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Purpose: To assess the efficacy and safety of an intranasal tear neurostimulator (ITN)
device in Sjogren syndrome (SS) patients.

Methods: This was a two-visit prospective, randomized, controlled, same-day crossover
study in participants with SS. Inclusion criteria were assessed at a baseline screening visit
and included an Ocular Surface Disease Index (OSDI) score >13, and a Schirmer with
anesthesia <10 mm/5 min (in at least one eye), with a cotton swab stimulation induced
increase of >4 mm in the same eye. Participants returned for the application visit, where they
received intranasal and extranasal applications of the ITN in random sequence, separated by
at least 60 min. Schirmer scores were measured in both eyes after each application and
compared to baseline values. Generalized linear models were performed to compare the
change in Schirmer scores from baseline, and generalized estimating equations were used to
account for correlations from repeated measurements in the same eye and measurements
from two eyes of the same patient.

Results: Fifty-five participants were screened and 35 were enrolled (all female), ranging in
age from 31 to 72 years (mean, 57 years). The baseline OSDI score ranged from 14 to 91
(mean, 50.5), and the baseline Schirmer score had a mean (SD) of 6.4 (3.5) ranging from 0 to
20 (mm/5min). Improvement in Schirmer scores was significantly greater for intranasal
device application (13.5 mm/Smin, 95% CI: 10.4, 16.5) compared to extranasal device
application (0.8mm/5Smin, 95% CI: —0.9, 2.4) (p<0.0001). The effects of the intranasal device
application were significant regardless of the participant’s baseline Schirmer score and
systemic SS medication usage (p<0.05).

Conclusion: Intranasal application of the ITN device significantly increased tear production
in a subset of SS patients compared to baseline and was more effective than extranasal
application. While production of the ITN device was recently discontinued, our findings
suggest that other therapies that neurostimulate the lacrimal function unit may be effective in
a subset of SS patients.
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Introduction

Sjogren syndrome (SS) is an autoimmune disease that affects the mucous mem-
branes and moisture producing glands in the body. It can impact multiple organs
throughout the body, resulting in joint pain and fatigue, but two of the most
common symptoms are dry eyes and dry mouth.' SS impacts nearly four million
Americans, with the majority being female and an estimated prevalence of 2.2 to
10.3 per 10,000 people.”> While there are a variety of therapies available to treat
the symptoms of SS, none are effective in all patients and additional treatments are
needed.’
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In 2017, an intranasal tear neurostimulator (ITN)
Food
Administration (FDA) for the treatment of dry eye disease.

device was approved by the and Drug
The ITN stimulates the nerves supplying the Lacrimal
Functional Unit (LFU) to temporarily increase tear pro-
duction. The LFU is comprised of the lacrimal glands and
the ocular surface, including the conjunctiva, cornea, and
goblet cells, as well as the sensory and motor nerves that
connect these structures to maintain tear production and
quality.” The afferent pathway of this system includes the
ophthalmic and maxillary branches of the trigeminal
nerve, with abundant nerve fiber endings in the nasal
mucosa. Normally, the trigeminal nerve is responsible for
sensing pain and irritation in the nasal cavity and works to
expel any foreign body or irritant that enters into the nasal
cavity by prompting tear secretion.® The ITN stimulates
the afferent nerves of the trigeminal nerve in the nasal
cavity, which send an electrical signal to the lacrimal
center in the brain. The lacrimal center then sends out
electrical signals via efferent autonomic secretomotor
nerves, of the seventh cranial nerve (facial nerve), which
stimulates the lacrimal glands and tear production.®’

Previous clinical trials have demonstrated that the ITN
is effective at stimulating tear production.®”'® For exam-
ple, Friedman et al found that stimulation with the ITN
significantly increased Schirmer scores and decreased ocu-
lar staining and symptom scores from baseline.'® In addi-
tion, Cohn et al found that the ITN was effective in
inducing acute tear production after 90 days of use.'
Sheppard et al also found that the ITN was effective in
stimulating tear production with acute and long-term use.’
There is also evidence that in addition to stimulating the
lacrimal glands, the ITN may also stimulate the production
of other components of the tear film including mucin and
lipid.'>!3

While there is growing evidence that the ITN is effec-
tive at stimulating various components of the tear film,
previous studies only included a few SS patients. As
a result, evidence is lacking regarding the efficacy of the
device in this subset of dry eye patients. Therefore, we set
out to study the efficacy and safety of the ITN in a small
cohort of SS patients.

