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Method of treatment of drug resistant hypertension

o1} This application claims priority to, and the benefit of the earlier filing date oft US
provisional patent application entitled Method of Treatment of Drug Resistant Hypertension by
Electrically Stimulating the Right Atrium to Create Inhibition of the Autonomic Nervous
System, filed on May 5, 2020, Ser. No. 63/101,544, pursuant to 35 USC 119, is a continuation in
part of PCT Patent Application, PCT/US2020/23477, filed on March 27, 2020, which is a
nonprovisional patent application of US provisional patent application 62/833,052, filed on April
12, 2019; and is a continuation in part application of PCTAIS2019/59703, filed on Now. 4, 2019,
which was & nonprovisional patent application of U'S provisional patent applications 62/757,559,
filed on Nov. 8, 2018 and 62/833.052 filed on Apsil 12, 2019, the contents of all of which are

incorporated herein by reference.

62} Background
03] Field of the Technology
{04} The invention relates fo svethods and apparatus for reating diastolic heart fatlure

and for comtrolling hiood pressurs in patients who have proven 1o be resistant to drag reatments

for blood pressurs control in the fields chavacteriead by CPU ASIN 136364 AS TN &

AL IN L3638, AGIN L3647, and A5 IR 17385871

03] Description of the Prior Art
{06} We have previously disclosed a method to treat drug resistant hvpertension and

heart fatlure with preserved ejection fraction, aka diastolic heart fatlure. See, PCT Patent
Applications entitled, “Method and Apparatus for Treatment of Drug Resistant Hypertension
Associated with Impaired Left Ventricular Function and Bradycardia Using a Cardiac
Pacemaker”, PCT/US 19/59703, and entitled “Axn Intelligently, Continnousty and
Physiologieally Controlled Pacemaker and Method of Operation of the Same™,

PCT/US2020/25447, which are again incorporated herein by reference in their entirety.
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[07] That method comprises a blood pressure sensor connected via a secure Bluetooth
or similar communication connection o an application containing an algorithm {referenced as
PressurePace) that processes the blood pressure reading determining the optimal right atrial
pacing rate of the pacemaker. The calculated atrial pacing rate is then transmitted to the
pacemaker via an encrypied Bluetooth or similar connection to regulate the implanted
pacemaker’s right atrial pacing rate thereby optimizing blood pressure and treating diastolic heart
failure.

[08] it has been previously published by one of us, Dr. Eli Gang, that gtrial
subthreshold pacing can have an effect on tocal issue refractory properties, such as the inhibition
of impulse transmisston across an accessory pathway in the heart of a patient.

{09} In addition, there is ample evidence in the literature that non-propagated high
intensity pacing stimuli delivered to the ventricle during refractoriness (i.¢., during the R-wave)
can enhance contractile properties of the ventricle.

{10} It has been experimentally shown that atrial pacing can promote the secretion of a
hormone produced by atrial tissue, namely, atrial natrivretic peptide, which has been shown to
lower blood pressure under certain physiologic conditions. * Noll B, Krappe I, Goke B, Maisch
B {1989) Influence of pacing mode and rate on peripheral levels of atrial natriuretic peptide
{ANP). PACE 12:1763--1768; and Noll B, Krappe J, Goke B, Maisch B (1990} Atrial natriuretic
peptide levels reflect hemodynamic changes under pacemaker stimulation, PACE 13:970-975,

{11} However, there are no publications disclosing use of etther subthreshold and/or
non-propagated supra-threshold pacing algorithms iy the right atrium designed to affect blood
pressure via interaction with epicardial cardiac ganglia or other newroendocrine mechanisms,

