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FLOW-MEDIATED DILATION TO DETERMINE VASCULAR AGE

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of United States provisional application
no. 61/778,424, filed 13 March 2013, which is hereby incorporated by reference as though
fully set forth herein.

BACKGROUND

a. Field

[0002] The present disclosure relates generally to assessing a person’s risk of developing

cardiovascular disease. In particular, the present disclosure relates to a vascular age

calculator based on flow-mediated dilation.

'b. Background

[(3003] Cardiovascular disease ({CVD) 15 a leading cause of morbidity and mortality.
Conscquently, CVD nisk assessment continuces to be a key focus 1n primary medical care

sctiings,

6804 ] Multivariable risk prediction algorithms have been used to assess CVD risk and
ouide treatment of risk factors. For example, the Framingham Heart Study (FHS), based on a
fong-term study of a population of individuals, relates age, total and hagh-densuty hpoprotemn
cholesterol, systolic blood pressure, treatment for hypertension, smoking, and diabetes status
to a quantitative risk of CVD, expressed as a percent chance of having a CVD cvent 1 ten
vears. General CVD risk point scores and vascular age data are described 1o D’ Agostino et
al., “Gengeral Cardiovascular Risk Profile for Use in Primary Care: The Framingham Heart

study,” Circulation 2008, 117743753,

08351 More recent CVD risk assessment techniques have focused on the correlation
between early stage CVD and the ability of arteries to dilate in response to increased bilood
flow. Brachial artery flow-mediated dilation (FMD) has been used by numerous

investioators to evaluate cardiovascular health. One study, Inaba ct al., “Prediction of future
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Cardiovascular OQutcomes by Flow-Mediated Vasodilation of Brachial Artery: A Meia-
Analysis,” Int ] Cardiovase Imaging 2010, 26:631-640, determined a pooled relative risk

(0.87) of cardiovascular cvents per 1% increase 1 brachial artery FMID,

.

6606} U.S. Pat. No. 8,057,400, which is commoniy owned and mcorporated hercin by
reference in its entirety, describes a medical diagnostic method, device, and system for
non-invasively assessing the ability of arteries to respond o an increasc m blood flow.
Yolume pulse wave aroplitudes or other components are used to provide an indication of

FMD, and, consequently, CVD risk.
SUMMARY

(0007] A diagnostic tool and method are used to modify vascular age scoring systems
using flow-mediated dilation (FMD) data. The resulting FMD-adjusted vascular age

calculator can be used to diagnose a person’s potential for developing cardiovascular disease.

10008] A method of diagnosing a person’s potential for developing (CVD) in accordance
with one embodiment of the present teachings includes the following steps: a) determining a
first best-fit equation for preexisting data assigning original CVD points to a plurality of
physiological parameters, wherein said plurality of physiological parameters include
chronological ages; b) extrapolate using the first best-fit equation to assign extrapolated CVD
points to younger and older chronological ages than said chronological ages in said
preexisting data; ¢) using said original CVD points and said extrapolated CVD points to
determine a lowest total CVD points possible and a highest total CVD points possible for said
physiological paramctcrs; d) detcrmining a sccond best-fit cquation for said preexisting data
assigning CVD risk data to total CVD points; e) extrapolate using the second best-fit
equation to assign extrapolated CVD risk data to a plurality of total CVD points ranging from
said lowest total CVD points possible to said highest total CVD points possible; 1) assigning
said cxtrapolatcd CVD risk data to a sclected percent flow-mediated dilation (%FMD) valuc
selected from a plurality of %FMD values, wherein said plurality of %FMD values includes
values above and below said selected %FMD value; g) expanding said extrapolated CVD risk
data to account for said plurality of %FMD values, thereby creating expanded CVD risk data;
h) using the second best-fit equation to assign total CVD points to each value 1n said
expanded CVD risk data, thereby creating a plurality of assigned total CVD points; 1)

determining a third best-fit equation for said preexisting data assigning vascular ages to CVD
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risk data; j) using the third best-fit equation and said plurality of assigned total CVD points to
calculate vascular ages corresponding to each value in said expanded CVD risk data;

k)dctecrmining a fourth best-fit cquation assigning said vascular ages to adjustcd sciccted

YoFMDmax values; [reassigning said vascular ages to said plurality of %FMD values based
on said adjusted selected %FMDmax values; m) creating a vascular age calculator
comprising a table of vascular ages corresponding to said plurality of total CVD points and
said plurality of FMD valucs; and n) using said vascular agc calculator to diagnosc the

person’s potential for developing cardiovascular disease.

[0009] A method of diagnosing a person’s potential for developing CVD i1n accordance
with another embodiment of the present teachings includes the following steps: a)
determining a relative post-occlusion change in a vessel diameter of an artery in an extremity
via reactive hyperemia; b) calculating a vascular age using at least said determined change 1n
said vessel diameter and a parameter indicative of flow-mediated dilation (FMD) 1n said

vessel; and ¢) presenting said calculated vascular age.

[0010] A diagnostic tool in accordance with one embodiment of the present teachings
includes the following: a) a first storage operable to store first data relating to a patient’s
general risk of developing cardiovascular discasc bascd upon a plurality of physiological
parameters; b) a device operable to determine a parameter indicative of FMD in a limb
arterial blood vessel; and ¢) a processor in communication with said first storage and n
communication with said device, wherein said processor 1s operable to do the following: (1)
apply said paramcter to said stored first data to convert said genceral risk for developing

cardiovascular disease to a vascular age; and (2) output said vascular age.

[0011] A system for providing real-time vascular age information to a patient in
accordance with onc cmbodiment of the present tcachings includces a diagnostic tool
comprising the following: a) a first storage operable to store first data relating to a patient’s
general risk of developing cardiovascular disease based upon a plurality of physiological
parameters; b) a device operable to determine a parameter indicative of FMD 1n a limb
arterial blood vessel; and ¢) a processor in communication with said first storage and 1n
communication with said device, wherein said processor 1s operable to do the following: (1)
apply said parameter to said stored first data to convert said general risk for developing
cardiovascular disease to a vascular age; and (2) output said vascular age; a communication
network linked to said diagnostic tool; and a mobile device linked to said communication

network, the mobile device configured to display said vascular age.
3



CA 02904631 2015-09-08

WO 2014/160515 PCT/US2014/026895

BRIEF DESCRIPTION OF THE DRAWINGS

|81 2} F1G. s a pictorial diagram 1ilustrating a diagnostic systemn n accordance with an

cmbodiment of the present invention,
LHHRY F1G. 2 15 a block diagram illustrating the diagnostic system of FI1G. |,

(G814 FI1G, 315 a flow chart illustrating an example of @ method for creating a vascular

age calculator in accordance with an embodiment the present invention.

