight subjects (40%) with the etafilcon A lens and
in two subjects (10%) with the senofilcon A lens. The senofilcon A lens had significantly
lower incidence of corneal staining than the etafilcon A lens (p=0.041).

Conclusion: Quantitative sequential measurement of HOAs objectively showed the possi-
bility of better and more stable optical quality with silicone hydrogel daily disposable contact
lens with the internal wetting agent than with hydrogel lens without the added wetting agent.
Keywords: visual performance, quantitative assessment, surface lens wettability

Introduction
Silicone hydrogel (SiHy) was commercially introduced as a contact lens (CL)

material in the late 19905,1’3

and the prescription rate of SiHy CLs has since
been increasing worldwide. First-generation SiHy CLs for extended wear have
attempted to address the issue of oxygen permeability during continuous wear.
However, first-generation SiHy CLs had lower water content and higher modulus
than the hydrogel lenses, making them stiffer and sometimes causing mechanical
complications owing to non-optimal fitting. Recent developments and innovations
aiming to minimize mechanical issues causing discomfort and adverse events with
SiHy CLs have led to the design of SiHy daily disposable CLs that combine the

advantages of both the SiHy material and the daily disposable modality. Improved
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safety outcomes of daily disposable CLs were reported by
recent studies,” though neither SiHy nor hydrogel had
shown superiority in terms of comfort, with adverse
event rates being low for both materials as daily disposa-
ble CLs.”

A common CL discomfort reported by soft contact lens
(SCL) wearers is visual disturbance manifesting as blurring
or fluctuating vision.® Previous reports have studied the on-
eye optical quality of hydrogel daily disposal lens.”* We
previously measured the ocular higher-order aberrations
(HOAs) in eyes with hydrogel daily disposal lens and
demonstrated an increase in postblink HOAs after the blink.”
A study using dynamic area high-speed videokeratoscopy
and lateral shearing interferometry showed that there was a
significant decrease in the prelens tear film quality with
respect to the baseline precorneal tear film quality with
daily hydrogel CLs over one day of use.® These quantitative
objective measurements suggested that surface wetting of a
CL is an important factor that influences optical quality. The
material and water content of CLs may affect surface lens
wettability and its interactions with the ocular tear film and
ocular surface. Recently, several studies’ "> have reported
the clinical performance of SiHy daily disposable CLs; how-
ever, little is known about the on-eye optical quality of the
SiHy daily disposable CLs."*

The purpose of this study was to investigate the optical
quality of a SiHy daily disposable CL with internal wet-
ting agent using quantitative sequential wavefront mea-
surement in a clinical setting, which would provide new
insights into selection of CLs from the viewpoint of visual
performance.

Materials And Methods

This prospective study was reviewed and approved by our
institutional review board. The study adhered to the tenets

Table | Details Of Tested Contact Lenses

of the Declaration of Helsinki. All participants provided
written informed consent after receiving an explanation of
the nature and possible consequences of the study.

Twenty experienced SCL wearers between 20 and 40
years of age, who had been wearing spherical disposable
SCLs (either SiHy or hydrogel) in both eyes and were able
to wear CLs more than 12 hrs per day, were enrolled in the
study. Exclusion criteria included the following condi-
tions: extended wear of SCLs, wear of toric or multifocal
SCL, having clinically significant anterior segment
abnormalities or ocular and systemic diseases that would
preclude SCL wear, habitual Snellen visual acuity of less
than 20/30 in either eye, and being pregnant or lactating.
A daily disposablehydrogel etafilcon A lens without the
added wetting agent (1-Day ACUVUE; Johnson &
Johnson K.K. Vision Care Company, Tokyo, Japan) and
a daily disposable SiHy senofilcon A lens with pure high
molecular weight polyvinyl pyrrolidone (1-Day ACUVUE
OASYS; Johnson & Johnson K.K. Vision Care Company)
were fit to the eye of each subject. Details of both products
are shown in Table 1.

Before the study, it was confirmed that both types of
lenses would properly fit the eye of each subject. Each
subject wore both types of test lenses in a randomized
order. That is, subjects wore either etafilcon A or senofil-
con A lens for 1 week. Both lenses were fit bilaterally as a
daily wear with daily disposable modality. At the end of
the first week, the on-eye visual performance of the lenses
and the ocular surfaces were evaluated. Then, each subject
wore the other type of CL for 1 week, following which the
same measurements were taken. One eye of each subject
was chosen in randomized manner. The measurements
were performed between 6:00 and 8:00 P.M. in a room
where the temperature and humidity were controlled at 22°
C £2°C and 40%+5%.

