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ESTIMATIONS OF EQUIVALENT INNER
DIAMETER OF ARTERIOLES

RELATED APPLICATION/S

[0001] This application claims the benefit of priority under
35 USC 119(e) of U.S. Provisional Patent Application No.
61/681,956 filed Aug. 10, 2012, the content of it is incorpo-
rated herein by reference in its entirety.

FIELD AND BACKGROUND OF THE
INVENTION

[0002] The present invention, in some embodiments
thereof, relates to a system, method and apparatus for mea-
suring vascular parameters and, more particularly, but not
exclusively, to a system, method and apparatus for monitor-
ing changes in the equivalent inner diameter of small branch-
ing arteries and arterioles.

[0003] Many medical conditions are characterized by
changes or abnormalities and size and shape of arterioles.
Vasoconstriction and vasodilation are reversible changes in
the diameters of arterioles. Vasoconstriction and vasodilation
also play a role in regulating blood pressure, and in diseases
characterized by abnormal regulation of blood pressure (hy-
pertension and hypotension), general and peripheral blood
flow impedance of subject, systemic vascular resistance
(SVR). Other diseases are characterized by chronicle changes
in the diameters and cross sections of arterioles, including
diabetes and atherosclerosis.

[0004] Generally, arterioles are too small to image, using
such imaging methods as ultrasound, MRI, and x-rays,
including CT scans.

[0005] Other techniques for examining the circulatory sys-
tem are known, for example. sphyngomanometry provides
data on systolic and diastolic blood pressure, and pulse oxim-
etry provides data on blood oxygen levels. Arterial line and
central venous line sensors provide data on blood pressure
and blood flow rate inside large blood vessels.

[0006] Josep Sola, Stefano F. Rimoldi, and Yves Allemann,
“Ambulatory Monitoring of the Cardiovascular System: the
role of Pulse Wave Velocity,” in New Developments in Bio-
medical Engineering, Chapter 21, p. 391-422, provides a
review of techniques for measuring pulse wave velocity, pri-
marily in large arteries over large distances, for example from
the heart to the extremities.

[0007] WO2007/097702 discusses a method for the gen-
eration, detection and evaluation of a photoplethysmographic
(PPG) signal to monitor blood characteristics, in which the
light source(s) are spaced at particular distances from photo-
detector(s). U.S. Pat. No. 6,123,719, U.S. Pat. No. 5,891,022,
US200910306487 and EP1297784 discuss photoplethysmo-
graphic measurement systems that have at least two light
emitters, each emitting light at different wavelengths and a
photodiode for detecting the intensity of light reflected from
a patient’s tissue such as blood, finger, etc.

[0008] US2010/0331708 describes methods for monitor-
ing cardiovascular conditions, i.e., hyperblood flow related
circulation, vasodilation, vasoconstriction, or central-to-pe-
ripheral arterial pressure decoupling conditions. These meth-
ods involve measuring a central signal proportional to or a
function of the subject’s heart activity and a peripheral signal
proportional to or a function of a signal related to central
signal. Then calculating a time difference between features in
the central and peripheral signals representing the same heart
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event. The cardiovascular condition is indicated if the time
difference is greater or lower than a threshold value over a
specific period of time, or if there is a significant statistical
change in the times over the specific time period. These
methods can alert a user that a subject is experiencing the
cardiovascular conditions, which can enable a clinician to
appropriately provide treatment to the subject.

[0009] Said application provides methods, mostly suggest-
ing estimation of common vasoconstriction or vasodilation
level, by measurement between physiologically “central”,
heart-related point and one of physiologically “peripheral”
points of measured subject, actually providing estimations of
blood flow impedance change along all branches of blood
vessel tree, included between said two points. Additional
background art includes Reuven Gladshtein, “Indications of
cross-section of small branched blood vessels” WO
2012110955 A1, Minnan Xu, “’Local Measurement of the
Pulse Wave Velocity Using Doppler Ultrasound,” M.S. thesis,
Dept. of Electrical Engineering and Computer Science, M.1.
T., May 24, 2002; A. C. Fowler and M. J. McGuinness, “A
Delay Recruitment Model of the Cardiovascular Control Sys-
tem,” submitted to Journal of Mathematical Biology, June
2004, revised December 2004; John Allen, “Photoplethys-
mography and its application in clinical physiological mea-
surement,” Physiol. Meas. 28 (2007),R1-R39; H. S. Lim and
G.Y. H. Lip, “Arterial stiffness in diabetes and hypertension,”
Journal of Human Hypertension (2004) 18, 467-468; and
Emilie Franceschini, Bruno Lombard, and Joél Piraux,
“Ultrasound characterization of red blood cells distribution: a
wave scattering simulation study,” Journal of Physics: Con-
Jerence Series 269 (2011) 012014.

SUMMARY OF THE INVENTION

[0010] An aspect of some embodiments of the invention
concerns finding a measure of a blood flow proportional
parameter in small arteries, and in arterioles that branch off
them, and using differences between them to find information
about the equivalent inner diameter of said arterioles, and/or
about changes in said diameter. Present invention describes a
system, indicative of equivalent inner diameter of arteriole-
like blood vessels or monitoring changes of said equivalent
inner diameter value over time, the system comprising:

[0011] at least one sensor adapted to obtain signals, cor-
relative to at least one changing over time blood flow
related parameter of systemic circulation in a subject;

[0012] wherein said at least one sensor is adapted to be
placed relative to a body portion of said measured sub-
ject, including branching blood vessels, where said
blood vessels mostly belong to a same peripheral part of
systemic circulation in subject;

[0013] wherein said at least one sensor is adapted to
obtain at least two signals at the same time, first and
second, from said body portion;

[0014] wherein said at least one sensor is adapted to
obtain said at least two signals from same said body
portion of said subject, wherein an artery-like blood
vessels contribute more, relative to an arteriole-like
blood vessels, for the first signal than for the second
signal;

[0015] a processor, adapted to use differences between
said first and second signals coupled with a heart rate
value in order to estimate an equivalent inner diameter
value of said arteriole-like blood vessels.
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[0016] Present invention also describes an apparatus for
estimation of an equivalent inner diameter value of arteriole-
like blood vessels or monitoring changes of said equivalent
inner diameter value over time, said apparatus comprising:

[0017] at least one sensor, including at least one trans-
mitter and at least one receiver, geometrically adapted to
sample at least two non-identical volumes in a body
portion of a subject and wherein each of said at least one
receiver collects at least one signal, transmitted to said
body portion from said at least one transmitter;

[0018] said sensor, adapted to obtain signals from said at
least two non-identical volumes in said body portion,
wherein artery-like blood vessels contribute more, rela-
tive to arteriole-like blood vessels, to a signal from a first
volume than to a signal from a second volume;

[0019] and a processor, adapted to indicate an equivalent
inner diameter of said arteriole-like blood vessels by
using differences between said first and second signals
coupled with a heart rate value. Also a new method for
estimation of an equivalent inner diameter value of arte-
riole-like blood vessels or monitoring changes of the
equivalent inner diameter value over time in a measured
subject, the method comprising:

[0020] a) obtaining a first signal, correlative to at least
one changing over time blood flow related parameter
of systemic circulation in artery-like blood vessels
and in arteriole-like blood vessels, belonging to a
same peripheral part of said systemic circulation;

[0021] b) concurrently obtaining a second signal, cor-
relative to at least one changing over time blood flow
related parameter of systemic circulation in artery-
like blood vessels and in arteriole-like blood vessels,
belong to the same said peripheral part of said sys-
temic circulation, where said artery-like blood vessels
contributing more, relative to said arteriole-like blood
vessels, for the said first signal, than for the second

signal;

[0022] c)obtaining an approximately concurrent heart
rate value;

[0023] d) calculating a time delay or phase delay
between said the first signal and the second signal;
and

[0024] e)using said time delay or phase delay, coupled

with said heart rate value, to estimate an equivalent
inner diameter value for the arterioles.

[0025] Present invention describes a new system for indi-
cation of at least one vascular or cardiovascular condition or
monitoring the same, said system comprising a processor,
configured to process plurality of image, movie or scanned
data from a body portion, including branching blood vessels,
wherein said processor is adapted to estimate from said plu-
rality of images, movie or scanned data:

[0026] changes in at least one parameter, correlative to at
least one changing in time blood flow related process
from at least one artery-like blood vessel;

[0027] changes in at least one parameter, correlative to at
least one changing in time blood flow related process
from at least one arteriole-like blood vessel or artery-like
blood vessel, branched off from same said at least one
artery-like blood vessel;

[0028] differences between said first and second mea-
sured parameters.
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[0029] Also described a new method for indication of at
least one vascular or cardiovascular condition or monitoring
the same, said method comprising:

[0030] a) transferring image, movie or scanned data col-
lected from body portion, including branching blood vessels,
to a processor, configured to process said data;

[0031] b)extracting by means of said processor, at least one
blood flow related parameter, changing over time, said
parameter correlative to at least one blood flow related pro-
cess occurring in at least one artery-like blood vessel;
[0032] c)extracting by means of said processor, at least one
blood flow related parameter, changing over time, said
parameter correlative to at least one blood flow related pro-
cess occurring in at least one arteriole-like blood vessel,
branched off from same said at least one artery-like blood
vessel;

[0033] d) finding differences between said at least first and
second measured parameters.

[0034] Unless otherwise defined, all technical and/or sci-
entific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to which
the invention pertains. Although methods and materials simi-
lar or equivalent to those described herein can be used in the
practice or testing of embodiments of the invention, exem-
plary methods and/or materials are described below. In case
of conflict, the patent specification, including definitions, will
control. In addition, the materials, methods, and examples are
illustrative only and are not intended to be necessarily limit-
ing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Some embodiments of the invention are herein
described, by way of example only, with reference to the
accompanying drawings. With specific reference now to the
drawings in detail, it is stressed that the particulars shown are
by way of example and for purposes of illustrative discussion
of embodiments of the invention. In this regard, the descrip-
tion taken with the drawings makes apparent to those skilled
in the arthow embodiments of the invention may be practiced.
[0036] In the drawings:

[0037] FIG. 1 is a schematic drawing of an optical sensor
system being used on a surface of a subject’s body to measure
blood volume or a related parameter as a function of time in
small arteries, and in arterioles branching off from said arter-
ies, according to an exemplary embodiment of the invention;
[0038] FIG. 2 is a schematic drawing of an ocular fundus
imager, according to an exemplary embodiment of the inven-
tion;

[0039] FIG. 3A is a schematic drawing of retinal artery,
splitting to two arteries of nearly same diameter.

[0040] FIG. 3B illustrates splitting of retinal arteriole from
retinal artery.
[0041] FIG. 4 is a schematic drawing of a laser Doppler

system being used to measure blood flow rate as a function of
time in a larger arteries, and in smaller arteries, like arterioles
branching off from said arteries, according to an exemplary
embodiment of the invention;

[0042] FIG. 5 is a flowchart for a method of finding the
equivalent inner diameter of smaller arteries, like arterioles
branching off from larger arteries, or changes in the said
equivalent inner diameter, for example using the systems
shown in FIGS. 1,2 and 4, using a time or phase delay in the
pulse wave between said small arteries and the arterioles,
according to an exemplary embodiment of the invention;
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[0043] FIG. 6A illustrate an initial phase of heart beat wave
propagation in small arteries, like arterioles, according to an
exemplary embodiment of the invention;

[0044] FIG. 6B illustrate a final phase of heart beat wave
propagation in small arteries, like arterioles, according to an
exemplary embodiment of the invention;

[0045] FIG. 71s a schematic drawing showing a pulse wave
as a function of time primarily in a larger arteries, and prima-
rily in smaller arteries, like arterioles, branching off from the
said larger arteries, for example using a photoplethysmogra-
phy system similar to the optical sensor systems shown in
FIG. 1 or 4;

[0046] FIG. 8 is a flowchart for an exemplary method of
evaluating damage in arterioles that branch off small arteries,
in patients with pathological conditions such as diabetes,
according to an exemplary embodiment of the invention; and
[0047] FIG. 9 is a flowchart for a method of evaluating
shock or dehydrationina patient, by finding differences in the
equivalent inner diameter of arterioles branching off from
small arteries, for peripheral and central part of the patient’s
body, and optionally monitoring changes in those differences
over time, according to an exemplary embodiment of the
invention.

[0048] FIG. 10A illustrates one-element Windkessel-type
model of arteriole.

[0049] FIG. 10B illustrates three-element Windkessel-type
model of arteriole.

[0050] FIG.10C illustrates three-element Windkessel-type
models of arteriole and capillary drain.

[0051] FIG. 10D illustrates Three-element Windkessel-
type models of arteriole with capillary drain and precapillary
sphincter correction.

[0052] FIG. 11 is an example of results by modeling of
arteriole with model, illustrated in FIG. 100.

[0053] FIG.12is adrawing, illustrating function of precap-
illary sphincter, coupled to arteriole.

