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(57) ABSTRACT

A system and method for calculating the arterial compliance,
stiffness, and arterial flow and resistance indices for any
artery inissue of a subject having a blood pressure monitoring
device configured to calculate systolic and diastolic blood
pressure readings for an artery of the subject, a blood flow
velocity monitoring device configured to calculate the veloc-
(22) Filed: Aug. 4, 2014 ity of blood flowing within the artery of the subject at a peak
point of a systolic phase of contraction of the subject’s heart

muscle, peak-systolic velocity, and the velocity of blood

flowing within the artery of the subject at an end point of a

Publication Classification diastolic phase of the subject’s heart muscle, end-diastolic

velocity, and a central processing unit comprising a computer
readable program embodied within the central processing
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(51) Int.Cl unit configured to calculate the arterial compliance, stiffness,
A61B 5/02 (2006.01) and arterial flow and resistance indices as a function of the
AG6IB 5/00 (2006.01) area of the artery under initial systolic and end diastolic
AB6IB 5/055 (2006.01) pressure, the area of the artery generating arterial elastic
AG6IB 8/06 (2006.01) recoil pressure for continuous flow during the systolic and
A6IB 5/0215 (2006.01) diastolic phases, peak-systolic and end-diastolic arterial flow
A61B 5/022 (2006.01) velocities, and systolic and diastolic blood pressure.
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Determine the area (A2) of the artery generating the f760
arterial elastic recoil pressure for continuous flow
during the systolic and diastolic phase for the subject
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Determine the arterial compliance index of a subject
based on the systolic and diastolic blood pressure, the
peak—systolic velocity, the end—diastolic velocity, the /—770
area of the artery under systolic and diastolic pressure
and the area of the artery generating the arterial
elastic recoil pressure for continuous flow during the
systolic and diastolic phase

'

Determine a baseline index for a particular artery by
determining the mean arterial compliance index for the
particular artery using steps 110—170 for individuals f780
having a systolic blood pressure reading in the range
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Hg to 90 mm of Hg
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Compare the subject’s arterial compliance index with f7 90
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FIG. 2




Patent Application Publication Feb. 4,2016 Sheet 3 of4 US 2016/0029901 A1

' DP, PSV

Velocity

SP, EDV

Time

SP= Systolic Pressure (mm Hg)
DP= Diastolic Pressure (mm Hg)
PSV= Peak—Systolic Velocity (cm/sec or m/sec))
EDV= End-Diastolic Velocity (cm/sec or m/sec
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SYSTEM AND METHOD FOR DETERMINING
ARTERIAL COMPLIANCE AND STIFFNESS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] This invention relates generally to a system, method
and apparatus for determining arterial compliance and stiff-
ness. In particular, the invention relates to a non-invasive
quantitative system for calculating arterial elastic recoil pres-
sure for vascular flow, arterial compliance, stiffness and arte-
rial blood flow and resistance compliance. The method steps
consist of modeling and combining arterial behavior from
signature waveform flow velocities such as peak-systolic and
end-diastolic arterial blood flow velocities and systemic
blood pressure. The method determines the artery elastic
recoil pressure for vascular blood flow as an Arterial Compli-
ance Index (“ACI”), which correlates to blood pressure, artery
distension, stiffness, arterial blood flow and resistance and is
compared to a baseline index for a particular artery in issue.
[0003] 2. Description of Related Art

[0004] The term elastic recoil pressure is used to describe
the pressure exerted by the arterial walls when they recoil.
Arterial elastic recoil pressure results from the distension and
recoil of the artery necessary to regulate and maintain blood
pressure and continued arterial blood flow.

[0005] The term arterial compliance is used to describe the
flexibility of the arterial walls. Arterial compliance or disten-
sion results in the capacity of the artery to maintain blood flow
by moving more volume with less pressure or distending
more with less force applied.

[0006] The term arterial stiffness is used to describe the
rigidity of the arterial walls. Arterial stiffness results in the
incapacity ofthe artery to maintain blood flow by moving less
volume with more pressure or distending less with more force
applied.

[0007] Theterms arterial blood flow and resistance are used
to describe the flow and resistance to blood flow across the
systemic arterial vasculature. Arterial blood flow resistance
results in the incapacity of the systemic arterial vasculature to
support blood flow by either increasing the arterial elastic
recoil pressure thus reducing the pressure difference within
the artery that pushes the blood or by increasing the force that
opposes the blood flow through the vascular resistance.
[0008] Arterial compliance and stiffness assist in assessing
soft and hard plaque formation on the artery walls, arterial
inflammation, narrowing of arteries, arterial stenosis, local
arterial function, arterial blood flow and resistance, systemic
pressure and circulation in the peripheral arterial system,
central pressure and circulation in the aorta. Also, Arterial
compliance and stiffness can be associated with changes in
heart rate and changes in the chemistry of body fluids natu-
rally occurring or through the use of substances for medical or
non-medical purposes. Thus, arterial compliance and stiff-
ness are critical parameters for predicting and diagnosing
both vascular and cardiovascular problems.

[0009] Current methods of measuring arterial stiffness are
technically demanding, time consuming, costly, or limited in
scope. It is therefore desirable to have an alternative compre-
hensive method which includes arterial blood flow velocities,
elastic recoil pressure and systemic blood pressure, which can
be used for any particular artery in issue and which can
diagnose artery distension, stiffness, arterial blood flow and
resistance in real time within the routine clinical setting.
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[0010] Arterial compliance and stiffness depend on the
functioning of muscle cells, elastin and collagen within the
artery walls. These structural elements support the pressure of
blood exerted on the artery wall when distended. Arteries
distend and recoil in order to regulate and maintain blood
pressure and continuous blood flow through the arterial sys-
tem.

