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Purpose: To investigate the safety and tolerability of the multi-pressure dial with a
continuous 8-hr duration in subjects with open-angle glaucoma.

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

Subjects: Twenty eyes of 10 subjects with open-angle glaucoma were fitted with a multi-
pressure dial and randomized to negative pressure application of —10 mmHg in one eye for 8
(continuous) hours and ambient atmospheric pressure in the contralateral eye.

Methods: Main safety outcome measures include best-corrected visual acuity (BCVA), intrao-
cular pressure (IOP) changes from baseline after negative pressure application, slit lamp and
dilated fundus exam findings, and rate of adverse events. Subjective assessments were adminis-
tered both hourly during the 8-hr study period and immediately following the study period.
Results: There were no statistically significant changes in IOP, BCVA or TBUT immediately
following the 8-hr study period or at the 1-week follow-up visit. Patient-reported tolerability
was favorable with a mean response of 1.8 + 0.4 (scale — 1=best, 10 = worst). Subjects also
reported positive interest in the MPD as a glaucoma therapy with a mean response of 1.8 +
0.5 (scale — 1=best, 10 = worst). One adverse event was reported (headache) and resolved at
conclusion of the Day 0 visit.

Conclusion: The MPD demonstrated favorable safety with key parameters remaining stable
after an 8-hr wear with negative pressure. Negative pressure application through the MPD
was well tolerated by subjects enrolled in the study. The favorable findings demonstrate the
safety of sustained delivery of negative pressure over a continuous, uninterrupted 8-hr
duration.

Keywords: multi-pressure dial, normal-tension glaucoma, open-angle glaucoma, glaucoma
treatment

Introduction

Glaucoma remains a leading cause of blindness worldwide.! Currently, treatment
options primarily target the reduction of intraocular pressure (IOP), currently the
sole modifiable risk factor associated with the disease.” However, despite the
advent of new medical and surgical options, a significant number of patients do
not achieve adequate IOP lowering and many still exhibit disease progression
despite achieving an individualized “target” IOP.> The mainstay of treatment
options includes topical medications, lasers and surgery. While significant inno-
vation has produced improved options for patients, clinicians caring for glau-
coma patients continue to seek better options while trying to balance efficacy
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and safety. Currently, there are no treatment options for
glaucoma that are non-laser, non-pharmacological and
non-surgical.

In this study, we investigate the use of the multi-pres-
sure dial (Equinox Ophthalmic, Inc., Newport Beach, CA),
which is comprised of a pair of goggles that individually
enclose the periorbital regions of each eye. Each eye is
separately connected to a pressure-modulating pump.
Target negative pressure is programmed via software into
the handheld device that controls the pump and an indivi-
dualized pressure value can be created for each periorbital
region. With proper fit of the multi-pressure dial (MPD),
shown in Figure 1, a negative pressure microenvironment
at the programmed target level is established, resulting in a
corresponding and immediate lowering of IOP.

The short-term safety of the MPD has been established
with key safety parameters remaining unchanged after a
30-min wear in a prior study by Thompson et al.* The goal
of this study is to evaluate safety and tolerability of the
MPD for an extended, uninterrupted duration (8 hrs).

cQUIT ITOX

Figure | Multi-pressure dial, which includes the goggles connected to a handheld
pressure-modulating pump. This device was worn for the duration of the 8-hr study
period in this study.

Methods

Subjects
Ten subjects participated in this prospective, open-label,
pilot study. One eye of each enrolled subject was rando-
mized to receive negative pressure application of —10
mmHg, while the contralateral eye served as the control,
receiving no negative pressure. Subject and demographic
characteristics are summarized in Table 1. This protocol
was approved by Aspire IRB (Santee, California) as a non-
significant risk study and was performed at a single site
(Sioux Falls, SD). This clinical study was conducted in
accordance with the protocol and the principles of the
Declaration of Helsinki. Written informed consent was
obtained for each subject prior to any study procedures.
Key inclusion criteria were subjects >18 years of age with
orbital anatomy that permitted a proper seal when the MPD
goggles were placed, subjects capable of tolerating IOP mea-
surements, and a documented diagnosis of open-angle glau-
coma, glaucoma suspect or ocular hypertension. Subjects with
the following surgical history were permitted to enter the study:
refractive (eg, PRK, LASIK, SMILE), cataract surgery, cataract
surgery with minimally invasive glaucoma surgery (MIGS) and
standalone MIGS procedures. Exclusion criteria included the
presence or history of any eye disease or condition that could

