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Purpose: To investigate the safety and tolerability of the multi-pressure dial (MPD) worn
overnight for seven consecutive days.

Design: Prospective, open-label, randomized, single-site study.

Subjects: Twenty eyes of 10 subjects with open-angle glaucoma were fitted with an MPD
and randomized to negative pressure application of —10 mmHg in one eye (study eye) worn
overnight for 7 consecutive days.

Methods: Safety measures included best-corrected visual acuity (BCVA), intraocular pres-
sure (IOP) changes from baseline during and after negative pressure application, slit lamp
and dilated fundus exam findings, and rate of adverse events. Subjective assessments were
completed daily by the subjects during the 7-day study period and immediately following the
study period.

Results: Prior to the 7-day testing period, application of 10 mmHg negative pressure
reduced mean IOP from 18.2 + 3.8 mmHg to 14.0 + 2.1 mmHg (p<0.01), a 22% reduction.
After 7 days of consecutive nightly wear, repeat IOP measurements with the application of
negative pressure showed a decrease in mean IOP from 16.9 + 4.3 mmHg to 13.5 +
3.7 mmHg. The observed IOP reduction was in addition to the subjects’ current treatment
regimen. There were no statistically significant changes in IOP, BCVA from baseline
following the 7-day period of nightly wear with the application of negative pressure. The
patient-reported outcomes were favorable.

Conclusion: The MPD can safely and comfortably be worn overnight. The decrease in IOP
of >20% in addition to current therapy is both clinically and statistically significant. The
MPD shows promise as a potential new treatment option for nocturnal IOP control.
Keywords: multi-pressure dial, open-angle glaucoma, normal-tension glaucoma, nocturnal

IOP, multi-pressure glaucoma management

Introduction

Glaucoma is a leading cause of vision loss globally and continues to pose a
challenge for clinicians and patients alike. The foundation of all current treatment
options, including topical medications, lasers and surgeries, target the lowering of
intraocular pressure (IOP), the only clinically validated and modifiable risk factor
associated with disease progression.'” There has been an emergence of new
surgical and medical treatment options in the last decade;>* however, many patients
do not achieve adequate IOP lowering and many still exhibit disease progression
despite maintenance of an IOP in the normal range.' The introduction of minimally
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invasive glaucoma surgery (MIGS) procedures in particu-
lar has expanded treatment options and stimulated a shift
toward a more interventional, personalized approach in
earlier stages of the disease.”> However, despite the emer-
gence of new and improved treatment options, the current
armamentarium of glaucoma treatment options does not
include a non-laser, non-pharmacological and non-surgical
treatment option.

This study evaluated the use of the multi-pressure dial,
or MPD (Equinox Ophthalmic, Inc., CA, USA), which is
comprised of a pair of pressure-sensing goggles that indivi-
dually encloses the periorbital regions of each eye with a
separate connection on each side to a pressure-modulating
pump.®® After the goggles are securely fitted, target nega-
tive pressure is programmed via software into the device
and an individualized pressure value can be dialed in for
each periorbital region. With the proper fit of the MPD, a
localized, programmed change in atmospheric pressure
(negative pressure) occurs within the established microen-
vironment. This leads to a decrease in pressure applied to
the eye and a corresponding, instantancous change to the
pressure (IOP) inside the eye.® The basic mechanism is
driven by Pascal’s law, which states that a pressure applied
to an enclosed fluid is transmitted equally throughout the
fluid. As the eye is essentially filled with a noncompressible
fluid, pressures applied to or removed from the surface of
the eye will be equally distributed throughout the eye.

The current treatment landscape in glaucoma does not
offer a treatment option that effectively and safely provides
IOP control at night.” An unmet need exists for adjunctive
or independent therapies that provide nocturnal IOP reduc-
tion as control of nocturnal IOP appears to be critical for
mitigating disease progression in glaucoma, particularly in
vulnerable populations such as normal-tension glaucoma
(NTG).'™!" The safety of the MPD has been established
with key safety parameters remaining unchanged during
daytime wear lengths of 30 minutes (short-term) and 8
hours (long-term).®’ However, the safety of the device
worn overnight (eg, while sleeping) or tolerability of wear
of the device on consecutive days has not been evaluated.
This study aimed to evaluate the overnight safety and
tolerability of the MPD in patients over a 7-day period.