Methods

This was a prospective, randomized, patient-masked, con-
trolled crossover study performed in participants with SS.
The trial, conducted in accordance with the principles of
the Declaration of Helsinki, was approved by the

Institutional Review Board of the University of
Pennsylvania, and was performed in compliance with all
applicable laws. It was registered on ClinicalTrials.gov
(NCT03719885), and informed consent was obtained.
The study was conducted from November 2018 through
April 2019.

We will share de-identified participant data that under-
lie the results reported in this manuscript for a period of 36
months following article publication. Data will be shared
with researchers who provide a methodologically sound
proposal to achieve the aims in the approved proposal.
Proposals should be directed to the corresponding author,
Dr Mina Massaro-Giordano, at mina@pennmedicine.
upenn.edu. To gain access, data requestors will need to

sign a data access agreement.

Subjects

Eligible participants were greater than 21 years old and
had a clinical diagnosis of SS as defined by the American-
European Consensus Group (AECG), American College
of Rheumatology (ACR),
Rheumatology/European League Against Rheumatism
(ACR/EULAR) classification criteria.'* Participants were
also required to have an Ocular Surface Disease Index™
(OSDI) total score >13 at the Baseline Visit, and they had
to demonstrate that cotton swab stimulation induced an

or American College of

increase of >4 mm/5min of the Schirmer with anesthesia
score in the same eye. Additional inclusion criteria regard-
ing the Baseline Visit exam are detailed below in the
“Study Design” section. Exclusion criteria included the
use of any topical eye drops (including artificial tears)
within 4 hours of any study visit, history of corneal trans-
plant in either eye, chronic or recurrent epistaxis, systemic
anticoagulant use, and coagulation disorders or other con-
ditions that, in the opinion of the investigator, may lead to
clinically significant increased bleeding. Additional exclu-
sion criteria included a history of nasal or sinus surgery,
history of significant nasal trauma, severely deviated sep-
tum, implanted electronic devices including defibrillators
or pacemakers, known hypersensitivity to any study agents
or materials, and either being pregnant or nursing at the
time of any study visit.

Study Design

Eligibility was determined during the baseline visit. In
order to qualify, participants need to have a Schirmer
with anesthesia score of <10 mm/5 min in at least 1 eye.
Participants were then provided with sterile cotton swabs
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and instructed to swirl the swabs in their nasal cavity for 5
min. If the cotton swab stimulation produced an increased
Schirmer with anesthesia score of >4 mm in the qualifying
eye(s), participants were deemed eligible. Enrolled parti-
cipants then returned within 45 days for the application
visit. During the visit, they received two test applications
(intranasal and extranasal) in random sequence (Figure 1),
separated by at least 60 min. Participants were randomized
using an online randomizer and were trained by qualified
study personnel on the proper use of the ITN for the
intranasal and extranasal applications. For the intranasal
application, briefly, the device was turned on and the tips
of the device were inserted into the nasal cavity for
approximately 3 min (Figure 1B). For the extranasal appli-
cation, the device was turned on and the tips were placed
on the outside surface of the nose, just below the nasal
bridge, for approximately 3 min (Figure 1C). During each
randomized application, a Schirmer test with anesthesia
was performed to measure the stimulated tear production.

Statistical Methods

We calculated the change from baseline in Schirmer score
(primary outcome) after each stimulation. Data from both
eyes of each patient was included in the statistical analysis
and the inter-eye correlation was accounted for by using
a generalized estimating equation. We used generalized
linear regression models for evaluating the effect of
order of intranasal and extranasal device application on
change of Schirmer score from baseline, and to compare
change of Schirmer score from baseline between the two
stimulation methods. A generalized estimating equation
(GEE) was used to account for correlations in Schirmer
scores from the two stimulation methods in the same eye
and between two eyes of the same patient. Subgroup

analyses for these comparisons were performed by poten-
tial indicators of SS disease severity, which included sys-
temic SS medications status (yes/no), and by baseline
Schirmer test result (<5 mm vs >5 mm). All statistical
comparisons were performed in SAS v9.4, and two-sided
p<0.05 was considered to be statistically significant. For
this pilot trial, no formal power sample size or power
calculation was performed.

