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METHODS, ARRANGEMENTS AND SYSTEMS FOR OBTAINING
INFORMATION ASSOCIATED WITH AN ANATOMICAL SAMPLE USING
OPTICAL MICROSCOPY

CROSS-REFERENCE TO RELATED APPLICATION(S)

This application is based upon and claims the benefit of priority from U.S.
Patent Application Serial No. 60/771,916, filed February 8, 2006, the entire disclosure

of which is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to methods, arrangements and systems which
obtain information associated with an anatomical sample using optical microscopy,
and more particularly fo such methods, systems and arrangements that obtain the
information based on light scattering in an anatomical structure via acoustic phonons

optically generated in the anatomical structure.

BACKGROUND INFORMATION

When an optical wave is propagated in a medium, a portion of its energy can
be converted to the kinetic energy of the medium by exciting acoustic phonons. This
process can be facilitated by various mechanisms such as thermal or electrostriction
effect. The excited acoustic phonons in turn generate inelastic scattering of the optical
wave, known as Brillouin scattering. The magnitude and frequency (e.g., spectrum) of
the Brillouin scattered light can be determined using the acoustic phonons generated
therein. Such generated photons are likely closely related to mechanical properties of
the medium, such as modulus, density, and structural shape. These mechanical
properties therefore can be measured by examining the Brillouin scattered light. This

technique is known as Brillouin spectroscopy. Various conventional techniques to
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detect the Brillouin signal have been applied in physics, material science, and
mechanical engineering area. In addition, the Brillouin process can be enhanced via
the use of multiple optical pump waves with frequencies separated by those of the

acoustic phonons in the medium.

The Brillouin microscopy generally differs from the Raman microscopy or
spectroscopy in that the Brillouin microscopy involves acoustic phonons instead of
vibrational phonons Raman scattering is generally based upon. Since the Brillouin
shift ranges typically from 10 MHz to 10 GHz, the direct electrical detection of the

acoustic wave may also be possible.

Accordingly, there is a need to overcome the deficiencies described herein

above,

OBJECTS AND SUMMARY OF THE INVENTION

To address and/or overcome the above-described problems and/or

deficiencies, exemplary embodiments of microscopy systems, arrangements and
processes can be provided that are capable of combining the Brillouin effects with
high-resolution microscopy to probe mechanical properties of an anatomical sample,
such as human tissue in vivo or artificially engineered tissue. When applied to the
biological tissue, these exemplary embodiments of the microscopy systems,
arrangements and processes allow the biomechanical properties to be characterized at

the tissue or possibly cellular level.

In one exemplary embodiment of the present invention, a pump beam can be
scanned over the biological sample through an objective lens, and the beating signal

between the pump and Brillouin-shifted optical waves may be detected to characterize
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the Brillouin spectrum. The measured spectral features of the Brillouin signal can be
converted to an image, €.g., by use of a proper lookup table or computer software
which associates the spectral features to data associated with images. For example,
thin cross-sectional images of a thick biological sample can be obtained by using a

high numerical-aperture objective lens and confocal detection.

According to another exemplary embodiment of the present invention, a
secondary pump beam with a different optical frequency can be used to facilitate a
generation of acoustic phonons through stimulated or forced Brillouin scattering. In
an exemplary variant of the present invention, anti-stokes Brillouin scattering
technique(s) can be implemented using muitiple pump beams. Various pump and
probe techniques, and/or heterodyne or spectrometer-based detection techniques can

be used.

Tissue biomechanical properties can be altered in a variety of disease states,
and therefore may be appropriate targets for non-invasive diagnosis. A further
exemplary embodiment of the systems, arrangements and processes of the present
invention can make it possible to obtain the information about intrinsic tissue
biomechanical properties that are not readily available by other ways, and therefore
determine a wide range of applications in biology and medicine. For example, the
Brillouin microscopy can become a clinical tool for the detection of early-stage
cancers or intra-operative determination of tumor margins. Considering that tumors
are generally stiffer than surrounding healthy tissue, the Brillouin spectrum of a tumor
can possibly exhibit a stronger magnitude at high frequencies than that of normal
tissues. Atherosclerosis is another medical area the Brillouin microscopy may be

useful for characterizing stress and tissue compliance to identify plaques at risk for
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causing an acute coronary event. For example, a scanning catheter or hand-held

endoscope may be used to perform the Brillouin measurement in living patients.

