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Purpose: To evaluate the optical quality and tear film quality in patients with dry eye
syndrome (DES) before and after using an intranasal neurostimulation device to stimulate
tear production.

Methods: Cross-sectional review of 33 eyes in 21 patients with DES who underwent optical
quality and tear film analysis as part of their routine dry eye evaluation pre- and post-
neurostimulation trial in office. Optical quality was assessed by measuring the objective
scattering index (OSI) and modulation transfer function (MTF). The time to blink and mean
tear film OSI were used to analyze the tear film.

Results: Optical quality after the use of the intranasal neurostimulator improved with an
average decrease (improvement) in OSI of 0.30+0.68 (P=0.015) and an average increase
(improvement) in MTF of 2.1249.2 (P=0.15). Pre-intranasal neurostimulation OSI had
a positive correlation with age (Spearman’s rho 0.60, p < 0.001), while MTF had
a negative correlation (Spearman’s rho —0.38, p = 0.03). Pre-intranasal neurostimulation
OSI had a negative correlation with MTF (Spearman’s rho —0.85, p < 0.001) and a positive
correlation with tear film mean OSI (Spearman’s rho 0.85, p <0.001).

Conclusion: The optical quality of patients with DES is improved with the use of intranasal
neurostimulation for tear production, and there was a trend towards improved MTF though
not statistically significant. Future studies are needed to follow patients longitudinally.
Keywords: neurostimulation, objective scatter index, modulation transfer function, dry eye

syndrome

Introduction

Dry eye syndrome (DES) is one of the most common reasons patients visit an eye
care provider in the United States.' The prevalence of symptomatic DES in one US
study was found to be 14.6%.> The cumulative 10-year incidence of DES in
a separate study by Moss et al was calculated to be 21.6%.”> DES is important to
recognize not only because of its negative impact on patient comfort but also due to
its detrimental effect on optical quality parameters, such as objective scatter index
(OSI) and modulation transfer function (MTF).*® Historically, DES diagnostics
were limited to only a few tests, and treatment was mostly limited to artificial tears
and warm compresses. However, in response to the massive influx of DES patients,
there has been tremendous growth in both the diagnostic and therapeutic
approaches to DES. From a diagnostic standpoint, point of care testing with tear
osmolarity and tear matrix metalloproteinase-9 (MMP-9) have helped identify
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patients with a large inflammatory component to their
DES. Further, meibography has allowed a more detailed
assessment of the state of the meibomian glands. From
a therapeutic standpoint, we now have a potpourri of
artificial tear and ointment options, anti-inflammatory
drops such as cyclosporine and lifitegrast, intense pulsed
light (IPL), and thermal pulsation for meibomian gland
disease.” In many cases, DES is multifactorial and until
recently all treatments were only able to target one com-
ponent of the DES. For example, artificial tears and lubri-
cating drops treat primarily the aqueous deficiency, while
IPL and thermal pulsation therapy treat meibomian gland
dysfunction. Multiple treatments are then needed to ade-
quately manage most patients suffering from DES.

Neurostimulation is a novel therapy that takes advan-
tage of the trigeminal nerve pathways that stimulate the
lacrimal functional unit. The lacrimal functional unit is
defined as the lacrimal glands, ocular surface (cornea,
conjunctiva, and meibomian glands), and eyelids as well
as the sensory and motor nerves that connect them. It is
responsible for regulation, production, and health of the
precorneal tear film.® Most commonly the afferent signal
comes through nociceptors on the cornea and ocular sur-
face passing through the trigeminal nerve. However,
through the nasolacrimal reflex, intranasal stimulation of
the nasal branch of the trigeminal nerve can also produce
the same efferent autonomic signals to the meibomian
glands, goblet cell, and lacrimal glands. By effectively
stimulating all aspects of the lacrimal functional unit,
neurostimulation has uniquely been shown in recent stu-
dies to improve all aspects of the tear film including
aqueous, mucin, and lipid.” Utilizing this alternative path-
way, neurostimulation has recently been discovered as
a novel therapy for the treatment of DES.'® In our study,
we sought to analyze the optical quality as well as the tear
film quality in response to intranasal neurostimulation in
patients with DES.