Brand Name I-Day ACUVUE®

ACUVUE® OASYS® I-Day With HydraLuxe™ Technology

Center thickness (mm)

Method of manufacture

Manufacturer Johnson & Johnson Vision Care, Inc.
Material Etafilcon A

Internal wetting agent None

FDA classification Group [V

Water content (%) 58%

Base curve (mm) 8.5/9.0 mm

Diameter (mm) 14.2 mm

0.07 mm (—3.00 D)
Stabilized soft molding

Johnson & Johnson Vision Care, Inc.
Senofilcon A

High molecular weight polyvinyl pyrrolidone
Group |

38%

8.5/9.0 mm

14.3 mm

0.085 mm (—3.00 D)

Stabilized soft molding
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The ocular HOAs were measured continuously every sec-
ond for 10 s after a blink, using a Hartmann—Shack aberrom-
eter (KR-1W; Topcon Corporation, Tokyo, Japan), through a
natural pupil. The wavefront data were analyzed quantitatively
in a central 4-mm area of the pupil up to the sixth order by
expanding the set of Zernike polynomials. From the Zernike
coefficients, the root mean square was calculated to represent
the wavefront aberrations. S3, S4, S5, and S6 are the root mean
squares of the third-, fourth-, fifth-, and sixth-order Zernike
coefficients, respectively. The total HOAs were computed by
adding all the components (S3+S4+85+S6)."> In accordance
with previous studies,”'® two more quantitative indices, the
fluctuation index (FI) and the stability index (SI) of the total
HOAs, were used to indicate the sequential change in HOAs.
FI is the average standard deviation of the total HOAs between
blinks. SI is the slope of the linear regression line of the total
HOAs between blinks.

Following the wavefront measurement, ocular surface
examination with slit-lamp was performed by removing
the CLs from the eyes and applying fluorescein to the
cornea, after CL fitting confirmation. The presence or
absence of fluorescein corneal staining was evaluated.

Statistical analysis was performed using SigmaPlot ver-
sion 14.0 for Windows (Systat Software Inc, San Jose, CA,
USA). Friedman repeated-measures ANOVA on ranks was
used to analyze the sequential HOA changes with both
lenses. The appropriate post hoc Tukey correction for multi-
ple comparisons was used. Total HOAs, FI, and SI values of
the two tested lenses were compared with each other using a
Wilcoxon signed-rank test. The difference between the inci-
dence of fluorescein corneal staining of both CLs was tested
for significance using McNemar’s test. Alpha level was set at
0.05 for all statistical tests.

Results

Twenty subjects (1 man and 19 women; age, 28.4+4.5 years)
were enrolled in this study. The mean sphere was —3.95+1.84
D and the mean cylinder was —0.444+0.27 D. Log MAR best
CL-corrected visual acuity were —0.15+0.08 (senofilcon A
lenses) and —0.14+0.08 (senofilcon A lenses). There were no

dropout subjects. Significant changes in total HOAs over
time were found with etafilcon A lenses (p<0.01), but not
with senofilcon A lenses during the postblink 10-s test
(p=0.348). At eight, nine, and 10 s after the blink, the total
HOAs with etafilcon A lenses were significantly higher than
total HOAs at 1 and 2 s after the blink (p<0.05). Mean total
HOAs, FI, and SI values calculated for the two lenses are
shown in Table 2. Significantly (p<0.001) lower total HOAs
were obtained with senofilcon A lenses than with etafilcon A
lenses. Both FI and SI were significantly lower with senofil-
con A lenses than with etafilcon A lenses (p=0.001,
p=0.007).

Figure 1 shows the sequential changes in the color-
coded map of ocular total HOAs obtained during the
postblink 10 s coupled with changes in the simulated
retinal images of a Landolt ring. While deterioration of
the retinal images was notable after the blink with the
etafilcon A lens, the postblink retinal images were clearly
defined and stable with senofilcon A lens.