Thus, in accordance with one exemplary embodiment of the present invention,
arrangements and methods are provided for obtaining information associated with an
anatomical sample. For example, at least one first electro-magnetic radiation can be
provided to the anatomical sample so as to generate at least one acoustic wave in the
anatomical sample. At least one second electro-magnetic radiation can be produced
based on the acoustic wave. At least one portion of at least one second electro-
magnetic radiation can be provided so as to determine information associated with at

least one portion of the anatomical sample.

According to another exemplary embodiment of the present invention, the
information based on data associated with the second electro-magnetic radiation can
be analyzed. The first electro-magnetic radiation may include at least one first
magnitude and at least one first frequency. The second electro-magnetic radiation can
include at least one second magnitude and at least one second frequency. The data
may relate to’ a first difference between the first and second magnitudes and/or a
second difference between the first and second frequencies. The second difference

may be approximately between —100 GHz and 100 GHz, excluding zero.

In another exemplary embodiment of the present invention, at least one fourth
arrangement configured to image the portion of the anatomical sample based on data
associated with the second electro-magnetic radiation can be provided. Further, at
least one fifth arrangement configured may be provided to translate the at least one
electro-magnetic radiation across the anatomical sample. The fifth arrangement may

include at least one lens, and the lens can focus the first electro-magnetic radiation
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and can collect the second electro-magnetic radiation. The second arrangement can
include a spectral filter which may facilitate a determination of a spectrum of the
second electro-magnetic radiation. The information can be associated with a
biomechanical property of the anatomical sample. The anatomical sample may be a

living subject.

According to still another exemplary embodiment of the present invention, the
first electromagnetic radiation may have a center wavelength which is approximately
between 0.5 — 1.8 um. The first electromagnetic radiation can have a line width
which is smaller than approximately 100 MHz. The first electromagnetic radiation
can have a form of a plurality of pulses, and the duration of each of the pulses may be
longer than approximately 10 ns. The first electro-magnetic radiation can also include
at least two first electro-magnetic radiations, a first one of the first electro-magnetic
radiations possibly having a first frequency, and a second one of the first electro-
magnetic radiations possibly having a second frequency. A difference between the
first and second frequencies may be between approximately zero and 100 GHz. I is
possible to receive at least one third electro-magnetic radiation which has at least one
third magnitude and at least one third frequency. The second frequency may be
determined as a function of the first and third frequencies. The third electro-magnetic

radiation can be forwarded from an electromagnetic radiation source.

These and other objects, features and advantages of the present invention will
become apparent upon reading the following detailed description of embodiments of

the invention, when taken in conjunction with the appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

Further objects, features and advantages of the present invention will become
apparent from the following detailed description taken in conjunction with the
accompanying figures showing illustrative embodiments of the present invention, in

which:

Fig. 1A is a first illustration of an exemplary embodiment of an application

and a Brillouin effect of a method according to the present invention;

Fig. 1B is a second illustration of an exemplary embodiment of the application

and a Brillouin effect of the method according to the present invention;

Fig. 2 is an illustration of a Brillouin scattering procedure in tissue using the

exemplary embodiment of the method according to the present invention;

Fig. 3A is a first illustration of a further application of the exemplary
embodiment of the method according to the present invention which produces a beam

scanning Brillouin imaging;

Fig. 3B is a second enlarged illustration of the application of the exemplary

embodiment of the method shown in Fig. 3A;

Fig. 4A 1is a first illustration of a beam focusing procedure implemented by the
exemplary embodiment of the method according to the present invention in an

exemplary embodiment of an arrangement according to the present invention;

Fig. 4B is a second illustration of a beam focusing procedure implemented by

the exemplary embodiment of the method as shown in Fig. 4A
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Fig. 4C is a third illustration of a beam focusing procedure implemented by

the exemplary embodiment of the method as shown in Figs. 4A and 4B;

Fig. 5 is a block diagram of an exemplary embodiment of a scanning-beam

Brillouin spectroscopy arrangement in accordance with the present invention,

Fig. 6A is a block diagram of a first exemplary embodiment of a Brillouin
microscopy arrangement that can use interferometry in accordance with the present

invention;

