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Background: Dry eye disease (DED), a chronic disorder affecting the tear film and lacrimal
functional unit, is a widely prevalent condition associated with significant burden and unmet
treatment needs. Since specific neural circuits play an important role in maintaining ocular
surface health, microelectrical stimulation of these pathways could present a promising new
approach to treating DED. This study evaluated the efficacy and safety of nasal electrical
stimulation in patients with DED.

Methods: This prospective, open-label, single-arm, nonrandomized pilot study included
40 patients with mild to severe DED. After undergoing two screening visits, enrolled subjects
were provided with a nasal stimulation device and instructed to use it at home four times daily
(or more often as needed). Follow-up assessments were conducted up to day 180. The primary
efficacy endpoint was the difference between unstimulated and stimulated tear production
quantified by Schirmer scores. Additional efficacy endpoints included change from baseline in
corneal and conjunctival staining, symptoms evaluated on a Visual Analog Scale, and Ocular
Surface Disease Index scores. Safety parameters included adverse event (AE) rates, visual
acuity, intraocular pressure, slit-lamp biomicroscopy, indirect ophthalmoscopy, and endoscopic
nasal examinations.

Results: Mean stimulated Schirmer scores were significantly higher than the unstimulated
scores at all visits, and corneal and conjunctival staining and symptom scores from baseline to
day 180 were significantly reduced. No serious device-related AEs and nine nonserious AEs
(three device-related) were reported. Intraocular pressure remained stable and most subjects
showed little or no change in visual acuity at days 30 and 180. No significant findings from
other clinical examinations were noted.

Conclusion: Neurostimulation of the nasolacrimal pathway is a safe and effective means of
increasing tear production and reducing symptoms of dry eye in patients with DED.
Keywords: keratoconjunctivitis sicca, neuromodulation, neurostimulation, nasolacrimal reflex,

tear production, ocular staining

Introduction

Chronic dry eye disease (DED) is a multifactorial disorder of the tears and ocular
surface, which results in symptoms of discomfort, visual disturbance, and tear film
instability with potential damage to the ocular surface as the disease progresses.' The
condition is accompanied by increased osmolarity of the tear film and ocular surface
inflammation.! DED is a leading cause of eye discomfort and morbidity globally.
Approximately 25 million Americans suffer from DED, and symptoms of the disease
are among the leading causes for patient visits to ophthalmologists and optometrists
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in the US, accounting for ~25% of all patients who seek eye
care.” It is estimated that ~5 million patients aged 50 years
and older in the US have moderate to severe DED, and
millions more experience less severe episodic symptoms of
dry eye.>*7 The severity and prevalence of DED in the general
population increases with age and is particularly common
in postmenopausal women and in individuals aged 65 years
and older. As a consequence, the prevalence of the disease
and its associated burden are expected to increase with con-
tinued growth of aging populations.>” DED is associated
with significant impact on visual function, including reading
and driving,® as well as daily activities, social and physical
functioning, workplace productivity, and quality of life.*!?
Additionally, the disease poses a significant economic burden
on both patients and health care delivery organizations as
a result of the direct and indirect costs related to increased
health care utilization, missed school and work, and leisure
and quality-of-life issues.>!"!2

DED is associated with a dysfunction of various com-
ponents of the lacrimal functional unit (LFU), an integrated
system comprising the ocular surface (tear film, corneal and
conjunctival epithelia with mucin-producing goblet cells),
meibomian glands, lacrimal glands, and the various neural
pathways that connect them.!*!3 The LFU controls the
response to internal and external stimuli and acts to preserve
the integrity and function of the ocular surface.>!* The patho-
genesis of DED represents a complex and multifactorial series
of events that interact to promote a vicious self-sustaining
cycle of inflammation, goblet cell dysfunction/mucin loss,
epithelial damage, tear film instability/evaporation, and tear
hyperosmolarity.! Neural pathways play an important role
in maintaining the integrity of the cornea and tear film, and
optimal functionality of these circuits is essential for the
maintenance of a healthy ocular surface.’*” The neural path-
ways regulating the LFU include afferent sensory nerves in
the cornea and conjunctiva which, when activated, result in
the stimulation of efferent parasympathetic and sympathetic
nerves innervating the lacrimal gland. These efferent fibers
synapse directly with the lacrimal gland acinar cells and trig-
ger the release of water, electrolytes, and proteins from the
lacrimal gland onto the ocular surface.!*' The ocular reflex
pathways that drive normal tear function become disrupted
in DED, in part due to damage or loss of sensory neurons
in the ocular surface, which leads to further reduction in
tear production, additional nerve cell loss, and exacerba-
tion of the disease cycle.”'”'® A second reflex pathway, the
nasolacrimal reflex (NLR), is also an important contributor
to normal tear physiology and is triggered by activation of

