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APPARATUS, SYSTEMS AND METHODS FOR
MEASURING BLOOD PRESSURE WITHIN AT
LEAST ONE VESSEL

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority from U.S. Patent
Application Ser. No. 61/407,368 filed on Oct. 27, 2010, the
entire disclosure of which is incorporated herein by reference.

FIELD OF THE DISCLOSURE

[0002] Exemplary embodiments of the present disclosure
relates generally to measuring apparatus, systems and meth-
ods, and more particularly to apparatus, systems and methods
for measuring flow and pressure within at least one vessel
using an optical measurement external to the vessel(s).

BACKGROUND INFORMATION

[0003] Blood pressure is an important parameter for under-
standing a range of health conditions, from the acute to the
chronic. Currently, a sphygmomanometer cuff and an auscul-
tatory technique have been considered as accurate methods to
determine the blood pressure, without resorting to invasive
methods. However, the use of the sphygmomanometer cuff
likely suffers from several shortcomings. For example,
[0004] sphygmomanometer cuff generally provides only
a non-continuous average blood pressure measurement
[0005] measurement can suffer from several systematic
sources of error and/or restricted to relatively healthy
individuals
[0006] measurement can likely only be used to ascertain
the blood pressure at a limited number of locations on
the body
[0007] Optical Coherence Tomography (“OCT”), includ-
ing Fourier Domain OCT, including but not limited to Optical
Frequency Domain Imaging (“OFDI”), Swept Source Opti-
cal Coherence Tomography (“SS-OCT”), and Spectral-Do-
main Optical Coherence Tomography (“SD-OCT”)—some
of which are described in described in International Patent
Application PCT/US2004/029148, filed Sep. 8, 2004 which
published as International Patent Publication No. WO 2005/
047813 on May 26, 2005, U.S. patent application Ser. No.
11/266,779, filed Nov. 2, 2005 which published as U.S. Patent
Publication No. 2006/0093276 on May 4, 2006, and U.S.
patent application Ser. No. 10/501,276, filed Jul. 9, 2004
which published as U.S. Patent Publication No. 2005/
0018201 on Jan. 27, 2005, and U.S. Patent Publication No.
2002/0122246, published on May 9, 2002), can generally
utilize low coherence interferometry and/or optical frequency
domain interferometry procedures to measure scattering as a
function of depth.
[0008] If the blood pressure could be accurately and reli-
ably measured using an external optical measurement, it
would facilitate a high-speed beat-to-beat variation in the
blood pressure to be monitored in a large number of locations
on the body, e.g., by inexpert users, in non-clinical settings.
[0009] Previously, other concepts/procedures of utilizing
non-invasive optical measurements to estimate the blood
pressure within a vessel have been described. Such concepts
include Photoplethysmography (see Y.-Z. Yoon and G.-W.
Yoon, “Nonconstrained Blood Pressure Measurement by
Photoplethysmography,” J. Opt. Soc. Korea 10, 91-95
(2006)), laser speckle (see J. Biomed. Opt. 15, 061707 (Nov.
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22,2010); doi:10.1117/1.3505008), etc. However, these pro-
cedures generally rely on a detection of morphological
changes in arteries caused by pressure waves from cardiac
output. Thus, these procedures are dependent on hard-to-
estimate quantities, such as, e.g., the elasticity of the arterial
wall and other physiological factors. These dependencies
limit the practicality of such procedures.

[0010] Thus, it may be beneficial to address and/or over-
come at least some of the deficiencies of the prior approaches,
procedures and/or systems that have been described herein
above.

OBJECTS AND SUMMARY OF EXEMPLARY
EMBODIMENTS OF DISCLOSURE

[0011] Itistherefore one of the objects ofthe present inven-
tion to reduce or address the deficiencies and/or limitations of
such prior art approaches, procedures and systems. Thus,
exemplary procedure, method, system and apparatus can be
provided for measuring flow and pressure within at least one
vessel using an optical measurement external to the vessel(s),
and which overcome at least some of such deficiencies.
[0012] For example, according to an exemplary embodi-
ment of the present disclosure, it is possible to convert the
optical measurement of blood pressure information into
derived clinical parameters such as, e.g., systolic pressure,
diastolic pressure, pulse pressure, mean arterial pressure, and
other metrics known to those having ordinary skill the art.
Further, according to one exemplary embodiment of the
present disclosure, an exemplary correlation procedure, sys-
tem and apparatus can be provided that can have, e.g., reduced
or minimal location limitations, and can be implemented
(e.g., either partially or entirely) via a software arrangement
or a software program.

