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ABSTRACT

Introduction: Prospective, open-label, non-ran-
domized, single site study to assess the safety
and tolerability of a multi-pressure dial.
Methods: 30 healthy subjects received applica-
tion of negative pressure (–15 mmHg) in one
eye for 30 minutes and ambient atmospheric
pressure in the contralateral eye. To evaluate
safety, the primary outcome measures included
best corrected visual acuity (BCVA), intraocular
pressure (IOP) changes from baseline, slit-lamp
and dilated fundus examination findings, and
rate of adverse events. Exploratory analyses
included in this study also evaluated changes
from baseline measurement in tear break-up

time (TBUT) and RNFL thickness measured by
OCT. In addition to baseline screening, subjects
underwent testing and negative pressure appli-
cation on day 0 and returned 1 week after the
initial visit for clinical testing. The follow-up
visit did not include use of the multi-pressure
dial (MPD) but repeated baseline testing and
evaluated for adverse events.
Results: No adverse events were reported in the
study. After short-term wear of the MPD on day
0, there was a minimal but statistically signifi-
cant increase of half a line (LogMAR) in BCDVA
for study eyes; this increase was not present at
1 week. There were no observed changes in cup-
disk ratio and TBUT 1 week after the initial
testing. There was a statistically significant
pressure reduction in both study and fellow eyes
at 1 week following the study, but clinical sig-
nificance has yet to be determined.
Conclusion: The MPD, which consists of a pair
of goggles connected to a handheld, pro-
grammable pump, was well tolerated by sub-
jects enrolled in the study. Key safety
parameters remained stable after short-term
exposure. The favorable safety results of this
study support the safety profile of the MPD and
promote further investigation of the device as a
potential treatment of glaucoma.
Funding: Equinox Ophthalmic, Inc. (Newport
Beach, CA).
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INTRODUCTION

Glaucoma is the second most common cause of
blindness worldwide [1]. Because intraocular
pressure (IOP) remains the only modifiable risk
factor, treatment strategies are primarily aimed
at lowering intraocular pressure [2]. However, a
significant number of patients still progress
despite achieving a ‘‘target’’ IOP value consid-
ered in the normal range [3]. The current
treatment options for lowering pressure include
topical medications, laser procedures and sur-
gery. While significant advancement has
occurred in this arena, these options remain
imperfect and clinicians caring for glaucoma
patients continue to seek better options. Cur-
rently, there are no treatment options for glau-
coma that are non-laser, non-pharmacologic
and non-surgical.

In this study, we utilize the multi-pressure
dial, or MPD (Equinox Ophthalmic, Inc., Sioux
Falls, SD), which consists of a pair of goggles
that separately encloses the periorbital areas of
each eye, with each eye connected individually
to a pressure-modulating pump. Target negative
pressure is programmed into the pump, and
with proper fit of the goggles, negative pressure
within the microenvironment of the googles is
established, which results in a corresponding
and instantaneous lowering of IOP [4].

The goal of this study is to evaluate the
short-term safety and tolerability of the MPD.
We anticipate that the MPD will result in a safe,
predictable adjustment of IOP, with safety and
tolerability outcomes providing a foundation
for larger, longer term studies to further char-
acterize the use of the device as a glaucoma
treatment.

METHODS

Thirty subjects participated in this prospective,
open-label, pilot study. Thirty healthy right
(OD) eyes of each subject received treatment
with negative pressure, while the contralateral

eyes served as the control. Demographic char-
acteristics of the study population are shown in
Table 1. This study was approved by the Aspire
IRB (Santee, CA) and was performed at a single
site (Sioux Falls, SD). All procedures conducted
were in accordance with the Aspire IRB and the
1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards.
Informed consent was obtained for each subject
prior to the study. This study was approved and
designated as a non-significant risk (NSR) clini-
cal study by an IRB and did not require clinical
trial registration.

All subjects underwent a baseline ophthal-
mologic examination. The examination inclu-
ded the following diagnostic tests: best-
corrected distance visual acuity (BCDVA), cup-
disk ratio (CDR), tear break-up time (TBUT),
OCT of the retinal nerve fiber layer (RNFL) and
intraocular pressure (IOP). IOP measurement
was obtained via Goldmann applanation
tonometry (GAT). In addition, a comprehensive
slit-lamp and dilated fundus examination were
performed.