trigeminal afferent nerve fibers in the nasal cavity. This reflex
has been shown in a randomized and controlled clinical
setting to account for 35% of basal tear secretion, which
is believed to be the result of activation of the pathway by
nasal breathing.!” Activation of the NLR can be initiated by
stimulating the anterior ethmoidal nerve, a sensory subunit
of the ophthalmic branch of the trigeminal nerve, leading
to an increase in activity in the superior salivatory nucleus
region of the brain, which is responsible for control of natural
lacrimation. Disruption of this pathway has also been shown
to be a contributing factor in DED.!141518

DED has become an increasingly pressing concern in
clinical practice,” and the vast majority of eye care practi-
tioners are not fully satisfied with existing treatment options
for the disease.?! Various guidelines for the treatment of
DED have been proposed, with specific recommendations
varying depending on the staging/severity of the disease.!>!
There is currently no cure or single universally effective
treatment for DED, and the most widely used forms of
therapy tend to be palliative in nature, intended to supple-
ment the patients’ natural tears or to improve the residence
time of the limited volume of tears present. Among the more
commonly used palliative options for DED, tear replace-
ment with over-the-counter artificial tear substitutes and
lubricants has limited efficacy.?>* Similarly, punctal plugs
have significant drawbacks such as the risk of complica-
tions associated with the implantation procedure, and poor
retention/migration, which can lead to lacrimal obstruction
and other complications including biofilm formation and
infection.?*?” A significant unmet medical need remains with
respect to the treatment of DED, and one of the principal
shortcomings of currently available treatments for DED is
their inability to directly stimulate the glands and cells to
increase tear production.'®

Neurostimulation, a well-established therapeutic strategy
for activating peripheral nerve pathways directly to correct
organ dysfunction and manage disease symptoms,* rep-
resents a novel and potentially promising option for DED.'?
Neurostimulation devices have been proven safe and effec-
tive for a variety of medical applications approved by the
US Food and Drug Administration (FDA) and have been
employed to treat a diverse array of conditions, including
movement disorders, psychiatric disorders, incontinence,
sensory disabilities, epilepsy, chronic headache and pain
syndromes, stroke, spinal cord and traumatic brain injury,
rheumatoid arthritis, and obesity.?®** The feasibility of uti-
lizing neurostimulation for DED is predicated on the notion
that the body’s natural tear system can be upregulated by the

submit your manuscript

796

Dove

Clinical Ophthalmology 2016:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Effect of nasal stimulation on dry eye disease

activation of the NLR, a well-established neural pathway by
which nasal stimuli promote both resting basal and bolus
secretion of one or more layers of the tear film." The reflex
plays a functional role in responding to and expelling foreign
bodies or irritants from the nose by secreting tears into the
nasal cavity via the nasolacrimal duct, and it serves as one of
the body’s primary compensatory mechanisms for combating
ocular surface dryness.

The application of electrical stimulation to sensory neu-
rons of the nasal cavities to increase natural tear production
may offer benefits for DED patients. The intranasal stimula-
tion device under investigation in this report was designed
to activate the body’s natural tear production mechanisms
by delivering gentle electrical currents to sensory neurons
in the nasal cavities, thereby triggering tear production. The
objective of the study was to assess the ability of intranasal
electrical stimulation to increase tear production and improve
the signs and symptoms of DED.