13

Brief Summary

{13} The tliustrated esnbodiments of the invention include an apparatus used to treat
drug resistant hypertension and heart failure with a preserved giection fraction (aka diastolic
heart failure). The apparatus includes a blood pressure measuring device, a cardiac pacemaker,
and an application module containing two algorithms or software defined modules linking the
blood pressure measuring device and the pacemaker. The measuring device, the pacemaker and
application module are mutually commumicated through encrypted Bloetooth or a similar

wireless communication protocol. The first algorithm or module (hereinafter referenced as
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“PressurePace™) caleulates the optimal right atrial pacing rate of the cardiac pacemaker to
optimally regulate a patient’s blood pressure. The second algorithm or module (hereatter,
referenced as the "Stimulus Architecture Algonthm™ or “SAA™) calculates the optimal stimulus
output of the pacemaker’s right atrnial pacing electrode, namely such parameters as amplitude,
pulse width, and frequency of subthreshold stimolations grouped into one bundled stimulus train
to be delivered to the right atrial tissue to produce one paced heartbeat. This of right atrial
stimufation causes feedback inhibition of cardiac-adjacent sympathetic and/or parasympathetic
nervous system tissues, resulting in a fowering of blood pressure,

{14} In sumumary, the iltustrated embodiments of the invention include a method of
right atrial pacing of a heart of a patient. The method includes the steps of stimulating right
atrial fissue of the heart using a right atrial lead of a dual chamber cardiac pacemaker to pace the
heart with a stimulus architecture protocol; and stimulating local sympathetic andfor
parasympathetic tissues with the stimulus architecture protocol proximate to the paced right atrial
tissue causing nervous system activity that inhibits the autonomous nervous system to reduce
blood pressure.

{15} The step of stimulating right atrial tissue of the heart using a right atrial lead of a
dual chamber cardiac pacemaker to pace the heart with a stimulus architecture protocol includes
the step of stimulating right atrial tissue with a selected composite amplitude of the pacing
stimufus, a selected number of sub-pulses within the pacing stimulus totaling the composite
delivered amplitude, a selected frequency of the sub-pulses, a selected duration of the sub-pulses,
and/or a selected refractory peried before another impulse can be generated, where the selections
are determined by an artificial intelligence derived stimulus architecture protocol.

{16} The step of stimulating right atrial tissue of the heart and stimulating local
sympathetic and/or parasympathetic tissues with the stimulus architecture protocol includes the
step of stimuiating the right atrial tissue of the heart and stimulating local sympathetic and/or
parasympathetic tissues using an optimized stimulus protocol devised by artificial intelligence
for the patient to reduce blood pressure selected from the group selectively varied stimulus
amplitude, selectively varied stimudus duration, selectively varied the ascent and descent phase
slopes of stindation, |, selectively varied number of tmypulses delivered in a train or a succession
of closely spaced stimuli, selectively varied frequencies of the impulses delivered as atrain or a

succession of closely spaced stimuli, and/or selectively varted amplitudes of the individual

fwd
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impuises delivered as g train or a succession of closely spaced stimuli, where intensity of
delivered right atrial stimuli may be subthreshold or suprathreshold; and where the impulses may
be propagated or nonpropagated, depending on the timing of the impulse, as determined by the
stimuolus architecture protocol.

{17 The step of stimulating the right atrial tissue of the heart and stimulating focal
sympathetic andfor parasympathetic fissues using an optimized stimulus protocol devised by
artificial intelligence for the patient to reduce blood pressure includes the steps oft determining if
a cardiac beat is required; and supra-threshold pacing the heart and causing a nevro-inhibitory
feedback to lower blood pressure, if a cardiac beat is required.

18} Alternatively the step of stimulating the right atrial tissue of the heart and
stimdating local sympathetic and/or parasympathetic tissues using an optimized stimolus
protocol devised by artificial intelligence for the patient to reduce blood pressure includes the
steps of: determining if a cardiac beat is required; and sub-threshold pacing the heart to only
produce a neuro-inhibitory effect on blood pressure without pacing the heart, if a cardiac beat in
not required.

{19} The step of stimulating right atrial tissue of the heart and stimulating local
sympathetic and/or parasympathetic tissues with the stimulus architecture protocol includes the
step of stinmulating the right atrial tissue with a right atrial pacing lead with multiple pacing
electrodes such that one pacing electrode comprises a conventional right atrial pacing lead, and
one or more other pacing electrodes are arranged and configured to be disposed anatomically
proximate to atrial tissue proximate to svmpathetic and/or parasympathetic ganglionic tissues for
the purpose of stimulating those ganglionic fissues to lower blood pressure.

