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METHOD AND SYSTEM FOR ASSESSING
BREATHING EFFECTIVENESS VIA
ASSESSMENT OF THE DYNAMIC ARTERIAL
PRESSURE WAVE USING THE
OSCILLOMETRIC MEASUREMENT
TECHNIQUE

RELATED PATENT FILINGS

Method and System for Consciously Synchronizing the
Breathing Cycle with the Natural Heart Rate Cycle (Ser. No.
10/699,025), System and Method for Synchronizing the
Heart Rate Variability Cycle With The Breathing Cycle (Feb.
19, 2004), Method of Presenting Audible and Visual Cues for
Synchronizing the Breathing Cycle With An External Timing
Reference for Purposes of Synchronizing The Heart Rate
Variability Cycle With The Breathing Cycle (Mar. 15, 2004),
Method and System Providing A Fundamental Musical Inter-
val for Heart Rate Variability Synchronization (Mar. 23,
2004), Method and System of Respiratory Therapy Employ-
ing Heart Rate Variability Coherence (Ser. No. 10/814,035),
Method and System of Breathing Therapy for Reducing Sym-
pathetic Predominance With Consequent Positive Modifica-
tion of Hypertension (Ser. No. 10/932,636)

FIELD OF THE INVENTION

The present invention relates to the field of human health
and in particular to the field of “arterial pressure wave”
assessment. This form of assessment is related to but different
from traditional “blood pressure” measurement.

BACKGROUND OF THE INVENTION

Per the present state of the art, for practical purposes,
noninvasive blood pressure is measured in one of two primary
ways. The first method is the ascultatory method wherein
blood flow in the brachial artery is impeded via a pressure cuff
and “listened to” for purposes of assessing the state of the
flow or lack thereof and consequent pressures relating to
cardiac systole and diastole.

The second primary method is the oscillometric method
wherein a pressure cuft is applied and the variation of pres-
sure oscillations in the cuff are used to determine systolic and
diastolic pressure. Due to limitations with each method, the
ascultatory and oscillometric methods are sometimes used in
combination to maximize accuracy.

Even so, per the present state of the art, neither the ascul-
tatory method, nor the oscillometric method, nor their use in
combination is adequately complete for purposes of assessing
the comprehensive status of arterial pressure and patient
health. This is because neither adequately address character-
ization of the arterial pressure wave resulting, or not, from
respiratory sinus arrhythmia. By and large, both auscultatory
and oscillometric assessment methods assume that the heart-
beat rate varies little, where, in reality, the heart beat rate and
resultant background arterial pressure can and should vary
widely. This should-be wide variation is due to the phenom-
enon of respiratory sinus arrhythmia (RSA), this being the
fact that the heartbeat tends to increase coincident with inha-
lation and decrease coincident with exhalation. Respiratory
sinus arrhythmia gives rise to the phenomenon known as the
“arterial pressure wave” which rises and falls with respira-
tion. The arterial pressure wave is a well recognized physi-
ological phenomenon, “With each cycle of respiration, the
arterial pressure usually rises and falls 4 to 6 mm Hg in a
wavelike manner, giving rise to so-called respiratory waves in
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2

the arterial pressure. During deep respiration, the blood pres-
sure can rise and fall as much as 20 mm Hg with each respi-
ratory cycle.” (Medical Physiology—Guyton and Hall, 2000)
Because, diastolic pressure is highly related to respiratory
sinus arrhythmia, under ideal breathing circumstances, this
author (Elliott) has measured systolic and diastolic pressures
that differ by as much as 70 mm Hg. and diastolic pressures
less than 50 mmHg, diastolic pressure being particularly
affected by robust respiratory sinus arrthythmia. Fundamen-
tally, the arterial pressure wave is a consequence of increasing
heartbeat rate and heart output coincident with inhalation and
a decreasing heartbeat rate and output coincident with exha-
lation.

When a human subject is breathing in a relatively rapid and
shallow manner, as do most people when in the state of rest or
semi-activity, their heartbeat varies only slightly between its
upper and lower limits, for example 81-86 beats per minute as
depicted in FIG. 1. Relatively rapid shallow breathing results
in a minimal arterial pressure wave and for this reason a
relatively small variation in pulse pressure as assessed by
oscillometric measurement as depicted in FIG. 2. Under these
circumstances, present ascultatory and oscillometric methods
yield approximately the same measurement result.

In the case where breathing is properly slow and deep, the
heartbeat rate tends to vary to a much wider degree, for
example 60-96 beats per minute as depicted in FIG. 3. A
widely varying heart rate variability results in a widely vary-
ing arterial pressure wave which results in a widely varying
arterial pressure. Because the arterial pressure wave modu-
lates pulse pressure, it can result in widely varying systolic
and diastolic pressures, diastolic pressure being particularly
affected. This case is depicted in FIG. 4. Under these circum-
stances present oscillometrically based assessment methods
can yield widely varying results and systolic/diastolic read-
ings that are significantly inaccurate relative to the ascultatory
method. Nor can auscultatory methods easily take arterial
pressure wave implications into account because there is no
knowledge of breathing frequency, depth, or phase relative to
measurement timing.