Results
Fifty-five participants were screened and 35 eligible SS
patients were enrolled. All participants were female, and
26 (74%) were Caucasian (Table 1). Participants ranged in
age from 31 to 72 years (mean, 57; SD=11.4) and the
mean baseline OSDI score was 50.5 (range, 14-91;
SD=21.0). Among the 35 patients, 26 (74.3%) were taking
SS medication at baseline. Schirmer score was measured
at baseline in both eyes of each patient and the mean was
6.4 mm/5min (SD=3.5) ranging from 0 to 20 mm/5min.
Improvement in Schirmer scores from baseline was sig-
nificantly greater for intranasal device application (13.5 mm/
Smin, 95% CI: 10.4, 16.5 mm/5min) compared to extranasal
device application (0.8 mm/Smin, 95% CI: —0.9, 2.4 mm/
Smin) (p<0.0001) (Table 2). The order of stimulation did not
impact the results for intranasal stimulation with a mean
change from baseline in Schirmer test score of 12.7 mm/
Smin when external stimulation was performed first and
13.9 mm/5min when internal stimulation was performed
first (p=0.68). Similarly, the order did not impact the results
of extranasal stimulation with a mean change from baseline
in Schirmer test score of 1.13 mm/Smin when external
stimulation was performed first and 0.59 mm/5min when

internal stimulation was performed first (p=0.75).

Figure | Intranasal neurostimulator and various application methods. (A) Intranasal neurostimulator device; (B) intranasal application; (C) extranasal application (Photos

courtesy of Allergan®©).
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Table | Demographic and Clinical Characteristics of Patients at

Baseline (n=35)

Baseline Characteristics
Age (years): Mean (SD) 57 (11.4)
Race, n (%)
White 26 (74)
Black 5(14)
Asian 2 (6)
Unknown 2 (6)
Ethnicity, n (%)
Hispanic or Latino 1 (3)
Non-Hispanic or Latino 34 (97)
Ocular Surface Disease Index Score: Mean (SD) 50.5 (21.0)
Schirmer score (mm/5min): Mean (SD) 6.4 (3.5)
Schirmer <5, eyes (%) 17 (24.3)
Schirmer 25, eyes (%) 53 (75.7)
On systemic medications for Sjogren syndrome, n (%)
Yes 26 (74.3)
No 9 (25.7)

The improvement using the intranasal device applica-
tion compared to the extranasal application was found to
be significantly greater for all subgroups (p<0.007)
(Table 2). When comparing the intranasal device applica-
tion improvement between subgroups, neither the partici-
pant’s baseline Schirmer value grouping (p=0.51) nor
systemic SS medication usage (p=0.30) had a significant
impact on the improvement in Schirmer score (Table 3).

There was one non-serious adverse event occurred
among all participants. One participant had a small sub-
conjunctival hemorrhage that resolved a week later with-
out any intervention.

Discussion

We found that intranasal application of the ITN device
significantly increased tear production in a subset of SS
patients. Previous studies have evaluated the efficacy of
the ITN device in dry eye participants, but no prior studies
have exclusively examined SS patients.”'° For example,
two pivotal studies by Sheppard et al found that the ITN
was effective in stimulating tear production with acute and
long-term use.” The first study was designed as a single-
day crossover study in which 48 participants with dry eye
received three consecutive ITN applications at a single
visit (intranasal, extranasal, and sham/inactive intranasal).
They found that intranasal application of the ITN signifi-
cantly increased tear production more than extranasal or
sham application. In the second study, 89 dry eye patients
were instructed to use the ITN device 2—10 times per day
for 180 days. The authors found that intranasal application
of the ITN significantly increased Schirmer scores by an
average of 9.4 mm as compared to unstimulated scores at
180 days. For comparison, SS patients in our study had an
average increase of 13.5 mm compared to their unstimu-
lated baseline.

Later Pattar et al studied 143 dry eye patients and
examined symptom relief after a single application and
after multiple, daily use (greater than two times daily) of
the device for 45 days utilizing a controlled adverse
environment.® The authors found that after a single intra-
nasal application of the device, participants experienced
a statistically significant average increase of 16.5 mm in
tear production relative to baseline. In addition, after 45
days of daily use, participants experienced an average
increase of 15.2 mm, which was statistically significant.
The improvement in tear production also correlated with

Table 2 Comparison Between the Effect of Extranasal and Intranasal Stimulation on Change from Baseline in Schirmer Test Scores in

