wo 20177223512 A1 I 000 RO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
28 December 2017 (28.12.2017)

(10) International Publication Number

WO 2017/223512 Al

WIPO I PCT

(51) International Patent Classification:
AG6IN 1/36 (2006.01)

(21) International Application Number:
PCT/US2017/039112

(22) International Filing Date:
23 June 2017 (23.06.2017)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

62/354,602 24 June 2016 (24.06.2016) US

(71) Applicant: ICAHN SCHOOL OF MEDICINE AT
MOUNT SINAI [US/US]; One Gustave L. Levy Place,
New York, New York 10029 (US).

(72) Inventors: COHEN, Bernard; One Gustave L. Levy
Place, New York, New York 10029 (US). OGOROD-
NIKOYV, Dmitri; One Gustave L. Levy Place, New York,
New York 10029 (US).

(74) Agent: WYLIE, Roger D. et al.; Mailstop: IP Docketing
- 22, 1100 Peachtree Street, Suite 2800, Atlanta, Georgia
30309 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(54) Title: MITIGATING UNEXPECTED SYNCOPE WITH VESTIBULAR STIMULATION

FIG. 5

/ 500

!

INPUT
510

[52]

CONTROLLER 1

520
ISOLATOR/
CONDITIONER
524

DISPLAY
516 il

LEAD 1
582

CONTROLLER 2
526

CURRENT

AUXILIARY /O

=1 518 -

POWER
SUPPLY

-

DRIVER
530

LEAD 2
534

POWER
SUPPLY

522

502

1

528

504

(57) Abstract: Resistance to the induction of a vasovagal response can be imparted in an animal by inducing galvanic vestibular
stimulation of the animal and repeating the galvanic vestibular stimulation such that the animal is habituated to resist the induction

of the vasovagal response.

[Continued on next page]



WO 2017/223512 AT 000000 OO 0

TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



WO 2017/223512 PCT/US2017/039112

MITIGATING UNEXPECTED SYNCOPE WITH VESTIBULAR

STIMULATION
BACKGROUND

[0001] Vasovagal syncope (VVS) is a significant medical problem. The symptoms that lead
to a VVS and the preceding VasoVagal Response (VVR) that underlies the syncope have
been well described, and the reductions in baroreflex sensitivity and in blood pressure (BP)
and heart rate (HR) that are associated with syncope are also known. In studies of combined
tilt and Lower Body Negative Pressure, BP fell, HR transiently increased, but then also
rapidly declined in the pre-syncopal state. An important observation was that the VVR and
VVS involved a reduction in baroreflex sensitivity. Why this occurs is still unknown.
Consequently, there has been no effective therapy for VasoVagal Syncope. Therapeutic
measures have included beta blockers, corticosteroids, and pacemakers, but none of these has
been generally more effective than placebo.

[0002] An apparently promising therapy in which ‘syncope-sensitive’ patients were
repetitively tilted up 60° for prolonged periods was originally shown to habituate the VSR
and reduce or abolish syncope, using static Head-up Tilt that activated otolith and Body Tilt
Receptors (BTRs), which play a major role in producing cardiovascular changes through the
VSR. Sustained habituation of syncope was not found in other studies that utilized tilt
training, however. It has been speculated that although it was probably possible to habituate
some subjects with prolonged bouts of static head-up tilt, the habituating techniques were too
tedious to be effective. If a less tedious procedure were devised to habituate syncope through
the VSR, however, it could be used to reduce or block VVRs and VVS in humans.
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BRIEF SUMMARY

[0004] In accordance with at least one embodiment of the present disclosure, a method of
imparting resistance to vasovagal response in a patient is disclosed. The method includes
inducing galvanic vestibular stimulation of the patient, e.g. of the vestibular system in
general, or of the vestibular otolith in particular; and repeating the inducing galvanic
vestibular stimulation such that the patient is habituated to resist an induction of the
vasovagal response. According to various embodiments, the method includes inducing
galvanic vestibular stimulation via an alternating current such that the alternating current
stimulates a vestibular otolith of the patient, which may include applying a repeating
waveform at a treatment amplitude in the range of 0.4 to 2 mA, and having a frequency in the
range of 0.01 Hz to 0.05 Hz. The waveform can be any suitable repeating waveform, but in
specific embodiments, can be a sinusoidal waveform. The galvanic vestibular stimulation can
be induced by applying the stimulation via one or more electrodes at a mastoidal site of the
patient such that the stimulation is applied to a vestibular otolith.

[0005] According to some embodiments, each individual treatment can include inducing
the galvanic vestibular stimulation for a first ramp period and a second treatment period after
the ramp period, ramping from an amplitude of 0 to a treatment amplitude during the ramp
period, and inducing the stimulation at the treatment amplitude for the second treatment
period. The ramp period can have a duration of at least 200 seconds, e.g. from 200 to 300
seconds, or more. A total treatment can include applying the stimulation for at least one
period of time corresponding to 15 to 30 minutes, and repeating the stimulation any suitable
number of times until resistance to the vasovagal response is achieved, e.g., once, two or
more times, three or more times, etc. According to some embodiments, the particular form of
vasovagal response treated is unexpected syncope.