Present auscultatory and oscillometric techniques share the
common shortcoming of not presenting the total picture of
arterial pressure. In prior patent Ser. No. 10/932,636, it is
asserted and explained that suboptimal breathing is in fact a
root cause of hypertension, the reason being that rapid breath-
ing while at rest results in autonomic nervous system accel-
eration resulting in an increased heartbeat rate, decreased
heart rate variability, and increased heart duty cycle. This
relationship between breathing and heart rate is depicted in
FIG. 5. Yet, the medical community has yet to draw an overt
connection between breathing and blood pressure. In part,
this is due to the lack of attention paid to respiratory sinus
arrhythmia and the resultant “arterial pressure wave” and its
relevance to acute and chronic systemic blood pressure.
These shortcomings have resulted in the perpetuation of a
narrow and erroneous understanding in the medical commu-
nity as to the root cause of hypertension.

Also, owing to the aforementioned oscillometric assess-
ment limitation, a person that is breathing at the proper
rhythm and depth cannot employ present oscillometric mea-
surement devices with confidence, a given device yielding
significantly different readings with each measurement as
well as different manufacturers yielding significantly differ-
ent results. This is not because of limitations of oscillometric
technology but because the unwritten objective of manufac-
turers of oscillometric measurement units is consistency
between auscultatory and oscillometric assessment of “sys-
tolic” and “diastolic” pressures as well as the general lack of
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recognition of the importance of arterial pressure wave
assessment within the industry.

The present state of the art definition of “arterial pressure
wave” is the difference between “systolic” and “diastolic”
blood pressures. Here again, a lack of recognition exists that
that arterial pressure wave varies greatly as a function of
respiratory sinus arrhythmia and that the important metric is
the amplitude of the arterial pressure wave as a function of
breathing.

The foregoing makes clear the fundamental issues and
limitations of present auscultatory and oscillometric arterial
pressure assessment methods. The present invention
addresses these shortcomings by facilitating assessment of
arterial pressure taking into account the respiratory sinus
arrhythmia induced arterial pressure wave under varying
breathing conditions.

SUMMARY OF THE INVENTION

The invention specifies a system and method employing
oscillometric measurement methods for purposes of provid-
ing a comprehensive characterization of respiratory sinus
arrhythmia and consequent arterial pressure wave. Unlike
present state of the art blood pressure measurement, the
present invention concerns itself with measuring arterial pres-
sure wave amplitude, periodicity, and coherence.

It is important to note that this invention asserts a new way
of looking at the matter of arterial pressure. Specified mea-
surement methods and output “metrics” do not equate
directly to present state of the art “systolic” and “diastolic”
pressures. While the preferred embodiment of the present
invention specifies an integrated “blood pressure” measure-
ment capability, other than physical and functional integra-
tion, present state of the art oscillometric capability is not of
specific interest and assumes present state of the art.

An instructive method is specified for both therapy practi-
tioners and care recipients in the application of the preferred
embodiments of the present invention.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

The accompanying drawing figures incorporated in and
forming a part of this specification illustrate several aspects of
the invention and together with the description serve to
explain the principles of the invention.

FIG. 1 depicts the low amplitude heart rate variability
signature resulting from typical rapid shallow breathing.

FIG. 2 presents a graphical view of the small variation in
arterial pressure wave and resulting small delta in cardiac
systole and diastole resulting from relatively rapid shallow
breathing.

FIG. 3 depicts the high amplitude heart rate variability
signature resulting from slow deep breathing.

FIG. 4 presents a graphical view of the large variation in
arterial pressure wave and resulting large delta in cardiac
systole and diastole resulting from relatively slow deep
breathing.

FIG. 5 depicts the basic relationship between breathing
frequency and heart rate variability, the arterial pressure wave
following the heart beat rate.

FIG. 6 depicts present state of the art oscillometric systolic
and diastolic measurement.

FIG. 7 depicts oscillometric measurement of the arterial
pressure wave per the present invention.
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FIG. 8 presents the human machine (HMI) interface and
physical positioning of HMI aspects of the preferred embodi-
ment.

FIG. 9 presents a high level functional block diagram of the
preferred embodiment.

FIG. 10 presents the measurement and control process
algorithm.

FIG. 11 presents a table defining “RSA signal generator”
operation.

FIG. 12 describes the “RSA target” audio visual display.

FIG. 13 presents a table defining “RSA actual” indicator
operation.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The embodiments set forth below represent the necessary
information to enable those skilled in the art to practice the
invention and illustrate the best mode of practicing the inven-
tion. Upon reading the following description in light of the
accompanying drawing figures, those skilled in the art will
understand the concepts of the invention and will recognize
applications of these concepts not particularly addressed
herein. It should be understood that these concepts and appli-
cations fall within the scope of the disclosure and the accom-
panying claims.