Table | Baseline Characteristics

Parameter

Age, years (Mean, SD) 652 £ 12.5
Gender (M/F) 5M/5F
Ethnicity 100% White
BCVA (mean * SD)

Study eye 0.00 £ 0.15
Fellow eye —0.01 £ 0.10

IOP, mean * SD, range
Study eye (mmHg)
Fellow eye (mmHg)
Visual Field Parameters

1575 + 44, 11-24
1540 + 4.4, 11-23

Study eye

VFI (%), mean * SD 09 £0.2
Mean deviation (dB), mean * SD —-34+70
Pattern standard deviation (dB), mean * SD 36+32
Fellow eye

VFI (%), mean * SD 09 +£0.2
Mean deviation (dB), mean * SD —2.6 £ 6.1
Pattern standard deviation (dB), mean * SD 25+39
Cup-disc ratio, mean * SD

Study eye 0.6 £0.2
Fellow eye 0.6 £0.2

standard deviation; dB, decibels.

Abbreviations: BCVA, best-corrected visual acuity; VFI, visual field index; SD,
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interfere with the assessment of the study results or subject
safety. Subjects with macular degeneration, untreated retinal
detachment or other fundus findings that could inhibit visuali-
zation of the retina in either eye, eyelid edema or conjunctival
chemosis in either eye, or history of allergy to any of the testing
materials (e.g., silicone) were excluded. Women who were
pregnant or lactating during the time of the study were also
excluded.

Study Design

Each subject was screened for proper fit of the MPD
goggles to ensure a proper seal could be achieved and
maintained. Subjects who passed screening were enrolled
in the study and one eye of each enrolled subject was
randomized to negative pressure application. All baseline
testing occurred prior to exposure to the study device.
There were no screen failures.

All subjects underwent a baseline ophthalmological
exam. The exam included the following diagnostic tests:
best-corrected visual acuity (BCVA), manifest refraction,
cup-disc ratio, tear break-up time (TBUT), OCT of the retinal
nerve fiber layer (RNFL) and intraocular pressure (IOP). In
addition, a comprehensive slit lamp and dilated fundus exam-
ination were performed. Cup-disc ratio was subjectively
measured during dilated fundus examination.

IOP measurements were obtained via Goldmann applana-
tion tonometry (GAT). These measurements occurred at base-
line prior to wear of the MPD, immediately after the study
period and at the 1-week follow-up visit. After baseline testing
was completed, the study period was initiated with application
of negative pressure with the MPD. The MPD collectively
includes a pair of goggles that individually enclose each peri-
orbital region of each eye with separate connections to a regu-
lated pump. The MPD goggles were worn by the subject for the
entire, uninterrupted duration of the study period. Negative
pressure was set at —10 mmHg (study eye only) for 8 hrs
(£30 mins) total wear time; minimum wear time was 4 hrs.
Subjects were permitted to discontinue the study at any time.

For this study, the visits included screening, Day 0 and
week 1 (6-8 days). “Day 0” was used to denote the day the 8-
hr wear time occurred. Screening and Day 0 (testing) were
permitted on the same day. At the week 1 visit, baseline testing
was repeated including IOP, BCVA, OCT and subjects were
also assessed for adverse events that may have occurred in the
one week following the 8 hrs application of negative pressure.

In this study, two subjective assessments were performed
including a perception questionnaire provided hourly during the
study protocol as well as an initial use questionnaire that was

provided after the testing period. The hourly perception ques-
tionnaire consisted of various questions regarding the tolerabil-
ity of the goggles and associated components. The scale ranged
from 1 to 10 with 1=best, 10=worst. The initial use question-
naire aimed to collectively evaluate the comfort of the device
and its components after the 8-hr study period and used a scale
of 1-10 with 1=most comfortable and 10=not comfortable.

Statistical Methods

Measurements of IOP via Goldmann applanation tonometry,
tear film breakup time (TBUT) and best-corrected visual acuity
(BCVA) were analyzed to compare baseline values to various
time points including immediately post-study and 1-week post-
study.

A paired, parametric sample #-test was employed as part of
the analysis with the baseline used as the initial state and each
study point analyzed individually as end points. The mean of
the difference was tested against zero, where the null hypothesis
is that the mean is equal to zero and the alternative hypothesis is
that the mean is not equal to zero. An o level of 0.05 was
considered statistically significant. All statistical analyses were
performed using SciPy python 3.6.7 statistical software.