[0013] Inaparticularexemplary embodiment of the present
disclosure, it is possible to utilize an existing OCT (or other
optical measurement modality) device, system, method and/
or apparatus which can be configured for, e.g., an external
measurement of the external, brachial subclavian artery,
radial, ulnar or carotid artery to obtain information regarding
blood pressure within the artery.

[0014] According to a further exemplary embodiment of
the present disclosure, apparatus, system and method for
obtaining information for at least one structure can be pro-
vided. For example, it is possible (e.g., using at least one first
arrangement) to forward at least one first electro-magnetic
radiation to the at least one structure which is external from
the apparatus. At least one second electro-magnetic radiation
provided from the at least one structure (which is based on the
first electro-magnetic radiation(s)) can be detected (e.g.,
using at least one second arrangement). It is also possible
(e.g., using at least one third arrangement) to determine at
least one characteristic of the structure(s) based on the second
electro-magnetic radiation(s), and obtain data relating to a
pressure of at least one portion of the structure(s) based on the
characteristic(s).

[0015] According to another exemplary embodiment of the
present disclosure, the characteristic(s) can include (i) a
refractive index of the structure(s), and/or (ii) a change of the
refractive index. The third arrangement(s) can be further con-
figured to measure a temperature of the portion(s) and/or
obtains the data relating to the pressure using the temperature
and the characteristic(s). The structure(s) can include an ana-
tomical structure (e.g., a blood vessel), and the pressure can
be provided within the blood vessel. The characteristic(s) can
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relate to a structure of at least one red blood cell of the
portion(s). The anatomical structure can also include a fascial
compartment, and the pressure can be provided within the
fascial compartment.

[0016] According to still another exemplary embodiment
of the present disclosure, the first arrangement(s) can be
further configured to forward at least one third electro-mag-
netic radiation to a reference, and the second arrangement(s)
can be configured to detect the second electro-magnetic
radiation(s) provided from the structure(s) and interfered
with at least one fourth radiation provided from the reference
which is associated with the third electro-magnetic radiation
(s). For example, the first and second arrangements can form
(1) low coherence interferometric system, (ii) optical fre-
quency domain imaging system, and/or (iii) spectral domain
optical coherence tomography system. The first electro-mag-
netic radiation(s) can include a light radiation. The second
electromagnetic radiation(s) can include a plurality of distinct
radiation provided from (i) different spatial locations on the
structure(s), or (ii) different temporal locations from the
structure(s). The characteristic(s) can include a speckle pat-
tern of the structure(s). The characteristic(s) can further
include a refractive index that can be determined based on the
speckle pattern. The third arrangement(s) can correlate the
speckle pattern with further speckle patterns obtained at dif-
ferent wavelengths or times from the portion(s).

[0017] According to yet further exemplary embodiment of
the present disclosure the characteristic(s) can include (i) a
refractive index of the structure(s), and/or (i) a change of the
refractive index. The second arrangement(s) can detect the
electromagnetic radiation based on a wavelength thereof or
an angle of remittance from the structure(s) relative to an
angle ofincidence of the first electromagnetic radiation(s) on
the structure(s). The anatomical structure can include (i) an
eye, (i) an ear, (ii1) a brain compartment, (iv) a spinal canal,
(v) an airway, (vi) a heart cavity, (vii) a gastro-intestinal
organ, and/or (viii) a bladder. The characteristic(s) can
include (i) a phase of the second electromagnetic radiation(s)
relative to the first electromagnetic radiation(s), or (i) a
change of the phase. The characteristic(s) can also include (i)
a phase of the electromagnetic radiation(s) relative to the
fourth electromagnetic radiation(s), or (ii) a change of the
phase.