[26] The scope of the invention also extends to include a closed loop system. The
closed system includes: a blood pressure measuring device for transmitting a blood pressure
reading; an applications module receiving the blood pressure reading from the applications
modude, where the applications module operates under an algorithm that uses the measured blood
pressure reading to calculate a selected stimulus architecture of which selectively stimulates the
right atrial tissue of the heart and selectively stimulates local sympathetic and/or parasympathetic
tissues using an optimized stimodus protocol devised by artificial intelligence for the patient to
control blood pressure; and a cardiac pacemaker comnwunicated with the applications modude to

regulate right atrial pacing for the purpose of controlling blood pressure.
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21} The pacemaker determines if a cardiac paced beat is required and the pacemaker
applies supra-threshold pacing to the heart and causes a neuro-inhibitory feedback to lower blood
pressure according to a stimulus architecture generated by the applications module, if a cardiac
heat is required.

22} The pacemaker determines if a cardiac paced beat is required and the pacemaker
applies sub-threshold pacing to the heart cavsing a newro-inhibitory feedback back to lower
blood pressurs according to a stimulus architecture generated by the applications module, if a
cardiac beat 1s not required.

[23] The applications module includes a PressurePace module for first determining an
optimal right atrial pacing rate and inclodes a Stimulos Architecture Algonithm module (S5A) to
calculate the selected stimulus architecture based on the opiimal right atrial pacing rate from the
PressurePace module,

{24} The applications module constructs an algorithm that uses the measured blood
pressure reading to caloulate a selected stimudus architecture algorithm for regulating right atrial
pacing using artificial intelligence using the measured blood pressure reading.

{25} The applications modute constructs an algorithm that uses the measured blood
pressure reading to calculate a selected stimulus architecture algonithm for regulating right atrial
pacing using artificial intefligence using the measured blood pressure reading and at least input
selected from the group of patient age, sex, medications, ambient temperature, altitude, patient’s
instantaneous reports of symptoms, or other parameters deemed relevant by the attending
cardiologist.

{26} Right atrial pacing for the purpose of lowering blood pressure 1s carried out via
the multi-electrode pacing electrode, having at least one conventional right atrial pacing
electrode and one or more other pacing electrodes arranged and configured to be disposed
anatomically proximate to atrial ssue proximate to sympathetic andfor parasympathetic
ganglionic fissues for the purpose of stimulating those ganglionic tissues to lower blood pressare,

{27} Thus, the scope of the invention further extends to a cardiac pacing lead for
stimulating right atrial tissue of the heart and stimudating local sympathetic and/or
parasympathetic tissues with the stimulos architecture protocol including: a conventional right

atrial pacing lead; and one or more other electrodes arranged and configured to be disposed
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anatomically prosimate to atrial tissue proximate to sympathetic andfor parasympathetic
ganglionic tissues for the purpose of stimulating those ganglionic tissues 1o lower blood pressure.

{28} The conventional right atrial pacing lead and one or more other electrodes deliver
a plurality of selected stimulus architectores to the right atviam of a heart which selectively
stimulates the right atrial tissue of the heart and selectively stimulates local sympathetic andfor
parasympathetic fissues respectively, using an optimized stimulus protocol devised by actificial
intelligence for the patient to control blood pressure.

[29] The conventional right atrial electrode delivers a supra-threshold pacing to the
heart and at least one of the other electrodes causes a newro-inhibitory feedback to tower blood
pressure according to a stimulus architecture generated by the applications module, if a cardiae
beat is required.

{30} The conventional right atrial electrode delivers a sub-threshold pacing to the heant
and at least one of the other electrodes causes a neuro-inhibitory feedback to tower blood
pressure according to a stimulus architecture generated by the applications module, if a cardiac
beat is not required.

{31} A pacing stimulus can be delivered on oue electrode without delivery of a pacing
stimulus being delivered on other electrodes.

{32} The one or more other electrodes can deliver energy with a specific protocol to
the right atrial tissue affecting blood pressure without inducing cardiac pacing.