The present invention advances present state by providing
arterial pressure wave assessment and characterization.

a) detecting the presence or absence of an arterial pressure

wave,

b) if an arterial pressure wave is detected, by assessing
magnitude and otherwise characterizing amplitude, rate,
and coherence.

¢) by facilitating the understanding of the relationship
between breathing and arterial pressure wave metrics,

d) by the application of these value added functions as both
a diagnostic and remedial tool for hypertension and
related cardiovascular disease.

With the aid of FIGS. 6-13, the salient features of the
preferred embodiment are now explained in detail. The
detailed discussion begins with FIG. 6, depicting present state
of the art oscillometric blood pressure measurement. Alter-
natively, FIG. 7 presents oscillometric arterial pressure wave
assessment. Blood pressure measurement focuses on deter-
mining pressures relating to cardiac systole and diastole.
Measurement is performed by monitoring and measuring cuff
oscillations as cuff pressure is gradually reduced per FIG.
6(c). When blood flow begins on cardiac systole, cuff oscil-
lation promptly begins per FIG. 6(5). The amplitude of oscil-
lations increases as pressure is gradually reduced until a
moment is reached where amplitude begins to diminish rap-
idly. This moment corresponds approximately to “diastolic”
pressure. Per FIG. 6(d) systolic and diastolic assessment
occurs on the first systole to exceed cuff pressure and the first
“significant” reduction in pulse pressure to occur after the
systole event. There is virtually no determinism as to the
timing of either systole or diastole relative to respiratory sinus
arrhythmia and resulting arterial pressure wave. Again, the
reason this works to the degree that it does is that the arterial
pressure wave varies to a small degree and is otherwise inco-
herent and can be therefore be treated as essentially random
and nondeterministic for measurement purposes. This is true
for most adults while in the state of rest or semi-activity due
to relatively rapid shallow breathing.

Alternatively, during arterial pressure wave assessment per
the preferred embodiment of the present invention, once
oscillation begins, cuff pressure is released very slowly such
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that oscillation continues for the duration of the measurement
as depicted by FIG. 7(c). In this case, oscillation amplitude, as
afunction of pulse pressure, rises and falls with changes in the
arterial pressure wave for the duration of measurement as it
reflected by FIG. 7(b). These oscillation amplitude changes
are representative of arterial pressure wave peaks and valleys
and correspond to increases and decreases in pulse pressure
observed during the measurement interval per FIG. 7(d).

While the actual blood pressure measurement cycle typi-
cally lasts <10 seconds, arterial pressure wave assessment
occurs over the duration of 60 seconds. This 60 second inter-
val accommodates 5 complete breathing cycles of 12 seconds
each, the slowest breathing rhythm of concern.

FIG. 8 presents the human machine interface and physical
positioning of user displays and controls. The presentation
consists of 3 primary sections: “blood pressure”, “arterial
pressure wave” and “RSA”. “Mode switch” (a) selects
between conventional oscillometric “blood pressure” assess-
ment and oscillometric “arterial pressure wave” assessment.

When “mode” switch (a) is set to “blood pressure”, arterial
pressure wave functions are disabled. In blood pressure
mode, lamp (b), “blood pressure” is illuminated and lamp (c),
“arterial pressure wave” is extinguished. When in blood pres-
sure mode displays (d) and (e) present traditional “systolic”
and “diastolic” pressure values inmm Hg. When mode switch
(a) is in “arterial pressure wave mode”, lamp (c) is illumi-
nated, lamp (b) is extinguished and displays (d) and (e)
present values representing arterial pressure wave peaks and
valleys respectively, also represented in mmHg.

“Detect lamp” (f) illuminates when an arterial pressure
wave of predetermined amplitude is detected and is otherwise
extinguished. “Loss of sync” lamp (g) is a function of the
coherence of the detected arterial pressure wave. When arte-
rial pressure wave coherence is below threshold, “loss of
sync” lamp (g) is illuminated and when above threshold, is
extinguished.

Display (h) presents “amplitude” and display (i) presents
“rate” of the detected arterial pressure wave. The detected
arterial pressure wave drives visual indicator “RSA actual”(j)
such that inhalation is reflected in increasing numeric value
and exhalation is reflected in decreasing numeric value. The
numeric degree to which “RSA actual” display is illuminated
is determined by the amplitude of the detected arterial pres-
sure wave. Maximal inhalation illuminates segments 1-18.
Maximal exhalation returns the display to “0”. “RSA signal
generator” (1) is used to provide an audio-visual demonstra-
tion of a selected target breathing depth and frequency to
which the user may synchronize their breathing during and
after the measurement process. This demonstration is pre-
sented on display (k). These functions are explained in more
detail relative to FIGS. 11, 12, and 13. “Fail” lamp (p) indi-
cates that either blood pressure assessment or the arterial
pressure wave assessment “failed”. Logic associated with this
function is described in the discussion of FIG. 10.