A summary of the visit schedule with the
diagnostic testing and when they were per-
formed is included in Table 2. The visits inclu-
ded screening, day 0 and day 7. Screening and
day 0 (testing) may be performed on the same
day.

Table 1 Preoperative characteristics

Parameter

Age, years (mean, SD) 31.60 ± 10.00

Gender (M/F) 24 F/6 M

Ethnicity Non-Hispanic or Latino/White

BCVA (mean ± SD)

Study eye - 0.07 ± 0.07

Fellow eye - 0.05 ± 0.07

Cup-disc ratio (mean ± SD)

Study eye 0.33 ± 0.12

Fellow eye 0.33 ± 0.13

BCVA best-corrected visual acuity
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Key inclusion criteria were sub-
jects C 18 years of age with dilated IOP between
10–25 mmHg. Exclusion criteria included the
presence or history of any eye disease or con-
dition that could interfere with the assessment
of the study results or subject safety. Subjects
with glaucoma in either eye, macular degener-
ation, retinal detachment or other fundus
findings that could inhibit visualization of the
retina in either eye, eyelid edema or conjuncti-
val chemosis in either eye, history of corneal
transplant in either eye or history of allergy to
any of the testing materials (e.g., silicone) were
excluded. Women who were pregnant or lac-
tating during the time of the study were also
excluded.

Study Design

The right eyes of subjects who passed screening
were enrolled into the study and fitted with the

MPD (Fig. 1) to ensure a secure and comfort-
able fit. All baseline testing occurred prior to
wear of the MPD. The initial IOP measurements
occurred prior to placing the MPD and were
repeated immediately after removal. After the
MPD was adjusted to fit securely and comfort-
ably, negative pressure was gradually applied in
the study eye until the target value,
- 15 mmHg, was achieved. When the target
value was reached and verified with a
manometer, this was considered time point 0
and the patient wore the system for 30 min.
After 5 min and 25 min of wear time, 4 OCT
images of the RNFL were obtained. At the
15-min mark, a dilated fundus examination was
performed. After 30 min of wear time, the pump
applying negative pressure was slowly released
and the MPD was removed. ‘‘Day 0‘‘ will be used
throughout this report to denote the initial
evaluation after removal of the MPD. After
removal of the device (day 0), the baseline

Table 2 This table demonstrates the visit schedule for each subject and the tests included

Visit schedule

Procedure Screening/day 0 Day 7

Prior to MPD During MPD After MPD

Informed consent X

Urine pregnancy test X

OCT of RNFL X X* X X

Tear break-up time (TBUT) X X X

Keratometry X X X

Axial length X X X

MRX X X X

BCDVA X X X

SLE X X X

DFE X X** X X

IOP X X X

Note that the negative pressure application only occurred on day 0
MRX manifest refraction, BCDVA best-corrected distance visual acuity, SLE slit-lamp examination, DFE dilated fundus
examination, IOP intraocular pressure, MPD multi-pressure dial
*During application of negative pressure, 2 OCT images were obtained of each eye at 5 and 25 min
**DFE will be completed 15 min into application of negative pressure
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testing was immediately repeated. Subjects
returned within 1 week (6–8 days) to repeat
testing.

At the 1-week visit, baseline testing was
repeated and subjects were also assessed for
adverse events that may have occurred in the
7 days following the use of the MPD. If adverse
events were observed, patients were appropri-
ately managed and treated for resolution of the
adverse event.

Statistical Analysis

The mean change in IOP from baseline to day 0
(immediately following study period) and
baseline to 1 week was analyzed by a one-sam-
ple Student’s t-test where the data are the dif-
ference from the baseline value with the null
hypothesis being the calculated mean

difference is equal to zero. The change in BCVA
from baseline to day 0 and baseline to 1 week
was analyzed in an identical fashion. An a level
of 0.05 was considered statistically significant.
All of the statistical analysis was conducted
using SAS� software.

RESULTS

Subject Demographics

This study evaluated 30 right (OD) eyes from 30
subjects. The 30 left (OS) eyes were used as
controls. The mean age of the subjects was 31.6
± 10.0. Of the 30 subjects, 24 were female. All
subjects included in the study were non-His-
panic or Latino/White. This demographic
information is included with other preoperative
characteristics in Table 1.