(61 5] FIG. 4 18 a table displaving exemplary extrapolated CVD risk data adjusted {for

YePMDmax.

LY FI1G. § is a table for calculating total CVD points for men with non-laboratory

parameters in accordance with an ernbodiment of the present disclosure.

{3617 ] FIG. 6 15 a table for converting total CVD pownts to vascular age {for men with

non-laboratory parameters in accordance with an embodiment of the present disclosure.

1301 8] FI1(5. 7 18 a table for calculating total CVD points for men with laboratory

paramcters 1n accordance with an cmbodyiment of the present disclosure.

13619 FI1G. 8 18 a table for converting total CVD points to vascular age for men with

laboratory parameters wn accordance with an embodiment of the present disclosure.

[GU20] FIG. 9 35 a table for calculating total CVD points for women with non-laboratory

parameters 1o accordance with an embodiment ot the present disclosure,

(6021} FI1G. 10 is a table for converting total CVD points to vascular age for women with

non-laboratory parameters 1 accordance with an embodiment of the present disclosure.

(0622} FIG. 11 is a table for calculating total CVD points for women with {faboratory

parameters in accordance with an embodiment of the present disclosure.

(6023 FIG. 12 15 a table for converting total CVD points to vascular age for women with

laboratory parameters 1p accordance with an embodiment of the present disciosure.
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{33243 FIG. 13 is a flow chart illustrating an overview of a method for calculating a

FMD-modified vascular age in accordance with an embodiment of the present disclosure.

(3825} FIG. 14 is a flow chart illustrating an overview of various methods for calculating
FMD-adjusted vascular age by adjusting preexisting measures of vascular age in accordance

with an embodiment of the present disclosure.

6026} FI1G. 1S is a pictorial diagram iflustrating an example of a system for providing

real-time vascular age information to an interested party (e.g., a patient or a physician).

DETAILED DESCRIPTION

[0027] Referring now to the drawings, wherein like reference numerals are used to
identify identical components in the various views, FIG. 1 is a pictorial diagram 1illustrating a
diagnostic system 100 for calculating a subject’s vascular age or health age (also referred to
as “wellness age” or “physiological age”). Vascular age can be defined as the equivalent age
of a person with the same calculated cardiovascular risk but whose risk factors are all within
normal ranges. For example, a 50-year-old man with high cardiovascular risk factors (e.g.,
increased blood pressure, overweight, smoker, etc.), could have a vascular age of 60. The
diagnostic system 100 illustrated in FIG. 1 may include a diagnostic device 102, a diagnostic

computer 104, and a cuft 106.

[0028] As used herein, volume pulse waves are oscillations in blood pressure between the
systolic and the diastolic pressures of arteries. The diagnostic system 100 can detect the
volume pulse waves and perform diagnostics for assessing arterial volume changes of a hhmb
segment based on the detected pulse waves. In some embodiments, the volume pulse wave
can include a composite pulse wave formed of a superposition of a plurality of component
pulse waves. The component pulse waves can partially overlap and the arterial pulse wave
shape or contour can be formed by the superposition of the component pulse waves. The
component pulse waves can include, for example, an incident systolic wave (also called early
systolic wave), a reflected wave (also called late systolic wave), and other waves. The
diagnostic system 100 can measure amplitudes of components of arterial volume pulse waves
as a way of monitoring the changes in arterial volume of the limb segment after a stimulus.

While it may be easier to measure the amplitude of the whole arterial volume pulse wave, the

5
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timing of the component pulse waves shifts throughout the testing procedure and changes the
shape of the pulse wave. In some embodiments, the diagnostic system 100 can measure the
amplitudc of a physiologically significant componcnt (such as a componcnt pulsc wavc) ot
the volume pulse wave to assess the changes in arterial volume of the limb segment. The
diagnostic system 100 can use any component pulse wave of the detected volume pulsc wave
or portion thereof (such as maximum, inflection point, or amplitude at a fixed time of the
componcnt pulsc wave), any portion of the volume pulse wave (such as maximum, intlection
point, or amplitude at a fixed time of the volume pulse wave), or a combination thereof for

the diagnostics for assessing arterial volume changes. As an illustrative example, the

operation of the diagnostic system 100 is described herein in terms of the early systolic wave.

[0029] In use, the cuff 106 can be disposed around a limb 120 so that when the cuff 106
is inflated, the cuff 106 constricts a segment of the limb 120. Tt is understood by those skilled
in the art that the measurements of the changes in the arterial volume of a imb segment
described herein are not measuring the volume changes of only a single artery in the limb
120, but are measuring the volume changes in substantially all arterics in the segment of the
limb 120 that is being constricted. Although the volume change measurements and the
physiology thercof arc described for a single artery, onc skilled in the art will recogmze that
the invention is not restricted to a single artery and that the volume changes measurements
are of all or substantially all arteries in the segment of the limb being measured. The limb
120 may be any limb or digits thereof, but for the sake of simplicity, the limb 120 1s
dcscribed as an arm, and the artery that is being cvaluated is described as the brachial artery.
In some embodiments, the limb 120 is a leg and the artery is a femoral artery. Although the
diagnostic system 100 is described for use on a human being, the invention 1s not so limited.

The diagnostic system 100 can be used on other mammals.

[0030] The diagnostic computer 104 can provide control signals to the diagnostic device

102 and receive information and detected data from the diagnostic device 102.

[0031] The diagnostic device 102 can provide air to and release air from the cuff 106 via
a tube 112 of the cuff 106. The diagnostic device 102 can control, detect, and monitor the air
pressure in the tube 112. In some embodiments, a gas other than air, or a liquid, such as

water, may be used in the cuff 106 and the tube 112. In some embodiments, the cutt 106 can

be an electrically-controlled elastomer or a mechanically-controlled material.

6
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[0032] Although the diagnostic system 100 1s described herein as applying a pressure via
the cuff 106 to the limb 120 to occlude an artery 122 as a stimulus of the endothelium
prompting vasodilation as blood flows into the artcry 122 aftcr rclcasc of the occlusion, other
forms of stimuli may be provided. In various embodiments, the stimulus of the endothelium
comprises a mechanical stimulation, a thermal stimulation, a chemical stimulation, an
electrical stimulation, a neurological stimulation, a mental stimulation or a stimulation via
physical cxcrcise, or any combination thercof, to inducc a changc in artcrial volume of the
limb segment. Some stimuli may induce formation of nitric oxide by the endothelial cells
lining the walls of the arteries. In some embodiments, the stimulus to the endothelium can
also be delivered in any way that transiently and locally increases the blood flow and shear
stress at the arterial wall. For instance, this can be achieved by applying ultrasound waves
such that 1t creates turbulence inside a major artery. The chemical stimulation may be, for

example, a vasoactive agent, such as an intra-brachial infusion of acetylcholine.