All Participants and by Subgroups

Sjogren Syndrome Medication Use Baseline Schirmer Score (mm/5 min)
Change from baseline in Schirmer test | All participants (n=70 Yes No <5 25
score eyes) (n=52 eyes) (n=18 eyes) (n=17 eyes) (n=53 eyes)
Extranasal stimulation: Mean (SE) (mm/ | 0.8 (0.8) 1.5 (1.1) —1.1 (0.8) 29 (1.3) —0.5 (1.0)
5 min)
Intranasal stimulation: Mean (SE) (mm/ | 13.5 (1.6) 14.3 (1.9) 1.1 (2.5) 14.8 (2.8) 12.6 (1.8)
5 min)
Difference (95% Cl) (mm/5 min) -12.7 -12.8 -12.2 -11.9 —=13.1
(=15.1, -10.2) (=158, -9.8) (-16.2, -8.2) (-16.7,-7.2) (=158, ~10.4)
P-value <0.0001 <0.0001 0.007 0.004 <0.0001
4294 https: Clinical Ophthalmology 2021:15
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Table 3 Comparison of the Effect of Extranasal Stimulation and Intranasal Stimulation on Change from Baseline in Schirmer Scores

Between Subgroups Defined by Sjogren Syndrome Medication Use and Baseline Schirmer Score

Change from Baseline in Schirmer Test Score Extranasal Stimulation Intranasal Stimulation
On Sjogren Syndrome Medication (n=52 eyes): Mean (SE) mm/5 min 1.5 (1.1) 14.3 (1.9)

Not on Sjogren Syndrome Medication (n=18 eyes): Mean (SE) mm/5 min —1.1 (0.8) 1.1 (2.5)

Difference (95% Cl) mm/5 min 2.6 (—0.05, 5.2) 32 (29,94

P-value 0.054 0.30

Baseline Schirmer <5 mm/5 min (n=17 eyes): Mean (SE) mm/5 min 2.9 (1.3) 14.8 (2.8)

Baseline Schirmer 25 mm/5 min (n=53 eyes): Mean (SE) mm/5 min —0.5 (1.0) 12.6 (1.8)

Difference (95% Cl) mm/5 min 3.4 (0.1, 6.6) 2.2 (—44,88)

P-value 0.04 0.51

a significant improvement in participant ocular discomfort
scores.® Finally more recently, Farhangi et al found that in
75 dry eye patients, one session of using the ITN increased
tear volume increased tear volume and reduced intensities
of dryness and ocular pain.'”

Similar to these previous studies, we found that the
intranasal application of the device significantly increased
tear production as compared to baseline, with an average
increase of 13.5 mm. This increase was not affected by
baseline Schirmer value grouping or systemic SS medica-
tion usage, which were potential markers of dry eye and
SS disease severity. In addition, the ITN was more effec-
tive than intranasal cotton swab stimulation and external
application of the device. Although both the cotton swabs
and ITN device were physically inserted into the nasal
cavity, the device was likely more effective because it
also utilizes electrical stimulation.

While it seems that the ITN primarily works through
stimulating the lacrimal gland and improving aqueous
tear deficiency, there is also evidence that the device
may also be able to stimulate production of additional
components of the tear film. For example, Pondelis et al
used infrared (IR) meibography to measure the dimen-
sional changes of the meibomian glands before and after
intranasal stimulation using the device.'® Following ITN
use, the average meibomian gland area and perimeter
significantly decreased suggesting that the meibomian
glands contracted after stimulation using the device.
The authors concluded that meibum secretion is most
likely occurring, which in turn provides further support
that other parts of the LFU that contribute to the tear film
are also being stimulated by the ITN, such as the mei-
bomian glands and conjunctiva. In addition, Gumus et al
studied the effect of the ITN on conjunctival goblet cell
degranulation. They enrolled 15 subjects (5 normal and

10 dry eyes) and found that the ITN can trigger both
mucin cell secretion and an increase in tear volume.'?

Our study had certain limitations. For example, only
patients who were able to produce an increased amount of
tears with intranasal cotton swab stimulation were enrolled
in the study. Therefore, this limits the generalizability of
our results to all SS patients. In addition, because this was
a pilot study, complete ocular surface exams were not
performed. Future studies that include a more detailed
evaluation of the ocular surface would be helpful.
Finally, this study had a small sample size. However, we
were still able to demonstrate that the ITN device caused
a significant increase in tear production from baseline.

In summary, we found that the ITN device can effec-
tively stimulate tear production in a subset of SS patients.
While our study had a relatively small sample size and
a short duration, it is the first report regarding the efficacy
of the ITN exclusively in SS patients. Unfortunately, pro-
duction of the ITN device was recently discontinued. Some
of the barriers to its use included clinical contraindications
(deviated septum, chronic anticoagulant use, implanted
pacemaker), potential discomfort with device use, and cost.
Currently, other treatments are being explored to stimulate
tears including an intranasal spray. Our results suggest that
SS patients who still have some residual lacrimal gland
function could potentially benefit from other future therapies
that stimulate the LFU and warrant further study.
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