Methods
Subjects

Ten subjects participated in this prospective, open-label,
study. One eye of each enrolled subject was randomized to

receive an application of 10 mmHg negative pressure. The
eye randomized to receive 10 mmHg of negative pressure
was designated as the study eye and the contralateral eye
served as the intra-subject control and was denoted the
control eye. Subject and demographic characteristics are
summarized in Table 1. This study was performed at a
single site (Sioux Falls, SD) and was approved by the
Aspire IRB (Santee, California). All procedures conducted
were in accordance with the Aspire IRB and the 1964
Helsinki declaration. Prior to starting the study, informed
consent was obtained for each subject. This study was
designated as a non-significant risk (NSR) clinical study
by the IRB and did not require clinical trial registration.
Key inclusion criteria were subjects >18 years of age
with a documented diagnosis of open-angle glaucoma
(OAG) with orbital anatomy that allowed a proper and
secure, air-tight seal when the goggles were placed and
capable of tolerating IOP measurements with the device in
place. Subjects with prior refractive surgery (eg, PRK,
LASIK, SMILE), cataract surgery, cataract surgery with
minimally invasive glaucoma surgery (MIGS), standalone
MIGS, trabeculectomy or implantation of other glaucoma
drainage devices were permitted to enter the study.
Exclusion criteria included the presence or history of any
condition/disease that could

eye compromise the

Table | This Table Demonstrates the Subject Demographics and
Baseline Characteristics of the Study Population

Parameter
Age, years (Mean, SD) 555+ 1438
Gender (M/F) 8 M2 F

Ethnicity Non-hispanic or Latino/White

BCVA (mean * SD)

Study eye 0.0 0.1
Fellow eye 0002

Glaucoma Medication use

0 medications, n (%) 5 (50%)
| medication, n (%) 3 (30%)
2 medications, n (%) 2 (30%)
Prior Surgery

None, n (%) 6 (60%)
SLT, n (%) I (10%)
Cataract surgery, n (%) 1 (10%)
Cataract + MIGS procedure, n (%) | 2 (20%)

Abbreviations: BCVA, best-corrected visual acuity; MIGS, minimally invasive glau-
coma surgery; SLT, selective laser trabeculoplasty.
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evaluation of the study results or subject safety. Subjects
with macular degeneration, retinal detachment or other
fundus findings that could prevent visualization of the
retina in either eye, eyelid edema or conjunctival chemosis
in either eye, history of corneal transplant in either eye, or
history of allergy to any of the testing materials (eg,
silicone) were excluded. Women who were pregnant or
lactating during the time of the study were also excluded.

Study Design

Subjects who passed screening and met inclusion/exclu-
sion criteria were enrolled into the study and one eye of
each enrolled subject was randomized to negative pressure
application in one eye and zero negative pressure in the
other eye. The eye randomized to negative pressure was
denoted the study eye while the intra-subject contralateral
eye was referred to as the control eye. Each subject was
screened for proper fit of the MPD to ensure a proper seal
could be achieved and maintained. All baseline testing
occurred prior to wear of the goggles.

All subjects underwent a baseline ophthalmological
exam. The exam included the following clinical testing:
best-corrected visual acuity (BCVA), manifest refraction,
OCT of the retinal nerve fiber layer (RNFL), and intrao-
cular pressure (IOP). In addition, a comprehensive slit
lamp and dilated fundus examination were performed.

For the IOP measurements, two methods were utilized
for measurement: Goldmann applanation tonometry (GAT)
and Reichert Model 30 pneumatonometer (Reichert Inc.,
Buffalo, NY; PTN). Prior to the study period, IOP mea-
surements were obtained for both eyes with GAT and PTN.
After baseline testing was completed, the study period
started with the application of negative pressure with
both the MPD and a modified version of the MPD
known as the excursion MPD. The MPD and the excursion
MPD, which includes an access port in the lens of each
goggle to permit PTN measurements, are shown in Figures
1 and 2. With the excursion MPD placed and secured,
measurements initially occurred with no negative pressure
and then were repeated with 10 mmHg of negative pres-
sure applied in the study eye. This step was included as a
safety and validation measure to ensure the IOP with
10 mmHg negative pressure application over the course
of the 7-day study period was not harmful to the subject.
IOP measurements while negative pressure was active
were obtained via the excursion test method, a method
previously described in detail that permits IOP measure-
ments while the negative pressure environment is

Figure | This figure demonstrates the multi-pressure dial, which includes the
goggles connected to a pressure-modulating pump. This device was worn nightly
by subjects for 7 consecutive nights during the study.

maintained.'? After the IOP measurements were obtained
via the port in the excursion MPD, the device was
removed and subjects were sent home with a standard
MPD programmed for 10 mmHg negative pressure in the
study eye only. Subjects were encouraged to wear the
device nightly and were educated on how to use the device
and troubleshoot if necessary.