FIG. 9 presents the high level functional block diagram of
the preferred embodiment. The system consists of 5 primary
functional areas including oscillometric pulse detection,
measurement, processing, display, and signal generation
functions. As many of these functions have been introduced in
the prior discussion, the following discussion of FIG. 9 will
focus on aspects yet to be introduced.

“Oscillometric pulse detector” (m) consists of a present
state of the art capacitive pressure sensor with analog to
digital conversion operating at sampling frequency of 100
samples per second. The digital output of detector (m) is
presented to “pulse oscillation measurement, time stamp, and
buffer” function (n) where digital samples are assigned a
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serial number, assigned a pressure value, time stamped, and
buffered. The processed output is presented to the processing
function which is enabled to perform either “blood pressure
measurement” or “arterial pressure wave measurement”
depending on the position of mode switch (a). When mode
switch (a) is in “blood pressure” mode, traditional oscillom-
etric blood pressure measurement is performed and the
results presented on displays (d) and (e) representing “sys-
tolic” and “diastolic” values, respectively. When the mode
switch is set to “arterial pressure wave”, the processing func-
tion performs arterial pressure wave measurement and the
results are presented on displays (d) and (e) which double to
present both blood pressure and arterial pressure wave mea-
surement values.

“Arterial pressure wave” mode having been selected,
samples are transferred from “pulse oscillation measurement,
time stamping, and buffer” function (n) to processing func-
tion (o) which processes samples for purposes of assessing
the presence, magnitude, and periodicity of an arterial pres-
sure wave, the objective being the accurate characterization
of'the pressure wave, if existent. Because the output of “pulse
oscillation measurement, time stamping, and buffer” function
(n) consists of time stamped pressure values, all measurement
analysis and processing occurs in the time domain eliminat-
ing any requirement for digital signal processing and Fourier
transformation.

The processed output of processing function “(0)” is ulti-
mately presented to the user on displays “APW peak” (d)
through “APW fail” (p). A detailed discussion of the logical
process associated with “arterial pressure wave” measure-
ment is the focus of FIG. 10, discussion of which will now
commence.

The measurement and control process algorithm of FIG. 10
consists of stages (a) through (x). The process begins with
cuff inflation (a). Per prior discussion of FIG. 7, unlike
present state of the art oscillometric blood pressure assess-
ment, the present invention inflates the cuff and then releases
pressure until the systolic pressure is detected. Once systolic
pressure is detected and cuff oscillations begin, deflation
continues for 60 seconds. This is to accommodate 5 arterial
pressure wave cycles of 12 seconds each, the slowest breath-
ing rhythm of interest. The output of stage (a) is passed to
stage (b) where oscillations are detected and digitized ata 10
millisecond rate. Digitized samples are passed to stage (c)
where they are assigned a pressure, time stamped, and buff-
ered. Cuff pressure is passed from stage (a) to stage (c) for
purposes of correlating oscillometric samples with cuff pres-
sure over time, this being required for purposes of attributing
a pressure value to pulse samples of varying amplitude. The
output of stage (c) is passed to stage (d) where highest and
lowest measured values are determined, these being repre-
sentative of arterial pressure wave peaks and valleys occur-
ring during the 60 second measurement interval.

The output of stage (d) is presented to stage (¢) wherein the
delta between highest and lowest samples is assessed. This
delta is presented to stage (f) where it is compared against a
predetermined threshold. If the threshold is exceeded, the
“detect” lamp (g) is illuminated. The output of stage (f) is also
presented to logic function (h) where it forms a part of the
criteria for enabling the output display of the arterial pressure
wave measurement process.

The output of process stage (d) is concurrently passed to
stage (i) where highest and lowest samples are processed to



US 7,458,937 B2

7

determine, rate, periodicity and coherence thereof. The
coherence value is passed from stage (i) to stage (j) where itis
compared against a pre-established threshold. Ifthe threshold
is exceeded, the “sync” lamp (k) is extinguished and is oth-
erwise illuminated. The output of stage (j) is also presented to
logic function (h) where it forms a part of the criteria for
enabling the output display of the arterial pressure wave mea-
surement process.

The output of stage (f) is concurrently presented to stage (1)
where it enables the post processing of all measured time
stamped and buffered samples to determine arterial pressure
wave peak and valley pressure values, timing and amplitude
ranges for peaks and valleys having already been determined.
This function having been performed, stage (m) averages
values relating to arterial pressure wave peaks. Similarly,
stage (n) averages values relating to arterial pressure wave
valleys. Averaged values pertaining to arterial pressure wave
peaks and valleys are output to respective displays via output
stages (0) and (p) respectively.

Stage (i) determines arterial pressure wave amplitude and
rate across the measurement interval. The output of stage (i) is
presented to stage (q) for presentation on “amplitude” and
“rate” displays. Amplitude is presented in mmHg and rate is
presented in “cycles per minute”.