[0054] FIG. 13 is an example of results by modeling of
arteriole with model, illustrated in FIG. 10D.

[0055] FIG. 14 is a flowchart for an exemplary method of
estimation for equivalent inner diameter of retinal arteriole,
branched off from retinal artery, and optionally monitoring
changes in value of said diameter over time, by calculating
from ophthalmoscopy data at least one changing over time
parameter of blood flow relative process in said analyzed
retinal artery and arteriole according to an exemplary
embodiment of the invention.

[0056] FIG. 15 is a flowchart for an exemplary method of
estimation for equivalent inner diameter of retinal arteriole,
branched off from retinal artery, and optionally monitoring
changes in value of said diameter over time, by calculating
from ophthalmoscopy data at least one changing over time
parameter of pulse wave propagation relative process in said
analyzed retinal artery and arteriole according to an exem-
plary embodiment of the invention.

[0057] FIG. 16 illustrates standard embodiment of transi-
tion pulse-oximeter.

[0058] FIG. 17 illustrates a transition pulse-oximeter with
ability to monitor changes of arteriole’s equivalent inner
diameter in measured region of tissue.

[0059] FIG. 18 illustrates a reflection pulse-oximeter
embodiment with ability to monitor changes of arteriole’s
equivalent inner diameter in measured region of tissue.
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DESCRIPTION OF PRINCIPLES AND SPECIFIC
EMBODIMENTS OF THE INVENTION

[0060] The present invention, in some embodiments and
principles described thereof, relates to a system, method and
apparatus for measuring vascular parameters and, more par-
ticularly, but not exclusively, to a system, method and appa-
ratus for estimating equivalent inner diameter and for moni-
toring changes in the equivalent inner diameter of branching
arteries and arterioles.

[0061] In order to monitor parameters mentioned above in
the “Field and Background of the Invention” section, as well
as different types of shock, which are characterized also by
vasoconstriction or vasodilatation of arterioles at peripheral
regions of the body, and in order to monitor their progression,
it would be desirable to have a convenient and inexpensive
way to continuously monitor the equivalent inner diameter,
and changes in the equivalent inner diameter, of arterioles and
similar small blood vessels, but no satisfactory technology for
that purpose exists at present.

[0062] Inprinciple, one could estimate the diameter of arte-
rioles, by combining an optical Doppler measurement of
blood flow rate, a photoplethysmography (PPG) sensor to
measure blood volume, and an accurate measurement of dias-
tolic pressure inside the blood vessels being examined. But it
is difficult to obtain accurate measurements of diastolic pres-
sure in small blood vessels with only external sensors, and
besides, optical Doppler measurements of blood flow rate
may not be practical for continuous monitoring.

[0063] An aspect of some embodiments of the invention
relates to finding an estimation of equivalent inner diameter
value of small arteries, like arterioles. Two sets of measure-
ments are made, of a physiological parameter that indicates a
pressure wave in blood flow of the larger arteries and smaller
arteries, like arterioles in same peripheral part of systemic
circulation, the larger blood vessels, like arteries, contribute
more, relative to the smaller blood vessels, like arterioles, for
the first signal than for the second signal. Thus said arterioles
have higher blood flow impedance, then said branching larger
arteries; this difference of impedance causes to time delay
(phase shift) in propagation of pulsatile blood flow from said
small arteries to their locally branched arterioles. It is neces-
sary to keep in mind that physical nature of said time delay is
not similar to time delay, described in patent applications like
US2010/0331708. For example, in US 2010/0331708 time
delay is a composite value, consisting from time of blood
pressure wave propagation along relatively long blood ves-
sels (central signal) with relatively large diameter and low
flow impedance (aorta, big arteries and so on) and character-
istic time delay, caused by passing by said blood pressure
wave through circulatory branches with sufficiently smaller
diameters and lower stiffness (most types of arterioles). Aorta
and arteries have characteristic diameter from 10 mm and
more (Aorta) to about 0.4mm (small arteries) and relatively
low ability to change their diameter due to changes of arterial
muscle tone. Arterioles have ability to change diameter com-
monly from 15 to 70 micrometers depends on type, which
predefines changes of their flow impedance in very wide
range—relatively to flow impedance of previous branching
arteries.

[0064] It is easy to understand, that sufficient impedance
differences are mainly predefined by naturally existing dif-
ference in equivalent inner diameter for said larger arteries
and directly branched from them smaller arterioles (equiva-
lent inner diameter of arterioles are much smaller, difference
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in equivalent inner diameter is localized at small space of
branching) taken into account with much lower stiffness of
arterioles, enable them able to discover high volume capabil-
ity, compared to larger branching arteries with sufficiently
higher stiffness.

[0065] From other side, discussed here-before prevailing
high flow impedance of arterioles, is being connected in serial
to said much lower impedance of previous larger arteries in
common artery tree of body, make possible to conclude about
dominant role of arteriole’s impedance on all impedances of
larger arteries as different components of common imped-
ance for blood circulation. Also changes of common blood
flow impedance are mainly defined by changes of impedance
of same said arterioles—due to their vasoconstriction or
vasodilation, because their ability to change their diameter is
much higher that same ability of larger arteries,

[0066] These facts are well-known in common physiology
and physics of circulation and, for example, may be found
from [4].

[0067] Next explanation is for short illustration of ability
for skilled in the art to measure signals from mainly region of
smaller arteries and mainly region of arterioles, belong to
same peripheral part of systemic circulation. Same methods
were described in PCT/IB2010/054746 also.

[0068] For peripheral part of systemic circulation in tissues
we may see the following objects of measurement: arteries,
arterioles, capillary system, venules and veins.

[0069] For example, the green light (~530 nm) enables to
analyze blood peripheral perfusion mainly from capillary
system and arterioles, characterizing by relatively high blood
flow impedance, and characteristic to the tissue layer, close to
skin surface. These blood vessels are much less influenced by
blood volume changes caused by body movement and bring
us information about changes in Peripheral Blood perfusion,
cause by arteriole’s activities.

[0070] Opposite to relatively short visible light wave-
lengths, using of NIR (Near Infra-Red) light radiation enables
measurement and monitoring of physiologic parameters from
more deep layers of physiologic tissue.

[0071] Forexample, two transmitters of optical radiation—
of green light 530 nm and IR light 940 nm are placed rela-
tively to measured region of tissue by way, enabling to optical
receiver measurement of two non-identical physiologic lay-
ers of tissue, one—closer to skin surface from green light
source and another region—deeper than the first one—from
IR radiation source.

[0072] The relatively upper measured region includes the
capillary system and a part of arterioles and venules. The
relatively deeper region, measured by IR light, is mainly
represented by small arteries, including relatively much less
blood volumes of arterioles, venules and capillary.

[0073] NIRisinuse to analyze physiologic signals ofblood
flow, modulated by Heart Rate, Breath processes, Body
Movement and so on. And all this because longer wave-
lengths of light, penetrating biologic tissue deeper, enabling
to monitor blood flow processes, associated with relatively
larger and deeper blood vessels displaced in inner regions of
biologic tissue, such as arteries of various type.

[0074] Achieving layers with different depths of measured
tissue may be described by other way—using different dis-
tances between transmitter and detector of light.

[0075] Light energy propagation between emitter and
detector within highly scattering matter is deterministic and
can be split into a series of smaller “canoe” shaped envelops
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within which certain fraction of light energy propagates
through the matter. The shape of this profile is a function of
the source-detector separation, the absorption coefficient, and
the reduced scattering coefficient within the tissue. Increases
in both tissue scattering and absorption act to reduce the
amplitude of the detected signal and reduce measurable the
penetration depth.

[0076] This approach to signal sampling is an opposite of
same approach that regularly is realized, for example, in
oXygen saturation measurement.

[0077] Usually oxygen saturation measurement needs for
sampling of same tissue volume in order to obtain numerical
correlations of oxy- and deoxyhemoglobin concentrations
with oxygen saturation in blood. Really, said concentrations,
being defined through their proportion to amplitudes of heart
rate wave, are measured at optical wavelengths, specific to
oxy- and deoxyhemoglobin absorption, may be used in same
formula of “ration of ratios”, when being measured from
nearly same portion of blood vessels.

[0078] Systems, methods and devices, described in this
invention, in opposite to described here before, use non-
identical measured volumes of tissues with branching blood
vessels in order to obtain any of blood flow correlative data
types from blood vessel pluralities of different size contents.
[0079] Thus by measuring a time delay between signals
from larger blood vessels, like small arteries (excluding arte-
rioles), and smaller blood vessels, similar to arterioles by their
physiologic properties, which relatively close one to another
at same measured physiologic region, but have physiologi-
cally place in same said region, it is possible to measure
changes of local blood flow impedance between said small
arteries and arterioles, i.e. to estimate changes in the equiva-
lent inner diameter of said arterioles.

[0080] Here after we propose physical explanation,
described by two of possible physical models, which illus-
trates ability to indicate characteristic diameter of arterioles
and its changes by use of measured time delay between blood
flow wave, propagating in said arterioles and larger arteries,
locally branching to said arterioles.

[0081] Assuming that the vessel is rigid and the flow is
laminar, we may assume that in arteries with a radius smaller
than 0.2 cm pressure is proportional to flow [5]. The circuit
representing such a vessel (FIG. 10A) would simply contain
a resistance 1010 and no other elements. In other words,
effects due to inertia and elasticity may be ignored. Since
smallest arteries are typically not rigid (although there are
exceptions), but do provide resistance, it will be unnecessary
to add a capacitor to the model to account for elasticity.
However, as shown by Keener and Sneyd [6] it is possible to
incorporate elasticity using the two-element Windkessel
model; that is, by adding a capacitor 1070 to the circuit shown
in (F1G. 10B). It should be noted that the derivation by Keener
and Sneyd is somewhat artificial; it includes neither viscosity
nor inertia [5].

[0082] Thus achieving estimation, basing on Windkessel
mode] with 3 elements, which is widely in use [9,10]. analyze
small blood vessels with high capability, applied to arteriole-
like blood vessel with capillary drain 1170, with the neces-
sary changes having been made (FIG. 10C).

[0083] Here we have to keep in mind, that all analytical
estimations here-after are only to explain one of possible
ways to use value of time or phase delay between signals from
larger blood vessels, like small arteries (excluding arterioles),
and smaller blood vessels, similar to arterioles by their physi-
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ologic properties, localized both at same measured region, but
physiologically displaced differently along said region, and
measured by skilled in the art in order to achieve correlative
estimation to their characteristic equivalent inner diameter
value and/or changes of said equivalent inner diameter value.
[0084] Thus current models are not described as an exact
physical model of blood pressure wave propagation in arte-
riole and may be modified by skilled in the art mutatis mutan-
dis to achieve physically more exact results without any limi-
tation to general ideas of the patent (For example—{15,16]).
[0085] Voltage, current, charge, resistance and capacitance
in the electronic circuit are respectively equivalent to blood
pressure, blood flow, volume, resistance and compliance in
the cardiovascular system. Ground potential of blood pres-
sure (reference for voltage measurements) is assumed to be
zero as usual. Following this analogy to electrical model on
FIG. 10C, it is possible to write linear equations of flow Q and
pressure P balance for arteriole.

[0086] Said model means assumption that blood flow,
entering internal space of analyzed arteriole, passes through a
half of its viscous resistance before being accumulated in
arteriole’s capacitance, i.e. before arteriole increases its intet-
nal diameter due to its elasticity.

[0087] Further process outlines “discharging” of said
capacity to capillary drain—through second half of arteri-
ole’s resistance.

[0088] Voltage, current, charge, resistance and capacitance
in the electronic circuit are respectively equivalent to blood
pressure, blood flow, volume, resistance and compliance in
the cardiovascular system. Ground potential (reference for
voltage measurements) is assumed to be zero as usual.
[0089] Analysis of the model is regular for skilled in the art
and is being made as usual:

Qo=Qc+ 0 M
P:%_'_Qc‘_gr (2)
2 jwC
Y R ©)
e + Qr(z —r] =0

[0090] Here R—viscous resistance of arteriole to blood

flow, depended on radius of arteriole:
R=8*n*L/(*Ra*)*, 4
[0091] where R —radius of arteriole, n—blood viscosity

and L—length of arteriole.

[0092] C (1160)—capability parameter of arteriole, prima-
rily defined by mechanical elasticity of its walls, depended on
radius of arteriole:

C=A*Kart**Ra>*L, (©)

[0093] where R ,—radius of arteriole, Kart—capacity coef-
ficient for arteriole and L—length of arteriole.

[0094] r (1170)—viscous resistance to blood flow of capil-
lary, being branched off from said arteriole,

r=8*n*/(m*ry"), depended on radius of arteriole: (6)

[0095] where m—blood viscosity, r,—initial radius of
branched capillary and I—length of said capillary.