Fig. 6B is a block diagram of a second exemplary embodiment of the Brillouin
microscopy arrangement that can use interferometry in accordance with the present

invention;

Fig. 6C is a block diagram of a third exemplary embodiment of the Brillouin
microscopy arrangement that can use interferometry in accordance with the present

invention;

Fig. 7A is an illustration of a first stage in generating an exemplary two-
frequency pump wave using an exemplary embodiment of a method and arrangement

in accordance with the present invention;

Fig. 7B is an illustration of a second stage in generating the exemplary two-

frequency pump wave in conjunction with the generation shown in Fig. 7A;

Fig. 7C is an illustration of a third stage in generating the exemplary two-

frequency pump wave in conjunction with the generation shown in Figs. 7A and 7B;



WO 2007/092911 PCT/US2007/061815

10

15

20

Fig. 7D an illustration of is a fourth stage in generating the exemplary two-

frequency pump wave in conjunction with the generation shown in Figs. 7A-7C;

Fig. 8A is a first exemplary illustration of a Brillouin signal generation using
the exemplary embodiment of the method and arrangement in accordance with the

present invention;

Fig. 8B is a second exemplary illustration of the Brillouin signal generation
using the exemplary embodiment of the method and arrangement in accordance with

the present invention;

Fig. 8C is a illustration of an image produced by the signals shown in Figs. 8A
and 8B using the exemplary embodiment of the method and arrangement in

accordance with the present invention;

Fig. 9A is an illustration of a medical application using an exemplary

embodiment of a catheter in accordance with the present invention; and

Fig. 9B is an illustration of a medical application using an exemplary

embodiment of an endoscope in accordance with the present invention.

Throughout the figures, the same reference numerals and characters, unless
otherwise stated, are used to denote like features, elements, components or portions of
the illustrated embodiments. Moreover, while the subject invention 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 embodiments without departing from the true scope and spirit of the

subject invention as defined by the appended claims.
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DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Figs. 1A and 1B illustrate exemplary application of an exemplary embodiment
of a method which implement a principle of Brillouin scattering according to the
present invention. For example, a monochromatic pump light with a frequency
v=/2n can be provided incident on a medium under test. An exemplary generation
of an acoustic wave can be initiated by seed photons which. may quantum-
mechanically originate from a vacuum fluctuation. There may be one seed photon per

unit frequency bandwidth.

'The pump and seed photons may interfere with one another, and generate a
mechanical stress ﬁlodulation in the medium via thermal or electrostriction effects.
When the stress modulatioﬁ is phase-matched to one of the characteristic acoustic
phonon modes in the medium, the corresponding acoustic phonons can develop
efficiently through a coherent process. The excited acoustic phonons in turn may
create a refractive-index modulation in the medium, and generate inelastic scattering
of photons. The energy and momentum of the photons can be modified by an inelastic
scattering procedure. The magnitude of a frequency shift in the scattered photons can
be substantially or approximately equal to that of the acoustic phonons. This
exemplary procedure is called “Brillouin phenomenon” or “Brillouin scattering.”
Although both Stokes and anti-Stokes components can be generated, typically Stokes
Brillouin component (e.g., frequency down shifted) would likely be predominantly

generated.

Exemplary phase matching conditions between the pump scattering light and

the acoustic wave can be expressed as:

D, =@, - 0}
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EA:%p“I;s (2)

where w and k are angular frequency and wave number, respectively, and the
subscript 4, p, and s represent acoustic phonons, pump and scattering (or signal)
photons, respectively. The frequency of the phase matched phonons, e.g., the

difference between the pump and scattering photons, can be given by
o, =tV =27, [ sin(0/2) o

Where ¥V, denotes the speed of the acoustic phonon mode (e.g., an acoustic
wave) in the medium and @ is an angle between the pump and scattering photons (e.g.,
optical waves). The Brillouin shift, as expressed in Eq. (3), can increase with the
acoustic speed. In a solid state medium, the acoustic speed is proportional to the
square root of the modulus. When the two waves propagate at the opposite direction,

@ = 180°, the magnitude of Brillouin shift can become maximum.