The moment of oscillation detection is passed from stage
(c) to measurement interval timing stage (r) where it initiates
the beginning of the 60 second measurement interval. The
output of stage (r) is passed to logic function (h) where it
along with the “coherence” threshold of stage (j), and the
“detect” threshold of stage (f) form the criteria for arterial
pressure wave measurement “success”, the output of stage (h)
enabling the display of arterial pressure wave assessment. If
thresholds are not maintained for the 60 second duration,
stage (1) signals stage (s) that the assessment “failed” lighting
the “fail” lamp on the human machine interface.

Stages (1) and (u) support “RSA actual” and “RSA target”
functions, respectively.

Stage (u) is an independent process providing the manual
selection of a “target” RSA frequency. This function presents
both an audible and visual representation of target breathing
frequency and consequent depth as selected. Depending on
the setting, the “RSA target” audiovisual indicator (k) of
FIGS. 8 and 9, is illuminated. The numeric value is a function
of'breathing frequency. This function can be employed by the
user as a “breathing reference” to which their “RSA actual”
(() of FIGS. 8 and 9) can be compared during measurement.
It also serves to synchronize the breathing of the user such
that their arterial pressure wave is maximally coherent and
therefore easily and accurately assessed. This function is
further explained in FIGS. 11 and 12.

Stage (t) accepts measured values from stage (c) and uses
this information to generate a sequential signal that drives the
“RSA actual” indicator such that the amplitude and phase of
the arterial pressure wave is visually represented, this being a
function of respiratory sinus arrhythmia. Maximal inhalation
illuminates segments 1-18. Maximal exhalation returns the
display to “0”. The displayed numeric value is dependent on
amplitude, rate, and phase of the arterial pressure wave. Val-
ues relating to this process are specified in the table of FIG.
13.

Lastly, depending on “mode” of operation, values repre-
senting the result of either “blood pressure” or “arterial pres-
sure wave” assessment are displayed. If “blood pressure”
assessment is performed, measured and stamped samples
along with corresponding cuff pressures are passed from
stage (c) to stage (v) where the “systolic” and “diastolic”
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measurement process is performed. Results are passed to
stage (w) for post processing and ultimately to display stage
x)-

FIG. 11 presents a table specifying the “RSA Signal Gen-
erator” function. The range of settings in “breathing cycles
per minute” is presented along with related frequency of
oscillation and visual numeric values. Only even numeric
values are specified for brevity.

FIG. 12 presents a view of “target RSA” audiovisual indi-
cator demonstrating the cyclic nature of the display. It pre-
sents the display at 5 different times as it cycles to present a
breathing cycle of 10 cycles per second (10 cycles per minute
also highlighted in FIG. 11), 10 cycles per minute being used
as an example. An audible chime sounds when the display
reaches uppermost and lowermost moments.

FIG. 13 presents a table defining the operation of the “RSA
actual” visual indicator relating input arterial pressures with
visual display outputs. “RSA target” visual indicator values
oftables 11 and 13 are correlated such that both “RSA actual”
and “RSA target” visual displays will indicate approximately
the same values when a user breathes in synchrony with the
“RSA signal generator”.

This concludes the system description. Both hardware-
optimized and software-optimized topologies are assumed
within the scope of the present invention as well as discrete
vs. integrated implementations including integration with
other medical or non-medical present or future products and/
or systems.

In summary, these features of the present invention provide
the following value added utility to a care practitioner or user:

a) “An integrated” blood pressure and arterial pressure
measurement capability” such that the same physical
unit can be employed to assess both “blood pressure”
and “arterial pressure wave assessment”.

b) Is there a detectable arterial pressure wave? If no, it
means that the patient or user is not breathing
adequately. If suffering from elevated blood pressure
suboptimal breathing may be the root cause and breath-
ing therapy may be indicated.

c) If there is an arterial pressure wave, what is the ampli-
tude? If a wave exists but is of low amplitude it means
that the patient/user is not breathing with sufficient
depth, again potentially elevating blood pressure and
once again, breathing therapy may be indicated.

d) If an arterial pressure wave exists, what is the rate? A
relatively high frequency means that the patient/user is
breathing too rapidly, and as a consequence, with insuf-
ficient depth. Again, hypertension may be rooted in this
breathing pattern and breathing therapy may be indi-
cated.

e) Because breathing depth strongly influences diastolic
pressure, a low amplitude arterial pressure wave, implies
elevated diastolic pressure. Consequently, arterial pres-
sure wave analysis can be used to aid in the diagnosis and
treatment of elevated diastolic pressure.

f) Via the visual display of the changing arterial pressure
wave, the care recipient can easily comprehend and
understand the mechanics of how breathing affects arte-
rial pressure.

g) “RSA actual” can be compared in real time to “RSA
target” such that proper breathing frequency and depth
can be reinforced.

h) The “RS A signal generator” can be used for independent
breathing training whether or not a measurement is
being performed. This training is for the purpose of
reinforcing proper breathing habits on an ongoing basis.
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Instructive Method for Employing and Applying
Preferred Embodiments

The care recipient is engaged and otherwise instructed in
the following instructive method. A careful overview of care
recipients health status and background are conducted.