[0096] Q, (1120)—income blood flow to arteriole,

[0097] Q. (1140)—component of blood flow, participating
in both first half of arteriole’s resistance and capacitance,
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[0098] Q, (1130)—blood flow through capillary, being
branched off from said arteriole.

[0099] f,,—heart rate,

[0100] where C and R are parameters, strongly depended
on diameter of arteriole.

[0101] In modern art there are several ways to estimate
viscous resistance R of arteriole to blood flow, for example,
by [7] or [8]. In same manner and from similar to [7] or [8]
sources viscous resistance r to blood flow in branched capil-
lary and capability parameter C of arteriole may be estimated.
[0102] Solving arteriole’s impedance relatively to Q, and
taking into account that time delay tends to zero at big values
of arteriole’s diameter, we may determine phase delay 6,
being produced by complex parts of said impedance. Time
delay value of arteriole’s blood flow may be represented as:

@) M

[0103] where w—radial frequency of pressure wave:
w=2nf, .
[0104] OnFIG. 11 we can see family of curves, where each

one is representing dependence of said time delay T on diam-
eter of arteriole for different values of heart rate.

[0105] On FIG. 11 it is shown that time delay increases,
when value of arteriole’s diameter have decreased. Also we
have to emphasize about very important fact that time delay
tends to increase, when heart rate gets slower, even at same
values of arteriole’s diameter.

[0106] It also describes very understandable rule of fre-
quency depended systems functioning: value of heart rate
influences significantly to blood flow impedance value and its
behavior. Unfortunately absence of this factor in method
descriptions and data processing algorithms is characteristic
for many applications in prior art, where possible ways for
measurement and/or indication of peripheral blood flow
impedance or vasoconstriction level is described.

[0107] Mentioned in FIG. 10C model has predefined
assumptions and some of them may be changed by involving
additional facts about physiology of arterioles and capillary,
branched off from them, into the model.

[0108] As it is possible to see from FIG. 12, at the point
where each true capillary 1204 originates from a metarteriole
like 1202, a smooth muscle fiber 1203 usually encircles the
capillary. This is called the precapillary sphincter. This
sphincter can open and close the entrance to the capillary. A
precapillary sphincter encircles each capillary branch at the
point where it branches from the arteriole. Contraction of the
precapillary sphincter can close the arteriole like 1202 off to
blood flow. One of functions of precapillary sphincter is by
changes of its muscle tone to smooth oscillations of blood
pressure at the entrance of branched capillary from small
artery 1201 through aerterioles like 1202, when blood flow
passes from arteriole to said capillary, by equivalent rC-cuir-
cuit, including capacitance of precapillary sphincter and vis-
cous resistance of branched capillary.

[0109] Thus one of possible model interpretations for func-
tion of precapillary sphincter, proposed as a final compart-
ment of complex arteriole structure, may be interpreted as
capacitive impedance, coupled in parallel to second part of
arteriole resistance—before capillary resistance (FIG. 10D).
[0110] Impedanceofarteriole, describing by model, shown
at FIG. 10D, may be written as following:
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R R ®
Zon =5+ [C(Cull ) +7])
[0111] Where C, (1160)—equivalent fluid capacitance of

arterioleand C,,, (1180)—equivalent fluid capacitance of pre-
capillary sphincter.

[0112] Sign || means parallel connection of equivalent sys-
tem components in analyzed model. After transformation of
the impedance (5) to its complex form and its evaluation in
same manner like in previous model, any skilled in the art
may get phase shift and time delay dependence on different
values of arteriole’s diameter for different rates of heart beats.
[0113] Parameters, adapted to averaged physiological
parameters of analyzed physiological components of
described model, bring same manner of time or phase delay
dependence from diameter of arteriole, but here it is realized
through hyperbolic-like form of curves.

[0114] An example of calculated results is shown at FIG.
13.
[0115] At said figure, like at FIG. 11, specifically time

delay was selected to demonstrate abilities of the model,
because our working prototype estimates equivalent inner
diameter of arterioles by calculation of time delay between
signals from arterioles and larger arteries.

[0116] Ability to estimate equivalent inner diameter of arte-
rioles enables to determine Systemic Vascular Resistance of
measured subject.

[0117] Systemic vascular resistance (SVR) refers to the
resistance to blood flow offered by all of the systemic vascu-
lature, excluding the pulmonary vasculature. This is some-
times referred as total peripheral resistance (TPR). SVR is
therefore determined by factors that influence vascular resis-
tance in individual vascular beds. Mechanisms that cause
vasoconstriction increase SVR, and those mechanisms that
cause vasodilation decrease SVR. Although SVR is primarily
determined by changes in blood vessel diameters, changes in
blood viscosity also affect SVR. [13]

[0118] According to explained here before we may con-
clude, that SVR may be mainly defined and/or monitored by
monitoring changes of diameter in blood vessels, which
diameter is able to sufficient changes.

[0119] There are mostly arterioles and some other types of
small arteries.
[0120] So, being able to monitor diameter changes of arte-

riole-like blood vessels, we enable also to estimate and moni-
tor SVR.

[0121] Said US2010/0331708 describes methods involve
measuring a central signal proportional to or a function of the
subject’s heart activity and a peripheral signal proportional to
or a function of a signal related to central signal. Then calcu-
lating a time difference between features in the central and
peripheral signals representing the same heart event.

[0122] Our method differs from invented in said patent by
excluding large blood vessels that belong to central part of
systemic circulation from measurement process of time dif-
ference.

[0123] Said large blood vessels with their relatively much
lower flow resistance and relatively insufficient ability to
change their diameter (i.e. to change their resistance to blood
flow), influent SVR much less, than common plurality of said
smaller blood vessels in peripheral parts of systemic circula-
tion, thus in some cases may be excluded from SVR measure-
ments.
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[0124] Without ability to monitor changes in blood vessel
diameters SVR may not be tracked directly, but can be cal-
culated if cardiac output (CO), mean arterial pressure (MAP),
and central venous pressure (CVP) are known.

SVR=(MAP-CVP)=CO ©)

[0125] Because CVP is normally near 0 mmHg, the calcu-
lation is sometimes simplified to:

SVR=MAP:CO 10)

[0126] Itis very important to note that SVR can be calcu-
lated from MAP and CO, but it is not determined byeither of
these variables. A more accurate way to view this relationship
is that at a given CO, if the MAP is very high, it is because
SVR is high. Mathematically, SVR here is the dependent
variable in the above equations; however, physiologically,
SVR and CO are normally the independent variables and
MARP is the dependent variable.

[0127] From other side, the systemic vascular resistance is
the resistance to blood flow throughout the circulatory system
of the body.

[0128] It is controlled by three different factors: length of
the blood vessel (1), radius of the blood vessel (r), and the
viscosity of the blood (1). The equation that relates these
three factors to resistance is known as Poiseuilles” equation:

Re(mxl)/#*

[0129] In the past and till today this formula was not in
practical use for SVR definition because direct monitoring of
equivalent inner diameter of small blood vessels, like arteri-
oles, was impossible.

[0130] Really, for nearly same blood viscosity conditions
and same common length of blood vessels in subject’s body
systemic vascular resistance is defined by equivalent inner
diameters of small blood vessels and changes of SVR are
directly depended on changes of said diameters, discussed in
current invention,

[0131] Thus we may conclude that measuring of SVR and
its changes is now possible through estimation of equivalent
inner diameter of arterioles, and, by coupling it with measure-
ments of Mean Arterial Pressure (MAP) enable to define
cardiac output of measured subject.

[0132] From (10):
CO=MAP+SVR (12)
[0133] Insame manner it is easy to show, that, by coupling

independent measurements of SVR from (9) or (10) and
equivalent inner diameter of arterioles, it is possible to moni-
tor changes of blood viscosity. From (11):

N=SVRx#*, (13)

[0134] where 1 (common length of the blood vessels) is a
constant and 2xr—equivalent inner diameter of arterioles. Or,
alternatively from (10) and (13):

N=MAPx/*/(COx1) (14)

[0135] An estimation of 1 according to (13) or (14) may be
done by use of technology, estimating equivalent inner diam-
eter of arterioles, coupled with any other measuring system,
estimating SVR or MAP and CO independently.

[0136] Due to unitary nature of human physiology, charac-
teristic diameter of healthy arterioles, their stiffness, width of
walls and other mechanical parameters in any predefined
region of each healthy humane with normal cardiovascular
conditions belongs to limited range of characteristic values
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(for example, value of characteristic diameter of arterioles
may be about 35 microns in some peripheral body regions), so
estimations here above are reasonable for each healthy
human. Changes in some physiological conditions of mea-
sured subject, like heart rate, have been taken into account
also, when such estimation is done, as was explained there-
before. Summarizing anissue of arterioles diameter measure-
ment, we have to emphasize, that invented here systems,
methods and devices, indirectly measuring changes in char-
acteristic diameter of arterioles or value of said diameter, may
be proved and/or calibrated by use any of existing absolute
methods of measurements, like in [11].

[0137] It may be done, for example, by same way, like in
pulse-oximetry, where computed from measured signals val-
ues of oxygen saturation are corrected to more exact values by
means of initially prepared “Correction Table”. Such a “Cor-
rection Table” may be achieved, for example, by comparison
of calculated equivalent inner diameter values of arterioles for
preselected measurement conditions, like heart rate, to actu-
ally measured by one of direct measurement methods, like in
[11].

[0138] The measurements of the pressure wave may be, for
example, measurements of blood volume in tissue, for
example optical measurements, ultrasound measurements, or
electrical impedance measurements. The measurements may
also be, for example, measurements of blood flow rate, for
example laser Doppler measurements. The measurements
may be measurements of oxygen or carbon dioxide levels in
blood or tissue, for example optical measurements. The two
sets of measurements may distinguish larger blood vessels
from the smaller blood vessels that branch off them, by pen-
etrating to different characteristic distances beneath the sur-
face of the body. Smaller blood vessels that branch off from
larger blood vessels typically extend closer to the surface than
the larger blood vessels they branch off from. For example, if
optical measurements are used, then larger blood vessels can
be measured using a wavelength of light that penetrates fur-
ther into the tissue, such as near infrared, while smaller blood
vessels can be measured using a wavelength of light that does
not penetrate as far, for example green light. Both near infra-
red light, and green light, are suitable for measuring blood
volume, because they are both preferentially absorbed by
blood over other tissue, and other wavelengths can also be
used for this reason. Wavelengths can also be used even if they
are not preferentially absorbed by blood, if they provide an
estimation of the pressure wave in a different way, for
example by providing a measure of blood oxygen level or
carbon dioxide level. Similarly, if ultrasound measurements
are used to measure blood volume, then lower frequencies,
which penetrate further into tissue, may be used to measure
the larger blood vessels, while higher frequencies are used to
measure the smaller blood vessels. In addition, for either
optical or ultrasound measurements, the large blood vessels
can be measured using a source (light source or ultrasound
transducer) that is further away, on the surface of the body,
from the detector, while the smaller blood vessels, closer to
the surface of the body, can be measured using a source that is
closer, along the surface of the body, to the detector, so that the
signal is dominated by light or ultrasound that has not pen-
etrated very far beneath the surface. Similarly, for electrical
impedance measurements, electrodes can be placed further
from each other on the surface of the body, to measure larger
blood vessels, which are deeper in the body, and closer to each
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on the surface of the body, to measure smaller blood vessels,
which are closer to the surface of the body.

[0139] In some embodiments of the invention, the first set
of measurements is made using a sensor placed relative to
(aimed to) blood vessels close to a surface, large enough to be
visible to the naked eye, or through an endoscope, and the
second set of measurements is made using a sensor placed in
a nearby area of the surface where there is no large blood
vessel, visible to the naked eye or through an endoscope, near
the surface, so the measurements will be dominated by
smaller blood vessels that branch off the larger blood vessel.
This method may be particularly useful for measurements
made of the surfaces of internal organs, external parts of eye
and so on, for example by endoscope or during surgery, for
which relatively large blood vessels are likely to be visible on
the surface, for diagnostics of eye sclera or blood vessels
related investigations in small animals.

[0140] It is reasonable to use CCD-like sensors in such a
cases.
[0141] Again, the measurements can comprise using opti-

cal, ultrasound or electrical impedance measurements to
measure blood volume, or laser Doppler measurements to
measure blood flow rate. Optionally, the measurements are
also made on larger blood vessels, to provide a reference case,
where the viscous drag is relatively small, for comparison.
[0142] Either of these methods can be used to assess vari-
ous medical conditions. Vasoconstriction, which is a revers-
ible decrease in blood vessel diameter, specifically for arte-
rioles, can be an indication of shock, or dehydration.
Pathological conditions such as diabetes, or atherosclerosis,
can cause long term irreversible narrowing of small blood
vessels, or changing of equivalent inner diameter value, and
can be diagnosed or monitored using these methods. For these
pathological conditions, narrowing of the blood vessels may
be associated with a change in time delay between larger and
smaller blood vessels, or a change in phase delay between
larger and smaller blood vessels, if the blood vessel walls also
become stiffer due to the pathological condition, but measur-
ing these quantities can still be used to distinguish damaged
small blood vessels, from healthy ones.