For example, Fig. 1A illustrates a backward Brillouin scattering effect in an
exemplary implementation of an exemplary embodiment of the present invention.
The pump wave 12 with frequency v is incident on a medium 10, and generates an
acoustic wave represented by the wave fronts 13 and its wave vector 14
corresponding to an acoustic frequency vg. The Brillouin scattered light 16 satisfying
the phase matching condition may have a frequency v-vs. For example, if there are a
large pumber of acoustic modes present in a sample; then the spectrum of the
Brillouin scattered light may consist of multiple lines characterized by their
frequencies, magnitudes, and spectral widths, all of which may be related to the
mechanical properties of the sample. If the medium 10 is optically fransparent, no
Anti-stokes Brillouin light 18 with a frequency higher than that of the pump wave

would likely be produced. In a turbid medium such as biological tissue, and the light

10
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can experience a strong elastic Mie or Rayleigh scattering, in addition to much weaker
inelastic Brillouin or Raman scattering. The elastically scattered light, diffused in
random directions, may interfere with each other, and can result in a detectable Anti-

stokes Brillouin light.

When the acoustic wave is initially provided, the Brillouin phenomenon can
be accelerated because of the presence of the scattered light. The scattered light,
coherent with the pump light, may amplify the resonant acoustic wave, which in turn
may enhance the Brillouin scattering. This positive feedback can result in a strong
Brillouin shifted scattered light, e.g., a procedure called “stimulated Brillouin
scattering.” In a long optical fiber, this exemplary procedure can arise at a very low
pump power of several tens of mW, and may be characterized by the Brillouin gain

provided by

27zn’ pj,
Vy)=——o-i2
85(Vs) cAlpyv vy T @)

where 7 is the refractive index, p;. is the elasto-optic coefficient, and p is the density.

Fig. 1B shows another application of a Brillouin interaction according to the
exemplary embodiment of the present invention in a turbid medium 22 initiated by
two pump waves 20, 21 with a frequency difference of Av. The exemplary elastic
scattering of the pump waves can stimulate the excitation of acoustic waves (phonons)
propagating multiple directions. In the exemplary illustration of Fig. 1B, only two
waves propagating along the forward and backward directions 23, 24. The resulting
Brillouin scattered light has multiple spectral lines including the Stokes 26 and anti-
Stokes 28 components. This exemplary application according to the present invention

may be used to enhance the generation of the anti-Stokes line. For example, the

11
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maximum Brillouin efficiency can be achieved when the frequency difference
substantially matches the frequency of at least one of the acoustic waves (phonons)

generated in this manner.

Because the efficiency of Brillouin scattering is likely proportional to an
optical intensity, a higher efficiency can be obtained by focusing the pump light to the
sample. By focusing, higher spatial discrimination or resolution can be obtained.
Figure 2 illustrates an exemr;lary use of objective lens 30 in accordance with an
exemplary embodiment of the present invention for both focusing a pump beam 32 to
a sample 34, and collecting a backward propagating Brillouin scattered light 36. Such
exemplary detection scheme can be called the “epi configuration.” For example, Fig.
2 shows an associated acoustic wave 38 propagating forward, as well as elastically
scattered, diffused waves 40. A portion of the elastically scattered light within the
numerical aperture of the lens may be also collected. Because the Brillouin process

can produce a phase conjugation, the backward Brillouin scattering may be efficiently

collected, even with a low numerical-aperture objective lens.

Brillouin spectroscopy is a technique that can measure the spectrum of the
Brillouin scattered light, thereby allowing the properties of inherent acoustic phonons
of a medium. The Brillouin spectrum may be closely related to the mechanical
properties of the medium through the phase matching conditions represented in

Equations (1) and (2) (e.g., in their simplest forms).

One of the important features of an exemplary embodiment of the present
invention is an image generation feature. Using a predetermined or calculated
conversion table, the spatial variation of the Brillouin spectra may be presented as an

image. To generate images, the pump or probe beam can be scanned laterally across

12
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the sample, and/or the sample can itself be translated. Figs 3A and 3B illustrate two
respective beam scanning applications in accordance with an exemplary embodiment
of the present invention which can use a galvanometer and rotational catheter. As
shown in Fig. 3A, the pump wave 60 may be reflected by a galvanometer-mounted
mirror 62, and focused by an objective lens 64 to a medium 68. Light collected by the
objective lens 64 in the epi mode can consist of a backscattered component 70 and a
Brillouin shifted component 72. Other conventional scanners can be used, including
but not limited to polygonal mirror scanners and MEMS mirrors. Fig. 3B depicts an
exemplary beam-scanning application that uses an exemplary embodiment of an
arrangement according to the present invention based on a fiber-optic catheter or
endoscope for an application to, for example, luminal organ imaging. For example, a
catheter can include a single mode fiber 80, a focusing lens 82, a prism 84, a drive
shaft 86, and a protective sheath 88. A catheter core, rotated inside the stationary

sheath 88, can scan across the tissue 92 using an optical beam 90 in a helical manner.