[0018] According to another exemplary embodiment of the
present disclosure, apparatus, system and method can be pro-
vided to measure blood pressure within an anatomical struc-
ture. For example, it is possible to use at least one first probe
arrangement structured to direct at least one radiation to at
least one external portion of the anatomical structure. Further,
it is possible to provide at least one second arrangement
which is configured to detect the radiation reflected from the
anatomical structure. Further, at least one third arrangement
can be provided to detect an interference between a first
radiation provided from the anatomical structure via the
probe arrangement and second a second radiation provided
from a reference path as a function of wavelength thereof. In
addition, at least one fourth arrangement can be provided
which can be configured to determine at least one character-
istic of the blood flow as a function of the signal. For example,
the fourth arrangement(s) can determine the characteristic(s)
as a function of an intensity of the interference and/or as a
function of the self-interference (e.g., speckle) pattern gener-
ated by first radiation incident on the anatomical structure via
the probe arrangement(s).
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[0019] The first probe arrangement(s) can include a hand-
held apparatus. The anatomical structure can comprise an
artery, vein, or any location on the skin surface. A wavelength
of at least one of the first radiation or the second radiation can
vary over time. The second arrangement can include at least
one array of detectors, each configured to detect a separate
wavelength band of the interference.

[0020] The first probe arrangement(s) can be configured to
be immobile during operation of the apparatus. The second
and/or third arrangement(s) can determine the characteristic
as a function of time and/or determine synchronously with a
further physiological measurement. The further physiologi-
cal measurement can be an EKG, temperature or heart rate.
The third arrangement(s) can determine the characteristic
before and/or after an administration of a pharmacologic
agent.

[0021] These and other objects, features and advantages of
the exemplary embodiment of the present disclosure will
become apparent upon reading the following detailed
description of the exemplary embodiments of the present
disclosure, when taken in conjunction with the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Further objects, features and advantages of the
present disclosure will become apparent from the following
detailed description taken in conjunction with the accompa-
nying figures showing illustrative embodiments of the present
disclosure, in which:

[0023] FIG. 1A is a block diagram of a first exemplary
embodiment of an optical measurement apparatus, system
and/or arrangement according to the present disclosure;
[0024] FIG. 1B is a block diagram of a second exemplary
embodiment of the optical measurement apparatus, system
and/or arrangement according to the present disclosure;
[0025] FIGS. 2A-2D are exemplary images, diagrams and
graphs indicating a change in the optical characteristics of
water and blood at different pressures and temperatures;
[0026] FIG. 3 is a block diagram describing exemplary
procedures utilized by a method, apparatus, system and/or
arrangement according to an exemplary embodiment of the
present disclosure to measure pressure from optical and other
measurements; and

[0027] FIG. 4is are illustration of diagram and graph dem-
onstrating an exemplary minimum resolvable difference in a
refractive index that OCT techniques are capable of measur-
ing.

