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MOBILE VASCULAR HEALTH EVALUATION
DEVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS; BENEFIT CLAIM

[0001] This application claims the benefit under 35 U.S.C.
§119(e) of provisional application 61/528,518, filed Aug. 29,
2011, the entire contents of which is hereby incorporated by
reference as if fully set forth herein.

FIELD OF THE INVENTION

[0002] The present disclosure generally relates to medical
devices and medical diagnostic methods, and more specifi-
cally relates to devices and techniques for assessing health
conditions of elements of the vascular system.

BACKGROUND

[0003] The approaches described in this section are
approaches that could be pursued, but not necessarily
approaches that have been previously conceived or pursued.
Therefore, unless otherwise indicated, it should not be
assumed that any of the approaches described in this section
qualify as prior art merely by virtue of their inclusion in this
section.

[0004] In humans, negative vascular condition has been
associated with or is known to be symptomatic with a variety
of serious diseases including coronary artery disease and
diabetes. For example, reduced elasticity of the coronary
arteries may indicate the presence of plaque on the walls of
the arteries and may contribute to myocardial infarction. Vas-
cular function information also may be useful in early recog-
nition of sepsis, hypertension, hypotension, or respiratory
dysfunction. Accurate measurements of the elasticity, thick-
ness, and mechanical performance of blood vessels in con-
ducting blood flow may permit better evaluation of diseases
that are associated with negative vascular health and recom-
mendation of a variety of therapies.

[0005] However, in the state of the art, vascular measure-
ments typically require elaborate equipment and can only be
performed in a clinical setting on a periodic basis. For
example, one typical method involves using Doppler sonog-
raphy systems to obtain acoustic readings from the peripheral
principal arteries from one or more body locations, such as
the ankles. The systems are large, expensive, and normally
capable of use only in a medical office. Further, these systems
normally are not integrated with other valuable measures of
personal health.

[0006] Devices are available that measure vital signs, blood
glucose, gases in the body, respiratory activity, and other
aspects of physiology. For example, smartphone applications
or “apps” are available to enable an individual to take their
pulse using a smartphone, and other apps can take pictures of
food and provide readouts of food contents and calories.
However, these measurements and apps may be incapable of
integrating with other valuable health information or provid-
ing a global assessment of healthy or unthealthy status.

SUMMARY OF THE INVENTION

[0007] Theappended claims may serve as a summary of the
invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention is illustrated by way of
example, and not by way of limitation, in the figures of the
accompanying drawings and in which like reference numer-
als refer to similar elements and in which:

[0009] FIG. 1is a block diagram that illustrates a computer
system upon which an embodiment of the invention may be
implemented.

[0010] FIG. 2 illustrates an example mobile measurement
device.
[0011] FIG. 3 illustrates an example process of generating

recommendations based at least in part on vascular function
information.

DESCRIPTION OF EXAMPLE EMBODIMENTS

[0012] In the following description, for the purposes of
explanation, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. It
will be apparent, however, that the present invention may be
practiced without these specific details. In other instances,
well-known structures and devices are shown in block dia-
gram form in order to avoid unnecessarily obscuring the
present invention.

[0013] Overview of Example Mobile Measurement
Devices
[0014] Inan embodiment, a mobile measurement device is

configured to process information from the environment and
human physiology and anatomy. F1G. 2 illustrates an example
mobile measurement device. In an embodiment, the mobile
measurement device 202 comprises: a computing device 204;
one or more sensors 206 that are coupled to the computing
device using one or more corresponding compatible digital
interfaces 208; and vascular function logic 210 encoded with
instructions which when executed perform determining and
storing vascular function information 211 and one or more of:
values of metrics or parameters 212; physiological analysis
214 of the parameters and the vascular function information;
recommendations 216 foractions that an individual or health-
care provider should take in response to the recommendations
or parameters.

[0015] 1In various embodiments, the computing device 202
comprises any of: a smartphone; a tablet computer; a laptop
computer or other personal computer; a workstation; a watch
computer; a ring-mounted computer; an active steering wheel
of a motor vehicle; a hat-mounted computer; a helmet-
mounted computer; an eyewear-mounted computer. In other
embodiments, the computing device 202 comprises or is inte-
grated with any of: a body garment such as a short, swimsuit,
vest, shorts or shoes.

[0016] In various embodiments, the sensors 206 comprise
at least one of the following: an ultrasound sensor configured
to acoustically measure structure, performance or other met-
rics associated with a blood vessel or other element of the
vascular system and to cooperate with the program logic to
provide output waveform data representing acoustic mea-
surements of blood flow in a blood vessel, and provide vas-
cular structure or performance metrics 212 based on bidirec-
tional vascular waveform analysis. In an embodiment, one of
the sensors 206 or the vascular function logic 210 perform
bidirectional waveform Doppler ultrasound analysis that can
measure or indicate the elasticity of one or more blood ves-
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sels. In an embodiment, the vascular function information
211 comprises or is based on the bidirectional waveform
Doppler ultrasound analysis.

[0017] In various embodiments, the sensors 206 comprise
one or more of any of the following: an infrared, crystal
technology, or light-based physiological monitor; a blood
pressure sensor; a pulse sensor; a respiratory rate sensor com-
prising, for example, one or more chest patches, wrist
patches, and/or chest straps; a body temperature sensor; an
oxygen absorption sensor; a carbon dioxide sensor; a nitric
oxide sensor; a blood glucose sensor; a sensor of electrolytes,
nutrients in the circulation, or other metrics; one or more
contact lenses configured to measure capillary blood flow; a
flow meter; a spirometer; a mouthpiece. In an embodiment, at
least one of the sensors 206 is configured to sense and store at
least one measurement relating to vascular structure, status or
performance. Thus, as alternatives to using ultrasound as a
form of energy for sensing, in some embodiments sensors that
use infrared spectroscopy, auto-fluorescence, GLASS tech-
nology and other forms of energy or radiation may be used to
obtain vascular waveforms for analysis.