Subject Demographics
This study evaluated 20 eyes from 10 subjects, including 10
study eyes and 10 control eyes. The contralateral eye in each
subject was used as the control. The mean age of the subjects
was 65.2 +12.5 years. Of the 10 subjects, half were female. This
demographic information is included with other preoperative
parameters including BCVA, cup-disc ratio, IOP and visual field
characteristics in Table 1.

The IOP results are demonstrated in Figure 2. At baseline,
IOP measurements were performed and obtained via

[l Study eye

Goldmann Applanation Tonometry IOP
H Control eye

20

Intraocular pressure (mmHg)
o
o

Baseline

Post-study 1 week post-study
Figure 2 This graph demonstrates the mean IOP values at each time point and
were collected via Goldmann applanation tonometry (GAT). These measurements
were taken without the MPD. The error bars represent standard deviation (SD).
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Goldmann applanation tonometry (GAT). Prior to placing the
MPD, the mean baseline IOP value of the study (n=10) and
fellow eyes (n=10) was 15.8 + 44 mmHg and 154 + 4.4
mmHg, respectively. After the continuous, 8-hr study period
with the MPD, the MPD goggles were removed and 1OP
measurements were repeated. Immediately after the 8-hr
study duration, repeat measurements were 14.6 + 4.0
(p>0.05) mmHg in the study eye and 14.0 = 4.7 mmHg
(p>0.05) in the fellow eye (which did not receive negative
pressure). At the 1-week follow-up visit, [IOP measurements
were repeated and the mean 1-week IOP was 15.5 £ 3.2
(p>0.05) and 14.9 = 2.9 (p>0.05) in the study and control
eyes, respectively. There were no intraocular pressure spikes
(=10 mmHg) above baseline in either group at any time.

For the investigation of visual changes, best-corrected
visual acuity (BCVA) values were collected at baseline,
immediately after the study period and 1 week later. At
baseline, the mean BCVA (LogMAR) of the study and fellow
eyes of the subjects was 0.00 + 0.15 and —0.01 £ 0.1,
respectively. After the 8-hr time period on day 0, the mean
value was —0.03 = 0.08 (p>0.05) in the study group and
—0.01 £ 0.09 (p>0.05) in the control group. At the 1-week
follow-up, the mean BCVA was —0.02 £ 0.08 (p>0.05) and
—0.02 + 0.09 (p>0.05) in the study and control groups,
respectively.

To evaluate the impact of the 8-hr study period on the
ocular surface, TBUT measurements were obtained at base-
line, immediately post-study and at the 1-week follow-up.
At baseline, the mean TBUT of the study and fellow eyes
was 8.5 £ 2.3 and 8.1 £ 2.1 seconds (s), respectively.
Immediately after the 8-hr wear period, the mean value

was 8.2 £2.3 s in the study eye and 6.7 £ 3.0 s in the fellow
eyes. At the 1-week follow-up, the mean TBUT values of
the study and fellow eyes were 9.2 + 1.1 s and 8.7 + 2.1 s,
respectively. The values immediately post-study and at the
1-week follow-up were not significantly different from
baseline in either group (p>0.05).

There were no observed differences from baseline in
either the study or fellow eye in the slit lamp or dilated
fundus examination after the 8-hr study duration. In addi-
tion, at the one-week visit, there were no new or abnormal
slit lamp or dilated fundus exam findings observed. OCT
RNFL measurements were also collected at baseline in
addition to the 1-week follow-up visit. At baseline, the
mean RNFL global thickness was 81.4 um in the study eye
and 84.4 um in the fellow eye. At the 1-week follow-up,
the mean global RNFL thickness slightly increased in both
eyes to 83.9 um in the study eye and 85.1 um in the fellow
eye but the difference was not statistically significant
(p>0.05).

Subjective Assessment

This study included two subjective assessments. The first
subjective questionnaire was administered hourly during
the 8-hr study period; the scale used for this assessment
was 1 =best, 10=worst. The overall mean value for tolerating
the MPD was 1.8 + 0.4. For receptiveness towards the MPD
as a glaucoma therapy, the mean value was 1.8 = 0.5. When
asked about interest in continuing the treatment, the mean
response was 1.2 = 0.3. For the perception questionnaire
administered hourly, the data and questions included are
shown in Table 2.