Patients and Methods
Study Design and Data Collection

This study was a single-institution cross-sectional review
of all patients at the Duke Eye Center with DES who
underwent dry eye evaluation and intranasal neurostimula-
tion (TrueTear, Allergan, Irvine, CA, USA) by a single
provider (PKG) between January 1, 2018 and January 1,
2019. The study protocol was approved by the Institutional
Review Board, Duke University Hospital, Durham, North

Carolina, USA, and was performed in accordance with the
tenets of the Declaration of Helsinki and the US Health
Insurance Portability and Accountability Act. A waiver of
informed consent was granted due to the retrospective
nature of this study.

Patients were identified via a review of electronic
medical records. There were 21 patients who met the
inclusion criteria; 33 eyes were evaluated with intranasal
neurostimulation. All included subjects underwent
a complete ophthalmic examination by a cornea specialist
(PKG), and all eyes included were analyzed with the tear
film analysis software of the double-pass (DP) imaging
system (HD Analyzer™, Visiometrics S.L., Terrassa,
Spain) before and after intranasal neurostimulation as
a part of routine dry eye evaluation. Patient data were
assessed using the institution’s electronic medical records.
Relevant demographic data, including age, sex, race, and
ocular co-morbidities, were collected. The optical quality
and tear film quality data before and after intranasal neu-
rostimulation were compared.

Exclusion criteria included age < 22 years, signifi-
cantly deviated nasal septum, active sinus infection, inabil-
ity to tolerate neurostimulation, previous ocular trauma,
recent corneal surgery within the last 3 months, active
recurrent corneal erosions, active filamentary keratitis,
superior limbic keratoconjunctivitis, limbal stem cell defi-
ciency, active herpetic keratitis, or neurotrophic cornea.

After the baseline slit-lamp examination, all patients
were brought to a separate patient room for optical and
tear film quality assessment before and after neurostimu-
lation. The room was temperature controlled and the
lighting was kept uniformly dim throughout testing.
After the baseline tear film analysis, a brief intranasal
neurostimulation demonstration was given. The patient
then applied the intranasal neurostimulation until tear
formation occurred or up to 45 seconds. Of note, the
device automatically turns off after 60 seconds and the
manual recommends no longer than 3 minutes in a single
use. The initial neurostimulation level was started at level
2, and the patient was allowed to adjust the level as
needed to produce the desired effect while maintaining
an acceptable comfort level. Immediately following neu-
rostimulation, the optical quality and tear film quality
were retested using the tear film analysis software of the
DP imaging system. The average time to reposition the
patient back into in the DP imaging system and begin
repeat testing after neurostimulation was roughly 20
seconds.
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To assess the optical quality, we compared both the
OSI and MTF before and after neurostimulation. The
optical quality as measured by the OSI or MTF is reflec-
tive of the entire optical system including the tear film,
cornea, aqueous, lens, and vitreous. However, as the intra-
nasal neurostimulation is not changing any of the optical
quality components other than tear film it can be used to
assess changes in overall optical and tear film quality. To
assess the tear film quality, we compared the time to blink
and the mean tear film OSI as measured by the tear film
analysis software of the DP imaging system before and
after neurostimulation. In measuring the time to blink, if
the patient blinked within the first 3 seconds then the time
of the patient blink was counted as the zero second starting
point. In cases where multiple optical quality or tear film
assessment was performed either pre or post, the highest
quality was used in analysis.

Statistical Analysis

Statistical analysis was performed with JMP Pro 14
(SAS Institute, Cary, NC) and Stata 16.1 (StataCorp,
College Station, TX). Generalized estimating equations
were used to compare the pre- and post-treatment values
to account for the fact that more than one eye was
included in some subjects. Spearman correlations were
used to evaluate the strength of association between age
and OSI, MTF, tear film mean OSI, and time to blink, as
well as the association of OSI with the other optical tear
analysis parameters. Wilcoxon rank-sum was used to
evaluate the association of gender with each of these
factors. A p-value <0.05 was considered statistically
significant.