[0028] Throughout the figures, the same reference numer-
als and characters, unless otherwise stated, are used to denote
like features, elements, components or portions of the illus-
trated embodiments. Moreover, while the subject disclosure
will now be described in detail with reference to the figures, it
is done so in connection with the illustrative embodiments. It
is intended that changes and modifications can be made to the
described exemplary embodiments without departing from
the true scope and spirit of the subject disclosure as defined by
the appended claims.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0029] A block diagram an optical measurement system
according to a first exemplary embodiment of the present
disclosure is shown in FIG. 1A. For example, the exemplary
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system and/or arrangement can include one or more electro-
magnetic radiation sources (e.g., at least one light source) 100
and conditioning optics 110, for delivering at least one first
radiation to the sample 140. At least one second radiation,
e.g., generated by a reflection of the first radiation(s) can be
passed through detection optics 120, and is then incident upon
a detection and processing arrangement 130, which can
include a processor and a storage medium (e.g., hard drive,
CD-ROM, floppy disk. memory stick, combination thereof,
etc.).
[0030] FIG. 1B shows ablock diagram the optical measure-
ment system according to a second exemplary embodiment of
the present disclosure. This exemplary system and/or
arrangement can include a handheld probe 150 that can
include transmission and detection optics 160 for delivering
radiation to the anatomical structure 170. The exemplary
probe 150 can be coupled to an detection and processing
system, apparatus or arrangement 190 which can include a
processor and a storage medium (e.g., hard drive, CD-ROM,
floppy disk, memory stick, combination thereof, etc) at a
proximal end thereof (e.g., via an optical fiber 180).
[0031] FIG. 2 illustrates exemplary images, diagrams and
graphs indicating a change in the optical characteristics of
water and blood at different pressures and temperatures. A
summary of relevant optical parameters for blood and water
are illustrated at different pressures in FIG. 2. For example, as
the pressure in arteries and capillaries increases, red blood
cells become deformed 200, and thus cause the electromag-
netic radiation (e.g., light) to scatter with a different polariza-
tion state 210, and in a different direction 220, as shown in a
graph 230. In addition, the refractive index of water as shown
in a graph 240 can change with a pressure 250 in a linear
relationship 260. A complicating factor can be that the refrac-
tive index of water can also change with the temperature 170
in a linearly decreasing relationship 180. Data can be taken
fromR. S. Brock, X.-H. Hu, P. Yang, and J. Lu, “Evaluation of
a parallel FDTD code and application to modeling of light
scattering by deformed red blood cells,” Opt. Express 13,
5279-5292 (2005) and “Release on the Refractive Index of
Ordinary Water Substance as a Function of Wavelength, Tem-
perature and Pressure” International Association for the Prop-
erties of Water and Steam, Erlangen, Germany, 1997.
[0032] FIG. 3 shows an exemplary flow diagram of an
exemplary method and/or procedures for a determination of
the pressure from an optical measurement according to an
exemplary embodiment of the present disclosure. For
example, a plurality of independent initial measurements can
be calculated. Such exemplary measurements can include,
eg.
[0033] An optical measurement using the apparatus of
FIG. 1 as provided in procedure 300;
[0034] A temperature measurement using standard
equipment, e.g., an electronic thermometer as provided
in procedure 320
[0035] A heart rate measurement using a conventional
equipment, e.g., EKG, pulse oximeter, etc, as shown in
procedure 330.
[0036] Inthe next step 340 of the determination procedure,
the optical measurement can be converted to the pressure
using the exemplary parameters described herein and shown
in FIG. 2. Furthermore, the temperature measurement can be
used to compensate for errors in the calculation caused by
changes in the temperature. The next step 350 in the exem-
plary determination procedure can utilize the heart rate mea-
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surement 330 to increase sensitivity of the measurement by
rejecting non-cardiac changes in the signal through the use of,
e.g., a lock-in detection mechanism.

[0037] The exemplary optical apparatuses shown in FIGS.
1A and 1B can be configured to detect extremely small
changes in scattering and refractive index. The refractive
index changes associated with physiological changes in pres-
sure can be on the order of, e.g,, 1x107° per 50 mmHg. If
detecting this change in a vessel having a 1 mm radius, as
shown in an illustration 400 of FIG. 4, this can lead to a total
change in the phase of the light of

0 AzAn2n 2x1.05 e-6%X2n q
=T T T Bloe—g Y Mme

While this exemplary result may seem to be a small quantity,
such exemplary changes that can be measured by OFDI and
laser speckle imaging exemplary techniques, systems and/or
apparatus, among other optical techniques, systems and/or
apparatus. As an example, the phase sensitivity of a typical
OFDI system can be given by an illustration 410 of FIG. 4.
Such phase sensitivity can be dependent on the sample signal
420. An exemplary measured curve 430, as shown in FIG. 4,
decreases with measured signal until it reaches a plateau
defined by the signal intensity provided by a reference mea-
surement. If this exemplary reference measurement (which
can be provided by a glass coverslip or similar) is sufficiently
high, and the sample signal is better than 45 dB, then the
exemplary OFDI system can resolve a phase change of less
than 5 mrad. These exemplary changes can be linked back to
the pressure changes within blood vessels using the exem-
plary procedures that are shown in the flow diagram shown in
FIG. 3. The data can be provided from: B. J. Vakoc, S. H. Yun,
J.F.de Boer, G. J. Tearney, and B. E. Bouma, “Phase-resolved
optical frequency domain imaging” Optics Express 13, 5483
(2005).