[0018] Invarious embodiments, the vascular function logic
210 comprises one or more of any of the following: non-
volatile random access memory (NVRAM); flash memory;
an application-specific integrated circuit (ASIC); a field pro-
grammable gate array; read-only memory (ROM) including
any of electrically erasable ROM (EEROM) or electrically
programmable ROM (EPROM); disk storage; any of which
may be configured with stored program instructions that are
arranged to perform the processes that are further described
herein. Wireless devices such as wireless probes may be used
as sensors 206.

[0019] In various embodiments, the vascular function
information 211 provides metrics, reports, or values that indi-
cate overall health attributes of blood vessels or other com-
ponents of the vascular system, or particular attributes of
blood vessels or other components of the vascular system.
Examples of attributes include elasticity of vascular walls;
thickness of vascular walls; and an indication of whether a
heart pulse cycle results in one, two, or three elastic responses
of the vascular walls; presence or amount of plaque formation
on the vascular walls.

[0020] In various embodiments, the vascular function
information 211 may be used to generate, using vascular
function logic 210 or other program logic, one or more
reports, recommendations 216, or protocols based on the
vascular function information. Recommendations 216 may
collectively and broadly represent reports and protocols as
well as recommendations. In various embodiments, the
reports, recommendations or protocols may comprise any of
the following: a status report on vascular function; a list of
options for medical intervention in the patient based on medi-
cal standards of practice based on one or more medical indi-
cations represented in the vascular function information;
reports or recommendations suggesting sepsis, hypertension,
hypotension, respiratory dysfunction, kidney function, heart
rhythm, hydration level; a protocol for exercise; a protocol for
sports performance; a protocol for patient lifestyle or changes
in lifestyle; a protocol for patient stress management; a report
of recommendations, or the expected effects of, any of several
aspects of treatment including but not limited to hydration,
nutrition, exercise, supplements, and medications.

[0021] In various embodiments, the device 202 may be
configured to directly generate the vascular function informa-
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tion 211, and the one or more reports, recommendations, or
protocols based on the vascular function information. Alter-
natively, the device 202 may be activated or used in a clinical
setting such as an emergency room, hospital ward or medical
office. The device 202 also may be used or activated in non-
clinical settings such as during driving a car, during exercise,
during sleep, and during other activities. For example, in any
of these embodiments, the device 202 may internally generate
the vascular function information 211 and also provide logic
for interfacing with an external host computer 220 to down-
load the vascular function information; on the host computer,
stored program logic may be configured to generate the one or
more reports, recommendations, or protocols based on the
vascular function information.

[0022] In this manner, the device 202 provides a useful
interface between the patient and the medical office; the
device may be used to collect a variety of physiological met-
rics from an individual, including at least one measurement of
vascular structure, status or performance, which are then
downloaded from the device to the host computer 220. After
downloading, program logic on the host computer 220 may
be used to generate the one or more reports, recommenda-
tions, or protocols based on the vascular function informa-
tion. Data collected over time can be used to better understand
factors influencing the cardiovascular system.

[0023] Alternatively, after downloading data from the
device 202, an independent measurement of at least one mea-
surement of vascular structure, status or performance is per-
formed in association with the host computer. For example, in
one approach, an individual uses the device 202 to monitor
any of the physiological metrics described above, then down-
loads the metrics and transfers or provides the metrics to a
healthcare provider via host computer 220. In a clinical set-
ting or quasi-clinical setting, the healthcare provider may use
aconventional Doppler vascular sensor to capture an acoustic
profile ofthe vascular performance of the same individual; for
example, the healthcare provider could perform a Doppler
vascular test of the peripheral arteries or arteries at other body
locations at which a Doppler vascular signal can be obtained.
The resulting acoustic waveform data may be combined with
the metrics that have been downloaded from the patient’s
monitoring device 202 and, under control of program logic at
the host computer 220, used to generate the one or more
reports, recommendations, or protocols. In various embodi-
ments, the patient may transfer or provide the metrics to the
healthcare provider by any of the following: connecting the
device 202 to a personal computer that is owned or operated
by the patient, downloading a data file from the device, and
streaming, e-mailing or uploading the data file to the health-
care provider; going to the premises of the healthcare pro-
vider, connecting the device to a host computer that is owned
or operated by the healthcare provider, downloading a data
file from the device to the host computer.

[0024] Invarious embodiments, the sensors 206 may com-
prise units that can detect activity of the nervous system either
centrally or peripherally. For example, waveform data from
an electroencephalogram (EEG) unit may reveal brain activ-
ity that can be correlated to vascular waveform data to iden-
tify progress in therapeutic goals and/or the condition of the
vasculature.

[0025] In various embodiments, the data from sensors 206
may be combined with results or detections of blood test
measurements for substances such as cortisol, cholesterol,
triglycerides, epinephrine, asymmetrical dimethyl argenine.



US 2013/0053655 A1l

In various embodiments, the data from sensors 206 may be
combined with results or detections of urinalysis to identify
blood glucose, proteins, ketone, or blood in the urine, and
specific gravity of urine. Values obtained from any of the
foregoing measurements or units can be correlated to vascular
waveform data to identify progress in therapeutic goals and/
or the condition of the vasculature.