[0033] Although the diagnostic computer 104 1s described herein as performing the
control, computation, and analysis of the diagnostic system 100, the invention 18 not so
limited. The diagnostic device 102 can include a processor or microcontroller for performing

any or all of thc opcrations dcscribed herein as being performed by the diagnostic computer

104.

[0034] Although the diagnostic computer 104 1s described herein as being local to the
blood diagnostic device 102, the diagnostic computer 104 can be coupled to the diagnostic
device 102 through a communication line, system, or network, such as the Internet, wireless,
or landline. For example, the operation of the diagnostic device 102 can be done near the

patient while the diagnostic computer 104 can remotely process the data.

{3335] F1G. 2 18 a block diagram illustrating further details of the diagnostic device 162

and the diagnostic computer 104, The diagnostic device 102 comprises a pieamatic module
202 and a pressure detector 204, The pneumatic module 202 can control pressure in the cutt
106 1n response to control signals from the diagnostic computer 104. The pncumaiic module
202 comprises a pumyp 222 {e.g., an air pump) for pressurizing air, a reservoir 224 for storing
the pressurized atr, and a pressure controller 226 for controliing the release of ar via the tube

112 into the cuff 106.

{6636]  The pressure detector 204 comprises a pressure sensor clectronics system 228 for

7
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controfling a pressure sensor 230, which can sense pressure 1n the cuff 106 via the tube 112.
The pressure sensor 230 can detect pressure oscitlations in the cuft 106 resulting from pulse
waves 1n the artery 122, In some cmbodiments, the pressure sensor 230 can be disposcd 1o
the cuff 106 or in the tube 112, In some embodiments, the pressure sensor 230 can be a
plethysmaography sensor, such as a reflective photo-plethysmaography sensor or a

pneumoplethysmography sensor.

3337 The diagnostic computer 104 comprises a cardiovascular discase (CVD) risk data

storage 201, a flow-mediated dilation (FMD) determunation module 203, a processor 200, a

FMD data storage 20¥, and an interface 210. The CVD risk storage 201 can be configured to
store a pattent’s CVD risk data. In an example, CVD nisk data can include Framingham
Heart Study (FHS) multi-year risk scores, European Systemic Coronary Risk Evaluation
(SCORE) values, or other clinicopathologic input data, inchiding chronological age, gender,
body mass mndex, systolic blood pressure, resting heart rate, breath flow analysis, smoking
status, presence or absence of diabetes, blood glucose level and/or hemoglobin Alte, HDL
cholesterol, total cholesterol, other lipid measures, carotid artery intima-media wall thickness
(CIMT) detected via ultrasound, pulse wave veloctty/amplitude waveform analysis, brachial
artery wltrasound wnaging, fingortip temporature analysis, pedometer data, steep patterns,
stress fevels, blood-based biomarkers, genomic data, and other metrics related to longevity.
Paticnt-specific CVD risk data can be entered directly 1nto diagnostic computer 104 and
stored in CVD risk storage 201. Alternatively, CVD risk data can be accessed via a network

or ¢loud-basced communication channcel hinked 1o processor 206 or interface 210,

[0033] The FMD determanation module 203 can be configured to deternunce a parameter
indicative of a patient’s FMD in a limb arterial blood vessel, such as the brachial artery.
Parameters indicative of a patient’s FMD can include maximum percent arterial dilation post-
occluston compared with pre-occlusion {(%FMDmax), time (e.g., from cuff release following
occlusion) to %FMDmax, 60-second FMD, or 90-second FMD, for example. %FMDmax
can be determined from the maximum pcrcent change in blood volume post-occlusion vs.
pre-occlusion, which, in turn, can be determined from the maximum percent change 1n blood
pressure post-occlusion vs. pre-occlusion, as measured by cuff 106 and reflected as pulse
wave amplitude changes by pressure sensor 230 (described above with respect to Fig. 1), In
other cmbodiments, %FMDmax can also be determined via other means. For cxamplc,

%FMDmax can be determined by using a pneumoplethysmograph without sensors or via
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vascular ultrasonography by using an ultrasound imager.

[0039] The FMD data storage 208 can be configurcd to storc paramcters indicative of a
patient’s FMD. This data can be received from the FMD determination module 203 or from

another source via a network or cloud-based communication channel linked to processor 206

or interface 210.

10040] The processor 206 can be communicatively linked to the CVD risk data storage
201, the FMD determination module 203, and the FMD data storage 208. The processor can
bc configurcd to apply a parameter indicative of a paticnt’s FMD to the stored CVD risk data,
thereby converting the CVD risk data to a vascular age or health age. The process for
converting CVD risk data to vascular age is described below with respect to FIG. 3. The
processor 206 can be configured to perform mathematical calculations using a licensed
software program. The processor 206 can further be configured to output vascular age data
via a user interface display of diagnostic computer 104 or another device linked via a network

or cloud-based communication channel to processor 206.

{30411 The mterface 210 can communicate control signals and mformation signals
between the diagnostic computer 134 and the pneumatic module 202, the pressure detector
204, the CVD nisk data storage 201, the FMD determination module 203, the procossor 206,
and the FMD data storage 208, The mterface 210 can inchude an additional processor or

microcontroller for performing any or all of the operations described herein.

3042} FIGS. 13 and 14 are flow charts providing general overviews of methods for
calculating vascular age. It may be helpful to the reader review these high-level How charis
prior to continuing with the description of the detailed method for calculating vascular age
described below with respect to F1G. 3. FIG. 13 15 a flow chart illustrating an overview of 4
mcihod 1300 tor calculating a FMD-modified vascular age. At 1302 and 1304, cither
reaciive or active hyperemia i1s induced in a subject. Reactive hyperemia can be induced
consequent to the release of any peripheral vascular (arterial or venous) ecclusion by any
physical means, such as by cuff 106 (sec FIGS. | and 2). Active hypercmia can be induced
by the mtravascular infusion of any substance capable of inducing endothelium-dependent
vasodilation, such as those described above with respect to FIG. 1 and i US pat. no.