{33} The ilustrated embodiments also extend to a closed loop system including: a skin
sensor for real-time measurement of an ANS function to measure skin sympathetic or
parasympathetic activity; an applications module receiving the real-time measurement of the
ANS function, where the applications module operates under an algorithm that uses the real-time
measurement of an ANS function to caleulate a selected stimulus architecture of which
selectively stimulates the right atrial tissue of the heart and selectively stimulates local
sympathetic andfor parasympathetic tissues using an optimized stimulus protocol to control
blood pressure; and a cardiac pacemaker communicated with the applications module to regulate
right atrial pacing for the purpose of controlling blood pressure,

{34} The applications modiude operates under an algorithm by using artificial
intelligence to stimulate the riglt atrial tissue of the heart with the optimal stimulus protocol to

control blood pressure.
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§35] The closed loop system further includes a blood pressure sensor, the blood
pressure sensor and skin sensor communicated with the applications module.

{36} The closed loop system in one smbodiment is combined with a smartphone, and
the skin sensor 1s commuanicated with the applications module through the smartphone,

137} While the apparatus and method has or will be described for the sake of
grammatical fluidity with functional explanations, it is to be expressly understood that the
claims, unless expressly formulated under 35 USC 112, are not to be construed as necessarily
limited in any way by the construction of “means™ or “steps” limitations, but are to be accorded
the full scope of the meaning and equivalents of the definition provided by the claims under the
Judicial doctrine of equivalents, and in the case where the claims are expressly formulated vnder
3SUSC 112 are to be accorded full statutory equivalents under 35 USC 112, The disclosure can
be better visualized by turning now to the following drawings wherein like clements are

referenced by like numerals.

Brief Description of the Drawings

{38} Fig. 1 is a block diagram illustrating the main elements of an embodiment of the
invention.

{39} Fig. 2 is a flow diagram illustrating one embodiment of the methodology of the
invention,

{46} Fig. 3 is a simplified diagram of one embodiment of a cardiac lead used in the

illustrated embodiment of the invention.

{41} Fig. 4 is a diagram illustrating the SKNA sensing waich or bracelet with a blood
pressure sensor commumicated to the pacemaker with the possible intermediation of the
PressurePace algoritho gpp and arificial intelligence processing.

{42} The disclosure and its vartous embodiments can now be better understood by
turning to the following detaited description of the preferred embodiments which are presented
as illastrated examples of the embodiments defined in the claims. It is expressly naderstood that
the embodiments as defined by the clalms may be broader than the ilustrated embodiments

described below.

Detailed Description of the Preferred Embodiments
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[43] This application expands on the use of either subthreshold andéor non-propagated
supra-threshold pacing algorithms in the right atrium designed to affect blood pressure via
interaction with epicardial cardiac ganglia or other neuroendocrine mechanisms by means of
atrial natrivretic peptides by delivering the pacing impulse to the tight atrial tissue. The pacing
mpulse activates the local sympathetic and/or parasympathetic ganglia producing a neural
feedback that results in suppression of blood pressure. A supra-threshold pacing algorithm
nieans the pacing stimudi cause a paced beat unless placed somewhere outside the vulnerable
zone of tissye. The pacing stimuli could also be a train of stimuli, none of which is individually
supra-threshold, but in aggregate are supra-threshold in total voltage.

44} It cannot currently be determined as a certainty whether we are stimulating
sympathetic, parasympathetic nerve endings, an interplay between the two, or none of the above.
Both sympathetic and parasympathetic nerve endings are found in cardiac ganglia. Therefore,
where sympathetic tissue is referenced, it 13 to be understood throughout t this specification that
both svmpathetic and/or parasympathetic nerve activity may be present, possibly by affecting
eptcardial ganghonated plexi.  In particular, it must be understood that both sympathetic and
parasympathetic inputs to the heart are provided.