Subjects were asked to complete a daily subjective
assessment, scaled 1-10 with 1 being most favorable and
10 being least favorable each morning after wear of the
device that evaluated the comfort and tolerability of the
device. Subjects were permitted to discontinue study par-
ticipation at any time.

A summary of the visit schedule with the diagnostic
testing and intraocular pressure measurements and when
they were performed is included in Table 2. This study
included up to a total of four study site visits. The screen-
ing visit, or visit 1, occurred in the 7 days leading up to the
first day of testing, also known as visit 2. After visit 2,
subjects were sent home with the MPD and instructed to
start nightly wear for a 7-day period. Subjects were asked
to return for a mid-term visit (between days 2—4), also
known as visit 3, for a safety check that included BCVA,
manifest refraction and IOP via GAT. Following the 7-day
period, subjects returned for a follow-up visit (visit 4).
Visit 1 (screening) and visit 2 (testing) were permitted on
the same day.
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Figure 2 This figure demonstrates the excursion MPD, a modified version of the
MPD which includes an access port in the goggle lenses to permit pneumatono-
metry measurements while negative pressure is being applied.

At visit 4, baseline testing was repeated including a
dilated fundoscopic examination, OCT RNFL measure-
ments as well as both GAT and PTN measurements of
IOP. Subjects were also assessed for adverse events that
may have occurred following the 7-day duration of nightly
application of negative pressure.

Study Materials

The MPD, shown in Figure 1, consists of two distinct
components: a pair of specialized goggles and correspond-
ing programmable pump. The two devices are mechani-
cally and pneumatically connected with a connector and
tubing system. Collectively, the device employs vacuum
(negative pressure) technology to reduce the IOP while the
device is worn.

The goggles include an adjustable head strap for sup-
port as well as an adjustable nose bridge for comfort. The
goggles are designed with an anthropometric fit to allow
for extended wear with active negative pressure and are
available in various sizes to accommodate differences in
subject facial anatomy.

The MPD pump connects to the goggles via crush-
resistant tubing with separate lumens to allow independent
negative pressure settings for each eye. The tubing system
has a separate vacuum and pressure-sensing lines to allow
closed-loop control of the vacuum. This design allows for

real-time titratability of the negative pressure as well as
pressure sensors directly in the goggle cavity to ensure the
target negative pressure is reached and maintained. With a
secure fit and a negative pressure value programmed into
the device, a negative pressure environment is established
in the microenvironment around the eye. The lowered
atmospheric pressure translates to a reduction in IOP by
Pascal’s law and the principles of hydrostatic physics.

A modified version of the MPD, known as the excur-
sion MPD (Figure 2), was used in this study at the study
site to obtain IOP measurements while negative pressure
was active.

Statistical Analysis
Paired, parametric t-tests were employed to compare the
mean IOP and BCVA at baseline with subsequent visits.
An a level of 0.05 was considered statistically significant.
All statistical analyses were performed using SciPy python
3.6.7 statistical software.

Results

Subject Demographics

This study evaluated 20 eyes from 10 subjects, including
10 studies and 10 control eyes. The contralateral eye in
each subject was used as the control. The mean age of the
subjects was 55.5 + 14.8. Eight of the 10 subjects were
male. All subjects included in the study had a prior diag-
nosis of mild OAG. Half (n=5) of the subjects were on >1
medication prior to the study period. This demographic
information is included with other preoperative character-
istics in Table 1.

IOP Results

The IOP results are demonstrated in Figure 3. At baseline,
IOP measurements were performed with both GAT and PTN.
Baseline GAT IOP was 17.1 + 4.2 mmHg in the study eye
and 17.0 = 3.2 mmHg in the control eye. Prior to placement
of the MPD, the mean baseline IOP via PTN of the study and
control eyes was 18.0 = 3.5 mmHg and 18.4 + 4.2 mmHg,
respectively. IOP measurements with the excursion MPD
placed but without application of negative pressure demon-
strated a mean IOP of 18.2 + 3.8 mmHg in the control eye
and 18.1 £ 2.7 mmHg in the study eye. With the excursion
MPD placed and 10 mmHg of negative pressure applied
(study eye only), the mean IOP was 14.0 £ 2.1 in the study
eye and 17.9 +4.2 in the control eye. The 23% IOP reduction
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Table 2 This Table Demonstrates the Results of the Daily Subjective Assessment That Was Completed by Subjects