The beam size of the bump beam at the sample can determine the spatial
resolution. When a coarse spatial resolution is sufficient, it is possible to use a
collimated beam. As shown in Fig. 4A, an exemplary implementation of an objective
lens 100 with a low numerical aperture (“NA”) can result in a low transverse
resolution. With the longitudinal interaction length likely being long and well defined
(Fig. 4A); an objective lens 102 with a high NA may provide better transverse and
axial resolution, as shown in Fig. 4B. With the high NA, the Brillouin interaction
length is likely to be short, and the phase matching can be met over a large solid
angle. In both cases, the backward-propagating Brillouin light may be detected in the

epi configuration. Fig. 4C depicts another exemplary implementation an use of the

13
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exemplary embodiments of the method and arrangement according to the present
invention using at leas two objective lenses 104, 106. This scheme, however, may not

be appropriate for thick tissue or in vivo applications.

Fig. 5 depicts a block diagram pf an exemplary embodiment of an
arrangement according to the present invention. For example, the arrangement of Fig.
5 includes a light source 110, preferably a monochromatic laser emitting visible or
infrared light source, and a pump beam/wave 111 that can be illuminated to a sample
112 through a beam splitter 114, a beam scanner 116, and an objective lens 118. The
light source 110 can be, but not limited to, a cw single frequency laser with a center
wavelength between 0.5 and 1.8 microns and a narrow line width, typically less than
100 MHz, providing temporal coherence longer than the lifetime of phonons. Another
preferred type of light source is a Q-switched single frequency laser. The pulse
repetition rate may range from 1 to 100 kHz, and the pulse duration from 10 ns to 1
ps. The Q-switched pump light can result in higher Brillouin generation efficiency
because the intensity is higher than that of cw light at the same average power level.
The light source 110 may utilize or include an optical arrangement to deliver more
than one frequency components (illustrated in Figs. 8A and 8B). The lateral step size
of the beam scan can be approximately equal to the focal spot size of the pump

beam/wave 111 in the sample 112,

The scattered light 120 provided from the sample 112 and collected by the
objective lens 118 may originate from both elastic and inelastic scattering. The
spectrum of the scattered light may be measured using a spectrally-selective
arrangement 120, such as scanning filters, etalons, virtual interferometer phase arrays,

or spectrometers. Various scanning filters are known in the art, including but not

14
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limited to a Fabry-Perot interferometer. For example, the Brillouin shift can be as
high as several tens of GHz. The exemplary Fabry-Perot scanning interferometer may
have a free speciral range of 50 GHz, and finesse of 1000. The spectrally selected
optical photons may then be converted to electrical signals at a detector 122 (e.g., 2

photo-multiplier tube, avalanche photodiode, or charge-coupled-device array).

Other exemplary embodiments of the present invention that use fiber-optic
heterodyne interferometers are shown in the block diagrams of Figs. 6A and 6B. In
Fig. 6A, a single-frequency laser 150 is shown to be coupled to a fiber-optic beam
splitter 152 with an exemplary splitting ratio of approximately 90:10. One optical
path, termed a sample arm 154, can be connected to a beam scanmer 156 via a
circulator 158, and the other path, termed a reference arm 170, may contain a
frequency shifter 172 such as an acousto-optic or electro-optic modulator. Both the
sample and reference arms 154, 170 may be combined at another fiber-optic beam
splitter 180, with, e.g., equal splitting ratios. The interference signal between the
backscattered light in the sample arm 154 and the frequency-shifted reference light in
the reference arm 170 can be measured by a dual balanced receiver 182, and
processed using a computer 184. The frequency shifter 172 can be used to decrease
the beat frequency between scattered and reference light, and a polarization controller
174 may also be utilized, as shown in Fig. 6A. According to another exemplary
embodiment of the present invention, an electrical spectrum analyzer may replace or
comblement the computer 184. Alternatively, the Brillouin spectra may be
determined by tuning the magnitude of frequency shift by the shifter 172 and

measuring the beat signal with a low-bandwidth detector 182.