[0038] The foregoing merely illustrates the principles of
the disclosure. Various modifications and alterations to the
described embodiments will be apparent to those skilled in
the art in view of the teachings herein. Indeed, the arrange-
ments, systems and methods according to the exemplary
embodiments of the present disclosure can be used with and/
or implement any OCT system, OFDI system, SD-OCT sys-
tem or other imaging systems, and for example with those
described in International Patent Application PCT/US2004/
029148, filed Sep. 8, 2004 which published as International
Patent Publication No. WO 2005/047813 on May 26, 2005,
U.S. patent application Ser. No. 11/266,779, filed Nov. 2,
2005 which published as U.S. Patent Publication No. 2006/
0093276 on May 4, 2006, and U.S. patent application Ser. No.
10/501,276, filed Jul. 9, 2004 which published as U.S. Patent
Publication No. 2005/0018201 on Jan. 27, 2005, and U.S.
Patent Publication No. 2002/0122246, published on May 9,
2002, the disclosures of which are incorporated by reference
herein in their entireties. It will thus be appreciated that those
skilled in the art will be able to devise numerous systems,
arrangements and methods which, although not explicitly
shown or described herein, embody the principles of the
disclosure and are thus within the spirit and scope of the
present disclosure. In addition, to the extent that the prior art
knowledge has not been explicitly incorporated by reference
herein above, it is explicitly being incorporated herein in its
entirety. Further, the exemplary embodiments described
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herein can operate together with one another and interchange-
ably therewith. All publications referenced herein above are
incorporated herein by reference in their entireties.

1. An apparatus for obtaining information for at least one
anatomical structure, comprising:

at least one radiation providing first arrangement config-

ured to forward at least one first electro-magnetic radia-
tion to the at least one structure which is external from
the apparatus;

at least one detector second arrangement configured to

detect at least one second electro-magnetic radiation
provided from the at least one structure which is based
on the at least one first electro-magnetic radiation; and

at least one computer third arrangement configured to (i)

determine at least one characteristic of the at least one
structure based on the at least one second electro-mag-
netic radiation, and (ii) obtain data relating to a pressure
of at least one portion of the at least one structure based
on the at least one characteristic and the at least one
second electro-magnetic radiation.

2. The apparatus according to claim 1, wherein the at least
onecharacteristic includes at least one of (i) a refractive index
of the at least one structure, or (ii) a change of the refractive
index.

3. The apparatus according to claim 1, wherein the at least
one third arrangement is further configured to measure a
temperature of the at least one portion.

4. The apparatus according to claim 3, wherein the at least
onethird arrangement obtains the data relating to the pressure
using the temperature and the at least one characteristic.

5. (canceled)

6. The apparatus according to claim 1, wherein the ana-
tomical structure includes a blood vessel.

7. The apparatus according to claim 6, wherein the pressure
is provided within the blood vessel.

8. The apparatus according to claim 6, wherein the at least
one characteristic relates to a structure of at least one red
blood cell of the at least one portion.

9. The apparatus according to claim 1, wherein the ana-
tomical structure includes a fascial compartment.

10. The apparatus according to claim 9, wherein the pres-
sure is provided within the fascial compartment.

11. The apparatus according to claim 1, wherein the at least
one first arrangement is further configured to forward at least
one third electro-magnetic radiation to a reference, and
wherein the at least one second arrangement is configured to
detect the at least one second electro-magnetic radiation pro-
vided from the at least one structure and interfered with at
least one fourth radiation provided from the reference which
is associated with the at least one third electro-magnetic
radiation.

12. The apparatus according to claim 11, wherein the first
and second arrangements form at least one of (i) low coher-
ence interferometric system, (ii) optical frequency domain
imaging system, or (iii) spectral domain optical coherence
tomography system.

13. The apparatus according to claim 1, wherein the at least
one first electro-magnetic radiation is a light radiation.

14. The apparatus according to claim 1, wherein the at least
one second electromagnetic radiation is a plurality of distinct
radiation provided from (i) different spatial locations on the at
least one structure, or (i1) different temporal locations from
the at least one structure.
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15. The apparatus according to claim 14, wherein the at
least one characteristic is a speckle pattern of the at least one
portion.

16. The apparatus according to claim 15, wherein the at
least one characteristic further includes a refractive index that
is determined based on the speckle pattern.