[0006] In accordance with at least one embodiment of the present disclosure, a system for
imparting resistance to vasovagal response in a patient by galvanic stimulation is disclosed.
The system can include a controller including a processor and nontransitory memory
containing executable instructions that, when executed by the processor, cause the controller
to generate a repetitive waveform, a current driver operably connected with the controller and

configured to generate a signal suitable for application to a patient based on the waveform;
7
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and at least one pair of electrical leads operably connected with the current driver and
configured to impart the signal to the patient when the pair of electrical leads is connected to
the patient at a treatment site corresponding with the vestibular system of the patient.
According to some embodiments, the electrical leads are electrodes that attach to the skin of a
patient proximate to a mastoidal site, which may be configured to stimulate the vestibular
otolith of the patient.

[0007] In accordance with some embodiments, the system can include an isolation element
operably connected between the controller and the current driver. According to some
embodiments, the system can also include a second controller operably connected between
the isolation element and the current driver, where the second controller generates a second
waveform based on the first waveform filtered by the isolation element, and the current driver
is configured to generate the signal suitable for application to a patient based on the second
waveform. The controller can be further configured to generate the repetitive waveform,
which can be a sinusoidal waveform or any other, similar, form of suitable repeating
waveform, at a frequency in the range of 0.01 to 0.05 Hz, and/or at a frequency of about
0.025 Hz. According to some embodiments, the controller is also configured to generate the
waveform at an increasing amplitude for a first nonzero duration of a ramp period during
which the amplitude increases from an initial amplitude to a treatment amplitude, and to
generate the waveform at the treatment amplitude for a second nonzero duration of a
treatment period subsequent to the ramp period. The ramp period can be at least 200 seconds,
at least 300 seconds, or in some cases can range from 200 seconds to 300 seconds. The
subsequent treatment period can have a duration in the range of 20 to 30 minutes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIGS. 1A-1B show habituation with sGVS: Incidence of VasoVagal Responses
(VVRSs) on successive test days. FIG. 1A shows a susceptible rat that had VVRs on every test
on the first day (100%). Animal successively became resistant as testing continued over 12
test days and a month. Initially, the rat had a VVR on each test and by the st day, similar
stimuli did not induce any VVRS. Resistance to induction of VVRs continued throughout
subsequent testing to the 12 day. FIG. 1B shows reduction in susceptibility in 8 susceptible
rats. Initially, the rats had VVRs over 80% when stimulated, which then decreased until there
were no responses only on the 10™ day and then no responses on the 12 day. Percentage of
VVR induction is shown on the ordinate and he test day on the abscissa.

[0009] FIG. 2 shows Habituation with oscillation in Pitch: Schema
8
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[0010] FIGS. 3A-3F show BP and HR changes during habituation, as follows: FIG. 3A: In
response to a 70 degree nose-up tilt (3d trace), BP (Top Trace) and HR (2nd Trace) both fell
producing a VVR. FIG. 3D: Similar drops in BP and HR were produced by sGVS. FIGS 3B,
3E: With repeated habituation, BP still fell when the VSR was activated, but HR now rose
opposing the fall in BP. FIGS. 3C, 3F Finally, both BP and HR rose slightly when there was
VSR stimulation and VVRs could not be induced.

[0011] FIGS. 4A-4B show a rise in Baroreflex Sensitivity (BRS) with habituation (FIG.
4A) and incidence of 0.025 oscillations in BP in a VVR susceptible rat. After prolonged
activation with sGVS, the low frequency activation of BP disappeared (FIG. 4B). Low
frequency activation of HR also disappeared (not shown).

[0012] FIG. 5 shows a simplified block diagram illustrating an example system for
inducing galvanic vestibular stimulation in a patient, in accordance with embodiments.

DETAILED DESCRIPTION

[0013] In the following description, various embodiments of the present invention will be
described. For purposes of explanation, specific configurations and details are set forth in
order to provide a thorough understanding of the embodiments. However, it will also be
apparent to one skilled in the art that the present invention may be practiced without the
specific details. Furthermore, well-known features may be omitted or simplified in order not
to obscure the embodiment being described.

[0014] Abbreviations: BP-arterial blood pressure; BRS- Baroreflex Sensitivity; BTR- Body
Tilt Receptor; g- acceleration of gravity; HR- heart rate, beats/min; MSNA - Muscle
Sympathetic Nerve Activity; RVLM- Rostral Ventral Lateral Medulla;; sGVS- sinusoidal
Galvanic Vestibular Stimulation; VSR- VestibuloSympathetic Reflex; VVR- VasoVagal
Response; VVS-VasoVagal Syncope.