[0026] Unlike prior approaches, the integration of physi-
ological monitoring metrics with information about vascular
function, obtained either in a clinical setting or directly from
the monitoring device, enables generating improved overall
health assessments or health status information. Further,
reports in the embodiments herein provide an explanation of
the effect of all the measured physiological functions on
vascular health, or overall health. Embodiments typically
integrate and incorporate at least one vascular study or vas-
cular analysis, so that an evaluation of vascular health is an
integral aspect of the reporting and recommendations herein.
[0027] FIG. 3 illustrates an example process of generating
recommendations based at least in part on vascular function
information. At step 302, vascular function information is
received from at least one Doppler vascular sensor that is
used, for example, at the peripheral arteries, such as at the
ankles or wrists. One of the sensors 206 typically is a Doppler
vascular sensor in an embodiment and obtains the vascular
function information 211, which may be received at step 302
and stored in the form of raw sensor data or as a rendered
waveform or in any other form suitable for later analysis.
[0028] At step 304, the process receives one or more other
values of physiological metrics or parameters. In an embodi-
ment, values at step 304 are received through one or more
other sensors 206 and may include, for example, values for
one or more vital signs such as pulse, blood pressure, oxy-
genation, etc.

[0029] At step 306, the process performs a physiological
analysis of the data that was received at steps 302, 304. Step
306 may include determining trend values (“increasing,”
“decreasing,” etc.) based on prior measurements from the
same device, or whether the current magnitude of a particular
value has crossed a particular threshold that is associated with
aparticular physiological condition or change or is associated
with a particular qualitative or quantitative descriptor or con-
dition, for example, “elevated”, “normal”, “baseline”,
“exceptional,” “average,” “severe,” etc.

[0030] At step 306, the process generates one or more rec-
ommendations for changes in behavior, activity, or treatment.
Recommendations may comprise reports or protocols and
may be based on stored tables that map the values obtained at
step 302, step 304 to particular recommendations, reports, or
protocols. Step 306 also may include computation such as
determining whether a particular value is greater or less than
values stored in the tables, and/or comparing particular trend
values to corresponding trend indicators stored in the tables.
Data representations other than tables may be used.

[0031] Overview of Example Uses

[0032] For the purposes of illustrating clear examples, in
various embodiments, the wireless or mobile measurement
device 202 described herein may be used in one or more of the
following ways. The examples refer to certain input param-
eters, algorithms and resulting recommendations. In one
embodiment, each algorithm may be implemented using one
or more computer programs or other software elements, or
other computer logic, and may implement the clinical state of
the artreflecting the current standard of care. However, unlike
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past approaches, each algorithm receives as an input at least
one element of digital vascular waveform data. Thus, the
approaches herein can use vascular analysis as a contributing
parameter in determining a resulting recommendation. Fur-
ther, the integration of vascular analysis data means that a
healthcare provider can correlate the other parameter values
to the vascular data to result in a better assessment of the
overall health of the individual, or to provide a better clinical
judgment of responsive treatment that should be considered.
[0033] In particular, an improvement provided herein is in
the contribution of vascular analysis data, obtained for
example from a bidirectional Doppler ultrasound measure-
ment of the peripheral arteries, in a health assessment with
other biomedical parameters. The vascular analysis data is
usable in individuals who are in a health state or an unhealthy
state, to recognize responses of the vasculature to the indi-
vidual’s health state, activity or environment. The vascular
analysis data may be used to recommend personal interven-
tions and determine how other parameter values, or the
responses or interventions, may be affecting vascular struc-
ture or performance. For example, the vascular analysis data
might indicate only two instances of dynamic activities of
arteries, which are reflected as two “bounces” in a waveform
obtained from the vascular analysis. In response, a healthcare
provider might recommend a relaxation exercise, breathing
exercises, increasing hydration, specific aerobic exercises,
and/or self-administer a supplement or medication. A subse-
quent vascular analysis performed shortly thereafter might
reveal that the individual has achieved three (3) “bounces”,
indicating improved vascular performance resulting from the
relaxation exercise or other intervention as stated above.
[0034] Although some embodiments are described with
reference to measuring vascular activity at peripheral arteries
of the extremities, other embodiments may use measurements
taken at the neck, chest wall, or other body part or location at
which a Doppler vascular signal may be obtained.

[0035] The vascular analysis data may be used in combi-
nation with other apparatus such as ultrasound units that
measure heart chamber activity or blood flow measurement
apparatus.

[0036] Alternatively, a clinician may observe that a subject
individual has elevated body temperature arising, for
example, from heat exhaustion. With the availability of the
vascular analysis data for the individual in addition to body
temperature data, the clinician may be able to observe the
effect of heat exhaustion on the vascular system. Further, the
accumulation of data values from all other parameters may
help explain anomalies that are seen in the waveform reflect-
ing the vascular analysis. The combination of the vascular
analysis data with other parameter values therefore permits a
better global assessment of the individual and a better expla-
nation of the individual’s vascular response.

[0037] 1. Use of Mobile Measurement Device to Motivate
Change from Sedentary Behavior

[0038] John, a sedentary individual, is sprawled upon the
couch in his living room, wearing or using a mobile monitor-
ing device. Fortunately, in his view, his favorite television
show has just begun. Based on data collected from the mobile
monitoring device, John's first hour of enjoyable viewing
corresponds to a reasonably normal vitality condition. How-
ever, after ingesting a rather fatty meal and continuous tele-
vision viewing for three more hours, John’s vitality signals
begin to decline, as measured by the mobile monitoring
device 202 as follows:
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Parameters: 1% Hour: 4% Hour:
Blood Pressure Normal Elevated
Pulse Normal Elevated
Respiration Normal Elevated
Oxygenation Normal Decreased
Nitric Oxide Normal Increased