Table 2 This Table Demonstrates The Results From The Hourly Questionnaire Administered During The 8-hr Study Period. For This

Assessment, The Scale Was |=Best, |0=Worst

Hourly Questionnaire — Administered Hourly During 8-hr Study Period
Question Response (Mean, SD) Scale: 1=Best, |0=Worst

Hour Hour Hour Hour Hour Hour Hour Hour Total

| 2 3 4 5 6 7 8
How are you tolerating the multi-pressure dial? 2,119 | 2.3+1.8 | 2.3£2.8 | 1.4x0.9 | 1.6x0.9 | 1.6£0.9 | 1.5£0.9 [ l.6xl.1 | 1.8+0.4
How Comfortable/uncomfortable is the MPD? 2.1£1.9 | 2.1%2.1 | 22428 | 1.7%0.9 | 1.8£0.8 | [.8x1.2 | 1.5£09 [ [.7xl.1 | 1.9%0.3
How acceptable was the MPD negative pressure? | 1.3+0.7 | 1.942.2 | 2.1+2.8 | 1.2+0.4 | 1.3£0.5 | 1.4+1.0 | 1.3x0.7 | 1.3£0.7 | 1.5+0.3
What is the likelihood of you wearing the device | 2.2+1.7 | 2.0+1.9 | 2.2+2.8 | 1.3+0.7 | 1.4+1.0 [ 1.1£0.3 | 1.3+0.7 | 1.1+0.3 | 1.6+0.5
almost every night?
What is your attitude towards MPD as a glaucoma | 2.6x1.7 | 2.2+1.8 | 2.3+29 | 1.6x1.0 | 1.7£0.9 | 1.3x0.7 | 1.3£0.5 | 1.2+0.7 | 1.8+0.5
therapy?
How do you feel about continuing or stopping the | 1.1£0.3 | 1.4+0.4 | 1.9£2.9 | 1.0+0.0 [ 1.0£0.0 | I.1£0.3 | 1.1x0.4 | I.1£0.3 | 1.2+0.3
therapy?
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To collectively evaluate the comfort and tolerability of
the goggles, a subjective questionnaire was administered
following the 8-hr study period to conclude day O of the
study. On a scale of 1-10, subjects were asked to rate the
comfort and tolerability of the goggles with 1 = most
comfortable and 10 = not comfortable. The mean response
pertaining to comfort of the goggles was 2.8 + 2.8. These
results are shown in Table 3.

All but one subject successfully completed the entire 8-
hr study period. There was one device-related adverse
event reported during the study period; one subject
reported a headache that occurred during the 3rd hour of
the study period on Day 0. Review of the event indicated
that the MPD head strap was inadvertently positioned too
tightly on the subject’s head when in use. The subject
removed the device but remained in clinic under observa-
tion until the conclusion of the 8- hr study period and the
adverse event was resolved by the conclusion of the
study day.

Discussion

The mainstay of open-angle glaucoma treatment includes
therapies that target intraocular pressure reduction.’ The
introduction of MIGS (minimally invasive glaucoma sur-
gery) has filled a gap that existed between medical therapies
and more aggressive filtering procedures (e.g., trabeculect-
omy, tube shunt, etc.).” In addition, innovation has occurred
in the medical treatment space with new topical treatment
options recently introduced to the market.® Despite the
advent of new technology and expanded number of treat-
ment options, all of these treatments still have accompanied
risk and may also carry side effects that compromise a
patient’s quality of life. Currently, there are no IOP-

Table 3 This Table Demonstrates The Results From The Subjective
Questionnaire That Was Administered After The 8 hr Study To
Primarily Evaluate Comfort On Day 0

Initial Use Questionnaire

Question Response
(Mean, SD)

Comfort of the goggles, scale of [-10 (I1=not 28 +28

comfortable, 10 = comfortable)

Comfort of the goggles strap, scale of I1-10 1.3 +£0.6

(I=not comfortable, |10 = comfortable)

Comfort of the tubing, scale of 1-10 (I=not 1.7+13

comfortable, 10 = comfortable)

Abbreviation: SD, standard deviation.

lowering treatments that are non-pharmacologic, non-laser
and non-invasive.

Although intraocular pressure-reducing strategies are the
foundation of glaucoma treatment, many patients continue to
demonstrate disease progression despite reaching their pre-
treatment “target” value.> There are numerous proposed
explanations for this one-dimensional perspective of mana-
ging glaucoma, including the recognition of glaucoma as a
“two-pressure” disease. One such explanation supporting
this may be that optic nerve damage occurs secondary to
the imbalance between IOP and cerebrospinal fluid pressure
(CSFp) posterior to the optic nerve. This is also known as the
translaminar pressure difference (TLPD). This explanation is
supported by previous studies that suggest TLPD may play a
significant role in the pathogenesis and progression of
glaucoma.” '® Furthermore, this imbalance may be com-
pounded with the recognition of nocturnal increase in IOP
as well as the known reduction in blood pressure at night.""