{45] The illustrated embodiment of the invention as disgrammatically depicted in Fig.
! includes: {a} a pacemaker 10 with a pacing electrode 12 implanted in the right atrium 14 of
heart 13, and {b) an algorithmic module 17 that determines the (¢) stinulus architecture or
protocol delivered through the pacing electrode 12 into the right atrial tissue 14, In one
gmbodiment, the pacing electrode 12 is a conventional right atrial pacing electrode. After
recetving the blood pressure reading wirelessly transmitted from blood pressure sensor 11, the
PressurePace algorithm or module 16 calculates the optimal right atrial pacing rate as more fully
described in the incorporated patent applications. The optimal right atrial pacing rate is then
further processed by the Stimulus Architecture Algorithm (SAA) module 18 to arrive at the
optimal stimulus protocol or format. The optimal stimulus protocol determines the composite
amplitude of the pacing stimulus, the aumber of sub-pulses within the pacing stimulus totaling
the composite delivered amplitude, the frequency of the sub-pulses, the duration of the sub-
pulses, and the refractory period before another impulse can be generated.

{46} A schematic diagram of the illustrated embodiment of the invention s presented

in the diagram of Fig. 1. The components of the systerm 20 can vary, but essential elements
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include the pacing electrode 12, In other embodiments of the invention the pacing electrode 12
ntay comprise a phurality of electrodes, which include deliver stimulating pulses to more than
one site, where the second or multiple stimulation sites, which can be single or an array, are
designed to be positioned closer to the local sympathetic and/or parasvmpathetic ganglia to more
optimally stimulate those antonomic nervous system tissues to produce a neuro-inhibitory effect
on blood pressure. Fig 3 is a simplified diagram of one embodiment of such a multiple
electrode lead 48, including a conventional right atrial cardiac lead 44 and a plurality of other
nenro-inhibitory leads 46,

{47} System 20 further includes the SAA algorithm or module 18, The SAA algorithm
or module 18 uses computational and artificial intelligence analysis methods to determine the
optimal stimulos protocol. The optimal stimulus architecture is computed by the SAA algorithm
or module 18 1o optimally regulate the neuro-inhibitory component of the right atrial pacing
effect, taking into account other simultaneous factors including pacemaker rate modulation
sensor outputs, e.g. from accelerometer and respiratory rate sensor 22 included in pacemaker 10,
and the PressurePace-derived optimal night atrial pacing rate. In alternative embodiments of the
PressurePace algorithm or module 16, this will include additional factors previously described in
the incorporated patent applications, inclading but not hmited to patient age, sex, medications,
ambient temperature, altitade, patient’s instantaneous reports of symiptoms, and any other
parameters deemed refevant by the attending cardiologist,

{48} The illustrated embodiment of the methodology is better understood by turning
the flow diagram of Fig. 2. At step 24 the patient’s bood pressure (BP) is measured using a
blood pressure measuring device. The measured blood pressure data is then encrypted at step 26,
The encrypted BP data is wirelessly transmit data to the PressurePace software module 16 at step
28. The PressurePace sofiware module 16 receives data and decrypts it at step 30, Atstep 32
the PressurePace module 16 calculates an optimal night atrial pacing rate, based on a
determination made by the corresponding algorithm using artificial intelligence (AT as set out in
the incorporated patent applications.

{491 Computer science defines Al research as the study of "intelligent agents": any
device that perceives its environment and takes actions that maximize its chance of successfully
achieving its goals. A more elaborate definttion characterizes Al as "a systent's ability to

correctly interpret external data, to learn from such data, and to use those learnings to achieve
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specific goals and tasks through flexible adaptation. A typical Al analyzes its input data and
takes actions that maximize its chance of success, in this case reduction of blood pressure. Al
often revolves around the use of algorithms. An algorithm is a set of unambiguous instructions
that a mechanical computer can execute. A complex algorithm is often built on top of other,
simpler, algorithms. Many Alalgorithms are capable of learning from data; they can enhance
themselves by learning new heuristics (strategies, or "rules of thwmb", that have worked well in
the past), or can themselves wiite other algorithms, Some of the "learners” described below,
including Bayesian networks, decision trees, and nearest-neighbor, could theoretically, (given
infinite data, time, and memory} fearn to approximate any function, including which combination
of mathematical functions would best describe the world: These learners could therefore derive
all possible knowledge, by considering every possible hypothesis and matching them against the
data. In practice, it is seldom possible to consider every possibility, because of the phenomenon
of "combinatorial explosion”, where the time needed to solve a problem grows exponentially.
Much of Al research involves figuring out how to identify and avoid considering a broad range
of possibilities unlikely to be beneficial.