The IOP results are demonstrated in Fig. 2.
Prior to wear of the MPD, the mean baseline IOP
of the study (n = 30) and fellow eyes (n = 30)
was 15.40 ± 2.56 mmHg and 14.73 ±

2.33 mmHg, respectively. There was not a sta-
tistically significant difference between groups
at baseline (p = 0.30), 30 min (p = 0.31) and
1 week (p = 0.77). After 30 min of wearing the
MPD, the mean IOP in the study eye was 14.88
± 2.62 mmHg. In the fellow eye (which did not
receive negative pressure), the mean IOP was
14.22 ± 2.46. At the 1-week visit, IOP in the
study eyes was 14.13 ± 2.94 mmHg, indicating a
1.27 mmHg mean reduction in pressure from
baseline, which was statistically significant
(p\ 0.05). In the fellow eyes, the mean reduc-
tion in pressure was 0.82 mmHg (p\0.05).
There were no IOP spikes observed in either eye
immediately following wear of the MPD or at
the 1-week follow-up visit.

At baseline, the mean LogMAR BCDVA of
the study and fellow eyes of the subjects was
- 0.07 ± 0.06 and - 0.05 ± 0.07, respectively.
After the study period, there was a minimal but
statistically significant increase of half a line
from - 0.07 ± 0.06 to - 0.02 ± 0.09 in BCDVA
for the study eyes on day 0 (p\ 0.05). At
1 week, this increase was no longer statistically
significant as BCDVA values returned closer to
baseline (- 0.06 ± 0.06). The BCDVA and CDR

Fig. 1 This figure demonstrates the multi-pressure dial
(MPD), which includes the goggles connected to a
handheld pressure-modulating pump
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changes after application of negative pressure
are shown in Table 3.

There were no observed differences from
baseline in either the study or fellow eye in the
slit-lamp or dilated fundus examination after
wearing the MPD. No new or abnormal slit-
lamp or dilated fundus examination findings

were noted at the follow-up visit 1 week later. At
baseline, the mean CDR of the study and fellow
eyes was 0.33 ± 0.12 and 0.33 ± 0.13, respec-
tively. The CDR values initially after removal of
the MPD and at 1 week were unchanged. The
TBUT values obtained after removal of the MPD

Fig. 2 This graph demonstrates the mean IOP for the study and fellow eyes at each time point in the study visit schedule.
The error bars indicate standard deviation

Table 3 Changes in cup-disc ratio and BCVA following short-term exposure to negative pressure goggles

Parameter Day 0 1 week P value

Cup-disc ratio (mean, SD)

Study eye

0.33 ± 0.12 0.33 ± 1.12 [ 0.05

Cup-disc ratio (mean, SD)

Control eye

0.33 ± 0.13 0.33 ± 0.12 [ 0.05

BCVA (mean, SD)

Study eye

- 0.02 ± 0.09 - 0.06 ± 0.06 [ 0.05

BCVA (mean, SD)

Control eye

- 0.03 ± 0.09 - 0.05 ± 0.08 [ 0.05

Day 0 depicts the measurements obtained immediately after the 30-min negative pressure application BCVA best-corrected
visual acuity, SD standard deviation
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and after 1 week were unchanged from baseline
in both the study and fellow eye.

This study did not utilize a subjective ques-
tionnaire to assess the tolerability of the MPD.
However, subjects were asked to report dis-
comfort and/or issues with tolerability. There
were no such reports, all subjects successfully
tolerated the 30-min test duration. No adverse
events were reported during this study.

DISCUSSION

The current treatment options for open-angle
glaucoma are primarily aimed at lowering
intraocular pressure. The emergence of MIGS
(minimally invasive glaucoma surgery) has rev-
olutionized the management of glaucoma, and
newer medical therapies have expanded the
armamentarium for providers with improved
safety and efficacy [5–7]. However, despite the
emergence of new treatment options, these new
options are imperfect and still carry risk. Cur-
rently, there are no treatment options that are
non-laser, non-pharmacologic and non-
invasive.

While intraocular pressure (IOP)-lowering
strategies have been the mainstay of glaucoma
treatment, a significant number of patients still
progress despite a decrease in IOP following
treatment [3]. One possible explanation for this
is that optic nerve damage occurs because of an
imbalance between IOP and cerebrospinal fluid
pressure (CSFp) posterior to the optic nerve.
This is also known as the translaminar pressure
difference (TLPD). When a person dives deep
below sea level and experiences a significant
increase in atmospheric pressure, this pressure
acts on the entire body, including the CSFp and
IOP, maintaining the TLPD. This explanation is
supported by previous studies that suggest TLPD
may play a significant role in the pathogenesis
of glaucoma [8–11].