Doppler Vascular Waveform Moderately Severe More Severe

[0039] The sensors 206 process these physical changes in
real-time. During hour 4, John decides to connect his mobile
monitoring device 202 to his tablet computer (an example of
host computer 220). In an embodiment, John couples a uni-
versal serial bus (USB) cable from his tablet computer to the
mobile monitoring device 202. The mobile monitoring device
202 contains a diagnostic computer program, which is auto-
matically downloaded to the tablet computer and begins run-
ning as part of standard USB connection operations. During
execution, based on the amount of change that the sensors
detected in the 3-hour period, the diagnostic program gener-
ates and displays a report (an example of recommendations
216) to recommend a beneficial change in life activity as
follows:

Algorithm Implementation & Recommendation:

1. 20 minute walking activity

2. 8 fl oz. water consumption

3. 2 tablet aspirin intake to relieve blood pressure
4. Utilize inhaler to increase oxygenation
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logic on the host computer to generate a report of the follow-
ing historical parameter values that the mobile monitoring
device had captured:

Parameters: 5 hirs priorto Arrival: Point of Arrival:

Blood Pressure Normal Major Drop

Nitric Oxide Normal Normal

Respiration Normal Increasing

Temperature Normal Increasing

Pulse Normal Increasing

Waveform Baseline Increasing Velocity
[0043] Based on the collected data, the host program pro-

vides the following recommendation

Algorithm Assessment:

1. Body Inflammatory State
2. Potential Diagnosis: Sepsis

Skin infection diagnosis and treatment.
Perform blood cultures. Increase antibiotics.

Action

[0044] The healthcare provider evaluates the assessment
and recommended action, and decides to perform the recom-
mended actions. As a result, the following physiological
effects are observed:

[0040] Inresponse, John ceases his laziness and follows the
step by step process. He continues to use or wear the mobile
monitoring device 202, and then re-connects it to his tablet
computer. The diagnostic program reports the following
changes in metrics or parameters:

Parameters: Decline: Ascent:
Blood Pressure Elevated Normal
Pulse Elevated Normal
Respiration Elevated Normal
Oxygenation Decreased Normal
Nitric Oxide Increased Normal
Waveform More Severe Baseline

Results:

The individual’s blood pressure steadily returns to normal after the
intake of aspirin. The recommended use of an inhaler returns his
Oxygenation and Nitric Oxide levels to stable. Drinking water
decreases the flow viscosity in his vascular system. Most importantly,
the waveform velocity reaches its healthy baseline value.

[0041] 2. Use of Mobile Measurement Device in Hospital
Intensive Care Unit (ICU)

[0042] John was recently been admitted to the ICU. Upon
arrival, healthcare providers are perplexed by John’s symp-
toms. However, for the past day, John had been using his
mobile monitoring device 202 and has it with him. One of the
healthcare providers connects the mobile monitoring device
202 to a host computer 220 in the ICU, downloads or streams
data from the mobile monitoring device, and uses program

Results:

Patient temperature returns to normal. Nitric oxide returns to normal.
Pulse returns to normal. Blood Pressure becomes normalized. Tempetature
cools down. Waveform velocity returns to normal.

[0045] 3. Use of Mobile Measurement Device in Athletics
[0046] Alice, marathon runner, regularly uses her mobile
monitoring device 202, which stores a data file indicating the
following baseline parameters and goals:

Parameters: Baseline: Goal:

Weight Average Exceptional

Bleod Pressure Average Above Average
Pulse Average Above Average
Respiration Average Above Average
Nitric Oxide Average Exceptional

Oxygen Average Exceptional

Waveform Average Exceptional

[0047] Over a training period of six months, Alice periodi-

cally downloads data from her mobile measurement device
202 to her laptop computer and reviews the data using pro-
gram logic on the laptop. The program logic reports that,
based on the data from the mobile measurement device, her
body has met her goals. She is now prepared for the big race.
[0048] During the marathon, Alice continues to use her
mobile measurement device 202. The mobile measurement
device 202 comprises a near-field radio transceiver 230, such
as a Bluetooth transceiver, that communicates with host com-
puters having compatible transceivers that are located at way-
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points on the race route. At various waypoints, Alice’s team
members, healthcare providers or race officials download
data from Alice’s mobile measurement device 220 to laptop
computers at the waypoints. Host programs on the laptop
computers periodically generate reports of Alice’s perfor-
mance. Additionally or alternatively, the mobile measure-
ment device 220 comprises internal program logic that can
display, on a wrist-mounted display, eyewear-mounted dis-
play or other output device 240, a brief report or indication of
the following results. In either alternative, the vitality sensors
remain intact to ensure Alice’s physical condition is suitable
to continue racing;:

Distance: Health:

1¥Mile Ok

2" Mile Ok

3“Mile Ok

4" Mile Ok

5% Mile Decline
Parameters: Status:

Blood Pressure Dropped below baseline

Pulse Slight Increase

Body Temperature Slight Increase

Waveform Slight Increase
Algorithm Assessment:

1. Individual’s bodily temperaturs increased
2. Blood pressure is dropping
3. Pulse is increasing

Algorithm Recommendation:

Subject is tending towards dehydration. Take more time at water stations.
Consume more carbohydrates to replenish energy. Resume Running and
decrease rate of pace slightly.

[0049] 1Inthis example, one or more of the values indicated
above for Health, Status, Algorithm Assessment and Algo-
rithm Recommendation may be represented in stored data
that is maintained in the mobile monitoring device 202, but
not displayed or reported to Alice. Alternatively, one or more
of the metrics may be reported to Alice or using the laptop
computer at the waypoints; the alternatives are design choices
that may depend, for example, on the size of display that is
available on Alice’s device. For example, if Alice is using a
wrist-mounted computer or other output device 240 that has a
liquid crystal display (I.CD) having limited display capabil-
ity, then the metrics may be reported in more limited form.
Alternatively, if Alice’s mobile monitoring device 202 com-
prises a smartphone with a high-resolution color graphics
display 250, then more elaborate reporting may be provided.