1. The care recipient’s blood pressure is assessed using the
“blood pressure” measurement function.

2. If the care recipient exhibits hypertensive or marginal sys-
tolic or diastolic pressure, the present invention is placed in
“arterial pressure wave” assessment mode and arterial
pressure wave assessment commences.

3. The “RSA actual” visual indicator is indicative of care
recipient breathing status during measurement, a low indi-
cation indicating suboptimal breathing depth and fre-
quency and a high indication indicating optimal depth and
frequency.

4.“Detect” and “loss of sync” lamps also indicate the status of
care recipient’s arterial pressure wave. If the unit fails to
“detect” the presence of an arterial pressure wave for the
duration of measurement, it is immediately indicative that
breathing status is suboptimal and that breathing therapy
may in order.

5. The care recipient is not asked to correct their breathing
during the first assessment because a momentary change in
breathing will result in a reading that is not representative
of the care recipient’s normal breathing status.

6. If the arterial pressure wave assessment process fails, it is
indicative that the arterial pressure wave is either insuffi-
cient to be detected accurately or lacks coherence to the
extent that it cannot be adequately assessed.

7. Inthe case of #6, a second assessment is undertaken and the
care recipient is requested to pay close attention to the RSA
actual indicator as they inhale and exhale deeply and rhyth-
mically. By doing this, the care recipient understands the
connection between breathing and arterial pressure wave
assessment and ultimately their systolic and diastolic pres-
sure values.

8. The care recipient is then instructed in the use of the RSA
signal generator and related RSA target audio-visual dis-
play.

9. The recommendation is made that the care recipient use the
RS A signal generator to practice breathing at progressively
lower and lower rates until they can comfortably breathe at
a rate approaching 5 breaths per minute.

10. The care recipient’s systolic and diastolic pressures are
assessed regularly using the “blood pressure” function of
the present invention.

11. The care recipient is instructed to continue lowering their
blood pressure through the continued reduction in breath-
ing frequency until healthy systolic and diastolic readings
result.

12. The care recipient is instructed to continue to breathe at a
relatively slow deep rhythm as life circumstances permit
on an ongoing basis.

13. The care recipient is instructed in to cultivate through
practice, these objectives and recommendations:

a. a high arterial pressure wave amplitude >40 mm Hg. as

presented on “amplitude” display (h) of FIGS. 8 and 9.
b.an“RSA actual” as depicted on display (j) of FIGS. 8 and
9 in excess of numeric value “12”.
c. an arterial pressure wave “rate” as presented on display
(1) of FIGS. 8 and 9 approaching 5 cycles per minute,
d. a relatively low arterial pressure wave “valley” value
(<70 mm Hg.) as presented on display (¢) of FIGS. 8 and
9.
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This concludes the discussion of the instructive method.

Those skilled in the art will recognize improvements and
modifications to the preferred embodiments of the present
invention. All such improvements and modifications are con-
sidered within the scope of the concepts disclosed herein and
the claims that follow.

What is claimed:

1. A method for assessing breathing optimality of a patient
comprising:

measuring a varying breathing induced arterial pressure

wave of a patient;
assessing optimality of a breathing process of the patient
based on the measured arterial pressure wave; and

providing a characterization to the patient of the optimality
ofthe patient’s breathing process based on the measured
arterial pressure wave.
2. The method of claim 1 wherein measuring the varying
breathing induced arterial pressure wave of the patient com-
prises measuring a varying pulse pressure of the patient via
oscillometry.
3. The method of claim 1 wherein measuring the varying
breathing induced arterial pressure wave of the patient com-
prises measuring one or more from the group consisting of a
pulse pressure amplitude of the patient, pulse pressure peri-
odicity of the patient, and coherence of the patient.
4. The method of claim 1 wherein measuring the varying
breathing induced arterial pressure wave of the patient com-
prises measuring oscillometric characteristics of the arterial
pressure wave of the patient over a measurement interval
including multiple breathing cycles; and
wherein assessing optimality of a breathing process of the
patient based on the measured arterial pressure wave
comprises assessing changes in the arterial pressure
wave pressure of the patient over the measurement inter-
val using the oscillometric characteristics.
5. The method of claim 1 wherein assessing the optimality
of a breathing process of the patient is performed for an
approximate 60 second period defining an arterial pressure
wave assessment cycle and further comprises:
sustaining a pulse oscillation for the approximate 60 sec-
ond period by gradually reducing a cuff pressure; and

measuring multiple arterial pressure wave cycles of the
patient during the arterial pressure wave assessment
cycle.