Methods
Study design and participants

This study was a prospective, open-label, single-arm,
nonrandomized trial conducted at Codet Vision Institute
(Tijuana, BC, Mexico) between May 30, 2013 and August 20,
2014. The study population consisted of subjects with
mild-to-severe DED diagnosed according to the criteria of
the 2007 Report of the International Dry Eye Workshop
(DEWS).! The target for enrollment was 40 patients. Par-
ticipants underwent two initial screening examinations to
determine the eligibility for enrollment according to the
following key inclusion criteria: male or female 18 years of
age or older; Schirmer test (with topical anesthesia) value
of no more than 15 mm/5 minutes at baseline (unstimulated)
and retest value (during nasal stimulation with cotton swab)
of at least two times or 10 mm/5 minutes higher than the
unstimulated values; baseline Ocular Surface Disease Index
(OSDI) score of 13 or more; normal lid anatomy, blinking
function, and closure; and corrected visual acuity (VA) of
20/200 (Snellen equivalent) or better in each eye at both
screening visits. The presence of ocular surface staining was
not required for inclusion in the study.

Subjects were excluded if they met any of the following
criteria: pregnancy or planned pregnancy/nursing at study
entry; history/presence of systemic disease, including sys-
temic allergy, acute or chronic rhinitis or sinusitis requiring
treatment, myocardial infarction, unstable disease such as
diabetes, hypertension, thyroid malfunction, uncontrolled
autoimmune or immunocompromising disease; participation

in any clinical trial with a new active substance or a new
device during the past 3 months; nonstable diseases within
1 month prior to the initial screening visit; ocular disorder/
infection; nasal infection or inflammation not associated
with DED within 3 months prior to the initial screening visit;
severe blepharitis or anterior basement membrane dystrophy
of the cornea; hypersensitivity to test device materials or
procedural medications; hemophilia or other disorder of
coagulation; thrombocytopenia; chronic/recurrent epistaxis;
chronic seasonal allergies; change within 30 days prior to
first screening visit in use of topical ophthalmic or systemic
medications that could affect DED; contact lens wear within
7 days prior to the first screening visit or during the duration
of the study; or punctal plug use.

Subjects who, within 30 days prior to the first screen-
ing, were using ophthalmic or systemic medications that
could affect DED (eg, topical cyclosporine, antihistamines,
tricyclic antidepressants, anxiolytics, antimuscarinics, beta-
blocking agents, phenothiazines, and steroids) were permitted
to continue their use; however, changes in the use of those
medications or the addition of new medications during
the study were prohibited. No other experimental drug or
device within 90 days prior to the first screening visit or
during the course of the study was allowed. After the first
screening Vvisit, subjects using any type of ophthalmic lubri-
cant drops were asked to discontinue their use and were
provided with over-the-counter non-preserved artificial tears
in unit dose vials to be administered if their DED symptoms
became intolerable.

The study was conducted in accordance with Good
Clinical Practice (ISO-14155) guidelines, the Declaration
of Helsinki, and relevant local regulations. Institutional
review board approval was obtained (Comision de Investi-
gacion y Etica, Zona Rio, Tijuana, B.C., Mexico), and all
subjects provided written informed consent. This study was
registered under the Australian New Zealand Clinical Trials
Registry (www.anzctr.org.au) on September 25, 2013 (ID#
ACTRN12613001075774).

Test device and follow-up schedule

The test device (a prototype of the Oculeve intranasal neuro-
stimulation device) consisted of a handheld battery-powered
current-controlled neurostimulation source connected to
intranasal leads. The device contacts were inserted into the
nasal passage by the patient so as to make contact with the
anterior nasal mucosa. The level of stimulation could be
selected by the patient and at each level, the strength remained
constant. Subjects were instructed on the use of the device,
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including insertion of the leads of the stimulator into both
nostrils and application of stimulation until they felt a tickling
sensation or the urge to sneeze. Subjects were then provided
with a device to take home and were instructed to use it four
times daily (or more often as needed).

Follow-up evaluations were scheduled for visits at days 7,
14, 30, 60, 90, and 180. Unstimulated tear production and
other objective measures of DED were measured in the
clinic prior to nasal stimulation at each follow-up visit.
Subsequently to this, tear production during stimulation was
measured at each visit.