[0015] Definitions: Baroreflex Sensitivity- Measure of average changes in intersystolic
interval due to changes in systolic BP; Body Tilt Receptor- Somatosensory input to the
Vestibular Nuclei that sense body position re the direction of gravity; Susceptible rat-A rat
that readily develops VVRs after being stimulated with sGVS and tilts when anesthetized.
Non-susceptible rat- rat that doesn’t develop VVRs in response to sGVS and tilts.

[0016]  Applicants have previously recognized that the anesthetized rat could be a small
animal model of cardiovascular changes during VVRs. Many such susceptible rats readily
developed synchronous =20-40 mmHg decreases in BP and =~20-40bpm decreases in HR that

recover slowly. The decreases in BP and HR and the slower return to pre-stimulus values are
9
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important components of VVRs that underlie VasoVagal Syncope (VVS), but a finer
discrimination of what is and what is not a VVR needed to be developed and is proposed in
this application. A wide range of vestibular (otolith) stimuli, including those that generate
linear accelerations along the Z-axis of the head and body are capable of inducing VVRs,
including sinusoidal Galvanic Vestibular Stimulation (sGVS), translation while rotating, £70°
oscillation in pitch and 70° head-up tilt.

[0017] A striking finding was that all of the rats that were initially susceptible to induction
of VVRs progressively lost their sensitivity as testing continued (Preliminary Data, FIG. 1A-
1B). Among the susceptible rats that have been studied, none had an increase in susceptibility
when tested regularly, although long cessation of testing could cause transient increases in
susceptibility. When the animals were retested, however, the increased sensitivity again
disappeared. Thus, the rats were becoming progressively unresponsive to the vestibular
stimuli, i.e., that they were being habituated by the recurrent stimulation of the VSR. Similar
habituation was also produced by £70° oscillation in pitch, although pitch was less effective
than sGVS as a habituating stimulus (FIG. 2). sGVS has been widely used in humans to
activate MSNA), and is safe and harmless. If habituation was easily induced by activation of
the VSR in rats, and if the underlying mechanisms of habituation were also known, applicants
believed that such habituation could potentially be used to reduce the susceptibility of
humans prone to Syncope.

[0018] This research produced increased understanding of the trigger mechanism that
initiates the fall in BP and HR, and offers a possible technique to reduce occurrence of VVRs
and VVSs in humans.

[0019] The small animal model of VVRs has important advantages. It is possible to test
and retest rats and explore new hypotheses at length easily and without grief. This cannot
always be done with humans.

[0020] Recurrent syncope could be habituated in 4 human studies, showing that this is
possible, but was not found in 2 other studies. The habituating technique was believed to be
too tedious. SGVS is simple to apply, is safe, and is used widely in studies of MSNA, and
could be an effective technique for such habituation.

[0021] Identification of the anesthetized rat as a small animal model of the VasoVagal
Response was an important innovation. It has enabled new research in this area and we can
induce VVRs almost at will to study the processes resulting in the drop in BP and HR that
underlie VVRs and VVS.
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[0022] The finding that VVRs can be reduced along with dramatic changes in BP and HR
provide a mechanism for potentially blocking VVRs and VVSs in humans.

[0023] Characterizing the Vestibulo-Sympathetic Reflex (VSR), and studying the changes
in blood pressure (BP) and heart rate (HR):

[0024] Two publications showed that VVRs are only produced when low frequency
oscillations (0.025 & 0.05 Hz) were present in BP and HR in the anesthetized rats during
sGVS or when the rats were accelerated up or forward, and decreases in BP when they were
moved downward. HR was not altered by these translations, and there was no response to
lateral or backward translation. The VSR was shown to have low frequency characteristics.
Thus, the VSR can be defined as the response to activation of a projection from the vestibular
(Otolith) system to the cardiovascular system, altering MSNA and BP in humans and BP in
rats in response to linear acceleration along the gravitational axis and forward. The absence
of HR changes demonstrates that the VSR is processed through a separate component of the
sympathetic system, which in normal humans produces increases in BP upon arising,
(orthostasis) to sustain blood flow to the brain.

[0025] Experimental results:

[0026] There was a progressive loss of susceptibility to induction of VVRs in test subjects
(rats) after repeated exposure to £2 mA, 0.025 Hz sGVS (FIG 1A) and a similar loss of
susceptibility in 8 other rats (FIG. 1B). With repeated testing, the animals had fewer VVRs
until the VVRs could no longer be induced.

[0027] Habituation was also induced with £70° oscillation in pitch but the susceptibility of
individual rats varied and most rats required longer periods of habituation than with sGVS
(FIG 2).