3,057,400, Once reactive or active hiyperernia has been induced, peripheral artery

9
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vasodilation can occur at 1306, Quantitative or qualitative assessment of the relative
magnitude of this vasoditation (compared to that prior to reactive or active hyperemia) can
occur at 1308, This asscssmient ¢an be donc via anv method, including, but not limited to,
analysis of pulse wave amplitudes (e.g., as detected by pressure sensor 230 in FIG. 2),
anaiysis of pulse waveforms, vascular ultrasound, monitoring of peripheral limb temperature
changes, or assessment of peripheral Himb blood pressure changes. At 1310, the assessment
of the relative magnitude of vasodiiation can be cxpressed as a relative percent flow-mediated
difation (%FMD). FMD can be defined as the vasodilatory response of a vessel to elevations
i blood tlow-associated shear stress. Vasoactive substances (e.g., nitric oxide) are released
by endothclial cells 1n response to shear siress, which leads to FMD. Healthy peonle
typically have a higher %FMD than patients with endothelial dysfunction. FMD can be
measured at 1310 as the maxiroal FMD detected at any time 1nterval after hyperemia
induction, the percent dilation at any specified time interval after hyperemia induction (e.g.,
6U-second Y%EFMD), or the time 1t takes to reach Yo FMDmax from the start of hyperemia
induction. At 1312, vascular age values obtained from pre-existing or newly created CVD
scoring systems (e.g. Framingham Heart Stady or European SCORE project can be modified
by the FMD data measured at step 1318 to produce FMD-modified vascular age values. An
exemplary method for calculating FMD-moditicd vascular age is described below with

respect to FIG. 3.

(3043 FIG. 14 is a flow chart ilusirating an overview of various methods 1400 for
calculating an FMD-adjusted vascular age by adjusting preexisting measurcs of vascular age.
At 1402, varwous clintcopathologic data — including chronological age, gender, body mass
index, systolic blood pressure, smoking status, and diabetes status — are used to determing a
FHS CVD rsk score at 1412 or a Furopean SCORE project CVD risk score at 1414, The
FHS CVD nisk score can be used to calculate a FHS vascular age at 1422, and the European
SCORE project CVD risk score can be used to calculate a SCORE project vascular age at
1424, Any of the results of existing vascular age calculators (see box 1418) can be modified
using FMI3 data at 1416 and 1420, as well as gender specitic chronological age FMD data at
1430, to determine an FMD-adjusicd vascular age at 1432, The FMD data used to modify
results of any of the existing vascular age calculators can be determined by any method,
inciuding, but not limited to, analysis of pulse wave amphitude (e.o., such as performed by
AngioDefende M of Everist Health, Ine., EndoPAT of itamar Mcdical, Lid., or Vascular

Explorer of Enverdis® GmbH); analysis of pulse wave forms (e.g., such as performed by
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AngioDelender ™ or Vascular Explorer, or as described in PCT pat. appl. WO 2011/016712);
vascular ulirasound (e.g., generic brachial artery ultrasound imaging or generic carotid intima
media thickness ultrasound imaging); monitoring of peripheral limb temperature changes:

assessing peripheral imb blood pressure changes; or photoplethysmography.

3044} Input data other than that histed at 1402 can be used to calculate vascular age. For
exampie, at 1404, carotid artery intima-media arterial wall thickness {CIMT) measured via
ultrasound can be used to caleulate a CIMT vascular age at 1426, Simularly, at 1406, pulse
wave velocity/amplitude waveform analysis (e.g., as performed by Vascufar Explorer) can be
used to calculate a Vascular Explorer vascular age at 1428. These vascular age
measurements can be moditied using FMD data at 1416 and 1420, as well as gender specific
chronological age FMD data at 1430, to determine a FMD-adjusted vascular age at 1432, For
other forms of input data, such as Y%FMD determined by brachial artery ultrasound imaging
at 1448 or fimgertip temperature analysis {(¢.g., a8 performed by Vendys® of Endothelix, Ing.)
at 1410, there 18 no existing vascular age conversion. Nevertheless, future vascular age

calculators could be developed using these {or other) data and subsequently modified using

FMD data at 1416 and 1420, as well as gender specific chronological age FMD data at 1430,
to determune an FMD-adjusted vascular age at 1432, Again, the FMD data used to modify
resuits of any of the existing or future vascular age calculators can be determined by any

method, including as those listed above.

[3845] Refernng now to FIG. 3, a method 300 {or creating a vascular age or health age
caiculator according to the present disclosure is shown. The method 300 can be used in
conpunction with diagnostic system 100, for example. In particular, the method 300 can be
performed by the processor 206. At step 302, Framingham CVD points can be extrapolated
to mciude ages 26-29 and 75-80. A best-fit logarithmic regression equation can be used {o
perform this extrapolation. Step 302 can be performed separately for differcot demographic
populations and tor ditferent input data sets. For example, Framingham CVI points can be

assigned differently according to gender, chronological age. and the specific physioiogical

parameters used to determine the CVD pomts. Physiological parameters can include, for
exampie, non-laboratory parameters alone or both non-laboratory and laboratory parameters.
Non-laboratory parameters can include body mass index (kg/m?), treated or untreated systolic
blood pressure (mmHg), smoking status, and prosence or abscenee of diabetes, for example.

Laboratory parameters can include HDL cholesterol {mg/dL) and total cholestero! (yng/dL),
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tor example. Thus, four separate best-fit equations can be developed - one for men with no
tabs, one for men with labs, one for women with no labs, and one for women with labs. (As
uscd herein, “with no labs™ or “with non-laboratory parameters™ indicates only non-
laboratory parameters are being used, and “with labs” or “with laboratory parameters”
indicates that both laboratory and one or more non-laboratory parameters are being used.) In
cach case, the best-fit equation can be Log(Y) =a + bX, where X = CVD points, ¥ =
chronological age, and a and b arc calculated numcrical valucs bascd on the preexisting
Framingham data for each demographic population. The best-fit equations developed by the

present inventors for extrapolating CVD risk points to include ages 20-29 are as {ollows:
(1) Log (YY) = 1.5080 + 0.02492X fOI"‘HlGH with no labs;
2y Log (Y)= 1.5097 + 0.02542X for men with labs;
(3) Log (Y)= 15097 + 0.02542X for women with no labs: and
(4) Log (Y= 1.5027 + 0.03200X {for women wi.th jabs.

(3846} Equations (1) — (4) can vary, however, based on the specific phf,fsioiogical
parameters that taken mto account. Using these equations, CVD points can be extrapolated
and assigned to ages 20-29. The extrapolated CVD points for ages 20-29, toecther with the
preexisting Framingham CVD points for ages 30-75, can be used to determine the lowest and
hughest total CVD points possible for a given set of physiological parameters. In the above
exampies, the lowest possible total CVD points was determined to be -9 for men with no labs,
-11 for men with labs, and -10 for women with and without iabs. In another embodiment,
extrapolated CVD points for ages 75-80 can also be taken into account when determining the

towest and highest total CVD points possible for a given sct of phystological parameters.