15
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Fig. 6B depicts a block diagram of another exemplary configuration according
to a further exemplary embodiment of the present invention that uses two
monochromatic lasers 200, 202, with a tunable frequency difference. One laser 200 is
coupled to a sample arm 210 for delivering the pump wave. The second laser 202 can
serve as a local oscillator to provide the reference light with a frequency detuned from
that of the pump source by a predetermined amount. The frequency of the local
oscillator can be close to that of one of Brillouin signal light, and the beat frequency
may be measured by a detector 220. For example, the line widths of the pump source
200 and the local oscillator 202 should be significantly narrow, and typically less than

100 kHz, to effect a temporal coherency between the scattered and reference light.

Fig. 6C illustrates a block diagram of yet another exemplary embodiment of
the arrangement according to the present invention based on a frequency-swept laser
230 that can be preferably either one of a mode-hop-free extended-~cavity
semiconductor laser, temperature-tuned distributed feedback laser, and cavity-
modulated solid-state laser. The reference arm 232 may contain a delay line 234
providing an optical delay by a fixed amount and/or a variable amount controlled by
the length difference between the reference and sample arms 232, 240. The length

mismatch between the two arms can be selected as follows:

c

where ¢ is the speed of light, n is the refractive index of medium, « is the tuning
speed, and vp is the frequency of acoustic phonons of interest. Pursuant to such
selection, the electrical beat frequency measured by a detector 244 can be

significantly smaller than the acoustic frequency. On the other hand, when the path

16



WO 2007/092911 PCT/US2007/061815

10

15

20

lengths of the two arms 232, 240 are substantially matched, such exemplary
measurement technique may be similar to the optical frequency domain reflectometry.
The interference signal measured as a function of wavelength can be processed via a
Fourier transform to produce an axial profile of elastic backscattering coefficients.
Similarly, with appropriate length mismatch, similar signal processing may yield an

axial profile of Brillouin scattering coefficients.

Figs. 7A-7D depict various stages of two different exemplary source
arrangements according to an exemplary embodiment of the present invention which
are capable of producing the pump wave consisting of two different frequency
components. The Brillouin spectroscopy based on such two-frequency pump wave is
illustrated in Fig. 1B and described herein above. For example, in Fig. 7A, an electro-
optic modulator with a proper DC bias can produce two sidebands from a
monochromatic laser input. In Fig. 7B, two low-drift monochromatic lasers may be
combined with a beam combiner 270. In the epi configuration, the combined pump
waves may be delivered to a sample 280 through an objective lens 282, as shown in
Fig. 7C. In a transmission configuration, a secondary objective lens 284 may be used
to launch one of the two frequency components in the opposite direction, as shown in

Fig. 7D.

Figs. 8A and 8B illustrate exemplary Brillouin spectra obtained from two
different locations in a sample according to the exemplary embodiment of the present
invention. For example, the difference between the two spectra, represented in these
figures by the magnitude of vg, may indicate a difference in stiffness between the two
locations. An image 300 (shown in Fig. 8C) can be formed based on the measured

Brillouin signal and by using a grayscale look up table 310 and/or a false color lookup

17
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table 320. The lookup table(s) 310, 320 may be based on the magnitude and/or the

frequency of one or more specific Brillouin peaks.

Figs. 9A and 9B illusirates possible exemplary clinical applications of
Brillouin microscopy 400 in human 410 by use of a fiber-optic catheter 420 or
endoscope 430 in accordance with an exemplary embodiment of the present
invention. The catheter 420 may have a similar configuration as shown in Fig. 3B.
and described above The endoscope 430 may employ a two-axis XY beam scanning
actuator, such as MEMS scanners. Potential applications of Brillouin microscopy can
include tissue characterization based on biomechanical properties, cancer diagnosis,
tumor margin determination, wound healing monitoring, tissue ablation monitoring,

and tissue engineering among many.