[0028] The change in susceptibility from the original state that generated VVRs (FIG. 3A,
D) had an increase in HR to oppose drops in BP (FIG. 3B). There was a small increase in HR
initially in response to the sGVS (FIG. 3E), but it was not sustained. Finally only small
increases in BP and HR were induced when the VSR was activated (FIG. 3C, F). Only 3
examples are shown for each mode of stimulation (FIG. 3), but there was a steady
progression in the development of the HR that opposed the drops in BP from the beginning to
the end of habituation. This implied that there had been an increase in baroreflex sensitivity
(BRS). The BRS was initially depressed under anesthesia (FIG. 4, top trace), but with
continued activation of the VSR with sGVS, there was a steady rise in BRS throughout the
period of habituation (FIG.4A). The rise in BRS was significant (R?=0.52; p<0.01).
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Associated with this rise, there was a loss of the low frequency 0.025 Hz oscillations in BP
(FIG 4B) when complete habituation was attained (FIG. 4B). There was also a similar loss of
low frequency activity in HR (not shown). Thus, the habituation could be characterized
initially by a steady rise in HR which then subsided to a low level accompanied by a small
rise in BP likely produced by the changes in BRS and a loss in the low frequency activity in
BP and HR. The rise in BRS was probably related to the modification of HR and the loss of
the low frequency oscillations in BP and HR but the source of the signal that drove the
change in BRS is still not known.

[0029] Experiment 1: Habituation with sGVS:

[0030] Experimental Protocol:

[0031] During experiments, the animals were anesthetized with isoflurene, (Methods 1),
and lay prone in a container. BP and HR were recorded by an adjacent DSI Registration
Wand (Methods 2). Habituation was done in three 30 min blocks/day of 0.025 Hz, £2 mA
sGVS with 45 min of interspersed rest and test periods (Methods 3). If a VVR occurs, as
shown by the drop in BP and HR, 30 min periods of rest were given before reinstituting the
habituation stimulus (Methods 3). Susceptibility to habituation was tested in each 45 min rest
period with a £3 mA sGVS and a 70° nose-up tilt. They had 15 habituating sessions (3/day)
over a 2 week period, which brought them into resistance to development of VVRs. If this did
not occur, then they received an additional two weeks of habituation. During the entire
process, BP, HR, baroreflex sensitivity (BRS) and recordings of low frequency oscillations
(0.025 & 0.05 Hz) were determined (Methods 2, 4, 5). These data provided the basis for
determining the ability to habituate, the duration and the nature of the process, whether it can
be reinstated and the underlying mechanisms of habituation. Response to £0.025, 3 mA
sGVS and 70° nose-up tilts were collected to provide a comparative data base for susceptible
and non-susceptible rats.

[0032] METHODS 1:

[0033] Surgical and Experimental Procedures:

[0034] Twenty five, adult, male, Long-Evans rats (Harlan Laboratories, MA) weighing
between 300 and 400 g were used in each year of this study. All experiments were approved
by the IACUC of the Icahn School of Medicine at Mount Sinai. Based on our experience in
the preceding grant period, most of the rats were initially susceptible to development of
VVRs, and they had frequent VVRs when they are stimulated with sinusoidal Galvanic
Vestibular Stimulation (sGVS), 70° tilts (0.91 g), and £70° oscillation in pitch (£0.91 g). We
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called these, “susceptible rats’. Based on our experience, about 80% of rats were susceptible,
so that about 5 rats were non-susceptible.

[0035] Surgery:

[0036] Surgery and all experiments were performed under Isoflurene anesthesia, 4%
induction, 2% maintenance with oxygen. While in surgery and during experiments, the
animals were kept on a temperature-controlled heating pad at 37°C. An IntraAortic Sensor
(DSI, St. Paul, MN) was implanted in the abdominal aorta. Through an incision in the groin,
the femoral artery was isolated and clamped. The transducer catheter was inserted into the
vessel via a small arteriotomy and advanced into the abdominal aorta. The catheter was
secured with ties around the artery and the body of the sensor was placed into a subcutaneous
pocket in the flank. Adequate pain medications insured that the animals did not suffer post-
operative pain.

[0037] Experimental Protocol:

[0038] The sGVS is generated by a computer-controlled stimulator. Currents of +2 and £3
mA at frequencies of 0.025 and 0.05 Hz were delivered via sub-dermal needle electrodes
placed into the skin over the mastoids. These currents and frequencies were the most
provocative for inducing VVRs and habituation, and were used in all of the habituation and
test procedures. Rats were tilted 70° nose-up (0.91 g) and oscillated +70° (+£0.91 g) in pitch
on a computer controlled platform. The axis of rotation was 13 cm from the head of the rat,
activating both the otoliths and vertical semicircular canals. During the tilt and pitch
experiments, rats were enclosed in a plastic box with soft packing material that stabilized the
head and body so that the pitch occurred around the pitch axis. The position of the tilt table
was recorded. During nose-up tilts to test for VVR sensitivity, the rats were left in the tilted
position for 5 min if a VVR was not induced before being brought back to the prone position.
[0039] BP and HR Measurement:

[0040] Intra-aortic BP was transduced by a telemetric sensor in a wand receiver (DSI, St
Paul, MN) placed close to the rats. Recordings of BP, as well as the position of the tilt table
and the current levels of sGVS were sampled at 1 kHz with 12 bit resolution (Data
Translation, Inc., MA). The BP and HR were continuously monitored and recorded during
these experiments. Heart rate was computed offline from the systoles, which occurred on
average at about 300 per min., giving a sample rate of BP of 200 msec per sample. Average
systolic, diastolic, and mean BPs were computed, but had no significant differences on

average, so systolic BP was used.
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[0041] METHODS 2:

[0042] Data collection:

[0043] BP data from the telemetric sensors were collected via a wand receiver (DSI) BP,
PPG and breathing rate sensor data as well as position of each axes and GVS current level
were sampled at 1 KHz with 12 bit resolution (Data Translation, Inc.) using our in house
developed data collection program. The data was converted for analysis using our VMF data
analysis software. Signals derived from the intra-aortic BP sensor were used to compute BP
and HR.