Results

Of the 21 patients evaluated, 81% were female (n = 17) with
a mean age of 64.8+14.9 years. The majority of patients
were Caucasian (n = 19). Of the 19 patients with documen-
ted ocular surface index score, the mean was 22.37 (range
6—-37). The mean eyelid meibomian gland disease was 2.43
(range 0-4). Eight patients were on cyclosporine and
8 patients were on lifitegrast, while 6 and 5 had failed
cyclosporine and lifitegrast, respectively.

Optical Tear Analysis Before Intranasal

Neurostimulation
The pre- and post-intranasal neurostimulation optical tear
analysis is demonstrated in Table 1. Age had a statistically

Table | Optical Analyses Pre- and Post-Intranasal Neurostimulation

Pre- Post- p-value
MTF 27.67 £ 11.54 29.79 + 10.81 0.15
Osl 2.08 + 1.70 1.78 £ 1.39 0.015
Tear film OSI 2.78 + 2.01 2.70 £ 1.99 0.55
Time to blink (s) 13.94 + 6.64 1452 £ 6.73 0.44

Note: P-value from generalized estimating equations.
Abbreviations: MTF, modulation transfer function; OSI, objective scatter index.

significant and moderate positive correlation with pre-
stimulation OSI (Spearman’s rho 0.60, p<0.001) as
demonstrated in Figure 1A, but a smaller negative correla-
tion with pre-stimulation MTF (Spearman’s rho —0.38,
p = 0.03) as demonstrated in Figure 1B. Age and pre-
stimulation tear film mean OSI had a moderate positive
correlation (Spearman’s rho 0.45, p=0.009), but it was not
correlated with time to blink (Spearman’s rho 0.06,
p=0.72). OSI had a strong negative correlation with MTF
prior to neurostimulation (Spearman rho —0.85, p < 0.001,
Figure 1C), a strong positive correlation with tear film
mean OSI (Spearman rho 0.85, p <0.001, Figure 1D),
and no correlation with time to blink (Spearman’s rho
0.008, p=0.97). There was no association between gender
and pre-stimulation tear film mean OSI or time to blink
(both p>0.20). However, women had a significantly lower
pre-stimulation OSI (1.801.60 vs 2.95 + 1.83, Wilcoxon
rank-sum p=0.0224) and a significantly higher pre-
stimulation MTF (30.0 & 11.5 vs 20.48.7, Wilcoxon rank-
sum p=0.04) compared to men.

Optical Tear Analysis After Intranasal

Neurostimulation
The average OSI and MTF after intranasal neurostimula-
tion were 1.78 +1.39 and 29.79 £ 10.81, respectively.
Thus, the optical quality, as measured by OSI, improved
significantly after intranasal neurostimulation with an
average decrease (improvement) in OSI of 0.30 £ 0.68
(p=0.015; Figure 2). Optical quality as measured by
MTF improved after intranasal neurostimulation use,
with an average increase (improvement) in MTF of
2.12+9.2 (p=0.15); however, this change did not reach
statistical significance. Neither tear film OSI nor time to
blink changed significantly after neurostimulation (all
p>0.20).

No adverse effects were observed after intranasal neu-
rostimulation other than some subjective mild discomfort
during device use reported by several patients.
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Figure | Graph showing pre-intranasal neurostimulation optical quality correlations with a (A) small positive correlation of OSI with age (Spearman rho 0.60, p < 0.001),
(B) small negative correlation of MTF with age (Spearman rho —0.38, p = 0.03), (C) strong negative correlation of OSI with MTF (Spearman rho —0.85, p < 0.001), and (D)
strong positive correlation of OSI with tear film mean OSI (Spearman rho 0.85, p <0.001).

