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(57) Abstract: Embodiments include applying or generating an alternating magnetic field near an atfected area of a subject to be
treated. When magnetic nanoparticles are located in the affected area, the magnetic nanoparticles are oscillated by the alternating
magnetic field, which causes the magnetic nanoparticles to be dispersed within the aftected area, break up the atfected area, and/or
heat the affected area.
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APPLICATIONS OF ALTERNATING MAGNETIC FIELDS
ON MAGNETIC NANOPARTICLES
TECHNICAL FIELD
[0001] Embodiments described herein can broadly be used in technical fields
implicating nanotechnology. Some embodiments include applying nanotechnology to
perform medical applications.
BACKGROUND
[0002] Magnetic nanoparticles have been used in medical fields such as MRIs, drug
delivery systems, and magnetic hyperthermia. Magnetic nanoparticles are also used in
thrombus treatment to break/destroy thrombus plaque in blood vessels and are activated
using a strong magnetic field, such as one generated by an MRI. However, MRIs are
expensive devices and the magnetic field generated by an MRI can cause the magnetic
nanoparticles to damage the healthy tissue.
BRIEF DESCRIPTION OF THE FIGURES
[0003] Fig. 1A illustrates a principal of interaction between magnetic nanoparticles
with an alternating magnetic field when the magnetic field is generated strongly.
[0004] Fig. 1B illustrates a principal of interaction between magnetic nanoparticles
with an alternating magnetic field when the magnetic field is O (zero) or weak intensity.
[0005] Fig. 2 is a graph showing an illustrative embodiment of a correlation between
an excited alternating current signal and an acoustic signal generated by the magnetic
nanoparticles.
[0006] Fig. 3 is a flow diagram showing an illustrative embodiment of a method for
activating magnetic nanoparticles.
[0007] Figs. 4A through 4D are graphs showing an illustrative embodiment of a
correlation between an excited alternating current signal and an acoustic signal from
various detection points.
[0008] Fig. 5 is a flow diagram of an illustrative embodiment of a method for
determining location of a magnetizing coil with respect to magnetic nanoparticles.
[0009] Fig. 6A is a schematic view of an illustrative embodiment of an apparatus for
generating an alternating magnetic field according to an embodiment.
[00010] Fig. 6B is a schematic view of an illustrative embodiment of an apparatus for
generating an alternating magnetic field and detecting an acoustic signal according to an

embodiment.
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[00011] Fig. 7 is a schematic view of an illustrative embodiment of a computer
program product.
[00012] Fig. 8 is a schematic view of an illustrative embodiment of a computer system.
[00013] Fig. 9 is a configuration of an illustrative embodiment of an experiment.
DETAILED DESCRIPTION
[00014] In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols typically identify
similar components, unless context dictates otherwise. The illustrative embodiments
described in the detailed description, drawings, and claims are not meant to be limiting.
Other embodiments may be utilized, and other changes may be made, without departing
from the spirit or scope of the subject matter presented herein. It will be readily
understood that the aspects of the present disclosure, as generally described herein, and
illustrated in the Figures, can be arranged, substituted, combined, separated, and designed
in a wide variety of different configurations, all of which are explicitly contemplated
herein.
[00015] Magnetic nanoparticles have been used in medical fields to break and destroy
various biomediums, such as thrombus plaque in blood vessels. However, this has
typically required expensive equipment to provide strong magnetic fields with enough
energy to move the magnetic nanoparticles. The large amounts of electrical current can
create unwanted heat. In addition, magnetic coils have typically been required to be large
such that a subject is placed within the magnetic coil. Conventional methods have thus
posed potential damage to healthy tissue in which magnetic nanoparticles are placed.
[00016] The present disclosure provides methods, apparatuses, systems, computer
programs, and other embodiments for using magnetic nanoparticles in a manner that is
safe to biosystems for at least partially disrupting, break up, agitate, mix, excite and/or
heat an affected area. Aspects of the disclosure apply an alternating current to a
magnetizing coil to excite an alternating magnetic field of the magnetizing coil. When
the alternating magnetic field is applied near one or more magnetic nanoparticles, the
alternating magnetic field is effective to increase an oscillation of the one or more
magnetic nanoparticles. As used herein, the term “near” broadly covers any distance
sufficient for the alternating magnetic field to effect and/or affect the oscillation of the
one or more magnetic nanoparticles. In one embodiment, “near” can include that the

magnetizing coil being located “at” or very near to the location holding the magnetic
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nanoparticles. The distance at which the alternating magnetic field is applied may also
depend on the intensity of the alternating magnetic field. For example, an alternating
magnetic field having a stronger intensity may be located farther away from the location
holding the magnetic nanoparticles than an alternating magnetic field having a lower
intensity.