[0044] METHODS 3:

[0045] Habituation with sGVS and oscillation in pitch:

[0046] Susceptible rats were habituated each day with either 30 min periods of £2maA,
0.025 Hz sGVS (sGVS rats, Aim 1) or £70° oscillation in pitch (Pitch rats, Experiments 2
and 3). The sGVS rats lay prone on a heating pad and the rats that were pitched will lay on
the oscillating platform with their heads 13 cm from the center of oscillation. Thus, both the
vertical semicircular canals and otoliths were activated by the pitch stimulus. Both sGVS and
pitch rats were tested with £3 mA, 0.025 Hz sGVS and a 70° nose-up tilt after each period of
habituation. Each experimental session began with a 45 min test period, followed by the three
alternate habituation and test periods for a minimum total experimental time of 5 hr 30 min
on each day. The animals were interleaved, so that they were habituated and tested either two
or three times a week, and had a day of rest after each test day, as well as an extra two rest
days on weekends. Following each habituation period when the animals were tested for
vasovagal oscillations (VVOs) or VVRs. 15 min were allowed to elapse between subsequent
tests if there was no response to either the sGVS or to nose-up tilt. If a VVR or a partial VVR
was induced, as detected by a fall in BP and HR, 30 min were allowed to elapse before the
next test. Overall, the animals had 15 exposures to 30 min of habituation in five days over
two weeks. If habituation had not been attained, they received additional training sessions
until habituation was achieved.

[0047] METHODS 4:

[0048] Wavelet Analysis:

[0049] Wavelet transforms were utilized to assess the temporal changes in BP and HR
oscillations for specific frequency bands or scales. A complete description of the analysis was
given in Cohen, B., et al., Sinusoidal galvanic vestibular stimulation (sGVS) induces a

vasovagal response in the rat. Exp Brain Res, 2011. 210(1): p. 45-55, which is hereby
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incorporated by reference. The analysis was performed using Matlab (Mathworks, Inc.) and
its implementation of the Daubechies function, db12, the mother wavelet. This high order
filter allowed the capture of dominant frequency components of the entire transient signal
that was present in both BP and HR at the onset of the VVR, as well as the higher frequency
bands. Analysis showed that the sum of 12 decomposed signals in different bands were
equivalent to the original data and therefore temporal variations associated with the transient
component and those associated with VVOs could be either individually analyzed or were
summated to examine the composite waveform. Typically 5 min of data that included a pre-
stimulus, stimulation, and post-stimulus period were processed with wavelet analysis. The
power distribution of the waveforms in wavelet band numbers 10 (0.05 Hz), 11 (0.025 Hz)
and an approximation band (12), that reflected the Transient response, i.e., the joint fall in BP
and HR at the onset of the VVR, were determined and compared with the stimulus
distribution. From this, we obtained how power in the band containing the stimulus frequency
was related to those distributed throughout other bands and what role it played in initiating
the VVR. To obtain the power of each band, the activity was squared and averaged.

[0050] METHODS 5:

[0051] Calculation of BaroReflex Sensitivity (BRS):

[0052] A period of 20 s of BP data before the onset of the sGVS was used. A peak finding
algorithm identified each systolic/diastolic cycle (See Method 1). The time durations ft;
between two systolic peaks (systBP; and systBPj:;), termed Intersystolic Interval, were
plotted against the first systolic peaks (systBP;). The slope of the linear regression was
defined as the baroreflex sensitivity, which was the ratio between the change of Intersystolic
interval and the change of systolic BP.

[0053] Statistical Analysis:

[0054] It was not possible to compare longitudinally the baroreflex sensitivity (BRS) of
habituated animals with those that were not susceptible, as we did not have equal and large
numbers of rats and the power of such an experimental design was low. Also each rat was
different and had a different BRS. Statistical analysis was done by examining the BRS at
different habituated states. The Null hypothesis was that the mean BSR in the habituated state
was equal to the BSR of non-susceptible animals. Therefore, a large number of repeated tests
in non-susceptible animals and susceptible animals gave us sufficient power to say that a t-
test that cannot reject the Null hypothesis confirmed the hypothesis. The power was large

because of the number of habituated states that were examined and so the number of animals
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did not have to be large. The statistical package within Matlab was used to determine whether
the time course of habituation significantly modified the BRS. There were functions in the
Statistical Package that could compute an F-test, t-test, and Welch-test. BRS was plotted as a
function of time of habituation and was evaluated to determine whether the BRS in a
habituated state at a specific time generated significantly different mean values of the BRS
than before. At each level of the habituated state, an F-test or a Welch test was performed on
the ratio of the two variances at the different times to determine if they were significantly
different.