[0050] Continuing with the example, assume that Alice
takes heed of the recommendations of the mobile monitoring
device 202 and changes her running behavior. Thereafter, the
mobile monitoring device 202 collects data indicating the
following:

Distance: Health:
6 Mile Improved!
7% Mile Ok
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-continued
8% Mile Ok
9% Mile Ok
10™ Mile Ok
Algorithm Assessment:

1. Vital signs are normal and stable
2. Body is adequately hydrated

Algorithm Recommendation

The body may continue further exertion!

[0051] Alice continues to review reports or indications
from her mobile monitoring device 202 as she enters later
stages of the race. The mobile monitoring device 202 collects
data indicating the following:

Distance: Health:

1% Mile Ok

127 Mile Ok

13% Mile Ok

14% Mile Ok

157 Mile Ok

16" Mile Ok

17% Mile Ok

187 Mile Declining

19" Mile Declining

20" Mile Sharp Decline
Algorithm Assessment:

1. Health parameters started falling after the 18% Mile.
2. Experienced a sharp decline after the 207 Mile.
3. Further analysis of parameters required:

Parameters: 187 Mile: 20% Mile
Bleod Pressure Moderate Severe
Pulse Moderate Severe
Respiration Moderate Severe
Body Temperature Moderate Severe
Waveform Moderate Severe
Ambient Temperature Sharp decrease in humidity

Algorithm Assessment:

1. All Parameters are experiencing a sharp decline.
2. Further Decline is hazardous.
3. Individual is severely dehydrated.

Algorithm Recommendation:

1. Halt running immediately.
2. Consume water and carbs to replenish body.
3. Continue walking until vitality signals increase.

Results:

Because it was much hotter towards the end of the race,

our athlete experienced severe dehydration at her 207

mile. Without her vitality sensors, there would be no way

to accurately determine her state of condition and hydration.

[0052] In each of the preceding examples, the metric
“Waveform” represents data obtained from at least one vas-
cular sensor 206 and is based on bidirectional waveform
analysis. “Bidirectional” refers to the fact that in normal
circulation, blood is pumped and flows in a first direction
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through a blood vessel, then briefly reverses direction, and
then is pumped and flows again in the first direction. For
example, a miniaturized Doppler vascular sensor may be used
as one of the sensors 206 to generate and store data represent-
ing an acoustic waveform based on detecting the flow of
blood in one or more blood vessels. This data is indicative of
the elasticity of the blood vessels, among other metrics; for
example, a wider waveform is observed to indicate greater
elasticity of the walls of the blood vessels, larger volume of
blood flow, or a thinner waveform is observed to indicate
lesser volume and less elasticity, at least at the measurement
site, and greater elasticity is associated with reduced risk of
certain major diseases such as CVD, diabetes and respiratory
ailments. Through data collection, observation of velocity
and volume of waveform of the first, second, third, and some-
times a fourth waveform, the processes herein will be able to
correlate more accurately the status of physiological
responses. The inventor fundamentally has recognized that
combining vascular function information 211 representing
vascular condition with one or more other physiological met-
rics 212 will provide a better capability for evaluating overall
health of an individual and for providing recommendations
for activity or treatment. Further, the integration of vascular
bidirectional waveform analysis data representing vascular
condition with a plurality of other physiological metrics will
provide a superior capability for evaluating overall health of
an individual and for providing recommendations for activity
or treatment. Still further, having multiple examples of vas-
cular data available over a long period of time can provide
better environmental information on which health assess-
ments may be based.

Hardware Overview

[0053] According to one embodiment, the techniques
described herein are implemented by one or more special-
purpose computing devices. The special-purpose computing
devices may be hard-wired to perform the techniques, or may
include digital electronic devices such as one or more appli-
cation-specific integrated circuits (ASICs) or field program-
mable gate arrays (FPGAs) that are persistently programmed
to perform the techniques, or may include one or more gen-
eral purpose hardware processors programmed to perform the
techniques pursuant to program instructions in firmware,
memoty, other storage, or a combination. Such special-pur-
pose computing devices may also combine custom hard-
wired logic, ASICs, or FPGAs with custom programming to
accomplish the techniques. The special-purpose computing
devices may be desktop computer systems, portable com-
puter systems, handheld devices, networking devices or any
other device that incorporates hard-wired and/or program
logic to implement the techniques.

[0054] For example, FIG. 1 is a block diagram that illus-
trates a computer system 100 upon which an embodiment of
the invention may be implemented. Computer system 100
includes a bus 102 or other communication mechanism for
communicating information, and a hardware processor 104
coupled with bus 102 for processing information. Hardware
processor 104 may be, for example, a general purpose micro-
processor.

[0055] Computer system 100 also includes a main memory
106, such as a random access memory (RAM) or other
dynamic storage device, coupled to bus 102 for storing infor-
mation and instructions to be executed by processor 104.
Main memory 106 also may be used for storing temporary
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variables or other intermediate information during execution
of instructions to be executed by processor 104. Such instruc-
tions, when stored in non-transitory storage media accessible
to processor 104, render computer system 100 into a special-
purpose machine that is customized to perform the operations
specified in the instructions.

[0056] Computer system 100 further includes a read only
memory (ROM) 108 or other static storage device coupled to
bus 102 for storing static information and instructions for
processor 104. A storage device 110, such as a magnetic disk
or optical disk, is provided and coupled to bus 102 for storing
information and instructions.