[0143] Before explaining at least one embodiment of the
invention in detail, it is to be understood that the invention is
not necessarily limited in its application to the details set forth
in the following description or exemplified by the Examples.
The invention is capable of other embodiments or of being
practiced or carried out in various ways.

[0144] Referring now to the drawings, FIG. 1 illustrates an
optical sensor system 100, for example a photoplethysmog-
raphy (PPG) system, used to measure blood volume, or a
related parameter such as blood or tissue oxygen level or
carbon dioxide level, as a function of time in a region of a
surface 102 of a subject’s body, according to an exemplary
embodiment of the invention. Optionally, surface 102 is the
subject’s skin, and sensor system 100 is non-invasive. Alter-
natively, system 100 can be used on an internal surface of the
subject’s body, for example on a surface of an internal organ
during surgery, in an endoscopic procedure or during long
term internal monitoring or monitoring of internal organ, for
example in the nasal passage, in the gastrointestinal tract, in
the ear, or in the urethra. Blood vessels like 104, at some
distance beneath surface 102, has smaller blood vessels 106
branching off it. When blood vessels have smaller blood
vessels branching off it, the smaller blood vessels often come
closer to the surface than the larger blood vessels, especially
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when the surface is the skin. For example, blood vessels like
104 are a relatively small artery, about 7 mm beneath the
surface, and vessels 106 are arterioles, which come closer to
the surface than vessels like 104, for example within 2 mm, 3
mm or 4 mm of the surface.

[0145] Light sources 108 and 110, being placed relatively
to measured tissue region, aimed into surface 102 and option-
ally in contact with surface 102, illuminate the blood vessels,
and light scattered from the blood vessels is detected by
detector 112. Light source 108 produces light of a relatively
long wavelength, for example near infrared light, that can
penetrate deeply enough into body tissue to reach the depth of
blood vessels like 104, while light source 110 produces light
of a shorter wavelength, for example green light, which
largely does not penetrate the tissue as far as blood vessels
like 104, but mainly illuminates smaller blood vessels 106,
that are closer to the surface. In this way, detector 112 can
generate a first signal to which blood vessels like 104 make a
substantial contribution, and a second signal to which blood
vessels like 104 make a smaller contribution, if any, and
smaller blood vessels 106 make a relatively larger contribu-
tion.

[0146] For example, the light from light source 108 pen-
etrates to a characteristic fall-off distance of 3 mm, or 5 mm,
or 10 mm, or more than 10 mm, or less than 3 mm, or an
intermediate distance. A characteristic fall-off distance in
tissue for light from light source 110 is smaller than the
characteristic fall-off distance for light from light source 108,
for example by a factor of atleast 1.3, or at least 1.5, or at least
2, or at least 3, or at least 5. For example, the light from light
source 110 penetrates to a characteristic fall-off distance of 1
mm, or 2 mm, or 3 mm, or 5 mm into the tissue, or a greater,
smaller, or intermediate distance. Optionally, one or both of
light sources 108 and 110 is an LED, or a laser diode. In some
embodiments of the invention, light sources 108 and 110
comprise a single light source, which produces two different
wavelength bands of light, a longer wavelength band of light
which penetrates more deeply into the tissue, and a shorter
wavelength band of light which penetrates less deeply. In
some embodiments of the invention, the light source or sepa-
rate light sources produce three or more wavelength bands of
light, which penetrate into the tissue respectively a shorter
distance, one or more different intermediate distances, and a
longer distance. Using three or more wavelength bands may
provide more accurate results for time delay as a function of
penetration distance, because there is some redundancy.
Additional wavelength bands may also be used to measure
different parameters, for example both blood volume, and
blood oxygenation level, which may provide more accurate
results.

[0147] In addition to, or instead of, using a wavelength
range for light source 108 that penetrates tissue more deeply
than a wavelength range used for light source 110, the light
detected from light source 108 will come from a deeper layer
of tissue than the light detected from light source 110, if light
source 108 is located further away from its detector than light
source 110 is. Light detector 112 is optionally positioned
relatively to measured region of tissue on surface 102, close
enough to light source 108 that it can detect a substantial
amount of light from light source 108 that scatters from tissue
at the depth of blood vessels like 104, but not so close to light
source 108 that light from light source 108 scattering from a
shallower depth in the tissue, for example at the depth of
blood vessels 106, overwhelms the light scattered from tissue

Aug. 6, 2015

at the depth of blood vessels like 104. For example, light
detector 112 is located at a distance from light source 108
equal to 0.5 times a characteristic fall-off distance in tissue of
the light from light source 108, or equal to the characteristic
fall-off distance, or equal to 2 times the characteristic fall off
distance, or 3 times the characteristic fall off distance, or
equal to 3 mm, or 5 mm, or 10 mm, or 20 mm, or 30 mm, or
equal to a smaller, greater, or immediate distance. Optionally,
light detector 112 1s also used to detect light from light source
110 that scatters from tissue at a shallower depth, or a separate
light detector is used for that purpose. Light detector 112, or
aseparate light detector if one is used, is located close enough
to light source 110 so that it detects a substantial amount of
light from light source 110 that scatters from tissue at the
depth ofblood vessels 106, but not so close that light scattered
from a shallower depths overwhelms the light scattered from
tissue at the depth of blood vessels 106. For example, light
detector 112, or a separate light detector used for light source
110, is located relatively to light source 110 at distance equal
to 0.5 times a characteristic fall-off distance in tissue of the
light from light source 110, or equal to the characteristic
fall-off distance, or equal to 2 times the characteristic fall off
distance, or 3 times the characteristic fall off distance, or
equal to 0.5 mm, or 1 mm, or 2 mm, or 5 mm, or 10 mm, or
equal to 1 times, 1.5 times, 2 times, 3 times, 5 times or 10
times the distance between light source 108 and light detector
112, or equal to a smaller, greater, or immediate distance. If
there are three or more light sources producing light of dif-
ferent wavelengths which penetrate to other distances into the
tissue, then the light sources producing the more deeply pen-
etrating light are optionally located further from the detector,
or their individual detector, than the light sources producing
the less deeply penetrating light.

[0148] When system 100 operates, light source 108 pro-
duces light 114, directed into the tissue beneath surface 102,
which scatters relatively more from blood vessels like 104,
and relatively less from smaller blood vessels 106, and is
detected by detector 112, while light source 110 produces
light 116, directed into the tissue beneath surface 102, which
scatters relatively more from smaller blood vessels 106, and
relatively less from blood vessels like 104, and is detected by
light detector 112, or by a different light detector as noted
above. It should be understood that “relatively more” and
“relatively less,” mean that the ratio of light scattered from
blood vessels like 104 to light scattered from blood vessels
106 is greater for light produced by light source 108 and
detected by light detector 112, than it is for light produced by
light source 110 and detected by light detector 112. Option-
ally, the ratio is 1.2 times as great, or 1.5 times as great, or 2
times as great, or 5 times and great, or 10 times as great, or a
smaller, greater, or intermediate number of times as great.
Optionally, more of the light produced by light source 108
and detected by light detector 112 is scattered by blood ves-
sels like 104 than by blood vessels 106, for example 1.2 times
as much, or 1.5 times as much, or 2 times as much, or 5 times
as much, or 10 times as much, or a smaller, greater, or inter-
mediate number of times as much. Optionally, more of the
light produced by light source 110 and detected by light
detector 112 is scattered by blood vessels 106 than by blood
vessels like 104, for example 1.2 times as much, or 1.5 times
as much, or 2 times as much, or 5 times as much, or 10 times
as much, or a smaller, greater, or intermediate number of
times as much.
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[0149] Optionally, light sources 108 and 110 placed rela-
tively to measured tissue region such way, that illuminate the
tissue beneath surface 102 simultaneously, and light detector
112 distinguishes between light from light source 108 and
light from light source 110 by using filters, or using two
detectors that are each sensitive to wavelengths from a differ-
ent one of the light sources. Alternatively, light coming from
light source 108 is distinguished from light coming from light
source 110 by multiplexing, i.e. the light sources are alter-
nately turned on and off, with only one of the light sources on
at a given time. However, if such multiplexing is used, it may
be advantageous to do it rapidly enough, for example with on
and off times of several milliseconds or less, so that a time
delay between signals from the two light sources, that is only
a few tens of milliseconds, can be accurately measured, as
will be explained below.

[0150] The light from light source 108 detected by light
detector 112, scattered relatively more from blood vessels
like 104 and less from smaller blood vessels 106 than the light
from light source 110 is, provides a measure of the volume of
blood or a related parameter in blood vessels like 104, in the
vicinity of the light sources and detector, as a function of time.
The light from light source 110 detected by light source 112,
scattered relatively more from blood vessels 106, and less
from blood vessel 104, provides a measure of the volume of
blood or a related parameter in blood vessels 106, in the
vicinity of the light sources and detector, as a function of time.
Two signals produced by detector 112, one of light produced
by light source 108 and one of light produced by light source
110, are sent to a controller 118, for example a computer or
dedicated circuitry. Controller 118 compares the two signals,
and, as will be described below in the description of FIG. 5,
uses the signals to obtain information about the equivalent
inner diameter of blood vessels 106, or about a change in the
equivalent inner diameter of blood vessels 106, or a differ-
ence in the equivalent inner diameter in different parts of the
body. As it was shown in theoretical part of this description,
proper estimation of equivalent inner diameter needs of heart
rate value taken into account. Said heart rate value has to be
obtained at same time, when detector 112 produces said sig-
nals. In current embodiment the heart rate value may be
calculated from at least one of measured said signals, or,
alternatively, may be obtained from any other sensor or any
other device.

[0151] Alternatively or additionally, other parameters of
the blood vessels may be found, for example the mean arterial
pressure may be found if there is other information about
heart stroke parameter.

[0152] Even if the signals from light produced by light
source 108 and light produced by light source 110 are not
dominated respectively by scattering from blood vessels like
104 and scattering from blood vessels 106, in some embodi-
ments of the invention due to different relative contributions
to the signals from scattering from blood vessels like 104 and
scattering from blood vessels 106, controller 118 is able to
separate the contribution from blood vessels like 104 from the
contribution from blood vessels 106, and to create two output
signals that, subject to noise and other limitations of the data,
represent only or primarily scattering from blood vessels like
104 and blood vessels 106 respectively. Optionally, controller
118 uses those two output signals, instead of or in addition to
the two signals of light produced by light source 108 and light
produced by light source 110, to find the information about
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the equivalent inner diameter or change or difference in
equivalent inner diameter of blood vessels 106.

[0153] Optionally, controller 118 is connected to an 1/O
device 120, such as a display screen, a printer, touch screen, a
keyboard, and/or a mouse, that allows users to see the results
of calculations done [text missing or illegible when
filed] controller 118. Optionally, controller 118 also controls
and/or detects when light sources 108 and 110 a turned on.
Optionally, a user can use the input features of I/O device 120
to turn system 100 on, and/or control parameters used by
controller 118 in analyzing the signals from light detector
112, optionally using graphic user interface. Controller 118,
1/O device 120, and the light sources and detector need not
[text missing or illegible when filed] physically located
in the same room, but may be remote from each other, con-
nected by communications link For example, /O device may
be a cell phone or a Bluetooth device, used to monitor a
patient remotely. [text missing or illegible when filed]
device 120 may also be located next to the patient, or even on
a device worn by the patient, such as bracelet with a display
screen, so medical personnel can easily read off data from it
when examining the patient.

[0154] It should be understood that elements with a func-
tion attributed to controller 118, for example A converters, or
CPUs, may also be located in detector 112, and this is true
also for the system shown in FIG. and the detectors or receiv-
ers, and controllers, in the system. Alternatively, such ele-
ments may be consider part of controller 118, even if they are
housed in a same physical unit as detector 112. In general,
controller 118, and the other controller in FIG. 4, need not be
asingle physical unit, but are optionally distributed in plural-
ity of different places or combined with different pieces of
hardware.

[0155] It should also be understood that more than one
system such as system 100, or elements of more than one such
system, may be used on a same subject. For example, differ-
ent types of sensors, such those in FIG. 1 or 4, may be used
together, with different controllers, or with a single controller
that perform the control functions for all of the sensors.
[0156] Light scattered from tissue provides a measure of
the blood volume in the scattering region, if the light is of a
wavelength or band of wavelengths that is absorbed and/or
scattered at a rate different from the rest the tissue, and this is
true of the light produced by light sources 108 and 110. For
example, the light produce by light source 110 is optionally in
an absorption band of oxyhemoglobin, if system 100 is
designed to be use for arteries, or deoxyhemoglobin if system
100 is designed to be used for veins. The light produced by
light source 108 is optionally in a wavelength range, in the
near infrared, that is absorbed by water with absorption length
on the order of 1 cm ora few cm, for example between 0.9 and
1.4 um, so would preferentially absorbed by blood, which has
a higher percentage of water than the surrounding tissue,
[text missing or illegible when filed] would not be
almost completely absorbed before it reaches blood vessels
like 104.