0047  Atstep 304, a sccond extrapolation can be performed after determining a second
best-1it equation for preexisting Framingham data by assigning CVD risk score (2.g., a
percentage) to CVD point values. This second best-fit equation can then be extrapolated {0
assign extrapolated CVD risk scores 1o 4 phurality of total CVD points ranging from the
towest CVD points possible to the highest CVD points possible. Again, separate second best-
fit cquations can be developed for men with no labs, men with labs, women with no labs,

wornen with labs. In each case, the second best-fit equation can be Log(Y)=a + b¥X, where
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X = CVD pomis, Y = CVD nisk (%), and a and b are calculated numerical values based on
the preexisting Framingham data for each demographic population. The second best-fit

cquations developed by the prescat inventors for extrapolating CVD risk scorcs arc as

{ollows:
(5} Log{Y)=0.3651 + 0.07521X for men with no labs:
(6) Log (Y) = 0.2140 +0.07507X for men with labs;
(7) Log (YY) = 0.1057 +0.0681 1 X for women with no labs: and
(8) Log (Y) = 0.09715 + (.O68G8X for women with labs.
[6648] Equations (5) — (&} can vary, however, based on the specific physiological

parameters that are taken into account,

{36401 At step 366, the extrapolated CVD nisk scores can be adjusted to take mto account
4 Hiow-mediated dilation measurement {e.g., %FMDmax). This adjustment can be
accomplished by first assigning cxtrapolated CVD risk scores to a selected %FMDmax valuc
(e.g. a median or mean %FMDmax value) selected from a plurality of %FMDmax values,
including values above and below the selected %FMDmax value. In an example, the selected
YoM Dmax value can be between about 4% and about 18%, or, more specttfically, gbout 10%
bascd on the resuits of several published population-based studics {sec, ¢.z., Shechter ¢t al.,
“Long-Term Assoctation of Brachial Artery Flow-Mediated Dilation and Cardiovascular
Events in Middle-Aged Subjects with No Apparent Heart Discase,” Inf J Cardiol 2009,
134:52-58; Yeboah et al., “Predictive Value of Brachial Flow-Mediated Dilation for Incident
Cardiovascular Events in a Population-Based Study : The Multi-Ethnic Study of
Atherosclerosis,” Circulation 2009, 120:502-509; and Wierzbicka-Chmiel et al., “The
Relationship Between Cardiovascular Risk Estimated by Use of SCORE System and Intima
Media Thickness and Flow Mediated Dilation in a Low Risk Population,” Cardiol J 2009,
16:407-412). Next, the extrapolated CVD risk scores can be expanded to account for the
plurality of %FMDmax values, thereby creating expanded FMD-adjusted CVD risk scores.
The expansion of CVD risk scores can be accomplished by multiplying Framingham CVD

risk score valucs by a relative risk factor between about (.85 and (.95 (sce, c.g. Ras ¢t al.,

“Flow-Mediated Dilation and Cardiovascular Risk Prediction: A Svstemic Review with
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Meta-Analysis,” Int J Cardiol 2012, hitp://dx.doLorg/ 1(}.1016.f’j.ijcard.2{)12.09.04’?’}. Using a
relative risk factor of (.87 based on Inaba et al,, referenced above, Framingham CVD risk
score valucs can be multiplicd by [1/0.87] for %FMBDmax valucs icss than 10 (c.g., between §
and 9) and by .87 for %FMDmax values greater than 10 {e.g., between 11 and 15+).

Finally, one of equations (53 - (8) can be used to assign total CVD points to each value in the

expanded CVD risk scores, thereby creating a plurality of assigned total CVD points.

36501 Exemplary results of step 306 can be scen 1n FIG. 4, a table displaving

extrapolated CVD risk scores adjusted for %FMDmax for men with no labs. 1o cotumn 402,

total CVD points are listed in ascending order from -9 to 16+, In row 404, %FMDmax is
hsted mn ascending order from € to 15+, Colamn 428 corresponds (0 a %FMDmax vahue of
10. This 1s the selected YoFMBDmax value to which extrapolated CVD nisk scores are
assigned. Coluemn 426, corresponding to a %FMDmax value of 9, can then be populated with
FMD-adjusted CVD nisk scores by maltiplving the CVD risk score values in each row of
cotumn 422 by {1/0.87]. For example, in row 440, corresponding to a total CVD point value

of -9, .48 1s the CVD risk score value corresponding to a %6FMDmax of 10, 0.4% is

multiplied by {1/0.87] to get (1.55, the CVD risk score value corresponding to a Y%eFMDmax
ot Y. Then, 0.55 1s multiplicd by [1/0.087] to get 0.63, CVD risk score value comresponding
to a YeFMDmax of &, The remmainder of CVD risk score values for columns 408-426 are
calculated 1n a sumilar fashion. For 9%FMDmax values between 11 and 15+, 0.87 1s the
multiplication factor used to calculate CVD risk score values. This 1s because greater
YobFMbDmax valucs (greater than 10 in this cxample) correlate with deercased CVD risk,
whereas lesser YoFMDmax values (less than 10 in this example) correlate with higher CVD
risk. Row 406 hisis the CVD risk adjustment factors for each column corresponding to a

7ot MBmax value. For example, in column 424, corresponding to 8% FMDmax, the CVD
risk adjustroent factor is 1,32, Thus, 1.32 multiphied by 0.48 (CVD risk score corresponding
to VoM Dmax of 10) is 0.63 (CVD risk score corresponding to %FMDmax of 8). The above
described calculations used to create the table displayed in FIG. 4 can be programmed to be

carricd out by processor 206, for example.

0051 Returning to FIG. 3, at step 308, vascutar age values can be calculated for
adjusted CVD risk scores. This can be accomplished by determining a third best-fit equation

tor precxusting Framingham CVD points assigning vascular ages 1o CVD risk scores. The

third best-fit equation can then be used, along with the phurality of assigned CVD points, to
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calculate FMD-adjusted vascular ages corresponding to each value in the FMD-adjusted
expanded CVD risk scoves. Again, separate third best-fit equations can be developed for men
with no labs, men with labs, women with no labs, wornen with labs. In cach case, the third
best-fit equation can be Log(Y) = a + bX, where X = FMD-adjusted vascular age, Y = CVD
risk score (%), and a and b are calculated numerical values based on the preexisting
Framingham data for each demographic population. The third best-fit equations developed

by the present inventors for extrapolating CVD risk scorces are as follows:
(91 Log(Y) = -4.1868 + 3.0047 Log(X) for men with no fabs;
{IQ} Log {Y)=-4.1939 + 29825 Log{X) for men with labs;
{11y Log {Y)=-4.0016+ 27251 Log(X) for women with no labs; and
(127 Log {(Y)y=-3.2177 + 2.2629 Loo(X) for women with labs,

|G8352] Equations (9) — (12} can vary, however, based on the specific physiclogical

parameters that taken are into account.