[0057] Computer system 100 may be coupled viabus 102 to
adisplay 112, such as a cathode ray tube (CRT), for display-
ing information to a computer user. An input device 114,
including alphanumeric and other keys, is coupled to bus 102
for communicating information and command selections to
processor 104. Another type of user input device is cursor
control 116, such as a mouse, a trackball, or cursor direction
keys for communicating direction information and command
selections to processor 104 and for controlling cursor move-
ment on display 112. This input device typically has two
degrees of freedom in two axes, a first axis (e.g., x) and a
second axis (e.g., y), that allows the device to specify posi-
tions in a plane.

[0058] Computer system 100 may implement the tech-
niques described herein using customized hard-wired logic,
one or more ASICs or FPG As, firmware and/or program logic
which in combination with the computer system causes or
programs computer system 100 to be a special-purpose
machine. According to one embodiment, the techniques
herein are performed by computer system 100 in response to
processor 104 executing one or more sequences of one or
more instructions contained in main memory 106. Such
instructions may be read into main memory 106 from another
storage medium, such as storage device 110. Execution of the
sequences of instructions contained in main memory 106
causes processor 104 to perform the process steps described
herein. In alternative embodiments, hard-wired circuitry may
be used in place of or in combination with software instruc-
tions.

[0059] The term “storage media” as used herein refers to
any non-transitory media that store data and/or instructions
that cause a machine to operation in a specific fashion. Such
storage media may comprise non-volatile media and/or vola-
tile media. Non-volatile media includes, for example, optical
or magnetic disks, such as storage device 110. Volatile media
includes dynamic memory, such as main memory 106. Com-
mon forms of storage media include, for example, a floppy
disk, a flexible disk, hard disk, solid state drive, magnetic
tape, or any other magnetic data storage medium, aCD-ROM,
any other optical data storage medium, any physical medium
with patterns of holes, a RAM, a PROM, and EPROM, a
FLASH-EPROM, NVRAM, any other memory chip or car-
tridge.

[0060] Storage media is distinct from but may be used in
conjunction with transmission media. Transmission media
participates in transferring information between storage
media. For example, transmission media includes coaxial
cables, copper wire and fiber optics, including the wires that
comprise bus 102. Transmission media can also take the form
of acoustic or light waves, such as those generated during
radio-wave and infra-red data communications.
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[0061] Various forms of media may be involved in carrying
one or more sequences of one or more instructions to proces-
sor 104 for execution. For example, the instructions may
initially be carried on a magnetic disk or solid state drive of a
remote computer. The remote computer can load the instruc-
tions into its dynamic memory and send the instructions over
a telephone line using a modem. A modem local to computer
system 100 can receive the data on the telephone line and use
an infra-red transmitter to convert the data to an infra-red
signal. Aninfra-red detector can receive the data carried in the
infra-red signal and appropriate circuitry can place the data
on bus 102. Bus 102 carries the data to main memory 106,
from which processor 104 retrieves and executes the instruc-
tions. The instructions received by main memory 106 may
optionally be stored on storage device 110 either before or
after execution by processor 104.

[0062] Computer system 100 also includes a communica-
tion interface 118 coupled to bus 102. Communication inter-
face 118 provides a two-way data communication coupling to
a network link 120 that is connected 1o a local network 122.
For example, communication interface 118 may be an inte-
grated services digital network (ISDN) card, cable modem,
satellite modem, or a modem to provide a data communica-
tion connection to a corresponding type of telephone line. As
another example, communication interface 118 may be a
local area network (LAN) card to provide a data communi-
cation connection to a compatible LAN. Wireless links may
also be implemented. In any such implementation, commu-
nication interface 118 sends and receives electrical, electro-
magnetic or optical signals that carry digital data streams
representing various types of information.

[0063] Network link 120 typically provides data commu-
nication through one or more networks to other data devices.
For example, network link 120 may provide a connection
through local network 122 to a host computer 124 or to data
equipment operated by an Internet Service Provider (ISP)
126. ISP 126 in turn provides data communication services
through the world wide packet data communication network
now commonly referred to as the “Internet” 128. Local net-
work 122 and Internet 128 both use electrical, electromag-
netic or optical signals that carry digital data streams. The
signals through the various networks and the signals on net-
work link 120 and through communication interface 118,
which carry the digital data to and from computer system 100,
are example forms of transmission media.

[0064] Computer system 100 can send messages and
receive data, including program code, through the network
(s), network link 120 and communication interface 118. In the
Internet example, a server 130 might transmit a requested
code for an application program through Internet 128, ISP
126, local network 122 and communication interface 118.

[0065] The received code may be executed by processor
104 as it is received, and/or stored in storage device 110, or
other non-volatile storage for later execution.

[0066] In the foregoing specification, embodiments of the
invention have been described with reference to numerous
specific details that may vary from implementation to imple-
mentation. The specification and drawings are, accordingly,
to be regarded in an illustrative rather than a restrictive sense.
The sole and exclusive indicator of the scope of the invention,
and what is intended by the applicants to be the scope of the
invention, is the literal and equivalent scope of the set of
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claims that issue from this application, in the specific form in
which such claims issue, including any subsequent correc-
tion.

What is claimed is:

1. A mobile measurement device comprising:

a computing device;

one or more sensors that are coupled to the computing

device using one or more corresponding compatible
digital interfaces;

logic encoded with instructions which when executed per-

form determining and storing vascular function infor-

mation and one or more of:

values of metrics or parameters;

physiological analysis of the parameters and the vascu-
lar function information;

recommendations for actions that an individual or
healthcare provider should take in response to the
recommendations or parameters.

2. The device of claim 1 wherein the computing device
comprises any of: a smartphone; a tablet computer; a laptop
computer or other personal computer; a workstation; a watch
computer; a ring-mounted computer; an active steering wheel
of a motor vehicle; a hat-mounted computer; a helmet-
mounted computer; an eyewear-mounted computer.