The foregoing merely illustrates the principles of the invention. 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 arrangements, systems
and methods according to the exemplary embodiments of the present invention can be
used with any OCT system, OFDI system, spectral domain OCT (SD-OCT) system or
other imaging systems, and for example with those described in International Patent
Application PCT/US2004/029148, filed September 8, 2004, U.S. Patent Application
No. 11/266,779, filed November 2, 2005, and U.S. Patent Application No.
10/501,276, filed July 9, 2004, 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 invention and are

thus within the spirit and scope of the present invention. In addition, to the extent that
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the prior art knowledge has not been explicitly incorporated by reference herein
above, it is explicitly being incorporated herein in its entirety. All publications

referenced herein above are incorporated herein by reference in their entireties.
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What Is Claimed Is:

L. An arrangement comprising:

at least one first arrangement configured to provide at least one first electro-
magnetic radiation to an anatomical sample so as to generate at least one acoustic
wave in the anatomical sample, wherein at least one second electro-magnetic radiation
is produced based on the at least acoustic wave; and

at least one second arrangement configured to receive at least one portion of
the at least one second electro-magnetic radiation so as to determine information

associated with at least one portion of the anatomical sample.

2. The arrangement according to claim 1, wherein the anatomical sample is at

least one of an organ, a tissue or cell.

3. The arrangement according to claim 1, further comprising at least one third
arrangement configured to image the at least one portion of the anatomical sample

based on data associated with the at least one second electro-magnetic radiation.

4. The arrangement according to claim 3, further comprising at least one fourth

arrangement configured to translate the at least one electro-magnetic radiation across

the anatomical sample.

5. The arrangement according to claim 4, wherein the at least one fourth

arrangement includes at least one lens, and wherein the at least one lens focuses the at
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least one first electro-magnetic radiation and collects the at least one second electro-

magnetic radiation.

6. The arrangement according to claim 3, wherein the at least one first electro-
magnetic radiation includes at least one first magnitude and at least one first
frequency, wherein the at least one second electro-magnetic radiation includes at least
one second magnitude and at least one second frequency, and wherein the data relates
to at least one of a first difference between the first and second magnitudes or a

second difference between the first and second frequencies.

7. The arrangement according to claim 6, wherein the second difference is

approximately between —100 GHz and 100 GHz, excluding zero.

8. The arrangement according to claim 1, wherein the at least one second
arrangement includes a spectral filter which facilitates a determination of a spectrum

of the at least one second electro-magnetic radiation.
9. The arrangement according to claim 4, wherein the at least one fourth
arrangement is at least ome of a catheter, an endoscope, a laparoscope, or an

ophthalmic visualization device.

10.  The arrangement according to claim 1, wherein the information is associated

with a biomechanical property of the anatomical sample.

21



WO 2007/092911 PCT/US2007/061815

10

15

20

25

11, The arrangement according to claim 1, wherein the anatomical sample is a

living subject.

12.  The arrangement according to claim 1, wherein the at least one first
electromagnetic radiation has a center wavelength which is approximately between

0.5-1.8 um.

13.  The arrangement according to claim 12, wherein the at least one first
electromagnetic radiation has a line width which is smaller than approximately 100

MHz.

14.  The arrangement according to claim 12, wherein the at least one first
electromagnetic radiation has a form of a plurality of pulses, and wherein the duration

of each of the pulses is longer than approximately 10 ns.

15.  The arrangement according to claim 1, wherein the at least one first electro-
magnetic radiation includes at least two first electro-magnetic radiations, wherein a
first one of the at least two first electro-magnetic radiations has a first frequency, and
a second one of the at least two first electro-magnetic radiations has a second
frequency, and wherein a difference between the first and second frequencies is

between approximately zero and 100 GHz.

16.  The arrangement according to claim 1, wherein the at least one first electro-
magnetic radiation includes at least one first magnitude and at least one first

frequency, wherein the at least one second electro-magnetic radiation includes at least
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one second magnitude and at least one second frequency, wherein the at least one
second arrangement is configured to receive at least one third electro-magnetic
radiation which has at least one third magnitude and at least one third frequency, and
wherein the second frequency is determined as a function of the first and third

frequencies.

17.  The arrangement according to claim 16, wherein the at least one third electro-

magnetic radiation is forwarded from an electromagnetic radiation source.