[00017] Thus, some embodiments are directed to magnetic nanoparticles that are
placed in a medium at a predetermined location and caused to oscillate using an
alternating current to disperse and treat an affected area at the predetermined location. An
example of a medium at a predetermined location is a thrombus in a blood vessel.
Embodiments include applying or generating an alternating magnetic field near an
affected area of a subject to be treated. When magnetic nanoparticles are located in the
affected area, the magnetic nanoparticles are oscillated by the alternating magnetic field,
which causes the magnetic nanoparticles to be dispersed within the affected area, break
up the affected area, and/or heat the affected area.

[00018] As used herein, the term “affected area” broadly refers to a predetermined
location where a treatment utilizing magnetic nanoparticles will be applied. An affected
area can be identified by diagnosis by a medical professional during a physical exam, an
MRI, a CAT scan, or any of a variety of medical analysis which can detect areas in which
the treatments herein may be beneficial. Treatment can include any process in which it is
desired to influence an affected area by moving magnetic nanoparticles within the
affected area so as to be dispersed within the affected area. The movement of the
magnetic nanoparticles within the affected area can cause additional beneficial effects to
occur, such as, but not limited to, the affected area being disrupted, broken up, agitated,
mixed, heated, excited, and the like. In some embodiments, the affected area may include
a medium in which the magnetic nanoparticles are placed. When the subject is a human
body, the medium may be a thrombus, biofluids, tissue, blood vessels, and the like. A
used herein, the term “medium” refers to a substance in which the magnetic nanoparticles
are placed that is able to become excited by the oscillation of the magnetic nanoparticles
and propagate acoustic signals generated by the oscillating magnetic nanoparticles. Thus,
depending on the medium, a viscosity of the medium may affect how easily magnetic
nanoparticles are able to oscillate within the medium. For example, when an affected
area contains thrombus plaque, the predetermined location may be thrombus plaque

located in a blood vessel having a diameter of about 1,000 nm or less with the medium
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being the thrombus plaque. In this example, the magnetic nanoparticles may thus be
placed in a region of 1,000 nm or less. In another embodiment, the magnetic
nanoparticles may be placed in a larger region.

[00019] As used herein, the term “magnetic nanoparticles” broadly covers particles
having ferromagnetic, ferrimagnetic, paramagnetic and superparamagnetic properties.
The magnetic nanoparticles may be synthesized from various materials, such as, but not
limited to, ferrite, ferrite alloy, nickel, platinum, and the like.  In addition, mixtures of
ferrite with non-metal material (such as silica and polymer) may be used to synthesize the
magnetic nanoparticles, thus providing the desired magnetic properties in the presence of
what are traditionally non-magnetic compounds (e.g., silica and polymer).

[00020] In an illustrative embodiment, magnetic nanoparticles are a superparamagnetic
parenteral iron oxide contrast agent sold under the trademark Resovist® and
manufactured by Shering AG. In an illustrative embodiment, magnetic nanoparticles are
ferumoxides sold under the trademark Feridex® and manufactured by Amag
Pharmaceuticals.

[00021] Depending on the medium of the affected area and the composition of the
magnetic nanoparticles that may be placed in the affected area for treatment,
ferromagnetic or ferrimagnetic magnetic nanoparticles tend to aggregate due to remanent
magnetization when no alternating current is being applied, making it more difficult to
disperse the magnetic nanoparticles within the affected area when the alternating current
is actually applied. In one embodiment, the magnetic nanoparticles can be composed of
superparamagnetic material which is able to be strongly magnetized with little or no
remanent magnetization to prevent the magnetic nanoparticles from aggregating when
placed within a medium at the affected area.

[00022] In one embodiment, the magnetic nanoparticles can be placed in the medium
as individual particles. In another embodiment, the magnetic nanoparticles can be placed
in the medium as a cluster of particles that operate as a working unit. For example, if the
magnetic nanoparticles is made of pure metal, it may be desirable to use magnetic
nanoparticle having a diameter of less than 10 nm due to issues of remanent
magnetization and safety. However, as discussed further below, an acoustic signal can, in
some situations, be generated more easily where a diameter of an acting particle on the
medium is of larger size than 10 nm. Thus, in one embodiment, a cluster of magnetic

nanoparticles, such as two or three particles, can be synthesized and placed in a shell to
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operate as a working unit. In another embodiment, the magnetic nanoparticles may
loosely aggregate after being placed in the medium. For example, in one embodiment,
Resovist® magnetic particles are used that contain superparamagnetic iron oxide coated
with Carboxi dextran. When the Resovist® particles are administered to the affected area,
the particles generally are not aggregated. Then, when a magnetic field is applied to the
Resovist® particles, the particles begin to oscillate and at least some of the particles
become loosely aggregated. The individual particles and the loosely aggregated clusters
each operate as “working units”. The working unit then has the benefit of larger size,
while maintaining the individual magnetic nanoparticles at smaller sizes. Given the
variation of types of magnetic nanoparticles and possible clustering configurations that
can be used, it is helpful to reference an “acting particle” diameter that refers to a
diameter of a particle that is actually placed in the medium. The “acting particle” can be
an individual nanoparticle. Or, alternatively, the “acting particle” can be a cluster of
nanoparticles operate together as a working unit, whether combined together in a shell, or
loosely aggregated together.