On slit-lamp examination, immediately after CL
removal following 1-week of wear, smile pattern of cor-
neal staining was observed in eight subjects (40%) with
etafilcon A lenses and in two subjects (10%) with senofil-
con A lenses (p=0.041). In these two subjects, corneal
staining was also observed with etafilcon A lenses. The
smile pattern in inferior corneal epithelial staining was
observed in six subjects wearing etafilcon A lens, but
was not seen in subjects wearing senofilcon A lens.

Discussion

Safety, comfort, and good visual performance should be prior-
itized for CL wear. CL manufacturers make enormous efforts
to achieve safety and comfort in CL wear. However, because
most of the CL users, who have refractive errors without ocular
surface disease, generally achieve satisfactory visual acuity,
manufactures have placed less emphasis on improving visual
performance compared to other qualities of CLs. In the past,
the lack of attention to visual performance was perhaps also
partly due to the difficulty in evaluating detailed on-eye visual
performance or optical quality of CLs, which were only

Table 2 Comparison Of Wavefront Data Between Etafilcon A Lens And Senofilcon A Lens

Wavefront Etafilcon A Lens Senofilcon A Lens P-value
Total HOAs (um) 0.168+0.049 0.131+0.044 <0.001
Fluctuation index of total HOAs 0.034+0.034 0.013+0.008 0.001
Stability index of total HOAs 0.008+0.01 | 0.001+0.003 0.007
Abbreviation: HOA, higher-order aberrations.
Clinical Ophthalmology 2019:13 submit your manuscript 2161
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Figure | Sequential wavefront, color-coded maps of ocular higher-order aberrations with etafilcon A lens and senofilcon A lens in a 23-year-old woman. The simulated

retinal images of a Landolt ring are shown.
Abbreviation: Total HOAs, total higher-order aberrations.

achieved using standard visual acuity. SCL wearers often
complain about blurring and fluctuating vision associated
with eye dryness.® In addition, a recent Japanese study reported
that approximately 75% of Japanese SCL wearers experienced
changeable, blurry vision.!”

Previously, we utilized sequential measurements of
HOAs and evaluated the effect of internal wetting
agents added to hydrogel CLs’ and material of CLs on
HOAs.'® In the current study, our results demonstrated
that daily disposable SiHy CL with high molecular
weight polyvinyl pyrrolidone enhanced the visual per-
formance of CL wear during prolonged periods com-
pared to a hydrogel lens without the incorporation of
polyvinyl pyrrolidone as a wetting agent. If the average
HOA values between eyeblinks are compared, the dif-
ference between the two lenses would not be clinically
significant. However, the differences in FI and SI,
reflecting the alternations of HOAs over a period of
time, were remarkable. These results revealed that
daily disposable senofilcon A lenses could maintain
stable surface lens wettability, and thus, stable visual

performance under prolonged gazing conditions. In pre-

: AT
vious studies,”

measurements were performed after
only 1 hr of CL wear despite the fact that symptoms
of eye dryness worsened towards the end of the day."”
Therefore, in the current study, we measured on-eye
optical quality of SiHy daily disposable CLs closely at
the end of the day after a 1-week use of the CLs, thus
evaluating the visual performance in conditions similar
to daily life. The advantage of senofilcon A lens with
the internal wetting agent over the etafilcon A lens
without the wetting agent on the ocular surface was
also shown by the significantly lower incidence of
smile pattern corneal staining,zo a typical sign of desic-
cation. Further investigation of associated factors such
as type of work the subjects performed and time looking
at screens would be of interest.

The majority of recent-generation SiHy CLs contain
modifications to improve comfort primarily by using
extra wetting technology, such as the plasma coating,
water gradient technology, and internal wetting agent.
Previously, Montés-Micé et al'* quantified the diurnal
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variations in optical quality among different daily dis-
posable CLs including recent-generation SiHy CLs.
According to their study,'* the daily disposable SiHy
CL with water gradient technology showed low HOA
values both at baseline and at the end of the day, while
the other two daily disposable SiHy CLs showed poorer
performance than daily disposable hydrogel CLs. By
comparing the visual performance by measuring visual
acuity and contrast sensitivity, Montés-Micé et al'* also
concluded that differences in visual function could be
attributed to inherent CL properties.”’ In our study, we
did not investigate the optical properties of the two used
CLs themselves. According to the manufacturer, optical
designs of the two products are the same, with both
having spherical front and back surface curvatures. The
cylinder of each subject in the present study was lower
than 0.75D; however, we cannot rule out the effect of
astigmatism on HOAs. In future studies, factors such as
the optical properties of the lens or refraction in subjects
should be considered.