Abbreviations: OSI, objective scatter index; MTF, modulation transfer function.
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Figure 2 Optical quality analysis as measured by the ocular scatter index (OSI)
before and after intranasal neurostimulation (p=0.015).

Discussion

Overall ocular optical quality depends on the summation
of each isolated refractive component of the eye. The
variable components of this system largely involve

changes in the lens over time and dynamic moment to

moment tear film changes. Numerous reports have demon-
strated a decrease in optical quality with reduced tear
break-up due to conditions such as dry eye.*® To our
knowledge, this is the first study to assess optical and
tear film quality with the tear film analysis software of
a DP
neurostimulation.

imaging system before and after intranasal

Major optical quality variables analyzed with tear ana-
lysis software include OSI, which measures the amount of
light scattered as it passes through the eye, and MTF,
which is the relationship between the contrast of an object
and is associated image at every spatial frequency. Higher
OSI scores are associated with greater scatter, higher ocu-
lar surface disease index scores, reduced tear break-up
time, lower Schirmer scores, and overall poorer optical
quality.'" Conversely, a lower MTF, which has also been
demonstrated in DES, is associated with decreased con-
trast sensitivity and increased higher order aberrations.'?

In our preliminary study we found neurostimulation
generated a statistically significant positive impact in
patients” OSI, and an overall trend towards improvement
in their MTF. This is similar to a prior study by Diaz-Valle
et al who analyzed the change in OSI in response to
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lubricant eyedrops in dry-eye patients and found that
patients with mild to moderate dry eye had an improved
OSI change rate for at least 60 minutes after instillation of
lubricating eye drops.'? Despite neurostimulation resulting
in an improvement in optical quality OSI and MTF, the
impact on mean tear film OSI was less impressive. One
possible explanation for this finding is that the aqueous,
mucin, and lipid components of the natural tear are not
proportionally increased in patients with DES concomitant
with meibomian gland disease. While the aqueous and
mucin components of the tear may be immediately
increased, in patients with meibomian gland disease, the
improvement in the lipid component of the tear film may
be delayed due to blocked and inspissated glands.
Following this logic, the improved aqueous/mucin compo-
nents would improve the optical quality OSI (measured in
a few seconds); however, the tears would evaporate
quickly with a significant drop off in tear film OSI after
several seconds (tear film OSI measured without blink
over 20 seconds). While our study only analyzed the
optical and tear film quality immediately after initial neu-
rostimulation, it is yet to be determined whether repeated
neurostimulation alone could improve meibomian gland
function or if complementary therapy such as thermal
pulsation or manual expression would be needed as
a supplemental treatment.

Our study also demonstrated a positive correlation
between pre-intranasal neurostimulation OSI and age and
a negative correlation between pre-intranasal neurostimu-
lation MTF and age, which is consistent with existing
literature.'*'> This is likely multifactorial and related to
both an increased prevalence of dry eye and decrease in
crystalline lens transparency with increased age. We did
not investigate the impact of phakic vs pseudo-phakic
status in order to delineate the contribution of the lens on
OSI, but this would represent a potential area of future
investigation.

Our study was limited by a modest sample size with
primarily Caucasian females, a short interval between
a single intranasal neurostimulation treatment and repeat
optical analysis, and a lack of longitudinal follow up. The
degree of dry eye severity amongst our population may
have also impacted the statistical significance of pre- and
post-intranasal stimulation variables and should be taken
into consideration. Furthermore, given the lack of recom-
mendations regarding a specific duration of stimulation,
one area of potential future research could involve varying
the duration of intra-nasal stimulation. However, we feel

this research provides a foundation for future investigation
of the effect of neurostimulation on optical and tear film
quality in patients with DES.

In conclusion, we found a significant improvement in
the OSI of patients with DES immediately following neu-
rostimulation, with a trend toward improvement in MTF.
Future investigation is needed to determine the long-term
impact of neurostimulation in patients with DES.
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