This present report evaluated the safety of a
pair of goggles in the periorbital region attached
to an intraocular pressure-adjusting pump, col-
lectively known as the multi-pressure dial
(MPD). The MPD establishes a microenviron-
ment and produces a decrease in atmospheric
pressure contacting the eye with the application

of a negative pressure pump. This decrease in
atmospheric pressure applied to the eye gener-
ates a corresponding instantaneous decrease in
IOP. By lowering the pressure in the eye relative
to other tissues in the body (e.g., blood pressure,
CSFp) with the MPD, this may facilitate the
decoupling of IOP from the CSFp. A graphic of
this concept is shown in Fig. 3.

A poster presentation in 2019 [4] demon-
strated the IOP-lowering capabilities of the MPD
at various negative pressure settings in healthy
subjects. The results of this randomized, con-
trolled study also showed that IOP reduction
can be produced in a titratable fashion, even in
normotensive eyes with the MPD. The MPD
system evaluated in this study is similar to what
was investigated in the aforementioned
presentation.

The results of this study suggest that the
MPD system is safe and tolerable for patients.
No patients in this study endured any adverse
events, and all patients were able to safely and
comfortably wear the MPD for the duration of
the study period. There were no observed post-
study IOP spikes. The mean IOP values were
actually lower 1 week after the study period in
both the study and fellow (control) eye, and the
difference was statistically significant. Although
the modest IOP reduction observed at 1 week
was statistically significant, it could be unre-
lated to treatment related to the device’s IOP-
lowering ability and influenced by other factors
such as IOP variability or diurnal variation.

This study is not without limitations. The
sample size was small; controlled studies with
longer duration and larger sample sizes would
further elucidate the safety and efficacy of this
device. Moreover, it is difficult to discern what
negative effects, if any, the MPD may have over
an extended treatment period. However, despite
the limitations, we think the results of this
preliminary study are meaningful and will pro-
mote further research of the device. Moreover,
the initial results of this study are very promis-
ing; it was well tolerated by subjects, and the
safety parameters used in this study demon-
strated no indication that the MPD is not safe
for use.

One potential limitation is that the vacuum
pump or application of negative pressure by the
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MPD in the microenvironment could presum-
ably dry out the ocular surface and trigger dry
eye symptoms and possibly changes in TBUT
values. However, in this study, all 30 patients
had TBUT values unchanged from baseline in
both the fellow and study eyes upon removal of
the MPD as well as after 1 week. Moreover, there
were no reports of dryness or irritation while
wearing the device. Furthermore, none of the
study subjects reported symptoms in the 7 days
following wear of the MPD at their 1-week fol-
low-up assessment. Given the tight seal of the
MPD and the findings of this small study, it is
possible the device may provide a secondary
benefit of dry eye relief by acting as a moisture
chamber, similar to what is performed in
patients at risk of exposure keratopathy. How-
ever, further research would be valuable in
exploring and validating this proposed benefit
of dry eye relief.

At this point, it is unclear what, if any, effect
the MPD’s negative atmospheric pressure

application to the anterior orbital rim has on
episcleral venous pressure or aqueous flow
transversing the trabecular meshwork. This was
a short-term study to evaluate preliminary
safety and tolerability prior to undertaking
longer term studies to further characterize the
safety profile. Future studies investigating
longer term wear may convey more insight on
the MPD’s impact on factors proposed to con-
tribute to the pathogenesis of glaucoma—epis-
cleral venous pressure, trabecular meshwork
resistance, etc.

CONCLUSION

Utilizing a localized vacuum to carefully titrate
the pressure inside the eye with the multi-
pressure dial represents a new approach to
treatment known as multi-pressure glaucoma
management. This individualized strategy has
potentially important therapeutic implications
for glaucoma. The favorable findings in this

Fig. 3 This figure illustrates how negative pressure locally applied by the goggles can lower intraocular pressure and restore
the normal relationship between IOP and ICP
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report support the short-term safety of the
device and promote further research of the MPD
as a potential non-pharmacologic, non-surgical
treatment of glaucoma.
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