[0157] Insomeembodiments of the invention, light sources
108 and 110 use wavelengths that are r[text missing or
illegible when filed] preferentially absorbed by blood over
other tissue, but that are preferentially absorbed by oxyhemo-
globin oftext missing or illegible when filed] deoxy-
hemoglobin, or vice versa, or that are absorbed by carbon
dioxide, for example in the infrared at 2. um or 4.2 um. Such
wavelengths are used by optical pulse oximeters, and by
optical capnometers. In the case, the signal produced need not
be a measure of blood volume, but may be a measure of
oxygen level carbon dioxide level in the blood, and in tissue.
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Since oxygen levels and carbon dioxide levels in the blood
and intissue, may vary periodically over the cardiac cycle and
over the breathing cycle, they may be used, an alternative to
blood volume, to find a time delay between the signals, as
described in FIG. 5.

[0158] In some embodiments of the invention, there are a
plurality of different light sources 108 located at different
distances from detector 112, and/or a plurality of different
light sources 110 located at different distances from detector
112, and/or a plurality of different detectors 112 located at
different distances from light sources 108 and 110. The dis-
tance between light source 108 and detector 112, and/or the
distance between light source 110 and detector 112, can then
be optimized, by looking at the signal for each distance
between the light sources and the detector, and optionally
only using the signals that work best. Optionally, there are
also a plurality of light source and detectors pairs at the same
separation distance, but located at different places, and the
location can be optimized by looking at the signal from each
pair, and optionally only using the signal that works best.
Somelocations may work better than other locations because,
for example, the light source and detector are positioned
better with respect to blood vessels that are suitable for mea-
suring vasoconstriction, or that are suitable for detecting nar-
rowing of blood vessels due to a pathological condition, such
as diabetes, that may only affect blood vessels in some loca-
tions.

[0159] From description of the embodiment, discussed
above, we may see, that it is possible to achieve different
separation levels between measured signal from artery-like
and arteriole-like blood vessels. In theory, obtaining at least
two signals, wherein the first one includes not significantly
more from artery-like blood vessels, then the second one, we
are able to calculate the difference between them and, accord-
ing to known anatomy of measured body portion, estimate
equivalent inner diameter of arteriole-like blood vessels by
appropriate numetical correction.

[0160] But much better the situation, where said different
separation levels between measured signal from artery-like
and arteriole-like blood vessels is sufficient, thus enabling to
estimate equivalent inner diameter of arteriole-like blood ves-
sels without significant numerical corrections.

[0161] An ideal is the case, wherein we obtain at least two
signals from artery-like and arteriole-like blood vessels,
being fully or almost fully separated.

[0162] Here after an example embodiment of modified
pulse-oximeter is described and this is also to example of
almost full separation between signaling from artery-like and
arteriole-like blood vessels.

[0163] We seemuchreason also to reflect here an additional
possibility for estimation of arteriole’s equivalent inner diam-
eter, where the analyzed blood vessels are observed visually
or may be observed by different optical magnification or
optical scanning means. This possibility enables finding dif-
ferent blood flow related processes in each artery-like or
arteriole-like blood vessel by digital processing of data,
obtained from their imaging or scanning examinations, in
separate.

[0164] Calculated here time or phase differences are repre-
sented in their optimal conditions, thus performing the best
correlation to different vascular or cardiovascular conditions
in measured subject.

[0165] Traditionally there is well developed technique,
enables to image retinal blood vessels with resolution and
accuracy, good enough to quantitative analysis.
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[0166] The technique is related to fundus ophthalmoscopy
and fundus photography.

[0167] Ophthalmoscopy (also called fundoscopy) is a test
that allows to see inside the back ofthe eye (called the fundus)
and other structures using a magnifying instrument (ophthal-
moscope) and a light source. Usually it is done as part of an
eye exam and may be done as part of a routine physical exam.
The fundus contains a lining of nerve cells (the retina), which
detects images seen by the clear, outer covering of the eye
(cornea). The fundus also contains blood vessels and the optic
nerve

[0168] Compared to ophthalmoscopy, fundus photography
generally needs a considerably larger instrument, but has the
advantage of availing the image to be examined by a specialist
at another location and/or time, as well as providing photo
documentation for future reference. Modern fundus photo-
graphs generally recreate considerably larger areas of the
fundus than what can be seen at any one time with handheld
ophthalmoscopes.

[0169] Both types of these retinal monitoring techniques
enable to observe different sizes of retinal vessels, being
recognized there separately one from another. Thus here we
may speak about comparison of two separate arterial vessels
of different sizes.

[0170] Asitwas described for previous embodiment, in this
invention we find from measured blood vessels proportion or
correlation blood flow related process, changing over time. It
means that instead of one image of retinal blood vessels we
have to collect a number of different images in any of data
formats (image data)—in order to be able to calculate some
parameters, said about changes in measured blood vessels
due to blood flow propagation over time.

[0171] During its collection or after being collected, said
image data has to be transferred to processor unit for further
analysis.

[0172] FIG. 2 illustrates a system of said ocular fundus
imager, which may be used for estimating of equivalent inner
diameter of retinal arterioles.

[0173] The system includes ophthalmoscopic device 202,
irradiating light 208 to retinal surface 206 of eye 204. The
portion of light 210 comes back to ophthalmoscopic device
and, being optically prepared to focused retinal image 216, is
collected by image sensor 212, which is able to collect images
with proper rate.

[0174] Transformed from images by image sensor 212
image data in its digital form is transferred to local or remote
processor unit 214 for immediate or further analysis.

[0175] As it was done in previous embodiment, estimation
of arteriole’s equivalent inner diameter in eye’s retina is pos-
sible by at least partial separation between blood flow related
signals from larger retinal arteries and blood flow signals
from smaller retinal arteries, like arterioles.

[0176] Basic properties of focused image enable to separate
between said signals through using object analysis from said
image data.

[0177] Each branching blood vessel has its unique place in
collected image, thus enabling to analyze it separately.

[0178] Being identified by image data, said blood vessel
may be analyzed by its configuration and brightness param-
eters and their changes over time in order to estimate their
proportion or correlation to at least one of blood flow related
processes.
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[0179] FIG. 3A illustrates splitting of two smaller retinal
arteries 330 and 360 of nearly same diameter from larger
retinal artery 320.

[0180] When processor 214 performs analyzing of image
data, including, for example an image portion with illustrated
by FIG. 3 A, atleast one analysis area may be selected for each
blood vessel.

[0181] On FIG. 3A is shown analysis area 340 for branch-
ing retinal artery 320 and analysis area 360 for branched
smaller retinal artery 330.

[0182] Blood flow proportional or correlative process from
vessel-related portions of said areas may be achieved by
separate or combined analysis of their brightness and geo-
metric properties. At least some of these properties tend to
vary over time according to blood flow propagation there.
[0183] Really, physical parameters of blood flow in said
vessels, like changes of blood pressure, blood volume or
blood velocity over time, cause to blood vessel with finite
stiffness to change its diameter and, sometimes, also its geo-
metrical position in retinal space (vasomotion).

[0184] Being illuminated by external light 208, such a ves-
sel varies its reflectance properties that cause to changes in
geometric and brightness parameters of collected over time
image data.

[0185] Taking into account, that larger artery is much rigid,
than branched smaller arteries and much more rigid than its
brunched arterioles, we may conclude, that diameter changes,
caused by blood flow propagation to said artery, will be much
less, than for its branched arterioles. Said difference has also
to be taken into account for proper use of processor unit 214.
[0186] FIG. 3B illustrates splitting of retinal arteriole 380
from larger retinal artery 370, when selected area of analysis
340 for said artery and selected area of analysis 350 for said
arteriole may be analyzed by different ways.

[0187] Due to sufficient diameter of artery 370 it may be
useful to analyze, for example, changes in brightness in mar-
gins of its internal area.

[0188] For smaller arteriole 380 internal variations of
brightness may be insufficient for detailed analysis, but,
because ofits higher elasticity, changes of its diameter may be
recognized much easier that in case of larger and relatively
rigid retinal artery 370.

[0189] OnFIG. 14 a flowchart illustrates an example for an
exemplary method of estimation for equivalent inner diam-
eter of retinal arteriole, branched off from retinal artery, and
optionally monitoring changes in value of said diameter over
time, by calculating from image data at least one changing
over time parameter of blood flow relative process in said
analyzed retinal artery and arteriole according to an exem-
plary embodiment of the invention.

[0190] Here the first stage 1410 comprises obtaining of
retinal movie data from fundus imager.

[0191] Said data at the following step 1420 is being trans-
ferred to preconfigured processor for further process. Said
processor extracts blood flow proportional parameters,
changing over time, from at least one larger retinal artery
(1430) and from at least one smaller retinal artery, belongs to
same artery tree, like said larger artery (1440). It may be
arteriole, branched directly from said larger artery. Also it
may be at least one smaller artery, branched from same said
larger artery and so on.

[0192] Optionally it may be extraction of blood flow pro-
portional parameters, changing over time, from all arteries,
branching from said larger artery.
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[0193] Said processor calculates time or phase delay
between said time-dependent parameters, extracted from
larger and smaller retinal vessels (1450) in order to estimate,
coupling this data with heart rate value, obtained at the time
period of image data collection, equivalent inner diameter
value of said smaller retinal blood vessels (1460).

[0194] Heart rate value, used for estimation of equivalent
inner diameter of smaller retinal vessel, may be obtained from
analysis of same said blood flow proportional or correlative
over time parameter, extracted from said image data.

[0195] Optionally or alternatively heart rate value may be
obtained from independent measurement, performed at a
time of collecting same said image data by same ophthalmo-
logic device or by any other device, intended for this mea-
surement.

[0196] Following potential ability of retinal image technol-
ogy also to collect retinal images at relatively high rate, we
may illustrate a way of estimation for heart beat wave propa-
gation velocity by means of analysis, described before.
[0197] OnFIG. 6 A and B two different phases of heart beat
wave propagation from branching retinal artery 620 to
smaller retinal arteriole 630 are illustrated.

[0198] OnFIG. 6A the frontal part 660 of current heart beat
wave widens initially small diameter of said arteriole 630 and
this widening may be analyzed in selected area of analysis
650.

[0199] On FIG. 6B, by using appropriate rate of image
collecting after some time we may recognize similar widen-
ing 670 in other place of selected area of analysis 650, dis-
tanced from its initial place on FIG. 6A.

[0200] Said measurable distance between positions of said
frontal part 660 on FIG. GA and on FIG. 6B, in couple with
known time range between collecting their appropriate image
data, enables to calculate heart beat wave propagation veloc-
ity in said retinal arteriole.

[0201] On FIG. 15 a flowchart illustrates an example of
method for estimation of equivalent inner diameter of retinal
arteriole, branched off from retinal artery, and optionally
monitoring changes in value of said diameter over time, by
calculating from ophthalmoscopy data at least one changing
over time parameter of pulse wave propagation relative pro-
cess in said analyzed retinal artery and arteriole according to
an exemplary embodiment of the invention.

[0202] Here the first stage 1510 comprises obtaining of
retinal movie data from fundus imager.

[0203] Said data at the following step 1520 is being trans-
ferred to preconfigured processor for further process. Said
processor extracts time of pulse wave propagation trough said
larger (1530) and smaller (1540) retinal arteries. It may be
arteriole, branched directly from said larger artery. Also it
may be at least one smaller artery, branched from same said
larger artery or any other possible branch.

[0204] Optionally this extraction may be performed by
analysis of geometrical changes in blood vessel configura-
tions of collected image data or in changes of their brightness.
[0205] Said processor estimates equivalent inner diameter
value by use of said extracts time of pulse wave propagation
trough said larger (1530) and smaller (1540) retinal arteries,
in coupling this data with heart rate value, obtained at the time
period of image data collection, equivalent inner diameter
value of said smaller retinal blood vessels (1560).

[0206] Heart rate value, used for estimation of equivalent
inner diameter of smaller retinal vessel, may be obtained from
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analysis of same said blood flow proportional or correlative
over time parameter, extracted from said image data.

[0207]  Also here optionally or alternatively heart rate value
may be obtained from independent measurement, performed
at a time of collecting same said image data by same ophthal-
mologic device or by any other device, intended for this
measurement.

[0208] Ophthalmologic fundus imaging is also based on
Doppler-based optical scanning (See [13,14] and more).
[0209] Doppler fundus imaging in its various implementa-
tions enables to reach parameter, proportional to or correla-
tive to velocity of blood in measured arteries and arterioles of
retina.

[0210] Italso may be a parameter for estimation of equiva-
lent inner diameter of retinal arterioles by use of its time or
phase differences in scanned retinal arteries and arterioles
over time.