Outcome measures

Efficacy

At each follow-up visit, tear production was assessed based
on Schirmer test score results using Color Bar™ sterile test
strips (Eagle Vision, Inc., Memphis, TN, USA). The test was
performed under topical anesthesia with 0.5% proparacaine
hydrochloride drops (provided by the participating centers),
first without stimulation and then again with stimulation for
the duration of the Schirmer test (5 minutes, or less if the
test strip became fully wet before 5 minutes had elapsed).
The difference between unstimulated and stimulated tear
production served as the study’s primary efficacy endpoint.
At the initial screening visit, Schirmer testing was performed
before and after intranasal stimulation of the NLR with a
cotton swab.

Additional efficacy endpoints included ocular surface
staining, tear film break-up time (TBUT), and subject-
assessments of DED symptoms and severity. Staining of the
conjunctiva (nasal and temporal regions) and cornea (supe-
rior, nasal, inferior, and temporal and central regions) was
assessed by lissamine green (Lissamine Green Ophthalmic
Strips; Hub Pharmaceuticals LLC, Rancho Cucamonga, CA,
USA) and fluorescein staining (Fluorescein GloStrips™
1.0 mg; Amcon Laboratories, Inc., St Louis, MO, USA),
respectively. For both tests, the stain strips were applied to the
eye and the degree of staining was graded 1 minute later on a
pictorial scale (modified Oxford Scale) with scores ranging
from 0 to 5. TBUT was measured prior to stimulation, using
slit-lamp biomicroscopy (10x magnification) with fluores-
cein and expressed as the time (in seconds) between the last
complete blink and the first appearance of a growing micelle.
Patients used the eight-item Dry Eye Symptom Visual Ana-
log Scale (VAS) to rate symptoms due to ocular dryness,
where 0% = no discomfort and 100% = maximal discomfort.
The eight-symptom categories of the VAS were: severity of

symptoms, dryness, sticky feeling, burning/stinging, foreign
body sensation, blurred vision, photophobia, and pain.
Patients assessed DED severity by completing the OSDI
questionnaire, consisting of 12 questions rated on a 5-point
scale (0=none of the time and 5= all of the time), which were
compiled to generate an overall score on a scale from 0 to
100, with higher scores representing greater disability. To
assess DED severity, three corneal specialists were provided
with the patients’ screening results and they independently
ranked each patient from I to IV using the DEWS criteria' as
a guide. The rankings for individual patients’ were averaged
and rounded to obtain a composite score for each patient.
Additional efficacy summaries were performed to determine
the effect of stimulation on Schirmer scores in patients strati-
fied by severity level (ie, DEWS levels -1 vs levels III-1V).
Patients used diaries to record data on daily usage patterns
for the stimulation device and to track responses such as
ocular comfort. Patient satisfaction with the procedure and
outcomes was assessed using a six-question survey, which
was completed at the conclusion of the study.

Safety

The main safety outcomes of interest were the incidence
of device-related adverse events (AEs) and complications.
Safety assessments included corrected distance VA (CDVA);
intraocular pressure (IOP) measured by applanation or non-
contact tonometry; slit-lamp biomicroscopic examination
of the ocular surface, anterior segment, and eyelids; indirect
ophthalmoscopy with dilation for visual examination of the
fundus/posterior segment of the eye; and nasal endoscopic
examination. Slit-lamp assessments of conjunctival edema,
tear film debris, and the eyelids (edema and erythema)
were scored on a 5-point scale, ranging from none to very
severe. Eyelashes were scored as either normal or abnormal.
For all other safety measures (eg, slit-lamp assessment of
conjunctival erythema, meibomian glands, anterior chamber,
and lens), intensity/severity was graded on a 4-point scale
(ie, mild, moderate, marked, or severe).

Statistical methods

Demographic, baseline, effectiveness, and safety data are
represented using descriptive statistics. Data for continu-
ous variables are represented as sample size and mean *
standard error of the mean and, where appropriate, median,
minimum, and maximum. Comparisons between baseline and
follow-up values were analyzed by paired f-test or Wilcoxon
signed-rank test using a two-tailed distribution model with
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P-values <0.05 considered statistically significant. Data
were analyzed for the intent-to-treat population, and missing
values were not imputed.

Results

Subject disposition and demographics

Of the 50 patients screened, 41 met the eligibility criteria,
one of whom failed the endoscopy screening due to severe
septal deviation and never received a device application.
Of the 40 enrolled subjects participating in the study, 34
completed the 180-day study period, while three subjects
were lost to follow-up, and three subjects withdrew.