This study investigated the safety and tolerability of the
multi-pressure dial, or MPD, which includes a pair of
goggles worn over the periorbital region connected to an
intraocular pressure adjusting pump. A prior study primar-
ily evaluating the safety of the device reported favorable
safety results evaluating wear of the device for 30 mins.*
The MPD creates a negative pressure microenvironment
capable of producing a decrease in atmospheric pressure
contacting the eye. This atmospheric pressure reduction
applied to the eye conveys a corresponding immediate
reduction in IOP. By lowering the pressure in the eye
relative to other tissues in the body (eg, blood pressure,
CSFp) with the MPD, this may facilitate the decoupling of
IOP from the CSFp and promote blood flow.

The results of this study suggest that the MPD is safe
and tolerable for patients for a continuous period of wear
up to 8 hrs. The favorable results of the subjective assess-
ments and the isolated, reversible adverse event associated
with wear of the MPD promote the safety and tolerability
of the device. There were no significant changes in intrao-
cular pressure from baseline to immediately post-study
and the 1-week follow-up visit. None of the study subjects
experienced any IOP spikes (>10 mmHg) above baseline.
Moreover, the study did not contribute to immediate or
persistent (1 week) visual changes with no significant
difference in BCVA values.

This study is not without limitations. The sample size
was small and future studies that include repeated imaging
and diagnostic testing (eg, OCT) over a longer-term fol-
low-up will impart additional insight on the impact of

Clinical Ophthalmology 2019:13

submit your manuscript

1951

Dove


http://www.dovepress.com
http://www.dovepress.com

Samuelson et al

Dove

repeated wear of the MPD. Moreover, studies exploring
long-term wear over weeks-months will provide insight on
potential concerns related to patient adherence, autoregu-
latory processes and long-term comfort and tolerability. In
addition, it is difficult to discern what negative effects, if
any, the goggles may have over an extended period of
weeks to months even though the applied negative pres-
sures are small. Despite the limitations, the results of this
study are valuable and support future use of the device
given the MPD was well tolerated and the safety profile
was favorable.

The 8-hr study duration utilized in this present report
could simulate the recommended treatment duration for
patients in the future.'>”'* The results of the perception
questionnaire indicate that patients would be amenable to
wearing the device while sleeping with an average response
of 1.6 + 0.5 (scale: 1=best, 10=worst) to a question assessing
the likelihood of wearing the goggles at night. Given that
patients are prone to nocturnal IOP increases and decreases
in nocturnal blood pressure — both proposed to contribute to
the pathophysiology of glaucoma — the MPD could be worn
while sleeping, similar to a CPAP machine for OSA."
Moreover, research has demonstrated the impact of nocturnal
IOP peaks and fluctuation on progression as well as addi-
tional work noting the increased risk in patients with
decreased nocturnal ocular perfusion pressure.'®™'® Notably,
the shape and design of the MPD would not preclude a
patient from concomitant use of a CPAP. Finally, while
additional research is needed, one might speculate that wear
of the MPD is particularly important upon awakening in the
morning during patient transition from a supine to an upright
position. CSF pressure increases during recumbency, an
effect that may counterbalance the increase in IOP that also
occurs when supine. CSF pressure (CSFp) and IOP are lower
when upright; however, in glaucomatous eyes, the change in
IOP may persist longer than the change in CSFp when
assuming this posture. Wear of the MPD during this time
may be particularly beneficial.'**® Other future implications
of the MPD yet to be determined include its impact on the
episcleral venous pressure (EVP) or aqueous flow across the
trabecular meshwork. Future studies investigating regular,
daily wear of the device could produce insight into the
long-term safety and the potential impact on EVP and trabe-
cular meshwork resistance, which may convey further under-
standing related to open-angle glaucoma.

In conclusion, the results of this study indicate that the
MPD can safely and comfortably worn for an 8-hr time
period without deleterious consequences. Utilizing localized,

regulated vacuum to modify the pressure in a titratable fash-
ion inside the eye with the MPD is a novel mechanism for
IOP reduction and represents a new approach to glaucoma
treatment known as multi-pressure glaucoma management.
The favorable results of this study support the safety of the
device for longer-term wear and promote further use and
investigation of the MPD as a potential non-pharmacologic,
non-surgical treatment of glaucoma.
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request.
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