[3333] In step 310, the EMD-adjusted vascular age values calculated in step 308 can be
used to adjust the selected %FMDmax vahie based on gender and chronological age. Older
people are expected to have lower %FMDmax values. Similarly, %FMPDmax values are

cxpected to vary based on gender. To correct for these variables, the following sct of fourth

vascular age and Y = adjusted sclected %FMPDmax value:
(13) Y= 11.60 + -0.080X {or men with or without 1abs, ages 20-45;
(4 Y =13.0+-0.1111X for men with or without labs, ages 45-80;
(15) Y = 11.25 + -0.0625X for women with or without labs, ages 20-52;
(16} Y = 16.6667 +-0.1667X for women with or without labs, ages 52-80.

10054] Equations (13)-(16) were developed based on the following references:
Celermajer et al. “Aging 1s associated with endothelial dysfunction in healthy men years

before the age-related decline in women,” J Am Coll Cardiol 1994, 24:471-476; Corrctti ct
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al., “The effects of age and gender on brachial artery endothelium-dependent vasoactivity are
stimulus—dependenf,” Clin Cardiol 1995, 18:471-476; Benjamin et al., “Clinical correlates
and heritability of flow-mcdiated dilation in the community: The Framingham Heart Study,”
Circulation 2004, 109:613-619; and Skaug et al., “Age and gender differences of endothelial
function in 4739 healthy adults: the HUNT3 Fitness Study,” Eur J Prevent Cardiol 2013,
20(4):531-540. The FMD-adjusted vascular age values can then be reassigned to
corrcsponding %FMDmax valucs bascd on the adjusted sclected 9FMDmax valucs

calculated 1in step 310.

LHERRY! In step 312, a vascular age calculator can be created for cach demographic
population. The vascular age calculator can comprise a table, or set of tables, of vascular
ages corresponding to the plurality of total CVD points and the plurality of %FMD values. 1o
an example, a first table can be used to calculate total CVD points and a second table can be

used to convert the total CVD pomis into a corresponding vascular age. Vascular age can be

measured m vears, months, days, hours, nunutes, or scconds, for example. The vascular age

calculator can be used to diagnose a person’s potential for developing cardiovascular disease.

LHIRNY The method of calculating vascular age described above with respect to FIG. 3 can
be consolidated nto a two-step process (for each demographic population) using the tables
shown m FIGS. 5-12, which were created in accordance with the above-desceribed method.
FIG. 5 18 a table that can be used to calculate total CVD posuts for men using non-laboratory
parameters. The table in FIG. 3 displays Framingham CVD points for ages 30-75 and
extrapolated CVD points for ages 20-29. Each non-laboratory parameter (chronological age,
body mass index, treated or untreated systolic blood pressure, smoking status, and diabetic
status ) 18 associated with a specific number of CVD points. CVD points acerued for cach
parameter can be added o obtain a person’s total CVD points. For example, a 35-year-old
non-smoking, non-diabetic man with a body mass index of 26 kg/m®, and a treated systolic

blood pressure of 150 munHg would have 7 total CVD points.

[BGS7] Once a person’s total CVD point value has been calculated using the tabie in
FIG.S, the total CVD point value can be converted o vascular age using the table displayed
in F1G. 6 (applicable to men with non-laboratory parameters). Continuing with the example
described above, a 35-year-old man with 7 total CVD points and 10%FMDmax would have a
vascular age of 45. In addition to providing specific vascular age values, the table in FIG. 6
can be used to provide CVD risk categories based on FMD-adjusted vascular age. For
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example, the region of the table labeled 602 can be 1dentified as low CVD risk according to
FMD-adjusted vascular age, the region labeled 604 can be identified as intermediate CVD
risk according to FMD-adjusted vascular age, and the region labeled 606 can be identified as

high CVD risk according to FMD-adjusted vascular age.

33381 FIGS. 7 and 8 are tables created according to method 300 for men with laboratory
parameters, and they can be used to calculate vascular age m g ssmilar two-siep process o
that described above with respect to FIGS. 5 and 6. In the table displayed in FIG. &, region
302 can be identified as low CVD risk according to FMD-adjusted vascular age, the region
tabeled 804 can be 1dentified as intermediate CVD risk according to FMD-adjusted vascular
age, and the region labeled 806 can be identified as high CVD risk according to FMD-

adjusted vascular age.

[G059] F1GS. 9 and 10 arc tablcs ereaicd according to method 300 for women with non-
laboratory parameters, and they can be used to calculate vascular age in a similar two-step
process to that described above with respect to FIGS. S and 6. In the table displayed in FIG.
10, region 1002 can be identified as tow CVD risk according to FMD-adjusted vascular age,
the region fabeled 1004 can be identified as intermediate CVD risk according to FMD-
adjusted vascular age, and the region labeled 1006 can be identified as high CVD risk

according to FMD-adjusted vascular age,

30603 PGS, 11 and 12 are tables created according to method 300 for women with
laboratory parameters, and they can be used to calculate vascular age in a similar two-step
process to that described above with respect to FIGS. § and 6. in the table displaved in FIG.
12, region 1202 can be wdentified as low CVD risk according to FMD-adjusted vascular age,
the region labeled 1204 can be wlentificd as intermediate CVD risk according to FMD-
adjusted vascular age, and the region labeled 12006 can be identified as high CVD risk

according o FMD-adjusted vascular age.

38301 FIG. 15 s a pictoria] diagram illustrating an example of a system 1500 for
providing real-time vascular age information to a patient. Diagnostic computer 104,
described above with respect to FIG. 1, can be linked to a communication channel 1504 (e.g.,
a global communication network) and to a data storage 1506. The data storage 1506, which

can also be linked to the communication channel 1504, can be used to store patient-specific

data, such as total CVD points, CVD risk data, FMD data, %FMD-adjusted CVD risk data,

17



CA 02904631 2015-09-08

WO 2014/160515 PCT/US2014/026895

and vascular age, tor example. Furthermore, diagnostic devices such as a scale 1508 ora
pedometer 1510, for example, can be linked, such as via communication channel 1504, to
diagnostic computcr 104 and/or storage 1506, CVD risk data measurcd by the scale 1508
and/or pedometer 1510 can be updated regularly or continuously and used by diagnostic
computer 104 to update a person’s caiculated vascular age. In other embodiments, CVD risk
data can be rocasured by other devices, such as a ghicose meter (not shown), for example.
CVD nisk data can also be accessed by diagnostic computer 104 via communication channcl

1504 from other sources, such as a doctor’s office or hospital, for example.