Daily Subjective Assessment
Question Scale: | = Most Favorable, 10 = Least Favorable

Day | Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Overall
How are you tolerating the MPD? 42+32 3.1 +£24 7 3417 30 1.6 29+ 1.6
How comfortable/uncomfortable 47 £32 34+25 3.0 2.1 + 1.6 35217 + 14 29+ 1.6 +
is the MPD?
How acceptable was the MPD 32+29 29+29 3.0+26 29+25 29 +2.1 27 22 2.6 + 2.1 29+02
negative pressure?
What is the likelihood of you 39+28 30+25 29+22 3425 38+26 39+28 34+26 35+04
wearing the device every night?
What is your attitude towards 39+27 32+24 33+22 32+23 3423 3423 30+24 33+03
the MPD as a glaucoma therapy?
How do you feel about 24+22 1919 1.8 1.6 1917 20+ 1.7 24 +24 1.7+13 2.0+03
continuing or stopping?

Notes: The scale used was | = most favorable, 10 = least favorable and the questions included in the assessment are listed on the left. The column on the right represents

the overall mean value for the 7 days.

from baseline (MPD on, without negative pressure) in the
study eye was statistically significant (p<<0.01).

Following wear of the MPD for seven consecutive days
overnight, mean IOP via GAT was 17.0 = 5.3 and 17.2 +
4.0 mmHg in the study and control eye, respectively. At
that visit, the mean IOP via PTN with the MPD placed
without negative pressure was 16.9 + 4.1 mmHg in the
study eye and 16.9 £ 4.3 mmHg in the control eye. With
negative pressure active, repeat IOPs at that visit were
13.5 £ 3.7 and 17.4 = 4.4 mmHg in the study and control
eyes, respectively. The 3.4 mmHg reduction (p<0.01) from

Excursion MPD IOP Measurements

24

18

12

Intraocular pressure (mmHg)

baseline at this timepoint represented a 20% reduction.
There were no intraocular pressure spikes (=10 mmHg)
above baseline in either group at any time point.

Safety Measures

For evaluation of visual changes, best-corrected visual
acuity (BCVA) values were collected at baseline, at visit
3, which occurred midway through the 7-day study period
and the follow-up visit after completion of the 7-day
period. At baseline, the mean BCVA (LogMAR) of the
study and control eyes of the subjects was 0.0 + 0.1 and

M Study eye
[l Control eye

Visit 2 baseline Visit 2 (-10 mmHg)

Visit 4 baseline

Visit 4 (-10 mmHg)

Figure 3 This figure depicts the mean IOP values obtained via pneumatonometry with the excursion MPD placed on the subject at the visit immediately prior to the 7-day
wear period (visit 2) and the visit following the 7-day wear period (visit 4). Baseline values were obtained prior to application of negative pressure and negative pressure was

only applied in the study eye.
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0.0 + 0.1, respectively. At visit 3, mean BCVA was 0.0 =
0.1 in the study eye and 0.0 + 0.2 in the control eye.
Following wear of the device for seven consecutive days,
the mean BCVA was 0.0 £ 0.1 (p>0.05) and 0.1 £ 0.2
(p>0.05) in the study and control groups, respectively. In
summary, there were no statistically significant changes in
BCVA in either the study or control eye at any time point
versus baseline.

There were no observed differences from baseline in
either the study or fellow eye in the slit lamp or dilated
fundus examination after wear of the MPD for seven
consecutive days including no evidence of optic nerve
edema. In addition, there were no reported findings of
conjunctival hyperemia or vessel engorgement following
wear of the device.

The mean OCT RNFL global average at baseline in the
study and fellow eye was 85.0 £ 14.1 and 87.3 + 20.8 um,
respectively. After the 7-day period, there were no signifi-
cant changes from baseline with a mean RNFL global
average value of 83.6 £ 15.8 um in the study eye and
85.4 £+ 22.2 pm. In addition, there were no qualitative
changes observed on the OCT RNFL scan at visit 3 com-
pared to baseline.

Subjective Assessment

This study included a 6-question subjective assessment
that subjects completed daily after each nightly wear of
the device during the 7-day duration. The scale used for
the daily assessment was 1 = most favorable, 10 = least
favorable. The overall mean value for tolerating the MPD
was 3.2 + 0.5. For tolerance of the application of the
negative pressure, the mean response was 2.9 + 0.2.
When queried about interest in continuing the treatment,
the mean response was 2.0 = 0.3. The complete list of
questions and data from the subjective assessment are
demonstrated in Table 2.