6. The method of claim 1 wherein measuring the varying
breathing induced arterial pressure wave of the patient further
comprises

detecting cardiac systole of the patient; and

detecting pulse oscillations of the patient corresponding to

the cardiac systole occurring at the peak of the breathing
induced arterial pressure wave.

7. The method of claim 1 wherein measuring the varying
breathing induced arterial pressure wave of the patient com-
prises:

measuring an oscillometric pulse oscillation amplitude of

the patient; and

measuring an arterial pressure wave amplitude of the

patient as a function of the measured oscillometric pulse
oscillation amplitude of the patient, and

wherein providing a characterization to the patient of the

optimality of the patient’s breathing process based on
the measured arterial pressure wave comprises display-
ing the arterial pressure wave amplitude of the patient on
a display for diagnostic and remedial purposes.

8. The method of claim 1 wherein measuring the varying
breathing induced arterial pressure wave of the patient com-
prises:
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measuring an oscillometric pulse oscillation periodicity of

the patient; and

measuring an arterial pressure wave rate of the patient as a

function of the oscillometric pulse oscillation periodic-
ity, and

wherein providing a characterization to the patient of the

optimality of the patient’s breathing process based on
the measured arterial pressure wave comprises display-
ing the arterial pressure wave rate of the patient on a
display for diagnostic and remedial purposes.

9. The method of claim 1 wherein measuring the varying
breathing induced arterial pressure wave of the patient com-
prises:

measuring an oscillometric pulse oscillation amplitude of

the patient;

measuring an actual variation in arterial pressure wave

amplitude representative of changes in arterial pressure
wave pressure of the patient as a function of changes in
the oscillometric pulse oscillation amplitude of the
patient; and

wherein providing a characterization to the patient of the

optimality of the patient’s breathing process based on
the measured arterial pressure wave comprises display-
ing the actual variation in arterial pressure wave ampli-
tude for the patient for diagnostic and remedial pur-
poses.

10. The method of claim 1 wherein measuring the varying
breathing induced arterial pressure wave of the patient further
comprises:

detecting cardiac diastole of the patient; and

detecting pulse oscillations of the patient corresponding to

the cardiac diastole occurring at the valley of the breath-
ing induced arterial pressure wave.

11. The method of claim 1 wherein providing a character-
ization to the patient of the optimality of the patient’s breath-
ing process based on the measured arterial pressure wave
comprises displaying measured values associated with the
varying breathing induced arterial pressure wave on a display.

12. The method of claim 1 further comprising instructing
the patient on a breathing cycle based on the characterization
to the patient of the optimality of the patient’s breathing
process based on the measured arterial pressure wave.

13. The method of claim 12 wherein instructing the patient
on a breathing cycle based on the characterization to the
patient of the optimality of the patient’s breathing process
based on the measured arterial pressure wave comprises gen-
erating target breathing frequencies of 5, 6, 7, 8, 9, 10, 15, 20,
and 30 breathing cycles per minute to instruct the patient on
how to synchronize their breathing cycle with the target
breathing frequency.

14. The method of claim 12 wherein instructing the patient
on a breathing cycle based on the characterization to the
patient of the optimality of the patient’s breathing process
based on the measured arterial pressure wave comprises pro-
viding an audible chime to the patient that sounds at a peak of
desired inhalation and at a peak of desired exhalation.

15. The method of claim 12 wherein instructing the patient
on a breathing cycle based on the characterization to the
patient of the optimality of the patient’s breathing process
based on the measured arterial pressure wave comprises:

providing a target breathing frequency and an actual

breathing frequency of the patient on a display; and
providing an output to the patient such that the target
breathing frequency and actual breathing frequency of
the patient are correlated to each other to facilitate the
patient breathing in synchrony with the target breathing
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frequency to bring the actual breathing frequency of the
patient into amplitude and time alignment with the target
breathing frequency.

16. The method of claim 12 wherein instructing the patient
on a breathing cycle based on the characterization to the
patient of the optimality of the patient’s breathing process
based on the measured arterial pressure wave comprises:

providing a target breathing reference to the patient; and

instructing the patient to breathe to increase an amplitude
of the varying breathing induced arterial pressure wave
of the patient to match an amplitude of the target breath-
ing reference.

17. A system for assessing breathing optimality of a patient
comprising:

a display module for providing information to a patient;

an oscillometric pulse detector adapted to determine an

oscillometric pulse of the patient; and

a processing module adapted to:

measure a varying breathing induced arterial pressure
wave of the patient based upon the oscillometric
pulse;

assess optimality of a breathing process of the patient
based on the measured arterial pressure wave; and

provide a characterization to the patient of the optimality
of the patient’s breathing process based on the mea-
sured arterial pressure wave.

18. The system of claim 17 wherein the processing module
is adapted to measure the varying breathing induced arterial
pressure wave of the patient based upon the oscillometric
pulse by being adapted to measure a varying pulse pressure of
the patient based upon the oscillometric pulse.