3. The device of claim 1 wherein the sensors comprise at
least one ultrasound sensor configured to acoustically mea-
sure structure, performance or other metrics associated with a
blood vessel or other element of the vascular system and to
cooperate with the program logic to provide output waveform
data representing acoustic measurements of blood flow in a
blood vessel, and provide vascular structure or performance
metrics based on bidirectional vascular waveform analysis.

4. The device of claim 3 wherein the sensor or the program
logic perform bidirectional waveform Doppler ultrasound
analysis that can measure or indicate the elasticity of one or
more blood vessels.

5. The device of claim 3 wherein the vascular function
information comprises or is based on the bidirectional wave-
form Doppler ultrasound analysis.

6. The device of claim 1 wherein the sensors comprise one
or more of an infrared, crystal technology, or light-based
physiological monitor; a blood pressure sensor; a pulse sen-
sor; a respiratory rate sensor comprising, for example, one or
more chest patches, wrist patches, and/or chest straps; a body
temperature sensor; an oxygen absorption sensor; a carbon
dioxide sensor; a nitric oxide sensor; a blood glucose sensor;
a sensor of electrolytes, nutrients in the circulation, or other
metrics; one or more contact lenses configured to measure
capillary blood flow; a flow meter; a spirometer; a mouth-
piece. In an embodiment, at least one of the sensors is con-
figured to sense and store at least one measurement relating to
vascular structure, status or performance.

7. The device of claim 1 wherein the logic comprises one or
more of non-volatile random access memory (NVRAM);
flash memory; an application-specific integrated circuit
(ASIC); a field programmable gate array; read-only memory
(ROM) including any of electrically erasable ROM (EE-
ROM) or electrically programmable ROM (EPROM); disk
storage.

8. The device of claim 1 wherein the vascular function
information provides metrics, reports, or values that indicate
overall health attributes of blood vessels or other components
of the vascular system, or particular attributes of blood ves-
sels or other components of the vascular system.
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9. The device of claim 1 wherein the vascular function
information is used to generate, using other program logic,
one or more reports, recommendations, or protocols based on
the vascular function information.

10. The device of claim 1 wherein the reports, recommen-
dations or protocols may comprise any of: a status report on
vascular function; a list of options for medical intervention in
the patient based on medical standards of practice based on
one or more medical indications represented in the vascular
function information; reports or recommendations suggest-
ing sepsis, hypertension, hypotension, or respiratory dys-
function; a protocol for exercise; a protocol for sports perfor-
mance; a protocol for patient lifestyle or changes in lifestyle;
a protocol for patient stress management; a report of recom-
mendations, or the expected effects of, any of several aspects
of treatment including but not limited to nutrition, exercise,
supplements, and medications.

11. A mobile measurement device comprising:

a computing device;

a radio-frequency transceiver coupled to the computing

device;

a computer display unit coupled to the computing device;

one or more sensors that are coupled to the computing

device using one or more corresponding compatible
digital interfaces;

logic encoded with instructions which when executed per-

form determining and storing:

vascular function information;

one or more of: values of metrics or parameters; physi-

ological analysis of the parameters and the vascular
function information; recommendations for actions that
an individual or healthcare provider should take in
response to the recommendations or parameters.

12. The device of claim 11 wherein the computing device
comprises a smartphone; a tablet computer; a laptop com-
puter or other personal computer; a workstation; a watch
computer; a ring-mounted computer; an active steering wheel
of a motor vehicle; a hat-mounted computer; a helmet-
mounted computer; an eyewear-mounted computer.

13. The device of claim 11 wherein the sensors comprise at
least one ultrasound sensor configured to acoustically mea-
sure structure, performance or other metrics associated with a
blood vessel or other element of the vascular system and to
cooperate with the program logic to provide output waveform
data representing acoustic measurements of blood flow in a
blood vessel, and provide vascular structure or performance
metrics based on bidirectional vascular waveform analysis.

14. The device of claim 13 wherein the sensor or the pro-
gram logic perform bidirectional waveform Doppler ultra-
sound analysis that can measure or indicate the elasticity of
one or more blood vessels.

15. The device of claim 13 wherein the vascular function
information comprises or is based on the bidirectional wave-
form Doppler ultrasound analysis.

16. The device of claim 11 wherein the sensors comprise
one or more of an infrared, crystal technology, or light-based
physiological monitor; a blood pressure sensor; a pulse sen-
sor; a respiratory rate sensor comprising, for example, one or
more chest patches, wrist patches, and/or chest straps; a body
temperature sensor; an oxygen absorption sensor; a carbon
dioxide sensor; a nitric oxide sensor; a blood glucose sensor;
a sensor of electrolytes, nutrients in the circulation, or other
metrics; one or more contact lenses configured to measure
capillary blood flow; a flow meter; a spirometer; a mouth-
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piece. In an embodiment, at least one of the sensors is con-
figured to sense and store at least one measurement relating to
vascular structure, status or performance.

17. The device of claim 11 wherein the logic comprises one
or more of non-volatile random access memory (NVRAM);
flash memory; an application-specific integrated circuit
(ASIC); a field programmable gate array; read-only memory
(ROM) including any of electrically erasable ROM (EE-
ROM) or electrically programmable ROM (EPROM); disk
storage.

18. The device of claim 11 wherein the vascular function
information provides metrics, reports, or values that indicate
overall health attributes of blood vessels or other components
of the vascular system, or particular attributes of blood ves-
sels or other components of the vascular system.