[0211] TItisnecessary to remind regarding two widespread
diagnostic methods in fundus ophthalmology, where an
option for direct measurement of blood velocity is possible
without use of Doppler Effect.

[0212] In Fluorescentic Fundus Ophthalmology a mixture
with fluorescent dye is injected into circulation and enables to
observe it flow in retinal imaging without application of exter-
nal illumination.

[0213] By imaging of fluorescent dye components moving
in retinal blood vessel tree it is also possible to estimate
characteristic velocity of blood in each of imaged blood ves-
sels over time.

[0214] Same principle of blood velocity estimation may be
applied in case of autofluorescense retinal imaging, where for
example, illuminated by specific wavelengths red blood cells
(RBC) of blood in retinal blood vessels irradiate their own
fluorescent light, which is imaged by ophthalmologic device.
[0215] Generally, estimated by methods, illustrated in
FIGS. 14 and 15, results may be represented at different
numerical and graphical forms, including also retinal map-
ping in case of said image data processing, applied to one or
several sectors of retinal image.

[0216] FIG. 4 shows a system 400 that uses laser Doppler
measurements to measure a blood flow rate in blood vessels
like 104, and in one or more of blood vessels 106. A laser
Doppler system 408 scatters one or more laser beams from
moving erythrocytes in blood vessels like 104, which are
received by a detector 412. A laser Doppler system 410 scat-
ters one or more laser beams from moving erythrocytes in one
or more of blood vessels 106, which are received by detector
412, or by a separate detector. Optionally, laser Doppler sys-
tem 408 uses a wavelength of light that penetrates further into
the tissue beneath surface 102, so it can reach blood vessels
like 104 while remaining coherent, than the light of laser
Doppler system 410, which only has to penetrate as far as
blood vessels 106. Alternatively, they use the same wave-
length. Detector 412 optionally uses the different wave-
lengths to distinguish the signals from the two laser Doppler
systems. Alternatively, detector 412 uses multiplexing to dis-
tinguish the signals.

[0217] Detector 412 sends signals from the two laser Dop-
pler systems to a controller 418, which uses the signals to
calculate a flow rate of blood in blood vessels like 104, and a
flow rate of blood in one or more of blood vessels 106, as a
function of time. Optionally, because there may be many
blood vessels 106 oriented in many different directions, and it
may be difficult to determine the direction of orientation of a
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particular blood vessels 106 that is being measured, laser
Doppler system 410 makes a 2D or 3D measurement of blood
vessels 106, so that the flow rate can be found as a function of
time, by controller 418, even if the orientation of the vessel is
not known. Optionally this is also done by laser Doppler
system 408 for blood vessels like 104.

[0218] Because blood flow rate, like blood volume, varies
in blood vessels like 104 and 106 over time, depending on the
pressure, the signals of blood flow rate, like the signals of
blood volume, can be used to measure the pressure wave in
blood vessels like 104 and 106, and hence can be used by
controller 418 to find information about the equivalent inner
diameter, change in equivalent inner diameter or difference in
equivalent inner diameter of blood vessels 106, in coupling
with obtained at the same time value of heart rate, as will be
described below in the description of FIG. 5. In some embodi-
ments of the invention, as noted above, only the signal from
blood vessels 106 is needed, and for those embodiments, the
flow speed or velocity in blood vessels like 104 need not be
measured.

[0219] FIG. 5 shows a flowchart 500, for a method of using
measurements for one or more larger blood vessels and for
smaller blood vessels that branch off the larger vessels, to find
information about the equivalent inner diameter of the
smaller vessels, and/or about changes in the equivalent inner
diameter over time, and/or about differences in the equivalent
inner diameter between different parts of the body. The mea-
surements can be any measurement in the larger and smaller
blood vessels, as a function of time, that depends on the
pressure, and provides an indication of a pressure wave in
those blood vessels, for example blood volume, flow rate, or
oxygen level or carbon dioxide level in blood or tissue. The
term “pressure wave” as used herein includes the variation in
blood pressure in arteries due to the cardiac cycle, as well as
a variation in blood pressure in veins due to motion of the
subject’s body, or any other cause of short-term temporal
variation of pressure in blood vessels.

[0220] At 502, a measurement is made of blood volume or
blood flow as a function of time in the smaller blood vessels,
and at 504, simultaneously with 502, or with a known delay,
ameasurement is made of blood volume or blood flow rate as
a function of time in the larger blood vessels, using any of the
methods described in FIGS. 1 and 4, for example. At506, the
signal from the smaller vessels is optionally filtered to remove
noise, optionally by low-pass filtering, and at 508 the signal
from the larger blood vessels is optionally filtered to remove
noise, optionally by low-pass filtering. The low-pass filtering
removes high frequency noise from the signals, but optionally
the filtering is not so strong that the overall shape of the signal
on the time scale of the pressure wave is greatly distorted. In
particular, the filtering is not so strong as to introduce sub-
stantial errors in a time or phase delay between the two
signals. For example, frequencies up to 5 times the heart beat
frequency, orup to 10 times the heart beat frequencies, are not
filtered very much, but higher frequencies are. Optionally,
very low frequency components. for example at frequencies
below the frequency of the heart beat, are also filtered out, to
detrend the data, or the data is detrended in another way. At
510, the two signals are compared, and time or phase delay is
found between them, for example by finding a delay time that
maximizes their equivalent inner diameter value. The time
delay, coupling with heart rate value at the time of measure-
ment, provides information about the diameter of the smaller
vessels.
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[0221] At 512, the equivalent inner diameter valuels
optionally compared to an equivalent inner diameter value
found at other times or in other parts of the body, optionally in
the same way as this time delay. At 514, conclusions are
drawn about the equivalent inner diameter of the small blood
vessels. These conclusions need not involve absolute mea-
sures of the equivalent inner diameter value, but could involve
only changes in the equivalent inner diameter over time,
possibly only about the direction of change. Additionally or
alternatively, the conclusions could involve differences in the
equivalent inner diameter, possibly only the sign of the dif-
ference, between this part of the body and other parts of the
body.

[0222] Insomeembodiments of the invention, conclusions
are drawn about the equivalent inner diameter of small blood
vessels, based on whether or not the equivalent inner diameter
is smaller than a threshold value. For example, the threshold
value is between 20 and 50 micrometer and if the equivalent
inner diameter exceeds the threshold value, then conclusions
are drawn that small blood vessels being measured exhibit
vasoconstriction or vasodilation. Optionally, the threshold is
specific for a patient, and/or for a particular method of mea-
surement. Optionally, the threshold is determined by earlier
testing of that patient, and is stored in a controller, such as
controllers 118, or 418 of FIGS. 1 and 4 respectively, that
performs the step of drawing conclusions about the equiva-
lent inner diameter of the small blood vessels at 514.

[0223] In general, a larger time or phase delay means
smaller equivalent inner diameter of the smaller blood ves-
sels, at least if the smaller blood vessel walls are not also
becoming more rigid when the diameter gets smaller. That
seems to be the case with normal, reversible vasoconstriction
in healthy subjects, as indicated by the observations described
below under “Examples.” That data was obtained by inducing
vasoconstriction by cooling part of the body. But vasocon-
striction can also be sign of such dangerous medical condi-
tions as shock and dehydration, and the method of flowchart
500 can be used to help diagnose such conditions, as will be
described in more detail in the description of FIG. 9. In those
cases, vasoconstriction occurs first in peripheral parts of the
body, and can work its way closer to the central parts of the
body, i.e. closer to the trunk, as the condition gets more
severe. Monitoring vasoconstriction in such circumstances
can be clinically useful, and it is not necessary to be able to
calibrate the equivalent inner diameter to the exact diameter
of the smaller blood vessels. it may be enough to observe
qualitatively that the small blood vessel equivalent inner
diameter is decreasing in time, more severely in peripheral
parts of the body.

[0224] The method of flowchart 500 can also be used to
measure changes in the equivalent inner diameter s of small
blood vessels due to causes other than vasoconstriction. For
example, pathologies such as diabetes, and atherosclerosis,
may cause a narrowing of smaller arteries, and it can be
clinically useful to monitor such changes over time, for
example over months or years. In general, it may not be
known, from first principles, whether progression of diabetes
or atherosclerosis would be expected to Iead to an increase or
decrease in equivalent inner diameter value in smaller arter-
ies, and it may not even be the same for all patients. Even in
these circumstances, measuring equivalent inner diameter
value repeatedly at different times can be useful, just by
showing a change in equivalent inner diameter value, in either
direction. Also, particularly in the case of diabetic patients,
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there may be parts of the body where it is clear, from clinical
indications, that small arteries have not yet been affect
adversely by the disease, and these parts of the body may
provide a reference for comparison, that can be used to evalu-
ate the direction of change in equivalent inner diameter value
in smaller arteries in areas that are affected. Further details on
using this method to evaluate patients with pathologies such
as diabetes, are provided in the description of FIG. 8, below.

[0225] FIG. 7 shows a plot 700 of photoplethysmographic
(PPG) signals for green and near infrared light, for the same
locationon the body of a test subject, to illustrate how the time
delay may be found from the signals. The signals were
obtained with a PPG system similar to system 100 shown in
FIG. 1. The amplitude of the signal is plotted on a vertical axis
702, in arbitrary units, and the time is shown on a horizontal
axis 704, also in arbitrary units. Curve 706 is the PPG signal
using green light, which is sensitive primarily to the blood
volume in the arterioles, while curve 708 is the PPG signal
using near infrared light, which is sensitive primarily to the
blood volume in the artery or arteries that the arterioles are
branching off from. The signals have been low-pass filtered to
remove noise, but still show the general shape of pressure
waves in the artery and the arterioles. The signals have been
inverted so that a more positive value of the signal indicates a
greater volume of blood. even though a greater volume of
blood results in a lower intensity of light scattered from the
tissue, since the green light used for signal 706 and the near
infrared light used for signal 708 are both absorbed more by
blood than the surrounding tissue. Optionally, signals 706 and
708 are de-trended before finding the time delay, to remove
drift in the signal from one cardiac period to the next that can
distort the shape of the signal, although that was not done with
signals 706 and 708 shown in F1G. 7.

[0226] To find a time delay between signal 706 and signal
708, a time difference is found for corresponding points on
curve 706 and curve 708. For example, minima of the two
signals, for the same cardiac cycle, may be used to find the
time delay. Time 7101s a minimum of curve 708, and time 712
is the minimum of curve 706 for the same cardiac cycle. A
difference 714 between time 712 and time 710 is optionally
used as the time delay for these two signals. Alternatively,
maxima ofthe two signals, for the same cardiac cycle, may be
used to find the time delay. Time 716 is a maximum of curve
708, and time 718 is a maximum of curve 706 for the same
cardiac cycle. A difference 720 between time 718 and time
716 is optionally used as the time delay between these two
signals. Although time delay 714 is different from time delay
720, due to the different shape of curves 706 and 708, the time
delay may be meaningfully compared at different times, and/
or at different parts of the body, if the time delay is defined
consistently. Still other procedures for measuring time delay
include looking at the time difference of an inflection point,
for example the time of greatest rate of rise, or the time of
greatest rate of fall, for the two signals, or looking at the time
difference between points that are half-way between the local
minimum and local maximum in amplitude, or in time, for the
two signals. The time delay can also be found by finding a
time delay that maximizes a cross-correlation between the
two signals. Optionally, the time delay, however it is found, is
averaged over multiple cardiac periods, for example to reduce
noise.

[0227] Optionally, before finding the time delay, the signal
is examined to make sure that it is a good signal. For example,
if the signal comes from arteries, it is examined to verify that
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its dominant component is at a reasonable cardiac frequency,
optionally between 0.5 and 3 Hz.

[0228] FIG. 8 is a flowchart for a method of assessing or
monitoring damage to small blood vessels due a pathological
condition such as diabetes, using the method of FIG. 5. At
802, a quantity that serves as an indication of a pressure wave
in blood vessels, such as blood volume or blood flow rate, is
measured in a larger branching blood vessels and in the
smaller blood vessels that belong to same peripheral part of
systemic circulation, for example using one of the systems
shown in FIGS. 1, 2 and 4, in a part of a body of a patient that
is believed to have damage from a disease, such as diabetes,
that can damage small blood vessels. Signals from these
measurements are optionally low-pass filtered, at 804, and
optionally detrended. A time or phase delay between the two
signals, for the larger and smaller blood vessels, is found at
806. At 808, measurements are made, similar to the measure-
ments made at 802, but for a part of the body where the small
blood vessels are believed to be undamaged, or less damaged,
by the pathological condition. The signals from these mea-
surements are optionally filtered at 810, and a time or phase
delay between the la[text missing or illegible when
filed] and smaller blood vessels is found at 812, and, being
coupled with obtained heart rata value related to s[text
missing or illegible when filed] measuring time, fn
equivalent inner diameter value may be estimated.