{504 The earliest {and easiest to understand} approach to Al was symbolism (such as
formal logic): "If an otherwise healthy adult has a fever, then they may have influenza”. A
second, more general, approach is Bayesian inference: "If the current patient has a fever, adjust
the probability they have influenza in such-and-such way". The third magjor approach, extremely
popular in routine business Al applications, are analogizers such as support vector machine
model (SVM) and nearest-neighbor: "After examining the records of known past patients whose
temperature, symptoms, age, and other factors mostly match the curvent patient, X% of those
patients turned out to have influenza”. A fourth approach is harder to intuitively understand, but
is inspired by how the brain's machinery works: the artificial neural network approach uses
artificial "neurons" that can leam by comparing itself to the desired output and altering the
strengths of the connections between its internal nevrons to "reinforce” connections that seemed
to be usefid, These four main approaches can overlap with each other and with evolutionary
systems; for example, neural nets can leam 10 make inferences, to generalize, and to make
analogies. Some systerns implicitly or expliciily use mulfiple of these approaches, alongside
many other Al and non-Al algorithms; the best approach is often different depending on the

problem.
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{51} Learning algorithms work on the basis that strategies, algorithms, and inferences
that worked well in the past are likely to continue working well in the future. These inferences
can be obvious, such as "since the sun rose every morning for the last 10,000 davs, it will
probably rise tomorrow morning as well”. They can be nuanced, sach as "X% of families have
geographically separate species with color variants, so there is a Y% chance that
undiscovered black swans exist”. Learners also work on the basis of “Occam's razor": The
simplest theory that explains the data is the likeliest. Therefore, according to Occam's razor
principle, a learner must be designed such that it prefers simpler theories to complex theories,
except in cases where the complex theory is proven substantially better.

52 Settling on a bad, overly complex theory gerrymandered to fit all the past training
data is known ag overfitiing. Many systems attempt to reduce overfitting by rewarding a theory
in accordance with how well it fits the data, but penalizing the theory in accordance with how
complex the theory 817 Besides classic overfitting, learners can also disappoint by "learning the
wrong lesson”. A toy example is that an image classifier trained only on pictures of brown horses
and black cats might conclude that all brown patches are likely to be horses. A real-world
example is that, unlike humans, current image classifiers don't determine the spatial relationship
between components of the picture; instead, they learn abstract patterns of pixels that humans are
ablivious to, but that linearly correlate with images of certain types of real objects. Faintly
superimposing such a pattern on a legitimate image results in an "adversarial" image that the
system misclagsifies.

{53} Stimulus architecture algorithm module {SAA) 18 caloulates two different
possible stimulus architectures at step 34, The first stimulus architecture includes a supra-
threshold stimulus (cardiac pacing is required), which produces both cardiac pacing and
stimdation of local sympathetic andf/or parasympathetic tissues o produce feedback inhibition of
the antonomic nervous system to fower blood pressure. The second stimulus architecture
includes sab-threshold stimulus (cardiac pacing is not required) which produces only feedback
inhibition of the autonomic nervous system to lower blood pressure.

The two stimulus architectures are encrypted and transmitted at step 36 wirelessly to a
pacemaker 10 which 1s “paired”™ to recetve and decrypt the signal only from stimudus architecture
atgorithin modale (SAA) 18, Then at step 38 pacemaker 10 receives and decrypts the two

stimulus architectures.
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If the pacemaker programming determines at step 38 that a paced cardiac beat is
indicated per standard pacemaker protocol, right atrial stimulation proceeds according to the first
of the stimalus architectures at step 40, namely a supra-threshold stimulus {(cardiac pacing is
required), which produces both cardiac pacing and stimolation of {ocal sympathetic andfor
parasvmpathetic tissues to produce feedback inhibition of the autonomic nervous system to lower
blood pressure. If the pacemaker programming determines that a paced cardiac beat is not
required at step 38, right atrial stimulation procesds at step 42 according to the second of the
stimulus architectures, namely sub-threshold stimulos (cardiac pacing is not vequired) which
produces only feedback inhibition of the autonomic nervous system to lower blood pressure.