[00023] The shape of the acting particle can be configured to be any shape such as, but
not limited to, spherical, elliptical, cylindrical, cubical, conical, pyramidal, tetrahedral,
and the like. In some embodiments, a diameter of each of the acting particle can depend
on the size of the affected area in which the acting particle is to be applied. However,
those skilled in the art will recognize that the acting particle can be synthesized to
whatever suitable size is needed for a particular treatment. Further, one or more acting
particles may be placed in a particular location. As also discussed below, the diameter of
the acting particle can also be affected by including a resistance-generating structure or
resistance-decreasing structure. A suitable diameter for an acting particle can thus range
from about 3 nm to about 100 nm, or from about 10 nm to about 100 nm, or from about
15 nm to about 30 nm, or from about 15 nm to about 25 nm, as illustrative examples. The
remainder of this disclosure may use the term “magnetic nanoparticle” as synonymous
and interchangeable with the term “acting particle.” The size of the acting particle is
generally determined by the size of the affected area and the purpose for which the acting
particles are being used. For example, where the affected area is a blood vessel with a
diameter of about 1,000 nm or less that has thrombus plaque, the acting particles must be
small enough to allow fluid flow in the blood vessel. When the thrombus is broken up, at

least some of the acting particles could be flushed downstream to smaller veins. Thus, in
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this example, the size of the magnetic nanoparticles in selected so that magnetic
nanoparticles will not block blood flow in the blood vessel and/or other veins. However,
where magnetic nanoparticles blocking fluid flow is not a potential concern, then the size
of the magnetic nanoparticles can be larger, and, in some instances, will actually have
better oscillation properties due to having a larger size. Thus, the example sizes provided
above are for illustrative purposes only and are not limiting.

[00024] When the magnetic nanoparticles are oscillated by the magnetic field, an
acoustic signal is generated in the medium by the magnetic nanoparticles and the
magnetic nanoparticles transfer the momentum to the medium. When a resistance of a
magnetic nanoparticle toward the medium is small, a large acoustic signal cannot be
generated by the magnetic nanoparticle even though the magnetic nanoparticle is
oscillating quite strongly. In other words, in order to move the surrounding medium to
create the large acoustic signal (with large amplitude), the magnetic nanoparticles must be
able to move the medium. In some cases, the medium cannot be moved even where the
magnetic nanoparticles are rapidly moving or oscillating. Based on Stokes’ theorem,
when a particle with small diameter has small frictional force with molecules of the
surrounding medium, the small particle cannot generate a large acoustic wave (even
though the small particle may be oscillating very fast), leaving the molecules of the
surrounding medium essentially immobile. Therefore, in order to create a large acoustic
wave, the frictional force between the magnetic nanoparticles and the surrounding
medium needs to be large. Further, since it will be the surrounding medium that transmits
the acoustic wave so that it is detectable by a detecting device (see below), the
surrounding medium needs to be oscillated along with the magnetic nanoparticles.

[00025] To overcome the situation where a magnetic nanoparticle does not have
enough resistance to be able to generate an acoustic wave in a medium, a larger diameter
magnetic nanoparticle can be selected for use since the greater the diameter of the
magnetic nanoparticles, the greater the frictional force will be. In another embodiment,
instead of increasing the size of the magnetic nanoparticles, a coating can be applied to a
surface of the magnetic nanoparticles, the coating having a resistance generating structure
that generates a larger frictional force with the surrounding medium than the magnetic
nanoparticle does by itself. In one embodiment, the resistance generating structure
creates a resistance up to ten times greater than a resistance of a magnetic nanoparticle

that does not have the resistance generating structure. The resistance generating structure
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may be selected from, but is not limited to, sugar, gel matrix, styrene polymer, and the
like, or a combination thereof. In one embodiment, the resistance generating structure
provides a steric structure of at least a portion of the magnetic nanoparticle to be more
three-dimensional, so that when the magnetic nanoparticle with the resistance generating
structure having the more three-dimensional steric structure is placed in the medium, the
magnetic nanoparticle generates a larger frictional force between the magnetic
nanoparticles and the medium.