The baseline demographic characteristics of the study
population are presented in Table 1. The mean age of the
study population was 54.6%1.9 years (range, 28.0—75.0). The
subjects were predominantly female (85.4%) and of Hispanic
or Latino ethnicity (97.6%). A total of four patients (10%)
were concurrently taking a topical anti-inflammatory agent
(ie, cyclosporine 0.05%) during the study.

Efficacy analysis

Primary outcome: Schirmer score

Acute tear production was measured using the Schirmer
test, and the stimulated value minus the unstimulated
(preadministration) value at each visit served as the study’s
primary endpoint (Figure 1). The mean stimulated Schirmer
score at each visit was higher than the mean unstimulated
score taken at the same visit. On study day 0, the unstimu-
lated and stimulated Schirmer scores, respectively, were
9.4+1.3 and 22.4%1.9 (a 138.3% increase) in the right eye
and 10.5£1.1 and 22.5%1.8 (114.3% increase) in the left eye.
After an initial period of ~2 weeks, the average increase in the
stimulated Schirmer score stabilized; at day 180, the respec-
tive values were 12.7£1.7 and 19.942.0 (56.7% increase) in

Table | Patient demographic characteristics

Characteristics Value
Age (years)
Mean + SEM 54.6x1.9
Median 55.0
Minimum, maximum 28.0, 75.0
Sex
Female 35 (85.4%)
Male 6 (14.6%)
Race/ethnicity
Caucasian I (2.4%)

Hispanic, Latino, or Spanish 40 (97.6%)

Abbreviation: SEM, standard error of the mean.

E 25

E

@ 20/

[e]

o

N 15]

S

[

€ 10

'c:: Stimulated —— OD == O0S
‘2 51 Unstimulated —— OD == OS

S o B ,
s 0 30 60 90 120 150 180

Time (days)

Figure | Schirmer scores with and without stimulation.

Notes: The difference between the stimulated and unstimulated Schirmer score for
each eye was statistically significant at all time points (P<<0.001). Data represents
mean * SEM. The thin dashed horizontal reference line represents the mean
unstimulated value for both eyes at day 0.

Abbreviations: OD, right eye; OS, left eye; SEM, standard error of the mean.

the right eye and 13.24+1.6 and 20.5+£2.0 (55.3% increase)
in the left eye. The difference between the stimulated and
unstimulated Schirmer scores was statistically significant
(P<<0.001) for both eyes at all follow-up visits. Additionally,
the similarity in stimulated Schirmer scores at day 0 and
day 180 indicated that the enhancement of tear production
persisted with chronic stimulation.

Corneal staining, conjunctival staining, and TBUT

The mean changes from baseline in corneal and conjunctival
staining scores by eye and visit are presented in Figures 2
and 3, respectively. Ocular surface staining scores were
numerically lower at follow-up visits compared to baseline.
The reduction was statistically significant at some but not
all time points. However, at all study visits after 1 week, a
decrease was observed in corneal and conjunctival staining

N

-

o

Mean corneal staining score
change from baseline
|

-2
-3
-4 — .
0 30 60 90 120 150 180
Time (days)

Figure 2 Corneal staining.

Notes: Corneal staining scores were numerically reduced from baseline in both
eyes at all time points after day 7. Bars represent SEM. The thin dashed horizontal
reference line represents the baseline value at day 0.

Abbreviations: OD, right eye; OS, left eye; SEM, standard error of the mean.
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Figure 3 Conjunctival staining.

Notes: Conjunctival staining scores were significantly reduced from baseline in both
eyes at all time points after day 30 (P<<0.05). At day 180, the mean changes from
baseline ranged from —1.8+0.5 to —2.2+0.51 (P=0.002). Bars represent SEM. The thin
dashed horizontal reference line represents the baseline value at day 0.
Abbreviations: OD, right eye; OS, left eye; SEM, standard error of the mean.

scores, further demonstrating a sustained effect with chronic
stimulation. At day 180, the mean change from baseline in
the conjunctival staining score in the right eye was —1.8+0.5
(P=0.002) and the mean change from baseline in the cor-
neal staining score was —1.020.6 (P=0.118). Values were
similar in the left eye (Table 2). Ocular surface staining
was not an inclusion criterion for the study, which would
likely have dampened the effect of nasal stimulation on the
mean change in staining for the study population as a whole.
Among the subgroup of patients with baseline total corneal
staining scores =2, the mean reduction in staining at day
180 was —2.4%1.0 for the right eye (n=18) and —2.4+1.3 for
the left eye (n=19).