[0011] Presently known non-invasive methods and indices
for measuring and quantifying arterial compliance and stiff-
ness have several limitations in measurement and interpreta-
tion. For example, current methods and indices for measuring
and quantifying arterial compliance and stiffness require
expensive equipment, a high level of technical expertise and
are often impractical or limited in scope within the routine
clinical setting.

[0012] At this time, pulse wave velocity (PWV) analysis is
the standard for diagnosing regional arterial stiffness. Pulse
wave velocity is the speed at which a forward pressure wave
is transmitted from the aorta or other major artery through the
vasculartree. It is calculated by measuring the time it takes for
the arterial waveform to pass between two points a measured
distance apart.

[0013] The flow of blood through the arterial vasculature is
influenced by the stiffness and elasticity of the vessel walls.
With varying blood pressure and vascular resistance: The
stiffer the arterial walls, the lower the elastic recoil pressure
and the higher the blood flow. In elastic vessels, the higher the
elasticity of the arterial walls, the higher the elastic recoil
pressure and the lower the blood flow.

[0014] A current method to determine arterial blood flow
resistance is based on what is called the Resistive Index
(“RI”) that relies only on blood flow velocities. The RI alone
is inadequate to accurately assess arterial compliance, stiff-
ness, flow and resistance.

[0015] Blood flow velocities can be determined from the
arterial pulse waveforms along a vascular segment. Doppler
ultrasound, Magnetic resonance imaging, positron emission
tomography, Photoplethysmography, laser Doppler imaging,
and laser speckle contrast imaging are used to measure blood
flow velocities.

[0016] Stiff arteries resultinhigher systolic pressure, lower
diastolic pressure and other blood pressure disorders because
there is less elastic recoil to regulate the blood pressure. Thus,
systolic and diastolic blood pressure, are both also important
factors in predicting cardiovascular risk. Increased pulse
pressure, increased heart rate at rest, and increased pulse
wave velocity may be markers of underlying vascular disease
or strong cardiovascular risks.

[0017] Pulsepressureis the difference between systolic and
diastolic pressures, and depends on the cardiac output, large-
artery stiffness and wave reflection. Thus the difference
between systolic and diastolic pressure, that is the pulse pres-
sure, will be expected to vary as the rigidity of the arterial
walls. However, pulse pressure alone is inadequate to assess
arterial stiffness accurately.

[0018] Thus, it is desirable to achieve an improved system,
method and apparatus that combines the diagnostics of arte-
rial flow velocities and systemic blood pressure readings for
a particular artery in order to accurately determine the extent
of artery distension and stiffness in real time and enable a
comparison of a subject’s artery distension and stiffness with
a baseline index for the particular artery in issue.
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SUMMARY OF THE INVENTION

[0019] The inventive method combines the velocities of
blood flowing within an artery at points in time and systemic
blood pressure to create a system and method that calculates
an Arterial Compliance Index (“ACI”). The ACI or arterial
elastic recoil pressure correlates to blood pressure, artery
distension, stiffness, arterial blood flow and resistance and is
compared to a Baseline Index (“BI”) for the particular artery
type under study in order to evaluate arterial compliance,
stiffness, arterial blood flow and resistance. The BI is com-
prised of a mean of ACI indices obtained from screenings of
normal functioning arteries among a group of subjects or
established among segments of a subject’s artery inissueas a
baseline index. As used herein, the term arterial elastic recoil
refers to the inherent resistance of a tissue to changes in shape,
and the tendency of the tissue to revert to its original shape
once deformed.

[0020] Specifically, the method steps consist of modeling
and combining the arterial signature waveform blood flow
velocities with systemic blood pressure using an arterial stiff-
ness limit variable and an arterial recoil pressure variable in
the system model, setting the area of the artery that is under
initial systolic and end diastolic pressure to be equal, to deter-
mine the arterial elastic recoil pressure variable or Arterial
Compliance Index “ACI”.

[0021] The proposed system and method for determining
local arterial compliance, stiffness, arterial blood flow and
resistance compliance can be incorporated into Doppler ultra-
sound equipment or other devices for routine clinical screen-
ings, thereby providing on-screen real time indices of arterial
stiffness, and arterial blood flow and resistance. Blood pres-
sure, systemic and regional arterial function, antegrade and
retrograde flows can be evaluated with the proposed index
from local arterial compliance and stiffness screening of dif-
ferent arteries.

[0022] The systemic blood pressure analysis of the present
invention relies on systolic and diastolic blood pressure. Sys-
tolic blood pressure is the peak pressure in arteries near the
end of the cardiac cycle when the heart is contracting. It is the
top number of a typical blood pressure reading. Diastolic
blood pressure is the pressure when the heart is near the end
of the period of relaxation. It is the bottom number of a blood
pressure reading.

[0023] The method of calculating the ACI allows for a
determination of a specific baseline compliance index of a
normal artery for each artery type. A diagnosis may therefore
be made by considering the arterial compliance index and
stiffness of arteries using peak-systolic and end-diastolic
velocities; systemic and central arterial flow circulation as
indicated by the systolic and diastolic blood pressure and
other combined vascular parameters such as pulse pressure,
resistive index, vascular resistance index and cardiac output
index.

[0024] An aspect of the present invention is therefore to
determine the peak-systolic velocity of the blood flowing
through the artery at the end of the systolic phase and the
end-diastolic velocity at the end of the diastolic phase of the
blood flowing through the artery. The peak-systolic velocity
and end-diastolic velocity may be determined using a device
capable of calculating blood flow.