[0055] According to embodiments of the present disclosure, resistance to vasovagal
response can be imparted in a patient (i.e., human patent) according to very similar methods
to those discussed above with respect to the animal model. In at least one embodiment,
resistance to the vasovagal response (i.e., resistance to unexpected fainting or syncope) can
be achieved via induced galvanic vestibular stimulation of the patient. This resistance can be
imparted by stimulating the vestibular system in general and the vestibular otolith in
particular, via transmission of current through the vasovagal region carrying a repeating or
periodic signal. For example, according to some embodiments, the induced galvanic
vestibular stimulation comprises applying an alternating current to the patient such that the
alternating current stimulates a vestibular otolith of the patient.

[0056] Inducing the galvanic vestibular stimulation can include applying a repeating
waveform at a treatment amplitude in the range of 0.4 to 2 mA, or in some cases, from 0.1 to
4 mA. In some specific embodiments, the treatment amplitude can be approximately 2 mA.
According to some embodiments, the repeating waveform can have a frequency in the range
of 0.01 Hz to 0.5 Hz, or from 0.01 to 0.1 Hz, or in some specific cases, of approximately
0.025 Hz. The specific type of repeating signal can include, e.g., a sinusoidal signal or other
comparable, periodic signal.

[0057] A treatment program can include providing multiple treatments to a patient over the
course of one or more treatment sessions. According to some embodiments, a treatment
program includes at least two treatment sessions. A single treatment session can include
treating the patient with the induced galvanic vestibular stimulation for a therapeutic
treatment period sufficient to induce a reduction in the vasovagal response. According to
some embodiments, a therapeutic treatment period is in the range of about 15 to 30 minutes,
or from about 20 to 30 minutes. According to some embodiments, a ramp period is added to

the treatment session, the ramp period including a short duration during which the amplitude
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of the applied stimulation is gradually increased from a low value (e.g., 0 mA, or any suitable
value less than the treatment amplitude) to the treatment amplitude. According to some
embodiments, the ramp period has a duration of at least 200 seconds, or in some cases, in the
range of 200 to 300 seconds.

SYSTEM

[0058] Resistance to vasovagal response can be induced in a patient by galvanic
stimulation using a system similar to the system 500 illustrated in FIG. 5, in accordance with
at least one embodiment of the present disclosure. The system 500 includes an input portion
502 and an output portion 504 for administering vestibular stimulation to a patient. The input
portion 502 includes an input device 510 for generating the desired parameters of a repeating
signal for application to the patient, and a first controller 520 for generating the repeating
signal based on the parameters. The input device 510 can be, e.g., a computer or comparable
device, such as a tablet, smartphone, control console, or other suitable input device. The input
device 510 can include a processor 512 and nontransitory memory 514, which can be used to
contain and implement executable instructions to generate the repeating signal, or to run a
program for generating the repeating signal according to a pattern, including durations of a
ramp and/or treatment period, amplitudes, frequencies, and the specific waveform pattern.
[0059] The system 500 can also include a display 516 operably connected with one or both
of the input device 510 and the first controller 520, and may include a display 516 for
displaying parameters to a user, and an auxiliary input/output device 518 for connecting the
controller with power supply 522, with the input device, with the display, or to provide
additional controls for varying the various parameters of the stimulation. According to some
embodiments, the input device 510 and first controller 520, display 516, auxiliary I/O device
518, and/or power supply 522 may be connected together, e.g. by way of a universal serial
bus connector (USB). According to some embodiments, the first controller 520 can provide a
personal computer (PC) communication protocol for interfacing with the input device 510.
According to some embodiments, the first controller 520 is a microcontroller.

[0060] The output portion 504 of the system 500 includes a second controller 526 (or
microcontroller) which is powered by a power supply 528 and generates the required
waveform for output to a current driver 530 that ultimately outputs the desired stimulation to
the patient via a pair of leads 532, 534. The second controller 526 receives as input a signal
from the first controller 520, which is filtered through an isolator/conditioner element 524.

According to some embodiments, the isolator/conditioner 524 is simply an isolation device
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that prevents direct transmission of high amplitudes to the second controller 526, thereby
acting as a safety device to protect the patient. According to some specific embodiments, the
isolator/conditioner 524 is an optical isolator; however, in alternate embodiments, the
isolator/conditioner can include any other suitable isolator or signal conditioning circuit,
including but not limited to a digital isolator, magnetic isolator, capacitive isolator, filter, or
the like to restrict the amplitude and/or frequency to a suitable range.