We have previcusly disclosed in the incorporated applications the relationship
between right atriat (RA} pacing and the treatment of dialysis-related hypotension (DRH) and
digstolic heart failure (DHF), We have further described an avtomatic closed-loop system
controlled by an algorithm, PressurePace (PP), comprised of a blood pressure measuring device
connected via Bluetooth to a processor containing the PP algorithm such as a smartphone with
Bluetooth, that is in tur connected via Bluetooth to & pacemaker to regulate RA pacing We
have suggested a mechanisim of action for that system and a mechanical design thereto that
involves direct stimudation of the autonomic nervous systen {ANS) that does not require the
provocation of & paced beat, so called subthreshold pacing controlled by a second algorithm we
have called Stimutus Architecture Algorithm {(SAA),

Also disclosed 1s an embodiment, which 13 an extension of the svstem described
above and which integrates the real-time measurement of ANS function by adding a poninvasive
skin sensor to the loop that measures skin sympathetic or parasympathetic activity. In one
embodiment the ANS skin sensor is disposed on the back of a smartwatch worn in contact with
the patient’s skin, The smartwatch is communicated with a smartphone or a computer either by a
cable or Bluetooth connection. Turn now and consider the measurement of skin sympathetic or
parasympathetic activity (SKNA)., SKNA directly and non-invasively records sympathetic or
parasympathetic nerve activity. It can be nsed to measure sympathetic or parasympathetic tone in
healthy subjects and in subjects with non-cardiovascular diseases. The electrical activity that can
be measured on the surface of the skin originates from the heart, the mascle or nerve structures,

Because the frequency content of nerve activity falls in a higher trequency range than that of the

bo

ECG and myopotentials, # is necessary 1o use high-pass or band-pass filtering to specifically
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wolate the SKNA signal. SKNA is voltage calibrated and does not require tavasive procedures
o invasively disposs electrodes i nerves and thus has advantages over microneurography. The
measurement of SKNA can be performed using commercially available hardware and software,
{57 An electrode {sensor) that can recetve the SKNA signal is aftixed or otherwise
affixed 1o the bottom surface of & non-pneamatic driven blood pressure sensing watch S0 as is
currently available and FDA approved diagrammatically ilhustrated in Fig. 4. This configuration
places the electrode in contact with the wearer’s skin when the watch is worn on the wrist or
other snitable body part. The watch 50 ts Bluetooth enabled and configored to communicate
with the PreasurePace app 16, The watch 50 also contains electronic elaments that process the

skin electrode’™s sig

anal as previously described and validated. The same electrode may also be
used to recetve the patient”™s ECG for other applications, including other versions of PressurePace
algorithm that may include an ECG signal as part of the dataset.

{38} in the preferred embodiment, the watch 30 encrypts both the blood pressure resolt
and the skin sensor output and sends those results to the PressurePace application 16 which ix
resident in a smart phone 32 that has been paired with waich 30 fo receive the processed SKNA
signals. As previously described, the PressurePace app 16 decrypts both signals and caleulates
the optimal RA pacing rate to both lower blood pressure and, in the present embodiment,
optimize the sympathetic tone, pertpheral resistance or systemic vasonlar resistance as a
secondary factor in regulating blood pressure. The resultant RA pacing command is then
gncrypted and sent via Bloetooth to the patient’s pacemaker 10 which is capable of receiving the
signal. Rtis decryvpted and the command executed, thereby lowering blood pressure to the most
effictent level, and also benefiting the treatment of heart fathure with preserved gjection fraction
{HEpEF). The process repeats every three minutes, or as otherwise programmed by the
supervising physicign.