[0025] Another aspect of the present invention is to deter-
mine the area of the artery that is under initial systolic and end
diastolic pressure, and the area of the artery thatis generating
arterial elastic recoil pressure for continuous flow during the
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systolic and diastolic phases. Yet another aspect of the present
invention is to compare the area of the artery under initial
systolic and end diastolic pressure with the area of the artery
that is generating arterial elastic recoil pressure for continu-
ous flow during the systolic and diastolic phases. It is noted
that the term area is used throughout to denote the area index
as defined herein.

[0026] Itis noted that references made herein to the present
invention or aspects of the invention thereof should be under-
stood to mean certain embodiments of the present invention
and should not necessarily be construed as limiting all
embodiments to a particular description. The present inven-
tion is set forth in various levels of detail in the Summary of
the Invention as well as in the attached drawings and the
Detailed Description of the Invention and no limitation as to
the scope of the present invention is intended by either the
inclusion or non-inclusion of elements, components, etc. in
this Summary of the Invention. Additional aspects of the
present invention will become more readily apparent from the
Detail Description, particularly when taken together with the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is an illustration of a system of the present
invention being used on a subject to determine the arterial
compliance index, arterial stiffness, and the arterial flow and
resistance indices.

[0028] FIG. 1A is an alternative embodiment of a system of
the present invention being used on a subject to determine the
arterial compliance index, arterial stiffness, and the arterial
flow and resistance indices.

[0029] FIG. 1B is another embodiment of a system of the
present invention being used on a subject to determine the
arterial compliance index, arterial stiffness, and the arterial
flow and resistance indices.

[0030] FIG. 2 is a flow chart outlining the method of the
present invention for determining the arterial compliance
index for the particular artery in issue of a subject.

[0031] FIG. 3 is a graph that plots the velocity of blood flow
as a function of time. The graph shows the peak-systolic
velocity, PSV, the systolic pressure SP, the end-diastolic
velocity EDV and the diastolic pressure DP, in relation to
time.

[0032] FIG. 4is a diagram illustrating systemic blood pres-
sure combinations as they relate to the arterial compliance
index (ACI) or arterial elastic recoil pressure for vascular
flow, arterial compliance, stiffness, and systolic and diastolic
arterial blood flow and resistance.

DETAILED DESCRIPTION OF THE DRAWINGS

[0033] The inventive method of the present invention is
based on a combined analysis of blood pressure readings and
the velocity of blood flow within an artery of a subject. The
Arterial Compliance Index or ACI of the present invention
therefore relies on blood pressure readings, blood flow
velocities, the relationship between the area of the artery that
is under initial systolic and end diastolic pressure, as well as
the area of the artery that is generating arterial elastic recoil
pressure for continuous flow during the systolic and diastolic
phases, and acomparison ofthe area of the artery under initial
systolic and end diastolic pressure with the area of the artery
that is generating arterial elastic recoil pressure for continu-
ous flow during the systolic and diastolic phases within a
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particular artery in order to determine arterial compliance,
stiffness, and arterial flow and resistance compliance of the
artery being studied. Tt is noted that the term area is used
throughout to denote the area index as defined herein.
[0034] Referring now to FIG. 1, the present invention is a
system 18 for determining arterial compliance, stiffness, and
arterial flow and resistance compliance in a subject 10. The
system 18 includes a blood pressure monitoring device 14 for
determining the systolic and diastolic blood pressure reading
of the subject 10. The systolic pressure defined herein as SP
refers to the pressure in the arteries when the heart beats, that
is, when the heart contracts. The diastolic pressure, defined
herein as DP measures the pressure in the arteries between
heartbeats, that is, when the heart muscle is resting between
beats and refilling with blood. Thus, in a typical blood pres-
sure reading of 120/80 mmHg, the top number of 120 refers to
the systolic blood pressure, that is SP and the lower number of
80 refers to the diastolic blood pressure, that is DP. The blood
pressure monitoring device 14 includes acuff 20 that is placed
on a limb of the subject 10. In a preferred embodiment, the
cuff 20 is placed on an arm 24 of the subject 10. In an
alternative embodiment, the cuff 20 may be placed on a lower
limb (not shown here) or another body part that will allow a
blood pressure reading to be taken.

[0035] The system 18 further includes a blood flow moni-
toring device 12 for measuring the peak-systolic velocity or
PSV and end-diastolic velocity or EDV of blood flow within
the subject’s 10 artery. The PSV refers to the peak velocity of
the blood flow during systole, when the heart contracts. The
EDV refers to the blood velocity at the end of the diastolic
phase when the heart muscle is atrest and the heart refills with
blood. It is noted that the PSV and EDV are measured for a
particular artery under study, for example, a carotid or renal
artery.

[0036] The system 18 further includes a central processing
unit comprising a non-transitory computer-readable media
embodied within the central processing unit 16 configured to
calculate the arterial compliance index or ACI, stiffness, and
arterial flow and resistance indices of the subject 10.

[0037] Referring now to FIG. 1A there is shown an alter-
native embodiment of the system 18 of the present invention.
In this alternative embodiment, the system includes a first
blood flow monitoring device 12A configured to calculate a
first measure of velocity of blood flowing within the artery of
the subject at a peak point of a systolic phase of contraction of
the subject’s 10 heart muscle, PSV and a second blood flow
monitoring device 12B configured to calculate a second mea-
sure of velocity of blood flowing within the artery of the
subject 10 at an end point of a diastolic phase of the subject’s
heart muscle, EDV.