3662} A mobile device 1512, inked to communication channel 1504, can include a
mobile application (“app™) for storing and apdating CVD risk data, as well as for calculating
vascular age m conjunction with, 1o addition to, or nstead of diagnostic computer 104, In
this way, the mobile app on mobile device 1512 can be used o provide real-time updates of a
person s vascular age based on regularly or continuously updated CVD risk data. Tn addition,
the mobtle app can allow a user 1o track his or her CVD nisk data and vascular age over time,
S0 as to measure progress towards health goals and to assess the efficacy of various
mterventions. The mobile app can further be configured to provide alerts to a user, such as
when the user’s caleulated vascular age gocs ap or down, or when the user meets certain
bealth goals (e.g., reaching a specified number of steps in one day or lowering his/her weight

or blood pressure).

[0063] Although several embodiments of this invention have been described above with a
certain degree of particularity, those skilled in the art could make numerous alterations to the
disclosed embodiments without departing from the scope of this invention. All directional
reterences (e.g., upper, lower, upward, downward, left, right, leftward, rightward, top,
bottom, above, below, vertical, horizontal, clockwise and counterclockwise) are only used for
identification purposes to aid the reader’s understanding of the present invention, and do not
create limitations, particularly as to the position, orientation, or use of the invention. Joinder
references (e.g., attached, coupled, connected, and the like) are to be construed broadly and
may include intermediate members between a connection of elements and relative movement
between elements. As such, joinder references do not necessarily infer that two elements are
directly connected and in fixed relation to each other. It is intended that all matter contained
in the above description or shown in the accompanying drawings shall be interpreted as

illustrative only and not as limiting. Changes in detail or structure may be made without
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departing from the invention as defined in the appended claims.

[0064] Although the various cmbodiments of the devices have been described herein in
connection with certain disclosed embodiments, many modifications and variations to those
embodiments may be implemented. For example, particular features, structures, or
characteristics described above may be combined in any suitable manner in one or more
cmbodiments. Thus, the particular fcaturcs, structurcs, or characteristics illustrated or
described in connection with one embodiment may be combined, in whole or in part, with the
features structures, or characteristics of one or more other embodiments without limitation
uniess 1llogical or non-functional. Also, where materials are disclosed for certain
components, other materials may be used. The foregoing description and following claims are

intended to cover all such modification and variations.

[0065] Any patcent, publication, or other disclosurc material, in wholc or in part, that is
said to be incorporated by reference herein is incorporated herein only to the extent that the
incorporated materials does not conflict with existing definitions, statements, or other
disclosure material set forth in this disclosure. As such, and to the extent necessary, the
disclosure as explicitly set forth herein supersedes any conflicting material incorporated
herein by reference. Any material, or portion thereof, that is said to be incorporated by
reterence herein, but which conflicts with existing definitions, statements, or other disclosure
material set forth herein will only be incorporated to the extent that no conflict arises between

that incorporated material and the existing disclosure material.
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CLAIMS
What 1s claimed 1s:

1. A method of diagnosing a person’s potential for developing cardiovascular disease (CVD),

the method comprising the following steps:

a. determining a first best-fit equation for preexisting data assigning original CVD
points to a plurality of physiological parameters, wherein said plurality of

physiological parameters include chronological ages;

b. extrapolate using the first best-fit equation to assign extrapolated CVD points to
younger and older chronological ages than said chronological ages in said preexisting

data;

c. using said original CVD points and said extrapolated CVD points to determine a
lowest total CVD points possible and a highest total CVD points possible for said

physiological parameters;

d. determining a second best-fit equation for said preexisting data assigning CVD risk

data to total CVD points;

e. extrapolate using the second best-fit equation to assign extrapolated CVD risk data to
a plurality of total CVD points ranging from said lowest total CVD p'oints possible to
said highest total CVD points possiblc;

f. assigning said extrapolated CVD risk data to a selected percent flow-mediated
dilation (%FMD) value selected from a plurality of %FMD values, wherein said

plurality of %FMD valucs includcs valucs above and below said sclected %FMD

value;

g. expanding said extrapolated CVD risk data to account for said plurality of %FMD
valucs, thereby creating expanded CVD risk data;

h. using the second best-fit equation to assign total CVD points to each value in said

expanded CVD risk data, thereby creating a plurality of assigned total CVD points;

1. determining a third best-fit equation for said preexisting data assigning vascular ages

to CVD risk data:

j. using the third best-fit equation and said plurality of assigned total CVD points to

calculate vascular ages corresponding to each value in said expanded CVD risk data;
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k. determining a fourth best-fit equation assigning said vascular ages to adjusted selected

Y%FMDimax values:

[.  reassigoing said vascular ages to said plurality of %FMD values based on said

adjusted selected %FMDmax values;

m. creating a vascular age calculator comprising a table of vascular ages corresponding

to said plurality of total CVD points and said plurality of FMD valucs; and

n. using said vascular age calculator to diagnose the person’s potential for developing

cardiovascular disease.

2. The method of claim 1, wherein said preexisting data comprises Framingham Heart Study

data.

3. The method of claim 1, wherein said selected %FMD value 1s between about 4% and

about 18%.

4. The method of claim 3, wherein the selected %FMD value 1s about 10%

5. The method of claim 1, wherein expanding said extrapolated CVD risk data to account for
said plurality of %FMD values comprises multiplying or dividing said extrapolated CVD risk
data by a relative risk factor between about 0.85 and about 0.95.

6. The method of claim 5, wherein the relative risk factor 1s 0.87.

7. The method of claim 1, wherein said younger chronological ages comprise ages 20-29

years; and wherein said older chronological ages comprise ages 75-80.

3. The method of claim 1, wherein said plurality of physiological parameters further

comprises at least one of gender, body mass index, systolic blood pressure, resting heart rate,

21



CA 02904631 2015-09-08

WO 2014/160515 PCT/US2014/0268935

breath flow analysis, smoking status, presence or absence of diabetes, blood glucose level,
hemoglobin Alc, HDL cholesterol, total cholesterol, other liptd measures, carotid artery
intima-media wall thickness (CIMT) detected via ultrasound, pulse wave velocity/amplhitude
wavetorm analysis, brachial artery ultrasound imaging, fingertip temperature analysis,

pedometer data, sleep patterns, stress levels, blood-based biomarkers, and genomic data.

9. The method of claim 1, wherein said vascular ages are calculable in years, months, weeks,

days, hours, minutes, or seconds.