There were three adverse events reported during the 7-
day study period. Two subjects reported mild, periorbital
edema after wear of the device that resolved without
sequelae. One subject reported periorbital edema after the
6th night of consecutive wear and chose to discontinue
wear of the device and thus did not complete the 7 days of
consecutive wear.

Discussion

Owing to the importance of IOP control on the progression
of glaucoma, IOP-lowering therapies remain the core of
treatment options.]’13 Treatment decisions regarding IOP

control are nearly always based on IOP measurements that
occur during the day. However, IOP follows a diurnal
curve and recent studies have evaluated 24-hour IOP pat-
terns showing that, for the majority of people, peak IOP
occurs nocturnally.'*'® Moreover, studies have shown that
nocturnal IOP fluctuation is greater in glaucoma patients
compared to healthy controls.'” The current treatment
options in glaucoma do not adequately achieve nocturnal
IOP control and there remains an unmet need for a safe
treatment option that effectively and safely reduces IOP at
night.'®!?

This prospective, open-label study demonstrated the
safety and tolerability of the MPD with wear of the device
on consecutive nights. There were no IOP spikes above
baseline in either the study or control eye noted in the
follow-up visit following wear of the device for seven
consecutive days, consistent with prior studies evaluating
the device.®’ Results from the subjective assessment indi-
cate the MPD is tolerable when worn overnight while
sleeping and subjects would be amenable to continuous
overnight wear of the device beyond the seven consecutive
days evaluated in this study. These results are compelling
given the known risk of nocturnal, irregular IOP elevations
and indicate the device could be worn nightly, similar to a
continuous positive airway pressure (CPAP) therapy for
obstructive sleep apnea; notably, the design of the MPD
would not preclude concomitant wear of a CPAP.2%*!

IOP measurements with active negative pressure were
collected prior to the 7-day period and at the follow-up
visit following the 7-day period. In the study eye, there
was a statistically and clinically significant reduction in
IOP at both time points with the application of 10 mmHg
of negative pressure, including a 23% reduction
(4.1 mmHg) at visit 2 and a 20% reduction (3.4 mmHg)
at visit 4. These values indicate that when the device is
worn with active negative pressure, there is an instanta-
neous and meaningful pressure reduction. This is particu-
larly important because, when worn at night, the MPD
may represent an option for nocturnal IOP control.
Furthermore, while this study did not tailor negative pres-
sure settings based on baseline IOP measurements, the
MPD’s titratability is an appealing feature of the device
as some patients may be subject to larger, irregular mag-
nitudes of IOP fluctuations and would benefit from addi-
tional IOP lowering at night.*

Limitations of the study include the small sample size,
the seven-day duration, and the relative magnitude of the
applied negative pressure (10 mmHg). The final question
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of the subjective assessment (continuing versus stopping
therapy) may have contributed confusion to the subject as
it was posed as a binary question with a 1-10 scale answer
choice. It remains unclear what consequences, if any, the
MPD may have over an extended wear for weeks or
months. In addition, the impact of localized, periocular
negative pressure on systemic blood pressure, particularly
in vulnerable populations with pre-existing disease,
remains unclear and could be explored in future investiga-
tion. If the seal of the goggles is disrupted, the established
negative pressure microenvironment is lost and this allows
for IOP to return to baseline. If the seal is lost, the device
is capable of alerting the subject with an audible/vibratory
signal.

Overall, the results of this study are favorable, indicat-
ing the device can safely and comfortably be worn at night
and that subjects would agree to longer, continuous wear
of the prescribed device. The IOP results further confirm
the IOP-lowering capability of the device, as previously
observed. Future studies with long-term follow-up are
necessary for investigating the impact and safety of long-
term wear. Further investigation comparing the difference
in efficacy and response to negative pressure using the
MPD in eyes with and without a history of prior glaucoma
surgery are also needed.

Conclusion

In summary, this study demonstrates that the delivery of
negative pressure using the MPD is safe and tolerable for
patients nightly for up to seven consecutive days. The
results of the subjective assessment suggest that patients
would be amenable to longer-term wear of the device
beyond a 7-day period. Moreover, the significant reduction
in IOP achieved through the application of negative pres-
sure suggests the MPD may represent a future treatment
option capable of nocturnal IOP control.

Data Sharing Statement

The data set collected and analyzed for this present study
is available from the corresponding author per reasonable
request.
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