[0038] The system 18 further includes a first blood pressure
monitoring device 14A configured to calculate a systolic
blood pressure, SP, reading for an artery of the subject 10, and
asecond blood pressure monitoring device 14B configured to
calculate the diastolic blood pressure reading, DP. The system
18 further includes a central processing unit comprising a
non-transitory computer-readable media embodied within
the central processing unit 16 configured to calculate the
arterial compliance index or ACI, stiffness, arterial flow and
resistance indices of the subject 10, as a function of the area of
the artery under initial systolic pressure and end diastolic
pressure and the area of the artery generating arterial elastic
recoil pressure for continuous flow during the systolic and
diastolic phases.
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[0039] 1In an invasive embodiment, the first blood pressure
monitoring device, 14A and the second blood pressure moni-
toring device 14B, each comprise a catheter device for taking
blood pressure readings within an artery of the subject 10. It
should be appreciated that the blood pressure monitoring
device 14 shown in FIGS. 1 and 1B may also comprise a
catheter device for taking a blood pressure reading within an
artery of the subject 10.

[0040] Referring now to FIG. 1B, there is shown another
embodiment of the present invention, wherein the blood flow
monitoring device 12, the blood pressure monitoring device
14 and the central processing unit 16 all comprise a single unit
22.

[0041] Referring now to FIG. 2, there is shown a flow chart
that illustrates a method of the present invention. A first step
110, of the method of the present invention is to obtain a
systolic blood pressure reading SP for the subject 10. A sec-
ond step 120, of the method of the present invention is to
obtain a diastolic blood pressure reading DP for the subject
10. A third step, 130, of the method of the present invention is
to obtain a peak-systolic velocity reading of blood flow, PSV,
within a particular artery of the subject 10. A fourth step, 140,
of the method of the present invention is to obtain an end-
diastolic velocity reading of blood flow, EDV, within a par-
ticular artery of the subject 10. The fifth step, 150, of the
method of the present invention is to calculate the area of the
artery that is under initial systolic and end diastolic pressure
A1=(PSV-EDV)/(SP-DP) or inverse vascular resistance
index, VRI=1/A1. The sixth step, 160, of the method of the
present invention is to calculate the area of the artery that is
generating the arterial elastic recoil pressure for continuous
flow during the systolic and diastolic phase A2 for the subject
10.

[0042] Inparticular, the area of the artery that is generating
the arterial elastic recoil pressure for continuous flow or A2 is
determined as follows:

_(=XZ[Y)+~ (XZ]Y)? +HAL?

Al =
2

Where: Al = (PSV — EDV)/(SP- DP)

X =(Al/A2)5 -1

(A1/A2)g = ((SP+ dSP)/SP)

(dSP = any small change in SP, ie. 0.1, 0.01, 0.0001)
and ¥ =SP(AL/A2)g

Z=SP(Al)- PSV

SL - Stiffness limit of the artery

[0043] The seventh step, 170, of the method of the present
invention is to determine the arterial compliance index of the
subject 10 based on the systolic blood pressure, SP, the dias-
tolic blood pressure, DP, the peak-systolic velocity, PSV, the
end-diastolic velocity, EDV, the area of the artery under initial
systolic and end diastolic pressure Al and the area of the artery
generating the arterial elastic recoil pressure for continuous
flow during the systolic and diastolic phase A2. In particular,
the arterial compliance index or ACl is determined as follows:

ACT=(SP(41)-PSV)/42 Or ACI=(DP(41)-EDV)/42
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[0044] Alternatively, the arterial compliance index of the
subject 10 can be determined based on the systolic blood
pressure, SP, the diastolic blood pressure, DP, the peak-sys-
tolic velocity, PSV, the end-diastolic velocity, EDV, the area
of the artery under initial systolic and end diastolic pressure
Al and the area of the artery generating the arterial elastic
recoil pressure for continuous flow during the systolic and
diastolic phase A2. Al is the area under initial systolic and
end diastolic pressure (same area for both), arterial equilib-
rium area index or inverse of vascular resistance index (vas-
cular resistance index, VRI=1/A1) and A2 is the area gener-
ating the arterial elastic recoil pressure for continuous flow
during the systolic and diastolic phase. In particular, the arte-
rial compliance index or ACI is alternatively determined as
follows:

ACI =1+ V1+4wx
2w
ALY SP(AL A2
Where: w= xAD = AL/ D

xX=
(SP(Al) - PSV)? (ALJADE -1
Al =(PSV -EDV)/(SP-DP)
and

SP(A,) - PSV
T AC
SP = Systolic Blood Pressure

DP = Diastolic Blood Pressure
PSV = Peak-Systolic Velocity of Blood Flow
EDV = End-Diastolic Velocity of Blood Flow
Al =
Equilibriumarea index of the artery under initial systolic and end
diastolic pressure = inverse of vascular resistance index =1/VRI
A2 = Area index of the artery generating arterial elastic recoil pressure
for continuous flow during the systolic and diastolic phases.

SL— Stiffness limit of the artery

The SL is reached when there is no elastic recoil pressure in
the artery, the artery reaches the systolic pressure without
stretching, at which point A1 is substantially equal to A2. The
derivation of the ACI index described in paragraphs, [0043],
[0044] and [0045] is further simplified to:

ACI=(DP(PSV)-SP(EDV))/(PSV-EDV), or
ACI=(SP(EDV)-DP(PSV))/(EDV-PSV)

The ACI index is further expressed as a function of systolic
and diastolic blood pressure in combination with at least one
of the vascular parameters: pulse pressure, systolic resistive
index, diastolic resistive index, vascular resistance index, sys-
tolic vascular resistance pressure, diastolic vascular resis-
tance pressure and cardiac output index as:

ACI=SP-[PSV(SP-DP)/(PSV-EDV)], or
ACI=DP-[EDV(SP-DP)/(PSV-EDV)]
Where,

Pulse Pressure (PP)=(SP-DP)
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Systolic Resistive Index (SRI)=(PSV-EDV)/PSV
Diastolic Resistive Index (DRI)=(PSV-EDV)/EDV

Vascular Resistance Index (VRD)=(SP-DP)/(PSV-
EDV)

Systolic Vascular Resistance Pressure (SVRP)=[PSV
(SP-DP)/(PSV-EDV)]

Diastolic Vascular Resistance Pressure (DVRP)=
[EDV(SP-DPY/(PSV-EDV)]

Cardiac Output Index (COI)=(PSV-EDV)
Thus,

ACI=(DP(PSV)-SP(EDV))/COL, or
ACI=(DP/SRI)-(SP/DRI), or

ACI=SP-(PP/SRI)=SP-PSV(VRI)=SP-PSV(PP/COI)
=SP-SVRP, or

ACI=DP-(PP/DRI)=DP-EDV{VRI)=DP-EDV(PP/
COL=DP-DVRP

[0045] The arterial stiffness index (ASI) is shown as the
ACI of the artery under study divided by the ACI of the
baseline artery, such that if the arterial stiffness index is equal
to one, there is compliance, if the arterial stiffness index is
more than 1, the artery stiffness is below baseline (more
elastic) with a lower blood flow. [f the arterial stiffness index
is less than one, the artery stiffness is above baseline (stiffer)
with a higher blood flow.

[0046] The eighth step, 180, of the method of the present
invention is to determine a baseline index for a particular
artery under study, that is the artery of the subject 10 that is
under study, for example, the carotid or the left or right renal
artery. Thebaseline index is determined by repeated steps 110
through 170 for different segments of the subject’s artery or
for a group of individuals having normal functioning arteries
with a systolic blood pressure reading in the range of 110
mmHg to 130 mmHg and a diastolic blood pressure reading
within arange of 60 mmHg to 90 mmHg and taking the mean
reading. In a preferred embodiment, only individuals with
systolic blood pressure readings proximate to 120 mmHg and
diastolic blood pressure readings proximate to 80 mmHg are
used to determine the baseline index. This threshold can be
optimized by evaluating the baseline indices of the selected
individuals and by further considering the heart rate of the
selected individuals. Thus, the baseline index relating to a
particular artery in issue may be derived from a mean of
arterial compliance indices obtained from a segment of a
population.

[0047] The ninth step, 190, of the method of the present
invention is to compare the subject’s arterial compliance
index with the baseline index for the particular artery under
study. Where the arterial compliance index ACI of the subject
10 falls below the baseline index, there is shown to be arterial
stiffness. If the arterial stiffness index, ASI=ACI (artery in
issue)/ACI (baseline) is equal to 1 then the artery in issue is
compliant; if greater than 1 then the artery in issue is less stiff
than baseline (more elastic); if lower than 1 then the artery in
issue is stiffer than baseline. The lower or higher the stiffness
index is from 1, the stiffer or less stiff the artery is from
baseline respectively. It is noted that the group of subjects
may be further categorized by age group.
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[0048] Referring now to FIG. 3, there is shown a graph that
plots the velocity of blood flow as a function of time. The
graph shows the peak-systolic velocity, PSV, the systolic
pressure SP, the end-diastolic velocity EDV and the diastolic
pressure DP, in relation to time.

[0049] Referring now to FIG. 4 there is shown a diagram
illustrating a few systemic blood pressure combinations
which can be evaluated and how they relate to the arterial
compliance index (ACI) or arterial elastic recoil pressure for
vascular flow, arterial compliance, stiffness, and systolic and
diastolic arterial blood flow and resistance; where, SP is the
Systolic blood pressure; DP is the Diastolic blood pressure; C
is the Compliant or equal to baseline index; H is the Higher
than baseline index; L is the Lower than baseline index.
Numerical values inserted in place of the various measure-
ments, namely, SP. DP, ACI, ASI, SF1, SFRI, DFI, DFRI, VR],
C, H and L, will indicate the magnitude of variance from
baseline compliance.

CASE 1 2 3 4 5 6 7 8
SP H L C C H H L L
DP C C H L H L H L

Systolic Flow Index

[0050]
SFI=1-yTACTSP)
[0051] Systolic Flow Resistance Index

SFRI=(SP-ACI)/(1~y(ACTSP)

Diastolic Flow Index

[0052]
DFI=1-V(ACUDP)
[0053] Diastolic Flow Resistance Index

DFRI=(DP-ACI)/(1-(ACI/DP

Vascular Resistance Index
[0054]

VRI=(SP-ACI)/PSV=(DP-ACI)/EDV=(SP-DP)/
(PSV-EDV

EXAMPLE 1

Renal Artery Evaluation
[0055]

BASE LINE SUBJECT DATA STUDY SUBIJECT DATA

SP =120 mm Hg
DP =80 mm Hg
PSV =56.54 cm/sec
EDV = 20.76 cm/sec

SP =162 mm Hg
DP =103 mm Hg
PSV = 68.1 cm/sec
EDV =25 cm/sec

CALCULATED INDICES CALCULATED INDICES

ACI =568 mmHg
SFI=0.312
SFRI = 202.559

ACI = 68.8 mmHg
ST1=0.348
STRI=1267.555
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-continued
DFI = 0.157 DFI = 0.183
DFRI = 147.409 DFRI = 187.167
VRI=1.118 VRI=1.369

Comparison of calculated indices:

[0056] 1. ACI of study subject is higher than the baseline
index indicating that the subject artery is non-compliant,
the arterial stiffness index (ASI)=ACI (study)/ACI (base-
line)=68.8/56.8=1.211>1, the artery in issue is less stiff
than baseline (more elastic).