17. The apparatus according to claim 16, wherein the at
least one third arrangement correlates the speckle pattern
with further speckle patterns obtained at different wave-
lengths or times from the at least one portion.

18. The apparatus according to claim 1, wherein the at least
one characteristic includes at least one of (i) a refractive index
of the at least one structure, or (ii) a change of the refractive
index.

19. The apparatus according to claim 1, wherein the at least
one second arrangement detects the at least one second elec-
tromagnetic radiation based on a wavelength thereof or an
angle of remittance from the at least one structure relative to
an angle of incidence of the at least one first electromagnetic
radiation on the at least one structure.

20. The apparatus according to claim 5, wherein the ana-
tomical structure includes at least one of (i) an eye, (ii) an ear,
(i) a brain compartment, (iv) a spinal canal, (v) an airway,
(vi) a heart cavity, (vii) a gastro-intestinal organ, or (viii) a
bladder.

21. The apparatus according to claim 1, wherein the at least
one characteristic includes at least one of (i) a phase of the at
least one second electromagnetic radiation relative to the at
least one first electromagnetic radiation, or (ii) achange of the
phase.

22. The apparatus according to claim 11, wherein the at
least one characteristic includes at least one of (i) a phase of
the at least one second electromagnetic radiation relative to
the at least one fourth electromagnetic radiation, or (ii) a
change of the phase.

23. A method for obtaining information for at least one
anatomical structure which is performed by an apparatus,
comprising:

forwarding at least one first electro-magnetic radiation to

the at least one structure which is external from the
apparatus;
detecting at least one second electro-magnetic radiation
provided from the at least one structure which is based
on the at least one first electro-magnetic radiation;

determining at least one characteristic of the at least one
structure based on the at least one second electro-mag-
netic radiation; and

obtaining data relating to a pressure of at least one portion

of the at least one structure based on the at least one
characteristic and the at least one second electro-mag-
netic radiation.

24. The method according to claim 23, further comprising
measuring a temperature of the at least one portion, and
obtaining the data relating to the pressure using the tempera-
ture, the at least one characteristic and the at least one second
electro-magnetic radiation.

25. The apparatus according to claim 11, wherein the at
least one third arrangement is further configured to measure a
temperature of the at least one portion, wherein the at least
one third arrangement obtains the data relating to the pressure
using the temperature, the atleast one characteristic and the at
least one second electro-magnetic radiation.

I S T



THMBW(EF)

[ i (S RIR) A ()

RF(EFR)AGE)

HAT R E (TR AGE)

FRI& B A

EHA

IPCHRS

CPCH%E=

£
S EREEEE

BEX)

TUREATHEES —
DG E D —NE— RS S TR B AN E D — N EH, T
MED—AGEH (EFE—BRiEs ) BENEs—rm—arEs. 100
ER AR T — S R ST E A B —MEME | H HE TSR

BEHHUNEDS —BINENEEOEE. (S).

ATNEEL - IMERRANMENRE , REMBEZE

US20160192845A1 NI (»&E)B
US15/070096 RiEH
BRESRTE

HEPBCORPORATION

HEBCORPORATION

WARGER WILLIAM C
SCHLACHTER SIMON C
GARDECKI JOSEPH
BOUMA BRETT EUGENE
TEARNEY GUILLERMO J

WARGER, WILLIAM C.
SCHLACHTER, SIMON C.
GARDECKI, JOSEPH
BOUMA, BRETT EUGENE
TEARNEY, GUILLERMO J.

A61B5/021 A61B5/00 A61B5/20 A61B3/14 A61B5/12 A61B5/0205 A61B5/02

patsnap

A61B5/021 A61B5/02055 A61B5/0066 A61B5/02007 A61B3/14 A61B2576/00 A61B5/4064 A61B5/407

A61B5/42 A61B5/202 A61B5/12 A61B5/14558

61/407368 2010-10-27 US

Espacenet USPTO

NEMWEBN R REBNG L. flw,



https://share-analytics.zhihuiya.com/view/f52b8a5a-3dbb-4b9a-a071-679777bf99a4
https://worldwide.espacenet.com/patent/search/family/045994741/publication/US2016192845A1?q=US2016192845A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160192845%22.PGNR.&OS=DN/20160192845&RS=DN/20160192845