No statistically significant changes from baseline were
observed in TBUT values with chronic nasal electrical
stimulation, although TBUT was not measured in the peri-
stimulation time period. Mean follow-up TBUT values in
the right and left eye, respectively, were 2.8+0.3 seconds
and 2.9+0.3 seconds at day 0, and 2.8+0.3 seconds and
2.710.3 seconds at day 180.

DED severity and symptoms

At each follow-up study visit (days 7, 14, 30, 60, 90, and 180),
the mean changes from baseline in the eight VAS categories
(Figure 4) were statistically significant (P<<0.001). Atday 180,
the mean changes from baseline were as follows: severity of
dry eye symptons, —38.313.5; eye dryness, —39.243.8; sticky
feeling, —32.8+4.5; burning/stinging, —37.514.6; foreign body
sensation, —37.7+4.6; blurred vision, —29.0%5.0; photophobia,
—37.0£5.4; pain, —29.6%5.9.

DED severity was evaluated based on the OSDI score
on a scale of 0-100, with higher scores representing greater
disability. The mean OSDI score at day 0 was 69.3+2.6 and
decreased to 32.6+2.8 at day 180, representing a 53.0%
decline. The mean changes from baseline in OSDI scores
(Figure 5) were statistically significant at each of the
follow-up visits (P<<0.001).

The average duration of symptom relief was
3.0£0.04 hours, which was captured in a total of 2,183
diary-recorded application days.

Efficacy by DEVVS classification severity
Mean stimulated and unstimulated Schirmer scores, at day
180 stratified according to disease severity are presented in
Figure 6. Data for patients with DEWS severity levels I and
II and those with severity levels III and IV were pooled into
two groups to generate a sufficient sample size. The results
indicate that nasal stimulation led to an increase in Schirmer
scores, as compared with unstimulated values, which was
statistically significant both in patients with DEWS severity
levels I-II (n=22) and in those with severity levels III-IV
(n=12). The increases in the right and left eye ranged from
7.2 mm to 7.8 mm (47.7%-50.0%) in patients with severity
levels I-IT and from 6.5 mm to 7.0 mm (73.9% — 84.3%) in
those with severity levels III-1V.

According to responses on the six-item survey completed
at the conclusion of the study, patients were satisfied overall

Table 2 Corneal and conjunctival staining scores at baseline and day 180

Eye Mean + SEM (95% CI) P-value*
Baseline (n=40) Day 180 (n=34) Difference (n=34)
Corneal staining score
oD 3.8£0.9 (2.0; 5.5) 3.0£1.0 (1.0; 5.1) —1.0£0.6 (-2.2; 0.3) 0.118
(eN 4.5+1.0 (2.5; 6.4) 3.5£1.1 (1.3;5.7) —1.1£0.8 (-2.7; 0.4) 0.118
Conjunctival staining score
oD 4.4+0.4 (3.6;5.2) 2.9+0.6 (1.7; 4.1) —1.8+0.5 (-2.9; -0.7) 0.002
(oY 4.6+0.4 (3.8; 5.5) 2.940.6 (1.7; 4.0) -2.1£0.5 (-3.2; -I.1) <0.001

Note: *Wilcoxon signed-rank test.

Abbreviations: Cl, confidence interval; OD, right eye; OS, left eye; SEM, standard error of the mean.
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Mean VAS scores
change from baseline

0 30 60 90 120 150 180
Time (days)

—e— Severity of DES —o— Eye dryness
--+- Sticky feeling - - - Burning/stinging
wae FBS e <-- Blurred vision
— = Photophobia —a - Pain

Figure 4 DED symptoms (VAS score).

Notes: Patients used the eight-item DES VAS to rate symptoms due to ocular
dryness, where 0% = no discomfort and 100% = maximal discomfort. At each study
visit (days 7, 14, 30, 60, 90, and 180), the mean changes from baseline for each of
the eight VAS categories were statistically significant (P<<0.001). The thin dashed
horizontal reference line represents the baseline value at day 0.