19. The device of claim 11 wherein the vascular function
information is used to generate, using other program logic,
one or more reports, recommendations, or protocols based on
the vascular function information;

wherein the reports, recommendations or protocols may
comprise any of: a status report on vascular function; a
list of options for medical intervention in the patient
based on medical standards of practice based on one or
more medical indications represented in the vascular
function information; reports or recommendations sug-
gesting sepsis, hypertension, hypotension, or respiratory
dysfunction; a protocol for exercise; a protocol for sports
performance; a protocol for patient lifestyle or changes
in lifestyle; a protocol for patient stress management; a
report of recommendations, or the expected effects of,
any of several aspects of treatment including but not
limited to nutrition, exercise, supplements, and medica-
tions.

20. The device of claim 11 further comprising detecting
elevated levels of one or more of blood pressure, pulse, res-
piration; detecting increased nitric oxide as measured in
blood or respiration; detecting a severe Doppler vascular
waveform; in response, generating recommendations for
exercise, water consumption, and aspirin consumption.

21. A data processing system comprising:

a portable physiological measuring device configured for
temporary attachment to a human body for receiving and
storing data representing one or more physiological
parameters of the body;

one or more Doppler vascular sensors configured for tem-
porary attachment to peripheral artery locations of the
body and a portable Doppler vascular signal measuring
device coupled to the Doppler vascular sensors;

a mobile computing device configured to interface to the
Doppler vascular signal measuring device and to the
physiological measuring device;

a network interface in the mobile computing device con-
figured to couple to a data network for communication of
patient data from the physiological measuring device
and the one or more Doppler vascular sensors to a data
collection computer;

logic in the data collection computer encoded with instruc-
tions which when executed perform:

determining values of patient physiological metrics or
parameters based on data received from the portable
physiological measuring device;

determining vascular function information for the patient
based on data received from the Doppler vascular signal
measuring device;
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determining medical condition data indicating one or more
medical conditions of the patient based on analysis and
correlations of the vascular function information and the
patient physiological metrics;

generating and providing output records specifying one or

more of: recommendations for actions that an individual
or healthcare provider should take in response to the
recommendations or parameters; or one or more reports,
animations or figures.

22. The system of claim 21 wherein the mobile computing
device comprises any of: a smartphone; a tablet computer; a
laptop computer or other personal computer; a workstation; a
watch computer; a ring-mounted computer; an active steering
wheel of a motor vehicle; a hat-mounted computer; a helmet-
mounted computer; an eyewear-mounted computer.

23. The system of claim 21 wherein the sensors comprise at
least one ultrasound sensor configured to acoustically mea-
sure structure, performance or other metrics associated with a
blood vessel or other element of the vascular system and to
cooperate with the program logic to provide output waveform
data representing acoustic measurements of blood flow in a
blood vessel, and provide vascular structure or performance
metrics based on bidirectional vascular waveform analysis.

24. The system of claim 23 wherein the sensor or the
program logic perform bidirectional waveform Doppler
ultrasound analysis that can measure or indicate the elasticity
of one or more blood vessels.

25. The system of claim 24 wherein the vascular function
information comprises or is based on the bidirectional wave-
form Doppler ultrasound analysis.

26. The system of claim 21 wherein the sensors comprise
one or more of any of the following: an infrared, crystal
technology, or light-based physiological monitor; a blood
pressure sensor; a pulse sensor; a respiratory rate sensor com-
prising, for example, one or more chest patches, wrist
patches, and/or chest straps; a body temperature sensor; an
oxygen absorption sensor; a carbon dioxide sensor; a nitric
oxide sensor; a blood glucose sensor; a sensor of electrolytes,
nutrients in the circulation, or other metrics; one or more
contact lenses configured to measure capillary blood flow; a
flow meter; a spirometer; a mouthpiece. In an embodiment, at
least one of the sensors is configured to sense and store at least
one measurement relating to vascular structure, status or per-
formance.
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27. The system of claim 21 wherein the one or more Dop-
pler vascular sensors are configured for temporary attach-
ment to a body part.

28. The system of claim 21 wherein the vascular function
information provides metrics, reports, or values that indicate
overall health attributes of blood vessels or other components
of the vascular system, or particular attributes of blood ves-
sels or other components of the vascular system.

29. The system of claim 21 wherein the vascular function
information is used to generate, using other program logic,
one or more reports, recommendations, or protocols based on
the vascular function information.

30. The system of claim 21 wherein the output records
comprise any of: a status report on vascular function; a list of
options for medical intervention in the patient based on medi-
cal standards of practice based on one or more medical indi-
cations represented in the vascular function information;
reports or recommendations suggesting sepsis, hypertension,
hypotension, or respiratory dysfunction; a protocol for exer-
cise; a protocol for sports performance; a protocol for patient
lifestyle or changes in lifestyle; a protocol for patient stress
management; a report of recommendations, or the expected
effects of, any of several aspects of treatment including but
not limited to nutrition, exercise, supplements, and medica-
tions.

31. The system of claim 21 wherein the output records
comprise any of: Protocols for disease intervention, Protocols
for nutrition, Protocols for exercise, Protocols for sports per-
formance, Protocols for patient lifestyle or changes, Proto-
cols for stress management, Protocols for patient lifestyle or
changes, Protocols for supplements/medications.

32. The system of claim 21 wherein the output records
comprise assessments of vascular circulation based on stored
indication data that correlates particular Doppler vascular
signals with any one or more of heart failure, cardiac myopa-
thy, cardiac hypertrophy; enlarged heart, or use of ventricular
assisted devices.

33. The system of claim 21 wherein the output records
comprise assessments of cardiac arrhythmia, extra beats or
premature ventricular contractions.

34. The system of claim 21 wherein the physiological
measuring device comprises an electrocardiogram (ECG)
apparatus and wherein the correlation comprises correlating
BCG data with Doppler vascular data.
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