[0057] 2. SFI of study subject is higher than the baseline
index indicating that systolic blood flow through the artery
of the study subject is higher than baseline,

SFI (study)/SFI (baseline)=0.348/0.312=1.117

[0058] 3. SFRI of study subject is higher than the baseline
index indicating that systolic blood flow resistance through
the artery of the study subject is higher than baseline,

SFRI (study)/SFRI (baseline)=267.555/202.559=1.
321

[0059] 4. DFI of study subject is higher than the baseline
index indicating thatdiastolic blood flow through the artery
of the study subject is higher than baseline,

DFI (study)/DFI (baseline)=0.183/0.157=1.162

[0060] 5. DFRI of study subject is higher than the baseline
index indicating that diastolic blood flow resistance
through the artery of the study subject 1s higher than base-
line,

DFRI (study)/DFRI (baseline)=187.167/147.409=1.27

[0061] 6. The VRI of study subject is higher than the base-
line index indicating that vascular resistance of the study
subject is higher than baseline,

VRI (study)/VRI (baseline)=1.369/1.118=1.224

EXAMPLE 2

Carotid Artery Evaluation
[0062]

BASE LINE SUBJECT DATA STUDY SUBJECT DATA

SP =120 mm Hg
DP =80 mm Hg
PSV =83.2 cm/sec
EDV = 14.9 cm/sec

SP =161 mm Hg
DP =91 mm Hg
PSV = 131 cm/sec
EDV = 61 cm/sec

CALCULATED INDICES CALCULATED INDICES
ACI = 71.3 mmHg ACI =30 mmHg
SFI=0.229 SFI =0.568

SFRI = 212.499 SFRI = 230.498

DIT = 0.056 DFI=0.426
DFRI=155.525 DFRI = 143.249
VRI=0.586 VRI=1

Comparison of calculated indices:

[0063] 1. ACI of study subject is lower than the baseline
index indicating that the subject artery is non-compliant,
the arterial stiffness index (ASI)=ACI (study)/ACI (base-
line)=30/71.3=0.421<1, the artery in issue is stiffer than
baseline.
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[0064] 2. SFI of study subject is higher than the baseline
index indicating that systolic blood flow through the artery
of the study subject is higher than baseline,

SFI (study)/SFI (baseline)=0.568/0.229=2.48

[0065] 3.SFRI of study subject is higher than the baseline
index indicating that systolic blood flow resistance through
the artery of the study subject is higher than baseline,

SFRI (study)/SFRI (baseline)=230.498/212.499=1.
085
[0066] 4. DFI of study subject is higher than the baseline
index indicating that diastolic blood flow through the artery
of the study subject is higher than baseline,
DFI (study)/DFI (baseline)=0.426/0.056=7.612

[0067] 5. DFRI of study subject is lower than the baseline
index indicating that diastolic blood flow resistance
through the artery of the study subject is lower than base-
line,

DFRI (study)/DFRI (baseline)=143.249/155 525=0.
921

[0068] 6. The VRI of study subject is higher than the base-
line index indicating that vascular resistance of the study
subject is higher than baseline,

VRI (study)/VRI (baseline)=1/0.586=1.708

GLOSSARY:
[0069] SP=Systolic blood pressure (mmHg)
[0070] DP=Diastolic blood pressure (mmHg)
[0071] PP=Pulse pressure (mmHg)
[0072] PSV=Peak-systolic velocity (cm/sec or m/sec)
[0073] EDV=End-diastolic velocity (cm/sec or m/sec)
[0074] ACI=Arterial Compliance Index or arterial elastic

recoil pressure (mmHg)

[0075] ASI=Arterial stiffness index

[0076] SFI=Arterial systolic flow index

[0077] SFRI=Arterial systolic flow resistance index

[0078] DFI=Arterial diastolic flow index

[0079] DFRI=Arterial diastolic flow resistance index

[0080] VRI=Vascular Resistance Index

[0081] SVRP=Systolic Vascular Resistance Pressure
(mmHg)

[0082] DVRP=Diastolic Vascular Resistance Pressure
(mmHg)

[0083] SRI=Systolic Resistive Index

[0084] DRI=Diastolic Resistive Index

[0085] COI=Cardiac Output Index

[0086] BI=Arterial baseline Index for ACI, ASI, SFI, SFRI,

DFI, DFRI, VRI, SVRP, DVRP, SRI, DRI and COI
[0087] Al=Arterial equilibrium area index=inverse of vas-

cular resistance index=1/VRI
[0088] A2=Arterial elastic recoil area index
[0089] Thus, the relationship between arterial equilibrium
area index and elastic recoil area index is A1/A2. Further, the
higher the value of the VRI the higher the vascular resistance.
High values of A1 (Iow VRI) with or without stiffness repre-
sent arterial stenosis or narrowing. The percentage stenosis or
narrowing can be calculated from a baseline Al index of the
artery in issue, such that: the % Stenosis or narrowing={1-
[Al (local baseline)/Al (at stenosis or narrowing)]}x100.
Determination of artery stenosis without stiffness is indica-
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tive of inflammation or soft plaque formation whereas artery
stenosis with stiffness would indicate hard plaque formation.
[0090] Thus, while there has been shown and described,
fundamental novel features of the disclosure as applied to
various specific embodiments thereof, it will be understood
that various omissions and substitutions and changes in the
form and details of the apparatus illustrated, and in their
operation, may be made by those skilled in the art without
departing from the spirit of the disclosure. For example, it is
expressly intended that all combinations of those elements
and/or method steps which perform substantially the same
function in substantially the same way to achieve the same
results are within the scope of the invention. Moreover, it
should be recognized that structures and/or elements and/or
method steps shown and/or described in connection with any
disclosed form or embodiment of the invention may be incor-
porated in any other disclosed or described or suggested form
or embodiment as a general matter of design choice. It is the
intention, therefore, to be limited only as indicated by the
scope of the claims appended hereto.