[0061] In some embodiments, the first power supply 522 and second power supply 528 can
be separate, i.e., isolated from one another; but in some other embodiments, they can be the
same power supply. In alternative embodiments, the system 500 may operate without certain
elements of the input portion 502, e.g., the system 500 may operate in a minimal
configuration in which the second controller 526, current driver 530, and power supply 528
can operate as a standalone device; or in conjunction with the input device 510, without
connecting to an intermediate first controller 520 and isolator/conditioner 524.

[0062] According to at least one embodiment, the system 500 includes executable
instructions stored at one of the input device 510 or first or second controller 520, 526 that
cause the system to generate a repetitive waveform for application to a patient. The repetitive
waveform is passed to the current driver 520, which drives the waveform to at least one pair
of electrical leads 532, 534 (e.g. electrodes for connecting to a patient’s skin). The leads 532,
534 impart the signal to the patient when the leads are connected to the patient at a treatment
site corresponding with the vestibular system of the patient. According to some embodiments,
the leads 532, 534 are configured to connect with the patent at a mastoidal site, and to impart
the stimulation to the vestibular system via, e.g., the vestibular otolith. According to some
embodiments, the system 500 is designed such that one, or both, of the controllers 520 are
configured to generate the repetitive waveform at a frequency in the range of 0.01 to 0.05
Hz., or in some cases, from 0.01 to 0.1 Hz, or at about 0.025 Hz.

[0063] Other variations are within the spirit of the present invention. Thus, while the
invention is susceptible to various modifications and alternative constructions, certain
illustrated embodiments thereof are shown in the drawings and has been described above in
detail. It should be understood, however, that there is no intention to limit the invention to the
specific form or forms disclosed, but on the contrary, the intention is to cover all
modifications, alternative constructions, and equivalents falling within the spirit and scope of

the invention, as defined in the appended claims.
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[0064] The use of the terms “a” and “an” and “the” and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e., meaning “including, but not
limited to,”) unless otherwise noted. The term “connected” is to be construed as partly or
wholly contained within, attached to, or joined together, even if there is something
intervening. Recitation of ranges of values herein are merely intended to serve as a shorthand
method of referring individually to each separate value falling within the range, unless
otherwise indicated herein, and each separate value is incorporated into the specification as if
it were individually recited herein. All methods described herein can be performed in any
suitable order unless otherwise indicated herein or otherwise clearly contradicted by context.
The use of any and all examples, or exemplary language (e.g., “such as™) provided herein, is
intended merely to better illuminate embodiments of the invention and does not pose a
limitation on the scope of the invention unless otherwise claimed. No language in the
specification should be construed as indicating any non-claimed element as essential to the
practice of the invention.

[0065] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or
otherwise clearly contradicted by context.

[0066]  All references, including publications, patent applications, and patents, cited herein
are hereby incorporated by reference to the same extent as if each reference were individually
and specifically indicated to be incorporated by reference and were set forth in its entirety

heren.
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WHAT IS CLAIMED IS:

1. A method of imparting resistance to vasovagal response in a patient,
the method comprising:

inducing galvanic vestibular stimulation of the patient; and

repeating the inducing galvanic vestibular stimulation such that the patient is

habituated to resist an induction of the vasovagal response.

2. The method of claim 1, wherein the inducing galvanic vestibular
stimulation comprises applying an alternating current to the patient such that the alternating

current stimulates a vestibular otolith of the patient.

3. The method of any of the preceding claims, wherein the inducing
galvanic vestibular stimulation comprises applying a repeating waveform at a treatment

amplitude in the range of 0.4 to 2 mA.

4, The method of any of the preceding claims, wherein the inducing
galvanic vestibular stimulation comprises applying a repeating waveform having a frequency

in the range of 0.01 Hz to 0.05 Hz.

5. The method of any of the preceding claims, wherein the inducing

galvanic vestibular stimulation comprises applying a sinusoidal waveform.

6. The method of any of the preceding claims, wherein the inducing
galvanic vestibular stimulation comprises applying the stimulation for at least one period of

time corresponding to 15 to 30 minutes.

7. The method of any of the preceding claims, wherein the inducing
galvanic vestibular stimulation comprises applying the stimulation for a first ramp period and
a second treatment period after the ramp period, wherein the stimulation ramps from an
amplitude of 0 to a treatment amplitude that is greater than zero during the ramp period, and

wherein the stimulation is induced at the treatment amplitude for the second treatment period.

8. The method of claim 7, wherein the ramp period has a duration of at

least 200 seconds.
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9. The method of any of the preceding claims, wherein the vasovagal

response comprises unexpected syncope.

10.  The method of any of the preceding claims, wherein the inducing
galvanic vestibular stimulation comprises applying the stimulation via one or more electrodes

at a mastoidal site of the patient such that the stimulation is applied to a vestibular otolith.

11. A system for imparting resistance to vasovagal response in a patient by
galvanic stimulation, the system comprising:

a controller comprising a processor and nontransitory memory containing
executable instructions that, when executed by the processor, cause the controller to generate
a repetitive waveform;

a current driver operably connected with the controller and configured to
generate a signal suitable for application to a patient based on the waveform; and

at least one pair of electrical leads operably connected with the current driver
and configured to impart the signal to the patient when the pair of electrical leads is
connected to the patient at a treatment site corresponding with the vestibular system of the

patient.