[0229] At 814, the equivalent inner diameter values from
the region believed to be damaged, and the reg[text missing
or illegible when filed] believed to be undamaged or less
damaged, are compared, and results of the comparison are
used, at 8[text missing or illegible when filed] to assess
the presence or degree of damage to small blood vessels, in
the region believed to be damaged.

[0230] Optionally, if the method is being used to monitor a
patient with diabetes, which often effects sn[text missing
or illegible when filed] blood vessels only in scattered
localized regions of tissue without affecting other regions as
much or at then an array of sets of sensors and detectors, each
set similar to those shown in FIG. 1 is used over a la[text
missing or illegible when filed] area on a general part of
the body, for example the foot, that is likely to be affected in
some locations, in or[text missing or illegible when
filed] to monitor the whole area at once.

[0231] The method of flowchart 800 may be particular
suited for assessing damage to small blood vess[text miss-
ing or illegible when filed] due to diabetes (for example,
in foot or Retina), since diabetes typically causes such dam-
age to small bk[text missing or illegible when filed]
vessels in some parts of the body and not in others, so it is
usually possible to find regions, known to relatively undam-
aged by diabetes, which can be used as a reference. The
method of flowchart 800 may less suited for assessing dam-
age to small blood vessels clue to atherosclerosis, since such
damage may more widespread throughout the body, and it
may be difficult to find undamaged areas for comparison,
b[text missing or illegible when filed] may still be
possible to use the method of flowchart 800 for assessing
damage to small blood vessels due atherosclerosis.

[0232] FIG. 9 shows a flowchart 900, for a method of
assessing shock or dehydration in a patient, from t[text
missing or illegible when filed] vasoconstrictive effect,
using the method of FIG. 5. Shock can be an indication of
hidden internal bleeding i[text missing or illegible when
filed] trauma patient, and having a way to detect it early or to
continuously monitor for it in a non-invasive w[text miss-
ing or illegible when filed] using inexpensive equipment
that could be carried in an ambulance or used routinely in an
emergency roc[text missing or illegible when filed]
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could potentially save lives. The method of flowchart 900
uses the fact that, in shock or in dehydrati[text missing or
illegible when filed] peripheral blood vessels tend to
undergo vasoconstriction first, in order to preserve the vol-
ume of blood in central region of the body, and the area of
vasoconstriction increases, towards the center of the body,
trunk, if shock or dehydration persists. Using the method of
FIG. 5 to detect a trend in vasoconstriction, in ti[text miss-
ing or illegible when filed] and in different parts of the
body, may be easier than using the method of FIG. 5 to assess
adegree vasoconstriction absolutely, at only one time and one
part of the body.

[0233] At 902, a quantity that serves as an indication of a
pressure wave in blood vessels, such as blo[text missing or
illegible when filed] volume or blood flow rate, is mea-
sured in a larger branching blood vessels and in the smaller
blood vess[text missing or illegible when filed] that
branch off from it, for example using one of the systems
shown in FIG. 1 or 4, in a central part of body of a patient.
Signals from these measurements are optionally low-pass
filtered, at 904, and option[text missing or illegible
when filed] detrended. A time delay between the two sig-
nals, for the larger and smaller blood vessels, is found at [text
missing or illegible when filed] and, being coupled with
obtained at the same time heart rate value, enables to estimate
an equivalent in diameter value of smaller blood vessels. At
908, measurements are made, similar to the measurements
maf[text missing or illegible when filed] at 902, but for
one or more peripheral parts of the body. The signals from
these measurements are option[text missing or illegible
when filed] filtered at 910, and a time delay between the
larger and smaller blood vessels is found at 912 and, be
coupled with obtained at the same time heart rate value, also
enables to estimate an equivalent inner diameter value of
smaller blood vessels from other peripheral part of body.
Optionally, similar measurements are made and an equivalent
inner diameter values are found for several different periph-
eral parts of the body that are at increasing distances from the
central part of the body, in order to determine whether vaso-
constriction increases with distance from the central part of
the body, as would be expected in a patient exhibiting shock
of dehydration. Measurements at multiple locations can also
be made to reduce error.

[0234] At 914, the equivalent inner diameter values are
compared in the central part of the body and in the one or more
peripheral parts. Optionally, an estimation is made from these
measurements at a single time as to whether the patient is
exhibiting increasing vasoconstriction going further out from
the central part of the body. At 916, the measurements are
repeated, and the equivalent inner diameter values found, at a
later time. If, at 918, it is found that the equivalent inner
diameter value is decreasing with time, indicating increased
vasoconstriction, in peripheral regions of the body more than
in the central part of the body, and especially if this trend is
strongest in the most peripheral regions, this is an indication
that the patient may be suffering from shock or dehydration,
which are diagnosed, at least tentatively, at 920. Optionally, if
the patient is being monitored for these conditions, then medi-
cal personnel are alerted at this time, for example through a
cell phone or Bluetooth device, or by sounding an alarm in a
room where the patient is located. If no such trend of increas-
ing vasoconstriction in peripheral parts of the body is found,
and if patient is judged to be out of danger at 922, then the
procedure is ended at 924. Ifthe patient is not judged to be out
of danger, then measurements continue to be made, and
equivalent inner diameter values found, at later times, at 916.
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[0235] Sometimes it may be useful or necessary to measure
changes in diameter of arterioles at same time with measure-
ment of other important physiologic parameter.

[0236] As an example, we will describe embodiment, com-
bining properties of standard pulse-oximeter with ability to
measure changes in diameter of arterioles at same measure-
ment region.

[0237] Said embodiment is based on principle of standard
transmittance pulse-oximeter (see FIG. 16).

[0238] Here optical module, including, as usual, infrared
optical transmitter 1746, red light optical transmitter 1745
and photodetector 1747 are placed at two sides of finger
before fingertip, where photodetector 1747 is placed upon
nail 1741 and two said optical transmitters are placed at an
opposite side of finger.

[0239] Digital artery 1743 does not come to same part of
finger, being branched there to small arterioles. So as digital
vein 1742 is represent before also.

[0240] Optical beams 1750 and 1749, irradiating by said
optical transmitters 1746 and 1745 consequently, are col-
lected at photodetector 1747 after direct diffusive drift
through vascular bath 44, consisting mainly of arterioles,
venules and capillary.

[0241] Waveforms of both signals, collected on photode-
tector 1747, are processed by well-known principle of “ratio
of ratios” and, after calibration by predefined numerical table,
final result of oxygen saturation is provided.

[0242] On FIG. 17 additional photodetector 1748 is placed
at same side as optical transmitters, at a distance from infrared
transmitter enough to have diffusion “canoe” arc 1751
between said photodetector 1748 and infrared optical trans-
mitter 1746, that passing inside finger tissue and reaching
digital artery 1742.

[0243] It is easy to see that waveform, collected by said
photodetector 1748, is not collected from same measurement
region, like waveforms, collected by photodetector 1747.
[0244] Here measurements of blood flow from different
types of vessels are achieved from different parts of body
organ (finger), and might be even from different fingers of
same palm, but still related to same peripheral part of blood
vessel tree (hand region here), as it was claimed in present
invention.

[0245] From FIG. 17 we may provide both blood oxygen
saturation and peripheral vasoconstriction level measuring
functions in one device. It is easy to understand that same
result may be achieved on basis of reflective pulse-oximeter,
where, for example, one only photodetector enables to collect
waveform signal from two optical transmitters, providing
oximetric measurements from same region of small arterioles
and from an additional optical transmitter, placed to distance
from said photodetector, adapted to build the “canoe” arc with
depth for measurement of artery from same blood vessel tree.
[0246] Such a configuration is illustrated by an example
device on FIG. 18, where optical signals from light sources
1803 and 1804 with wavelengths, adapted for measurements
of oxygen saturationinblood, placed at nearly same place and
same distance from light detector 1805 close to the surface of
tissue 1806 so, that their trajectory in measured tissue passes
through region, including mainly arterioles 1809, branched
off from small arteries 1810, displaced deeper, then said
arterioles.

[0247] Thus controller 1801 enables to collect biological
signals, which may be used to find oxygen saturation value in
blood of measured region.
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[0248] Additional light source 1808 is places at longer dis-
tance from light detector 1805, then said light sources 1803
and 1804. Said longer distance enables to light detector 1805
to collect optical signal from said additional light source 1808
through deeper optical arc trajectory 1811, that passes mainly
through said small arteries 1810, thus blood volume of said
small arteries prevails on blood volume of arterioles 1809,
branched off from them.

[0249] Being also collected by controller 1801 from same
light detector 1805, this additional signal may be compared
by processing unit 1802 to at least one of signals, initiated by
light sources 1803 and 1804 in order to find time delay
between them and, in coupling with obtained at the same time
heart rate value to estimate equivalent inner diameter of arte-
rioles.

[0250] Various embodiments and aspects of the present
invention as delineated hereinabove and as claimed in the
claims section below find experimental support in the follow-
ing examples.

[0251] The term “equivalent inner diameter” means for
blood vessels an equivalent diameter of inner duct of blood
vessel, where “equivalent diameter” of blood vessel means
the diameter of a circular duct or blood vessel that gives the
same pressure loss as an equivalent non-circular duct or blood
vessel.

[0252] The term “systemic circulation” means the general
circulation, carrying oxygenated blood from the left ventricle
to the body tissues, and returning venous blood to the right
atrium.

[0253] “Peripheral part of systemic circulation” means here
peripheral blood vessels and blood vessels, supplying tissues
of internal organs i.e. hand, arm, finger, foot, leg, kidney,
lever, intestine, eye, brain, lungs and so on and being
branched from same larger artery from central part of the
systemic circulation.

[0254] “Peripheral blood vessels” means those which are
not in the core of the body and not those wh[text missing or
illegible when filed] supply skeletal muscles and the most
commorn example is the blood vessels of the skin.

[0255] The term “Blood flow” means the continuous and
pulsate running of blood in the cardiovasc[text missing or
illegible when filed] system.

[0256] Theterms “branching”, “branching from”, “branch-
ing off from” mean branching off of one blood ves[text
missing or illegible when filed] directly or indirectly
from another.

[0257] Theterms “branching directly”, “branching directly
from”, “directly branching off from” mean dir[text missing
or illegible when filed] branching off of one blood vessel
from another. The term “correlative to” means “proportional
to or a funct[text missing or illegible when filed] of”.
[0258] The terms “comprises”, “comprising”, “includes”,
“including”, “having” and their conjugates mea[text miss-
ing or illegible when filed] “including but not limited to”.

[0259] Theterm “consisting of” means “including and lim-
ited to”.
[0260] As used herein, the singular form “a”, “an” and

“the” include plural references unless the conte[text miss-
ing or illegible when filed] clearly dictates otherwise. For
example, the term “a compound” or “at least one compound”
may include plurality of compounds, including mixtures
thereof.

[0261] Throughout this application, various embodiments
of this invention may be presented in a rang[text missing or
illegible when filed] format. It should be understood that
the description in range format is merely for convenience and



US 2015/0216425 Al

brevity ar[text missing or illegible when filed] should
notbe construed as an inflexible limitation on the scope of the
invention. Accordingly, the descriptio[text missing or
illegible when filed] of a range should be considered to
have specifically disclosed all the possible subranges as well
aftext missing or illegible when filed] individual
numerical values within that range. For example, description
of a range such as from 1 to 6 shou[text missing or illeg-
ible when filed] be considered to have specifically dis-
closed subranges such as from 1 to 3, from 1 to 4, from 1 to 5,
from 2 4, from 2 to 6, from 3 to 6 etc., as well as individual
numbers within that range, for example, 1, 2. 3, 4, 5, ar[text
missing or illegible when filed] 6. This applies regard-
less of the breadth of the range.

[0262] Whenever anumerical rangeis indicated herein, it is
meant to include any cited numeral (fraction or integral)
within the indicated range. The phrases “ranging/ranges
between” a first indicate number and second indicate number
and “ranging/ranges from” a first indicate number “to” a
second indicate number a[text missing or illegible when
filed] used herein interchangeably and are meant to include
the first and second indicated numbers and all th[text miss-
ing or illegible when filed] fractional and integral numer-
als there-between.

[0263] Asusedherein the term “method” refers to manners,
means, techniques and procedures f[text missing or illeg-
ible when filed] accomplishing a given task including, but
not limited to, those manners, means, techniques and proce-
dure either known to, or readily developed from known man-
ners, means, techniques and procedures t[text missing or
illegible when filed] practitioners of the chemical, phar-
macological, biological, biochemical and medical arts.
[0264] It is appreciated that certain features of the inven-
tion, which are, for clarity, described in the context separate
embodiments, may also be provided in combination in a
single embodiment. Conversely, vario[text missing or
illegible when filed] features of the invention, which are,
for brevity, described in the context of a single embodiment,
may also provided separately or in any suitable sub combi-
nation or as suitable in any other described embodiment the
invention. Certain features described in the context of various
embodiments are not to be considered essential features of
those embodiments, unless the embodiment is inoperative
without those elements.