19. The system of claim 17 wherein the processing module
is further adapted to measure the varying breathing induced
arterial pressure wave of the patient based upon the oscillo-
metric pulse by one of the group consisting of'a pulse pressure
amplitude of the patient, a pulse pressure periodicity, and a
coherence of the patient.

20. The system of claim 17 wherein the processing module
is further adapted to

measure the varying breathing induced arterial pressure

wave of the patient based upon the oscillometric pulse
by being adapted to measure oscillometric characteris-
tics of the varying breathing induced arterial pressure
wave over a measurement interval including multiple
breathing cycles and

assessing pressure changes in the varying breathing

induced arterial pressure wave over the measurement
interval using the oscillometric characteristics.
21. The system of claim 17 wherein the processing module
is further adapted to assess optimality of a breathing process
of'the patient based on the measured arterial pressure wave by
being adapted to:
sustain a pulse oscillation for an approximate 60 second
period defining an arterial pressure wave assessment
cycle by gradually reducing cuff pressure; and

measure multiple arterial pressure wave cycles during the
arterial pressure wave assessment cycle.

22. The system of claim 17 wherein the processing module
is further adapted to measure the varying breathing induced
arterial pressure wave of the patient based upon the oscillo-
metric pulse by being adapted to detect cardiac systole and to
detect pulse oscillations corresponding to the cardiac systole
of the patient occurring at the peak of the breathing induced
arterial pressure wave.

23. The system of claim 17 wherein the processing module
is further adapted to measure a varying breathing induced
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arterial pressure wave of the patient based upon the oscillo-
metric pulse by being adapted to:

measure an oscillometric pulse oscillation amplitude based

upon the oscillometric pulse of the patient;
measure an arterial pressure wave amplitude as a function
of the oscillometric pulse oscillation amplitude; and

wherein the processing module is further adapted to dis-
play the arterial pressure wave amplitude of the patient
for diagnostic and remedial purposes on the display
module.

24. The system of claim 17 wherein the processing module
is further adapted to measure a varying breathing induced
arterial pressure wave of the patient based upon the oscillo-
metric pulse by being adapted to:

measure an oscillometric pulse oscillation periodicity

based upon the oscillometric pulse;
measure an arterial pressure wave rate as a function of the
oscillometric pulse oscillation periodicity; and

wherein the processing module is further adapted to dis-
play the arterial pressure wave rate of the patient for
diagnostic and remedial purposes on the display mod-
ule.

25. The system of claim 17 wherein the processing module
is further adapted to measure a varying breathing induced
arterial pressure wave of the patient based upon the oscillo-
metric pulse by being adapted to:

measure an oscillometric pulse oscillation amplitude based

upon the oscillometric pulse;

measure an actual breathing induced amplitude variation

representative of changes in arterial pressure wave pres-
sure as a function of changes in the oscillometric pulse
oscillation amplitude; and

wherein the processing module is further adapted to dis-

play the actual breathing induced amplitude variation of
the patient for diagnostic and remedial purposes on the
display module.

26. The system of claim 17 wherein the processing module
is further adapted to instruct the patient on a breathing cycle
based on the characterization to the patient of the optimality
of the patient’s breathing process based on the measured
arterial pressure wave.
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27. The system of claim 26 wherein the processing module
is adapted to instruct the patient on a breathing cycle based on
the characterization to the patient of the optimality of the
patients breathing process based on the measured arterial
pressure wave by being adapted to provide a target breathing
reference to the patient; and

instructing the patient to breathe to increase an amplitude

of the varying breathing induced arterial pressure wave
of the patient to match an amplitude of the target breath-
ing reference.

28. The system of claim 15 wherein the processing module
is adapted to instruct the patient on a breathing cycle based on
the characterization to the patient of the optimality of the
patient’s breathing process based on the measured arterial
pressure wave by being adapted to provide an audible chime
to the patient that sounds at a peak of desired inhalation and at
a peak of desired exhalation.

29. The system of claim 15 wherein the processing module
is adapted to instruct the patient on a breathing cycle based on
the characterization to the patient of the optimality of the
patient’s breathing process based on the measured arterial
pressure wave by being adapted to provide a target breathing
induced arterial pressure wave amplitude and an actual
breathing induced arterial pressure wave amplitude of the
patient on a display; and

is further adapted to provide an output to the patient such

that the target breathing induced arterial pressure wave
amplitude and actual breathing induced arterial pressure
wave amplitude of the patient are correlated to each
other to facilitate the patient breathing in synchrony with
the target breathing frequency to bring the actual breath-
ing induced arterial pressure wave of the patient into
amplitude and time alignment with the target arterial
pressure wave amplitude.

30. The system of claim 17 wherein the processing module
is adapted to measure the varying breathing induced arterial
pressure wave of the patient by being adapted to:

detect cardiac diastole of the patient; and

detect pulse oscillations of the patient corresponding to the

cardiac diastole occurring at the valley of the breathing
induced arterial pressure wave.
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