12. The system of claim 11, further comprising;
an isolation element operably connected between the controller and the current

driver.

13.  The system of claim 12, wherein the controller is a first controller and
the waveform is a first waveform, and further comprising:

a second controller operably connected between the isolation element and the
current driver, the second controller configured to generate a second waveform based on the
first waveform filtered by the isolation element, wherein the current driver is configured to

generate the signal suitable for application to a patient based on the second waveform.

14.  The system of any of the preceding claims, wherein the controller is
further configured to generate the repetitive waveform at a frequency in the range of 0.01 to

0.05 Hz.
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15.  The system of any of the preceding claims, wherein the controller is

further configured to generate the repetitive waveform at a frequency of about 0.025 Hz.

16. The system of any of the preceding claims, wherein the repetitive

waveform is a sinusoidal waveform.

17. The system of any of the preceding claims, wherein the controller is
further configured to generate the waveform at an increasing amplitude for a first nonzero
duration of a ramp period during which the amplitude increases from an initial amplitude to a
treatment amplitude, and to generate the waveform at the treatment amplitude for a second

nonzero duration of a treatment period subsequent to the ramp period.

18.  The system of claim 17, wherein the first duration is at least 5 minutes,

and wherein the second duration is in the range of 20 to 30 minutes.

19.  The system of any of the preceding claims, wherein the at least one
pair of electrical leads comprises electrodes configured to attach to the skin of a patient

proximate to a mastoidal site.

20.  The system of any of the preceding claims, wherein the at least one

pair of electrical leads is configured to stimulate the vestibular otolith of the patient.
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because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international ap?lica[ion, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive

concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.
Group I: Claims 1-3 directed to a method of imparting resistance to vasovagal response in a patient.
Group II: Claim 11-14 directed to a system for imparting resistance to vasovagal response in a patient by galvanic stimulation.

--- see extra sheet ---

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims,

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-3

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61N 1/36 (2017.01)
CPC - A61N 1/36036

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History Document

Minimum documentation searched (classification system followed by classification symbols)

See Search History Document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of

See Search History Document

data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X ~ | 'Sinusoidal galvanic vestibular stimulation (sGVS) induces a vasovagal response in the rat' 1-3
(Cohen et al.) 4 March 2011 (04.03.2011) entire document, especially pg 2, para 3; pg 4, para
1; pg 8, para 5; pg 9, para 2

A =| "Vasovagal Oscillations and Vasovagal Responses Produced by the Vestibulo-Sympathetic 1-3
Reflex in the Rat' (Yakushin et al.) 4 April 2014 (04.04.2014), entire document

A —| 'The vasovagal response of the rat: its relation to the vestibulosympathetic reflex and to Mayer 1-3
waves' (Cohen et al.) July 2013 (07.2013),

A US 2002/0072781 A1 (Lattner et al.) 13 June 2002 (13.06.2002), entire document 1-3

A US 2004/0215263 A1 (Virag et al.) 28 October 2004 (28.10.2004), entire document 1-3

A US 2004/0210260 A1 (Erickson et al.) 21 October 2004 (21.10.2004), entire document 1-3

A US 2007/0070800 A1 (Virag et al.) 29 March 2007 (29.03.2007), entire document 1-3

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published afier the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

16 August 2017

Date of mailing of the international search report

300CT 201r

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774
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Box Ill. This International Searching Authority found multiple inventions in this international application, as follows:

The inventions listed as Groups -1l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

SPECIAL TECHNICAL FEATURES

The invention of Group | includes the special technical feature of inducing galvanic vestibular stimulation of the patient; and repeating
the inducing galvanic vestibular stimulation such that the patient is habituated to resist an induction of the vasovagal response, not
required by the claims of Group |I.

The invention of Group Il includes the special technical feature of a controller comprising a processor and nontransitory memory
containing executable instructions that, when executed by the processor, cause the controtler to generate a repetitive waveform; a
current driver operably connected with the controller and configured to generate a signal suitable for application to a patient based on
the waveform; and at least one pair of electrical leads operably connected with the current driver and configured to impart the signal to
the patient when the pair of electrical leads is connected to the patient at a treatment site corresponding with the vestibular system of the
patient, not required by the claims of Group |.

COMMON TECHNICAL FEATURES

The inventions of Groups I-l| share the technical features of a device capable of vestibular stimulation. Specifically, Groups | and Il are
related as a method for using a system (Group 1) and the system (Group Il). The apparatus is known in prior art as shown in US
2002/0072781 A1 to Lattner et al. (hereinafter 'Lattner’). Therefore, Groups | and Il lack unity since the shared technical features do not
represent a contribution over Lattner, which discloses a device capable of vestibular stimulation (abstract).

As the common technical features were known in the art at the time of the invention, these cannot be considered special technical
feature that would otherwise unify the groups.

Therefore, Groups I-If fack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.
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