10. A method of diagnosing a person’s potential for developing cardiovascular disease, the

method comprising the following steps:

a. determining a relative post-occlusion change 1n a vessel diameter of an artery 1n an

extremity via reactive hyperemia;

b. calculating a vascular age using at least said determined change mn said vessel

diameter and a parameter indicative of flow-mediated dilation (FMD) 1n said vesscl;

and

c. presenting said calculated vascular age.

11. The method of claim 10, wherein said determining step further comprises using

pncumoplcthysmography.

12. The method of claim 10, wherein said determining step comprises temporarily occluding

blood flow to said artery in said extremity.

13. The method of claim 10, whercin said detcrmining step compriscs tcmporarily crcating

downstream hemodynamic stress in a limb arterial blood supply, thereby inducing flow-

mediated dilation.
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14. The method of claim 10, wherein said determining step further comprises use of

ultrasound 1mages.

15. The method of claim 10, wherein said parameter indicative of FMD includes at least one

of %o FMDmax, time to %FMDmax, and X-second FMD, where X 1s a non-zero number.

16. A diagnostic tool comprising the tollowing:

a. a first storage operable to store first data relating to a patient’s general risk of

developing cardiovascular disease based upon a plurality of physiological parameters;

b. adevice operable to determine a parameter indicative of flow-mediated dilation

(FMD) 1n a Iimb arterial blood vessel; and

C. aprocessor in communication with said first storage and in communication with said

device, wherein said processor 1s operable to do the following:

(1) apply said parameter to said stored first data to convert said general risk for

developing cardiovascular disease to a vascular age; and

(2) output said vascular age.

17. The diagnostic tool of claim 16, wherein said first data is derived from data relating to

said general risk of developing cardiovascular discase in a study population.

18. The diagnostic tool of claim 16, wherein said first data is derived from either FHS data or

European SCORE data.

19. The diagnostic tool of claim 16, wherein said processor further provides for inputting
patient-specific data selected from the group consisting of chronological age, gender, body
mass index, systolic blood pressure, resting heart rate, breath flow analysis, smoking status,
presence or absence of diabetes, blood glucose level, hemoglobin Alc, HDL cholesterol, total
cholesterol, other lipid measures, carotid artery intima-media wall thickness (CIMT) detected

via eltrasound, pulse wave velocity/amplitude waveform analysis, brachial artery ultrasound

23



CA 02904631 2015-09-08

WO 2014/160515 PCT/US2014/026893

tmaging, fingertip temperature analysis, pedometer data, sieep patterns, siress levels, blood-

based biomarkers, and genomic data.

20. The diagnostic tool of claim 16, wherein said device comprises a component selected
from the group consisting of a pressure plethysmograph, a photoplethysmograph, and an

ultrasound 1magcr.

21. The diagnostic tool of claim 20, whercin said device compriscs a pncumoplethysmograph

without sensors.

22. The diagnostic tool of claim 16, further comprising a second storage operable to store
second data relating to the parameter indicative of flow-mediated dilation; and wherein said
processor 1s electrically connected to said first storage and to said second storage, said

processor being adapted to adjust said first data using said second data to determine a

vascular age.

23. The diagnostic tool of claim 16, wherein the parameter indicative of FMD includes at
least one of %FMDmax, time to maximum %FMD, and X-second FMD, where X 1s a non-

zero number.

24. The diagnostic tool of claim 16, wherein said vascular age 1s calculable 1n ycars, months,

weeks, days, hours, minutes, or seconds.

25. A system for providing real-time vascular age information to a patient comprising:
a diagnostic tool comprising the following:

a. a first storage operable to store first data relating to a patient’s general risk

of developing cardiovascular disease based upon a plurality of physiological parameters;

b. a device operable to determine a parameter indicative of flow-mediated

dilation (FMD) 1in a limb arterial blood vessel; and

24
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C. a processor in communication with said first storage and in communication

with said device, wherein said processor is operable to do the following:

(1) apply said parameter to said stored first data to convert said general risk

for developing cardiovascular disease to a vascular age; and
(2) output said vascular age;
a communication network linked to said diagnostic tool; and

a mobile device linked to said communication network, the mobile device configured

to display said vascular agc.
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Reactive Hyperemia (Increased
Blood Flow/Volume) Induced
Consequent to the Release of
any Peripheral Vascular
Occlusion (Arteral or Venous)
by any Physical Method (e.g,,
Pneumatic Cuff, Tourniquet, etc.)

Active Hyperemia (Increased
1307 Bllod Flow/Volume) Induced by
| the Intravascular Infusion of
any Substance Capable of
Inducing Endothelium-Dependent
Vasodilation

1304

Peripheral Artery Vasodilation (Increased Inside

. | , 1506
Diameter; Any Artery in the Upper or Lower Extremity)

/ 3’08

Quantitative or Qualitative Assessment of the Relative Magnitude of the Vasodilation (Compared to that
Prior to Reactive or Active Hyperemia) by any Method Involving:

* Analysis of Pulse Wave Amplitude

* Analysis of Pulse Waveforms

* Vascular Ultrasound

» Monitoring of Peripheral Limb Temperature Changes
o Assessing Peripheral Limb Blood Pressure Changes
* Photoplethysmography

Expressed as Relative % Flow-Mediated Vasodilation (%FMD) -- Post-Hyperemia Compared With Pre-Hyperemia
[ncludes:

e Maximal FMD (Any Time Interval After Beginning of Hyperemia Induction)

* 7 Dilation at any Specified Time Interval After Beginning Hyperemia Induction (6.g,, 60-Sec %FMD) -
Whether or not it is Actually the Maximal Dilation Achieved

* Time-To-Maximum % Dilation (Time Interval From Beginning of Hyperemia Induction to Maximal Dilation)

- Pre-Existing or Newly Created 1310

Cardiovascular Risk Scoring System (Any T !
Scoring System) Output Expressed as A hg;dllgegquﬁliﬂar g
"Vascular Age" or its Equivalent, as Defined (Calculated By An
As: "The Equivalent Age Of A Person With The Mathmatical Nzcth oﬁ)
Same Calculated Cardiovascular Risk But
Whose Risk Factors Are All Within Normal Ranges”
1312 1514
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Develop Plurality of Total CVD
Pomnts by Extrapolating
Preexisting Framingham CVD
Points to Include Ages 20-29
and 75-80

Extrapolate Preexisting CVD Risk
Data and Assign Extrapolated

CVD Risk Data to Plurality of
Total CVD Points

Adjust Extrapolated CVD Risk
Data for %FMDmax

Calculate Vascular Age Values
for Adjusted CVD Risk Data

Adjust Vascular Age Values

Based on Effect of Gender and
Chronological Age on %FMDmax

Create Vascular
Age Calculator
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