Abbreviations: DED, dry eye disease; DES, dry eye symptom; FBS, foreign body
sensation; VAS, Visual Analog Scale.

with the device, procedure, and outcomes (Table 3). Of the 34
respondents, 84% were moderately or highly satisfied overall,
72% indicated that they would use the device again, and 83%
said they would recommend the device to others with DED.

Safety analysis

According to subject-reported data from device administra-
tion diaries, the subject population reported using the device
for a total of 4,575 days of stimulation during the 180 days
of the study. Data for the number of stimulations per day
and duration per administration were available for 3,584
of those days; the values were 3.9 per day and 4.3 minutes,
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Figure 6 Schirmer scores at day 180 according to DEWVS severity categories.
Notes: Nasal stimulation led to a statistically significant increase in Schirmer
scores, as compared with unstimulated values, in both patients with DEWS severity
levels |-l and those with severity levels IlI-IV. *Indicates statistically significant
difference (P<<0.001) between stimulated and unstimulated Schirmer score. Bars
represent SEM.

Abbreviations: DEWS, Dry Eye Workshop; OD, right eye; OS, left eye; SEM,
standard error of the mean.

respectively. As reported by patients, the typical time
between consecutive applications during the day was 6 hours.
The cumulative number of individual administrations in the
study was 17,863.

A total of nine nonserious AEs were reported, six of
which were unrelated to use of the investigational device.
The three nonserious device-related AEs consisted of one
migraine headache, which occurred in a subject with a
10-year history of migraine headaches and resolved in 1
day with medical intervention, one case of mild nasal dis-
comfort following the nasal endoscopy examination, which
lasted for 1 day and resolved without medical intervention
(this AE was related to a study diagnostic procedure, not

Table 3 Patient survey results

Survey question Category Response
° 0% Overall satisfaction High 19 (53%)
c Medium I (31%)
23 10
8 b Low 6 (17%)
o3 %0 Use again Yes 26 (72%)
og No 5 (14%)
88 a0 Unsure 5 (14%)
c R d Y 30 (83%
§ g) i ecommen Nes ; é‘y 6)
25 0] +— 1 N (8%)
ﬁ | Unsure 3 (8%)
50 Improved life Yes 21 (58%)
0 30 60 90 120 150 180 No 3 (8%)
Time (days) Unsure 12 (33%)
Figure 5 DED severity (OSDI score). Convenient Yes 17 (47%)
Notes: Mean changes in OSDI scores from baseline were statistically significant No 14 (39%)
(P<<0.001) at all time points after the baseline (day 0) visit. The thin dashed Unsure 5 (14%)
horizontal reference line represents the baseline value at day 0 (OSDI raw score at Use device in public Yes 4(11%)
day 0=69.3+2.6). Bars represent SEM. N 32 (89%
Abbreviations: DED, dry eye disease; OSDI, Ocular Surface Disease Index; SEM, ° (89%)
standard error of the mean. Note: A total of 36 patients completed the survey.
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the investigational device), and one episode of mild nasal
discomfort, which lasted for 2 days and resolved without
medical intervention. The six events reported as unrelated
to use of the device included one migraine headache in
a subject with a prior history of migraine headaches, two
tension headaches attributed to stress by the subjects, nasal
discomfort attributed by the otolaryngologist to allergic
rhinitis, swelling on the external skin near the bridge of the
nose, and a benign lesion in the nasopharynx.

IOP, which was measured at screening, day 0, day 30,
and day 180, was found to remain stable over the course of
the study and was relatively unchanged from baseline. The
mean IOP readings in the right and left eye, respectively, were
as follows: screening visit (day —7), 15.3+£0.4 and 15.2+0.4;
baseline (day 0), 12.8+0.9 and 12.61+0.9; day 30, 14.8+0.4
and 15.2+0.5; and day 180, 15.0+0.4 and 15.0+£0.4. CDVA
was assessed using a Snellen chart at the baseline and/or
screening visits, day 30, and day 180. The vast majority of
subjects had little or no change in CDVA at days 30 and
180. One subject had a decrease =2 lines in the right eye
at day 30 and another had an increase =2 lines in the right
eye at day 30. Both subjects had a CDVA within one line of
baseline at day 180.