1. A system for calculating an arterial compliance index for
determining the arterial stiffness of an artery of a subject
comprising:

a blood pressure monitoring device configured to measure

a systolic blood pressure reading and a diastolic blood
pressure reading for the artery of the subject;

ablood flow velocity monitoring device configured to mea-
sure a peak-systolic blood flow velocity, wherein the
peak-systolic blood flow velocity is a first measure of
velocity of blood flowing within the artery of the subject
at a peak point of a systolic phase of contraction of the
subject’s heart muscle, and an end-diastolic blood flow
velocity. wherein the end-diastolic blood flow velocity is
asecond measure of velocity of blood flowing within the
artery of the subject at an end point of a diastolic phase
of relaxation of the subject’s heart muscle; and

acentral processing unit configured to calculate the arterial
compliance index as a function of the subject’s:

(a) systolic blood pressure reading as measured by the
blood pressure monitoring device,

(b) diastolic blood pressure reading as measured by the
blood pressure monitoring device,

(c) peak-systolic blood flow velocity determined during
the systolic phase of contraction of the subject’s heart
muscle, and

(d) end-diastolic blood flow velocity determined during a
period of relaxation of the subject’s heart muscle.

2. The system of claim 1, wherein the central processing
unit is configured to calculate the arterial compliance index as
a further function of systolic pressure, pulse pressure and a
systolic resistive index, wherein the pulse pressure is defined
as the difference between the systolic pressure and diastolic
pressure and the systolic resistive index is a quotient deter-
mined by a proportion of a first part, wherein the first part is
the difference between the peak-systolic velocity and end-
diastolic velocity, and a second part, wherein the second part
is the peak-systolic velocity.

3. The system of claim 1, wherein the central processing
unit is configured to calculate the arterial compliance index as
a further function of diastolic pressure, pulse pressure and a
diastolic resistive index, wherein the pulse pressure is defined
as the difference between the systolic pressure and diastolic
pressure and the diastolic resistive index is a quotient deter-
mined by a proportion of a first part, wherein the first part is
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the difference between the peak-systolic velocity and end-
diastolic velocity, and a second part, wherein the second part
is the end-diastolic velocity.

4. The system of claim 1, wherein the central processing
unit is configured to calculate the arterial compliance index as
a further function of diastolic pressure, systolic pressure,
end-diastolic velocity and peak-systolic velocity, wherein the
arterial compliance index is a quotient determined by a pro-
portion of a first part, namely the difference between a first
product of the peak-systolic velocity and the diastolic pres-
sure and a second product ofthe end diastolic velocity and the
systolic pressure, and a second part, namely the difference
between the peak-systolic velocity and end-systolic velocity.

5. The system of claim 1, wherein the central processing
unit is configured to calculate the arterial compliance index as
a further function of:

(a) a first area index of the artery, wherein the first area
index of the artery is a quotient determined by a propor-
tion of a first part, wherein the first part is the difference
in peak-systolic velocity and end-diastolic velocity and
asecond part, wherein the second part is the difference in
systolic pressure and diastolic pressure, and

(b) a second area index of the artery, wherein the second
area index of the artery represents the area of the artery
that is generating an arterial elastic recoil pressure for
continuous flow during the systolic and diastolic phases.

6. The system of claim 1, wherein the central processing
unitis configured to calculate the arterial compliance index as
a further function of:

(a) a first area index of the artery, wherein the first area
index of the artery is a quotient determined by a propor-
tion of a first part, wherein the first part is the difference
in peak-systolic velocity and end-diastolic velocity and
asecond part, wherein the second part is the difference in
systolic pressure and diastolic pressure, and

(b) the stiffness limit of the artery, wherein the stiffness
limit of the artery is defined to be at a point where the first
area index of the artery is substantially equal to the
second area index of the artery.

7. The system of claim 1, wherein the central processing
unit is configured to calculate the arterial compliance index
by selectably employing at least one of the following:

(a) pulse pressure;

(b) systolic vascular resistance pressure;

() diastolic vascular resistance pressure;

(d) systolic resistive index;

(e) diastolic resistive index;

(D) vascular resistance index; or

(g) cardiac output index.

8. The system of claim 1, wherein the central processing
unit interfaces with the blood pressure monitoring device.

9. The system of claim 1, wherein the central processing
unit interfaces with the blood flow velocity monitoring
device.

10. The system of claim 1, wherein the central processing
unit interfaces with the blood pressure monitoring device and
with the blood flow velocity monitoring device.

11. The system of claim 1, wherein the blood pressure
monitoring device, the blood flow velocity monitoring
device, and the central processing unit, comprise a single
unitary device.