18. An arrangement comprising;

at least one first arrangement configured to provide at least one first
electro-magnetic radiation to an anatomical sample, wherein at least one second
electro-magnetic radiation is provided from the anatomical sample;

at least one second arrangement configured to receive at least one
portion of the at least one second electro-magnetic radiation so as to determine
information associated with at least one portion of the anatomical sample; and

at least one third arrangement configured to analyze the information
based on data associated with the at least one second electro-magnetic radiation,

wherein the at least one first electro-magnetic radiation includes at least one

first magnitude and at least one first frequency, wherein the at least one second
electro-magnetic radiation includes at least one second magnitude and at least one
second frequency, and wherein the data relates to at least one of a first difference
between the first and second magnitudes or a second difference between the first and
second frequencies, and wherein the second difference is approximately between —

100 GHz and 100 GHz, excluding zero.
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19.  The arrangement according to claim 18, further comprising at least one fourth
arrangement configured to image the at least one portion of the anatomical sample

based on data associated with the at least one second electro-magnetic radiation.

20.  The arrangement according to claim 19, further comprising at least one fifth
arrangement configured to translate the at least one electro-magnetic radiation across

the anatomical sample.

21.  The arrangement according to claim 20, wherein the at least one fifth
arrangement includes at least one lens, and wherein the at least one lens focuses the at
least one first electro-magnetic radiation and collects the at least one second electro-

magnetic radiation.
22.  The arrangement according to claim 18, wherein the at least one second
arrangement includes a spectral filter which facilitates a determination of a spectrum

of the at least one second electro-magnetic radiation.

23.  The amrangement according to claim 18, wherein the information is associated

with a biomechanical property of the anatomical sample.

24.  The arrangement according to claim 18, wherein the anatomical sample is a

living subject.
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25.  The arrangement according to claim 18, wherein the at least one first
electromagnetic radiation has a center wavelength which is approximately between

0.5— 1.8 um.

26.  The arrangement according to claim 25, wherein the at least one first
electromagnetic radiation has a line width which is smaller than approximately 100

MHz.

27.  The arrangement according to claim 25, wherein the at 'least one first
electromagnetic radiation has a form of a plurality of pulses, and wherein the duration

of each of the pulses is longer than approximately 10 ns.

28.  The arrangement according to claim 18, wherein the at least one first electro-
magnetic radiation includes at least two first electro-magnetic radiations, wherein a
first one of the at least two first electro-magnetic radiations has a first frequency, and
a second one of the at least two first electro-magnetic radiations has a second
frequency, and wherein a difference between the first and second frequencies is

between approximately zero and 100 GHz.

29.  The arrangement according to claim 18, wherein the at least one second
arrangement is configured to receive at least one third electro-magnetic radiation
which has at least one third magnitude and at least one third frequency, and wherein

the second frequency is determined as a function of the first and third frequencies.
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30.  The arrangement according to claim 29, wherein the at least one third electro-

magnetic radiation is forwarded from an electromagnetic radiation source.

31. A method for obtaining information associated with an anatomical sample,
comprising:

providing at least one first electro-magnetic radiation to the anatomical sample
$0 as to generate at least one acoustic wave in the anatomical sample, wherein at least
one second electro-magnetic radiation is produced based on the at least acoustic wave;
and

receiving at least one portion of at least one second electro-magnetic radiation
so as to determine information associated with at least one portion of the anatomical

sample.

32. A method for obtaining information associated with an anatomical sample,
comprising:

providing at least one first electro-magnetic radiation to an anatomical
sample, wherein at least one second electro-magnetic radiation is provided from the
anatomical sample;

receiving at least one portion of the at least one second electro-
magnetic radiation so as to determine information associated with at least one portion
of the anatomical sample; and

analyzing the information based on data associated with the at least
one second electro-magnetic radiation,

wherein the at least one first electro-magnetic radiation includes at least one

first magnitude and at least one first frequency, wherein the at least one second
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electro-magnetic radiation includes at least one second magnitude and at least one
second frequency, and wherein the data relates to at least one of a first difference
between the first and second magnitudes or a second difference between the first and

second frequencies, and wherein the second difference is approximately between —

5 100 GHz and 100 GHz, excluding zero.
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