159§ {ther emsbodiments include 3 version of blood pressure watch 30, which contains
the blood pressure sensing sensor 1, the autonomeons nervous system (ANS) sensor or electrode
54, and the PP app 16, Waich 50 may also include a separate ECG sensing electrode with the
ANS sensor or electrode 54 and the PP app 16.

i in another embodiment the blood pressure measwring device 1 a conventional
preamatic cuff with Bluetoath capability, and the ANS sensor or electrode 54 is separate and

worn separately on the wrist with Bloetooth capability to be sent to the app 16 whichising

o
a2
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smart phone 52. The ANS sensor or electrode 34 s optionally connected to the smartphone 52
via a wire cable that transmits the data. 1t must be understood that watch 50 may be provided
with a variety different kinds of sensing mechanisms and combinations with smartphone 32 and
PP app 16 with or without artificial intelligence processing described above. For example, the
blood pressure sensor may or may include a manual or automatic pneumatic cuff or may be
electronic, may or may not be Bluetooth communicated to the smartphone 52, may or may not be
an implanted blood pressure sensor, may of may not have an ANS sensor 54, may be carried
separately in a bracelet with or without Bluetooth communication or hardwired cable
communication to smartphone 32, may or may not have PP app 16 resident in watch 50, in other
blood pressure devices, in smartphone 52, in & separate processing module, or in pacemaker 10
Thus, it is clear it 1s entirely within the scope of the invention that the elements including waich
30 or a substitute bracelet (not shown), smartphone 52, ANS scnsor 54, PP app 16, and
pacemaker 10 may be combined in a large number of different equivalent permutations and
intercommunicated by Bluetooth or cable with or without antificial intelligence processing.

[66] Many variations and modifications may be made by those having ordinary skill in
the art without departing from the spirit and scope of the embodiments. Therefore, it must be
anderstood that the iflustrated embodiment has been set forth only for the purposes of example
and that it should not be taken as limiting the embodiments as defined by the following
embodiments and its various embodiments.

{61} Therefore, #t must be understood that the llustrated embodiment has been set
forth only for the purposes of example and that it should not be taken as limiting the
embodiments as defined by the following claims. For example, notwithstanding the fact that the
elements of a claim are set forth below in a certain combination, it must be expressly understood
that the embodiments includes other combinations of fewer, more or different elements, which
are disclosed in above even when not initially claimed in such combinations, A teaching that
two elements are combined in a claimed combination is further to be understood as also allowing
for a claimed combination in which the two elements are not combined with each other, but may
be used alone or combingd in other combinations. The excision of any disclosed element of the
embodiments 1s explicitly contemplated as within the scope of the embodiments.

{62} The words used in this specification to describe the various embodiments are to

be ynderstood not only in the sense of their commonly defined meanings, but to include by



WO 2021/194543 PCT/US2020/044784

special definition in this specification structure, material or acts beyond the scope of the
commonly defined meanings. Thus it an element can be understood in the context of this
specification as including more than one meaning, then its use in a claim must be understoond as
being generic to all possible meanings supported by the specification and by the word itself.

{63} The definitions of the words or elements of the following claims are, therefore,
defined in this specification 1o include not only the combination of elements which are literally
set forth, but all equivalent structure, matertal or acts for performing substantially the same
function in substantially the same way to obtain substantially the same result. In this sense it is
therefore conteraplated that an equivalent substitution of two or more elements may be made for
any one of the elements in the claims below or that a single element may be sobstitated for two
or more elements in a claim. Although elements may be described above as acting in certain
combinations and even initially claimed as such, it is 1o be expressty understood that one or more
elements from a claimed combination can in some cases be excised from the combination and
that the claimed combination may be directed 1o a subcombination or variation of a
subcombination.

{64} Insubstantial changes from the claimed subject matter as viewed by a person with
ordinary skill in the art, now known or later devised, are expressty contemplated as being
equivalently within the scope of the claims. Therefore, obvious substitutions now or later known
to one with ordinary skill in the art are defined to be within the scope of the defined elements,

{65} The claims are thus to be understood to inchude what is specifically illastrated and
described above, what is conceptionally equivalent, what can be obviously substituted and also

what essentially incorporates the essential idea of the embodiments.
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