Slit-lamp biomicroscopy and indirect ophthalmoscopy
exams showed no clinically significant changes from
baseline at any of the follow-up visits out to day 180. Visual
examination of the posterior segment of the eye by indirect
ophthalmoscopy with dilation was performed at the screening
visit. Slit-lamp biomicroscopy was performed at each visit
and a change in score =2 was considered clinically mean-
ingful. There were fewer subjects with a score increase =2
than there were subjects with a decrease, or improvement,
in score =2. The lashes of all subjects (33/33, 100%) were
evaluated as normal for both eyes. Other ocular surface
findings observed during slit-lamp examinations included a
decrease in conjunctival edema and erythema and a decrease
in tear film debris.

Nasal endoscopies of all subjects at baseline and at study
exit were conducted by an otolaryngologist and showed no
changes between baseline and study exit, with the excep-
tion of one subject who had a lesion in the fossa of the left
nasopharynx. The lesion, which was diagnosed as reactive
lymphoid tissue, was found to be benign upon biopsy and
deemed to be unrelated to the study device.

Discussion

In this study, the application of gentle electrical stimulation
to the anterior ethmoidal nerve inside the nasal cavity led
to an increase in tearing, often starting within seconds of

stimulation. Schirmer scores measured during intranasal
stimulation showed a robust increase relative to the corre-
sponding non-stimulated Schirmer scores at all time points.
There was an initial transient period of ~2 weeks, when the
increase in tearing stabilized to a level slightly lower than the
level observed on day 0. This response was observed across
all severity levels, where the average increase in tearing at
day 180 was 7.5 mm for patients in DEWS severity category [
and II, and 6.8 mm for patients in DEWS category Il and I'V.
These findings show that the nasolacrimal stimulator is effec-
tive for induction of near-immediate tearing. These data are
consistent with the natural role of the NLR in bolus tearing
and its contribution to 35% of basal tearing."”

Patient diary data generally showed an improvement
in ocular comfort lasting for ~3 hours beyond the applica-
tion. Based on the average number of uses per day, it can
be deduced that patients used the device every ~6 hours.
The duration of comfort may be explained in part by the
endogenous nature of the tears, which may consist of
mucins, proteins, growth factors, and lipids typically found
in tears. A parallel may be drawn to the use of autologous
serum tears in the management of dry eye, which are
believed to be effective due to the variety of endogenous
proteins and other constituents in the serum, similar to
natural tears.’>3¢ Patients generally reported a high degree
of overall satisfaction. When surveyed after the study, 83%
of patients stated that they would recommend the device
to friends or family members with dry eye. The outcome
of the secondary clinical endpoint, ocular surface staining,
is promising and warrants further investigation in a study
utilizing ocular surface staining as an entry criterion. Nearly
all patients exhibited a reduction in symptoms as measured
by VAS and OSDI; these endpoints also warrant further
investigation.

The present investigation showed promising initial results;
however, there were some limitations. This was a single-arm,
single-center, open-label study that consisted of an ethni-
cally homogeneous cohort. Although mean improvements
in ocular surface staining were observed, the study was not
designed to specifically assess these endpoints. Additionally,
the primary focus of the study was the aqueous layer of the
tear film, produced predominantly by the lacrimal gland.
A further study of the possible effect of intranasal stimula-
tion on other team film layers is also warranted. Furthermore,
TBUT was measured prior to nasal stimulation and merits
further investigation. Finally, the study device itself was a pro-
totype version of the Oculeve device and lacked enhancements
found in subsequent versions that may further enhance the
patient experience, overall satisfaction, and clinical effect.
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Conclusion

The present strategy of stimulating sensory nerves inside
the nasal cavity may offer a new paradigm for enhancing
tear production in DED. Many patients showed significant
improvements in chronic signs and symptoms. The robust
increase in natural tearing was demonstrated across a range
of DED severities (DEWS levels I-IV), and it is possible
that combining an anti-inflammatory agent with intranasal
electrical stimulation (which was the case for 10% of the
patients who were taking topical cyclosporine in the current
study) could lead to even better outcomes.
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