It has been reported that refitting with the 2-week
senofilcon A lens alleviated dryness and improved com-
fort than habitual CLs.** Also, wearing the 2-week type
senofilcon A lens provided significantly lower discom-
fort than wearing habitual CLs or not wearing any CLs
in a controlled adverse environment.>* According to the
manufacturer, the daily disposable senofilcon A lens
uses an enhanced moisture network that increases the
crosslinking density of the silicone and incorporates a
long-chain, high-molecular weight form of polyvinyl
pyrrolidone as an internal wetting agent.”* In the mod-
ern information technology era, many individuals wear-
ing CLs are exposed to the prolonged, everyday use of
digital devices and challenging environments such as air
conditioning and dirty or polluted air. The 10-s blink
interval used in our wavefront measurement overlapped
with the blink rate during work on a video display
terminal.>>*® Therefore, our results suggest that daily
disposable senofilcon A lens may be one of the best
options for those seeking stable visual performance with
the heavy digital device usage and challenging
environments.

Inferior corneal epithelial staining was observed in
six subjects wearing etafilcon A lens but was not seen
in those wearing senofilcon A lens. Due to concerns
that CL removal could potentially impact tear film
stability, we did not measure the fluorescein tear film
break-up time just after the CL removal at the visit

following 1 week of CL wear. In our clinical practice,
we have experienced some cases where mild dry eye
was improved by switching to tested daily disposable
senofilcon A lens. Although the lack of assessment of
the status of dry eyes and subjective symptoms was a
weakness of this study, our results suggest that seno-
filcon A lens may at least reduce worsening or even
improve signs of dry eyes. The characteristics of a CL
that is most suited for a patient experiencing dry eye
symptoms are as follows: a lens that is highly lubri-
cious (low friction), a lens with minimal in-eye dehy-
dration, and a daily disposable lens.’’ It would be
interesting to assess whether the daily disposable seno-
filcon A lens, which fulfils these characteristics, would
be suited for prescription to mild dry eye patients
owing to its superiority in safety, comfort, and visual
performance.

This study has some limitations. The lack of data regard-
ing dry eye status and subjective symptoms at enrollment and
after 1 week of wear is a weakness of this study. It was
desirable to ask the subjects to make a visit without CLs in
advance and to assess the tear break-up time, and conduct the
validated dry eye questionnaire and meibography. As pre-
vious studies have shown that the Contact Lens Dry Eye
Questionnaire-8§ (CLDEQ-8) is capable of reflecting an
improvement or the worsening of Overall Opinion after

refitting new SCLs,**?’

comparison between changes in
these subjective scores, and objectively measured wavefront
data before and after refitting the daily disposable senofilcon
A lens would be of interest. We confirmed that all subjects
adhered to the use of both CLs for over 12 hrs; however, we
did not ask them to record the number of hours of daily wear
of each lens. Collection of this data would have allowed us to
determine if the two types of CLs were worn for equal
durations daily, to make a fair comparison. Between the use
of the two lens types, there should have been a wash out
period, during which the subjects are not wearing any lens.
Since corneal staining was mild, we thought that it would not
preclude CL wear. In addition, we did not perform sample
size calculation in the study. The appropriate sample size
should have been calculated. The unbalanced male-to-female
ratio in this study also needs improvement in a future study
with more subjects.

In conclusion, quantitative sequential measurement
of HOAs showed that SiHy daily disposable CL with
internal wetting agent may yield better and more stable
optical quality with less incidence of corneal staining
compared to hydrogel lens without the added wetting

Clinical Ophthalmology 2019:13
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agent, possibly due to a novel internal wetting technol-
ogy. As reported previously,” the choice of material,
SiHy or hydrogel for the daily disposable modality,
may be based on patient and practitioner preference.
We believe that our study may add new insights into
selection of CLs from the viewpoint of visual perfor-
mance in addition to safety and comfort.

Abbreviations

CL, contact lens; FI, fluctuation index; HOAs, higher-
order aberrations; SCL, soft contact lens; SiHy, silicone
hydrogel; SI, stability index.
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