EXAMPLES

[0265] Reference is now made to the following example
from physiological trials, which together with the above
descriptions illustrates a sample from series of experiments
for experimental confirmation of current invention in a non-
limiting fashion.

[0266] A test was made, using a PPG system similar to that
described in FIG. 1, and the method of FIG. 5, on the forearm
of subjects, before and after immersing the arm in cold water.
The measurements were performed according to the follow-
ing protocol:

[0267] 1. The time delay was measured between green and
near infrared PPG signals with measuring depth of 3-4 mm
and 8-9 mm under the skin consequently, on the forearm of
the subject closer to the wrist, for 20 seconds, before immers-
ing the subject’s arm in cold water.

[0268] 2. The subject’s forearm was immersed in cold
water with temperature of 18 degrees C., and the surface
temperature of the forearm was measured once a minute with
anon-contact IR sensor approved by the FDA for measuring
body temperature, until it had fallen to 22 degrees C.
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[0269] 3. The area of the forearm to be measured was
quickly dried, and the time delay was measured again for 20
seconds.

[0270] 4. The surface temperature of the forearm, the time
delay, and the uncertainty in the time delay, were recorded
before and after cooling, and the room temperature was
recorded.

[0271] 5.Theprocedure was repeated at intervals of at least
24 hours with approximately same values of Heart Rate.
[0272] 6. Heart Rate was measured around 105 BPM dur-
ing all represented measurements. Several results from the
experiment are shown below in Table 1:

TABLE 1

Test data for time delay before and after cooling subject’s arm

Data before cooling _Data after cooling

Time Time  Room
Temp., Delay Temp., Delay Temper-

Tw=18°C. °C. Before, °C. After,  ature,
# Time Before ms After ms C.
1 06:35:00 PM 349 56.9 24.0-25.6  80.33 19
2 08:14:00 PM 352 38.8 23.5-25.5 9111 18
3 06:15:00 PM 351 26.84  23.8-25.1 84.56 18
4 03:25:00 PM 349 32.14  23.2-242 83.45 18
3 05:22:00 PM 356 34 24.5-25.1 73.73 18
6 05:34:00 PM 352 1947  23.8-25.2 82.37 18

The time delay before the arm was cooled had a mean value of
34 milliseconds and a standard deviation of 14 milliseconds,
with most of that standard deviation due to uncertainty in the
measured value. After the arm was cooled, the time delay had
amean value 83 milliseconds, with a standard deviation of 6
milliseconds.

[0273] Thedifference intime delay before and after cooling
the arm is very statistically significant, and shows that the
effect of narrowing the blood vessels, which would increase
the time delay, is most powerful reason of time delay changes.
[0274] By relating measured data about time delay and
heart rate value to plot on FIG. 13, we may find initial inner
diameter of arteriole as varied from 26 to 30 micrometers
before local cooling and after local cooling was decreased to
about 18 micrometers that is reasonable change of reasonable
values.

[0275] Here well-known physiological phenomena of ther-
mal vasoconstriction was demonstrated directly, without
involving any other measuring equipment, regularly used by
skilled in the art in such a case (1D or 2D Doppler Flowmeter
ets).

[0276] Although the invention has been described in con-
Junction with specific embodiments thereof, it is evident that
many alternatives, modifications and variations will be appar-
ent to those skilled in the art. Accordingly, it is intended to
embrace all such alternatives, modifications and variations
that fall within the spirit and broad scope of the appended
claims.

[0277] All publications, patents and patent applications
mentioned in this specification are herein incorporated in
their entirety by reference into the specification, to the same
extent as if each individual publication, patent or patent appli-
cation was specifically and individually indicated to be incor-
porated herein by reference. In addition, citation or identifi-
cation of any reference in this application shall not be
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construed as an admission that such reference is available as
prior art to the present invention. To the extent that section
headings are used, they should not be construed as necessarily
limiting.
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1-114. (canceled)

115. A system, monitoring changes or indicative of equiva-
lent inner diameter of arteriole-like blood vessels, the system
comprising:

at least one sensor adapted to obtain signals, correlative to

at least one changing over time blood flow related
parameter of systemic circulation in a subject, said at
least one sensor is adapted to be placed relative to a body
portion of said measured subject, including branching
blood vessels, where said blood vessels mostly belong to
a same peripheral part of systemic circulation in said
subject, said at least one sensor further adapted to obtain
at least two signals concurrently, a first and a second
signal, from said body portion,

said at least one sensor further adapted to obtain said at

least two signals from said body portion of said subject,
wherein artery-like blood vessels contribute more, rela-
tive to arteriole-like blood vessels, for said first signal
than for said second signal;

at least one processor, adapted to obtain phase differences

or time differences, between said first and second sig-
nals; and
said at least one processor is adapted to use said time or
phase differences between said first and second signals
coupled with a concurrent heart rate value, as time or
phase differences which are mainly created during pulse
wave propagation from a lower flow impedance of
artery-like blood vessels to a higher flow impedance of
arteriole-like blood vessels, in order to estimate an
equivalent inner diameter value of said arteriole like
blood vessels.
116. A system of claim 115, where said blood vessels
supply tissues of same body region or same organ.
117. A system according to claim 115, where said time or
phase differences are time shift or phase shift.
118. A system according to claim 117, where said system
adapted to obtain plurality of said signals during preselected
time range.
119. An apparatus for monitoring changes or indication of
an equivalent inner diameter of arteriole-like blood vessels,
said apparatus comprising:
at least one sensor, including at least one transmitter and at
least one receiver, geometrically adapted to sample at
least two non-identical volumes in a body portion of a
subject and wherein each of said at least one receiver
collects at least one signal, transmitted to said body
portion from said at least one transmitter;
said sensor, adapted to obtain concurrent signals from said
at least two non-identical volumes in said body portion,
wherein artery-like blood vessels contribute more, rela-
tive to arteriole-like blood vessels, to a signal from said
first volume than to a signal from said second volume;

at least one processor, adapted to estimate phase differ-
ences or time differences, between said first and second
signals;

said at least one processor, is adapted to indicate an equiva-

lent inner diameter of said arteriole-like blood vessels by



US 2015/0216425 Al

using said time differences or phase differences between
said first and second signals coupled with a concurrent
heart rate value, as time or phase differences which are
mainly created during pulse wave propagation from
artery-like blood vessels to arteriole-like blood vessels.

120. An apparatus of claim 119, wherein said at least one
sensor is of optical type.

121. An apparatus of claim 119, wherein said time or phase
differences are time delay or phase shift.

122. A method for monitoring changes or indication of an
equivalent inner diameter of arteriole-like blood vessels, the
method comprising:

a) obtaining a first signal, correlative to at least one chang-
ing over time blood flow related parameter of systemic
circulation in artery-like blood vessels and in arteriole-
like blood vessels, belonging to a same peripheral part of
said systemic circulation;

b) concurrently obtaining a second signal, correlative to
said at least one changing over time blood flow related
parameter of systemic circulation in artery-like blood
vessels and in arteriole-like blood vessels, belong to said
peripheral part of said systemic circulation, where said
artery-like blood vessels contributing more, relative to
said arteriole-like blood vessels, for said first signal, than
for said second signal,;

¢) obtaining an concurrent heart rate value;

d) obtaining phase differences or time differences, between
said first and second signals; and

e) using said time differences or phase differences, coupled
with said heart rate value, as time or phase differences
which are mainly created by pulse wave propagation
from artery-like blood vessels to arteriole-like blood
vessels, to estimate an equivalent inner diameter value
for said arteriole-like blood vessels.

123. A method according to claim 122, wherein said artery-
like blood vessels contribute more than said arteriole-like
blood vessels to said first signal, and said arteriole-like blood
vessels contribute more than said artery-like blood vessels to
said second signal.

124. A method according to claim 123, wherein said mea-
surements are made from a surface of subject’s body, a first
set of measurements corresponds to said at least one changing
over time blood flow related parameter, obtained from a depth
of said first measured volume, and a second set of measure-
ments corresponds to said at least one changing over time
blood flow related parameter, obtained from a depth of said
second measured volume.

125. A system for indication of at least one vascular or
cardiovascular condition or monitoring the same, said system
comprising at least one processor, configured to process plu-
rality of images or movie from a body portion, including
branching blood vessels, wherein said at least one processor
1s adapted to estimate from said plurality of images or movie:

changes in at least one parameter, correlative to at least one
changing in time blood flow related process from at least
one artery-like blood vessel;

concurrent changes in said at least one parameter, correla-
tive to said at least one changing in time blood flow
related process from at least one arteriole-like blood
vessel or artery-like blood vessel, branched off from said
at least one artery-like blood vessel;

phase differences or time differences between said first and
second measured parameters.
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126. A system for monitoringchanges or indicative of
equivalent inner diameter value of arteriole-like blood ves-
sels, said system according to claim 125, wherein said at least
one processor further adapted to estimate equivalent inner
diameter of said branched blood vessels by using said phase
differences or time differences, coupled with concurrent heart
rate value of measured subject, as time or phase differences
which are mainly caused by pulse wave propagation from
artery-like blood vessels to arteriole-like blood vessels.

127. A system according to claim 126, wherein said at least
one processor configured to process said changes in at least
one changing in time parameter, correlative to at least one
blood flow related process from said at least one branched
blood vessel by intensity variations in said data of said at least
one branched blood vessel.

128. A system according to claim 126, wherein said at least
one processor configured to process said changes in at least
one changing in time parameter, correlative to at least one
blood flow related process from said at least one branched
blood vessel by geometric variations in image data of said at
least one branched blood vessel.

129. A system according to claim 126, wherein said at least
one processor is further adapted to estimate said equivalent
inner diameter by using at least one additional parameter,
related to a region of artery-like vessels, directly branching to
said measured arteriole-like vessels.

130. A method for indication of at least one vascular or
cardiovascular condition or monitoring the same, said
method comprising:

a) transferring images or movie, collected from body por-
tion, including branching blood vessels, to at least one
processor, configured to process said type of data;

b) extracting by means of said at least one processor, at
least one blood flow related parameter, changing over
time, said parameter correlative to at least one blood
flow related process occurring in at least one artery-like
blood vessel;

¢) extracting by means of said at least one processor, said at
least one blood flow related parameter, changing over
time concurrently with changing of said above param-
eter, said parameter correlative to at least one blood flow
related process occurring in at least one arteriole-like
blood vessel, branched off from said at least one artery-
like blood vessel;

d) finding phase differences or time differences between
said first and second parameters, between said at least
one first and at least one second measured para meters.

131. A method for indication or monitoring changes of an
equivalent inner diameter of arteriole-like blood vessels, said
method according to claim 130, wherein also included esti-
mating inner diameter of said at least one arteriole-like blood
vessel, by using said phase or time differences, coupled with
heart rate value, obtained from said data or concurrently with
measurements of said data, as time or phase differences
which are mainly created by pulse wave propagation from
artery-like blood vessels to arteriole-like blood vessels.

132. A method according to claims 131, wherein, said at
least one changing over time blood flow related parameter,
correlated to at least one blood flow related process from at
least one artery-like blood vessel, is estimated by intensity
variations in said data.

133. A method according to claims 131, wherein, said at
least one changing over time blood flow related parameter,
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correlated to at least one blood flow related process from at
least one artery-like blood vessel, is estimated by geometric
variations in said data.

134. A method according to claim 131, wherein said at least
one processor is further adapted to estimate said equivalent
inner diameter by using at least one additional parameter,
related to aregion of artery-like vessels, directly branching to
said measured arteriole-like vessels.

135. A system according to claim 126, wherein said blood
vessels are of ocular fundus and said at least one blood flow
related process is propagation process of fluorescent compo-
nent during fluorescent angiography or auto fluorescent
imaging of said at least one retinal artery-like blood vessel
and at least one retinal arteriole-like blood vessel, brunched
off from said retinal artery-like blood vessel.

136. A method according to claim, wherein said blood
vessels are of ocular fundus and said at least one blood flow
related process is propagation process of fluorescent compo-
nent during fluorescent angiography or auto fluorescent
imaging of said at least one retinal artery-like blood vessel
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and at least one retinal arteriole-like blood vessel, brunched
off from said retinal artery-like blood vessel.

137. A system according to claim 118, also comprising:

obtained information about at least one physiologically

influencing to subject over time parameter;

finding correlation between changes over time of said at

least one parameter and changes over time in said esti-
mated equivalent inner diameter of arteriole-like blood
vessels.

138. A system according to claim 137, wherein said param-
eter represents a substance entering to subject body.

139. A system according to claim 137, wherein said param-
eter represents behavioral parameter.

140. A system according to claim 118, where said esti-
mated equivalent inner diameter of arteriole-like blood ves-
sels 1s in use as a part of gaming algorithms.

141. A system according to claim 118, where said esti-
mated equivalent inner diameter of arteriole-like blood ves-
sels is in use as a part of biofeedback system.
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