12. The system of claim 1, wherein the central processing
unit receives blood pressure readings by selectably employ-
ing at least one of the following:
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(a) key data entry;
(b) electronic data transfer; or
(c) wireless data transfer
13. The system of claim 1, wherein the central processing
unit receives blood velocity readings by selectably employing
at least one of the following:
(a) key data entry;
(b) electronic data transfer; or
(c) wireless data transfer
14. The system of claim 1, wherein the blood pressure
monitoring device is a brachial cuff blood pressure device.
15. The system of claim 1, wherein the blood pressure
monitoring device is a catheter.
16. The system of claim 1, wherein the blood pressure
monitoring device is configured to measure the blood pres-
sure of the subject by measuring the blood pressure at one or
more segments of a limb of the subject.
17. The system of claim 1, wherein the blood pressure
monitoring device is configured to measure the blood pres-
sure of a subject by measuring the blood pressure at one or
more segments of an artery of the subject.
18. The system of claim 1, wherein the blood flow velocity
monitoring device comprises a Doppler ultrasound.
19. The system of claim 1, wherein the blood flow velocity
monitoring device comprises magnetic resonance imaging.
20. The system of claim 1, wherein the blood flow velocity
monitoring device is configured to measure the blood flow of
the subject by measuring the blood flow velocity at one or
more segments of at least one artery of the subject.
21. The system of claim 1, wherein the arterial compliance
index is determined in real time or near real time.
22. A method for calculating an arterial compliance index
for determining the arterial stiffness of an artery of a subject
comprising:
providing a blood pressure monitoring device to measure a
systolic blood pressure reading and a diastolic blood
pressure reading for the artery of the subject;

determining the systolic blood pressure reading for the
subject;

determining the diastolic blood pressure reading for the

subject;

configuring a blood flow velocity monitoring device to

measure a peak-systolic blood flow velocity, wherein the
peak-systolic blood flow velocity is a first measure of
velocity of blood flowing within the artery of the subject
at a peak point of a systolic phase of contraction of the
subject’s heart muscle, and an end-diastolic blood flow
velocity. wherein the end-diastolic blood flow velocity is
asecond measure of velocity of blood flowing within the
artery of the subject at an end point of a diastolic phase
of relaxation of the subject’s heart muscle;

determining the peak-systolic blood flow velocity, wherein

the peak-systolic blood flow velocity is the velocity of
blood flowing within the artery of the subject at a peak
point of a systolic phase of contraction of the subject’s
heart muscle;

determining the end-diastolic blood flow velocity, wherein

the end-diastolic blood flow velocity is the velocity of
blood flowing within the artery of the subject at an end
point of a diastolic phase of relaxation of the subject’s
heart muscle; and

configuring a central processing unit configured to calcu-

late the arterial compliance index as a function of the
subject’s:
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(a) systolic blood pressure reading as measured by the
blood pressure monitoring device,

(b) diastolic blood pressure reading as measured by the
blood pressure monitoring device,

(¢) peak-systolic blood flow velocity determined during
the systolic phase of contraction of the subject’s heart
muscle, and

(d) end-diastolic blood flow velocity determined during a
period of relaxation of the subject’s heart muscle.

23. The method of claim 22, wherein the central processing
unit is further configured to calculate the arterial compliance
index as a function of systolic pressure, pulse pressure and a
systolic resistive index, wherein the pulse pressure is the
difference between the systolic pressure and diastolic pres-
sure and the systolic resistive index is a quotient determined
by a proportion of a first part, wherein the first part is the
difference between the peak-systolic velocity and end-dias-
tolic velocity, and a second part, wherein the second part is the
peak-systolic velocity.

24. The method of claim 22, wherein the central processing
unit is further configured to calculate the arterial compliance
index as a function of diastolic pressure, pulse pressure and a
diastolic resistive index, wherein the pulse pressure is the
difference between the systolic pressure and diastolic pres-
sure and the diastolic resistive index is a quotient determined
by a proportion of a first part, wherein the first part is the
difference between the peak-systolic velocity and end-dias-
tolic velocity, and a second part, wherein the second part is the
end-diastolic velocity.

25. The method of claim 22, wherein the central processing
unitis configured to calculate the arterial compliance index as
a further function of diastolic pressure, systolic pressure,
end-diastolic velocity and peak-systolic velocity, wherein the
arterial compliance index is a quotient determined by a pro-
portion of a first part, namely the difference between a first
product of the peak-systolic velocity and the diastolic pres-
sure and a second product of the end-diastolic velocity and the
systolic pressure, and a second part, namely the difference
between the peak-systolic velocity and end-systolic velocity.

26. The method of claim 22, wherein the central processing
unitis configured to calculate the arterial compliance index as
a further function of:
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(a) a first area index of the artery, wherein the first area
index of the artery is a quotient determined by a propor-
tion of a first part, wherein the first part is the difference
in peak-systolic velocity and end-diastolic velocity and
asecond part, wherein the second part is the difference in
systolic pressure and diastolic pressure, and

(b) a second area index of the artery, wherein the second
area of the artery represents the area of the artery that is
generating an arterial elastic recoil pressure for continu-
ous flow during the systolic and diastolic phases.

27. The method of claim 22, wherein the central processing
unit is configured to calculate the arterial compliance index as
a function of:

(a) a first area index of the artery, wherein the first area
index of the artery is a quotient determined by a propor-
tion of a first part, wherein the first part is the difference
in peak-systolic velocity and end-diastolic velocity and
asecond part, wherein the second partis the difference in
systolic pressure and diastolic pressure, and

(b) the stiffness limit of the artery, wherein the stiffness
limit of the artery is defined to be at a point where the first
area index of the artery is substantially equal to the
second area index of the artery.

28. The method of claim 22, wherein the central processing
unit is further configured to calculate the arterial compliance
index by selectably employing at least one of the following:

(a) pulse pressure;

(b) systolic vascular resistance pressure;

(c) diastolic vascular resistance pressure;

(d) systolic resistive index;

(e) diastolic resistive index;

(f) vascular resistance index; or

(2) cardiac output index.

29. The method of claim 22, further comprising comparing
the arterial compliance index of the artery of the subject with
asecond arterial compliance index derived from a mean read-
ing of a segment of a population.

30. The method of claim 22, further comprising comparing
the arterial compliance index of the artery of the subject with
a second arterial compliance index derived from one or more
segments of the artery.
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