[00026] A determination that a resistance between the magnetic nanoparticle and the
medium is too low can be made before the magnetic nanoparticles are placed in the
medium, as described in more detail below. A determination can be made whether
sufficient resistance will exist between the magnetic nanoparticle and the medium to
generate the desired acoustic signal, depending on a variety of factors such as terminal
velocity (speed) and particle diameter. Resistance can also depend on how particles
aggregate and operate together as working units, as described below in further detail.
[00027] Thus, when the resistance is below the range or threshold of resistance,
measures can be taken to increase the resistance, such as, but not limited to, selecting
magnetic nanoparticles of larger size, or placing a resistance-increasing coating on the
magnetic nanoparticles to increase resistance. In one embodiment, the resistance-
increasing coating can provide a particular steric structure that is more three-dimensional.
[00028] On the other hand, when the resistance of the magnetic nanoparticle toward
the medium is too large, there is too much resistance between the magnetic nanoparticle
and the medium so that a large acoustic signal also cannot be generated. That is, when
the frictional force between the magnetic nanoparticles and the surrounding medium is
too large, a driving energy caused by the magnetic field turns oscillations of the magnetic
nanoparticle to heat energy immediately without generating an acoustic wave. In these
situations, even when the magnetic nanoparticles are moved by a magnetic field or when
the magnetic nanoparticles generate heat, the amount of the momentum of the magnetic
nanoparticles and heat generated by the momentum is not sufficient to break up the
affected area. Thus, the selection of the appropriate frictional force (or acoustic
impedance matching) can generate the desired acoustic wave.

[00029] To overcome the situation where a magnetic nanoparticle has too much
resistance with the medium such that it produces heat instead of the desired acoustic

wave, a magnetic nanoparticle of a smaller diameter can be selected for use in the
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medium. In other embodiments, a resistance-decreasing structure can be applied to a
surface of the magnetic nanoparticles to decrease the resistance between the magnetic
nanoparticles and the surrounding medium. For example, when the medium is water, the
resistance decreasing structure may be selected from, but not limited to, water-shedding
material, or lipophilic material, or a combination thereof. In one embodiment, the
resistance decreasing structure provides a steric structure of the magnetic nanoparticles to
be less three-dimensional to decrease the amount of resistance between the magnetic
nanoparticle and the surrounding medium.

[00030] A determination that a resistance between the magnetic nanoparticle and the
medium is too high can be made before the magnetic nanoparticles are placed in the
medium. For example, using the calculations provided above, knowing the speed of the
particle, the size of the particle, and the viscosity of the medium, a determination can be
made whether sufficient resistance will exist between the magnetic nanoparticle and the
medium to generate the desired acoustic signal. Thus, when the resistance is above the
range or threshold of resistance, measures can be taken to decrease the resistance, such as,
but not limited to, selecting magnetic nanoparticles of smaller size, or placing a
resistance-decreasing coating on the magnetic nanoparticles to decrease resistance. In
one embodiment, the resistance-decreasing coating can have a particular steric structure
that is less three-dimensional.

[00031] Thus, one aspect of the invention includes a method for a medical treatment,
the method including applying an alternating magnetic field near one or more magnetic
nanoparticles at a first location. The application of the alternating magnetic field is
effective for increasing an oscillation of the one or more magnetic nanoparticles at the
first location. The alternating magnetic field can be maintained to oscillate one or more
magnetic nanoparticles. The method can include applying an alternating current to a
magnetizing coil to excite the alternating magnetic field of the magnetizing coil. The
method can include measuring the alternating magnetic field generated by the
magnetizing coil and an acoustic signal generated by the magnetic nanoparticles. The
method can include comparing the measurement of the alternating magnetic field and the
measurement of the acoustic signal to detect a doubled acoustic frequency. The method
can include generating an output based on the comparison.

[00032] Another aspect of the invention is an apparatus having a magnetizing coil, a

current driver amplifier coupled to the magnetizing coil, and a direct digital synthesizer
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connected to the current driver amplifier, that when in operation, operates with the current
driver amplifier to supply an alternating current to the magnetizing coil to generate an
alternating magnetic field in the magnetizing coil. The apparatus can further include an
acoustic probe, a preamplifier connected to the acoustic probe, that when in operation,
operates with the preamplifier and acoustic probe to measure an acoustic signal generated
by the alternating magnetic field, and a double frequency synchronous cross-detector
connected to the preamplifier and connected to the direct digital synthesizer, the direct
digital synthesizer configured to measure the alternating magnetic field generated in the
magnetizing coil. The double frequency synchronous cross detector compares the
measurement of the acoustic signal and the measurement of the alternating magnetic field
and generates a doubled acoustic frequency.

[00033] Another aspect is a system for a medical treatment including a magnetizing
coil configured to be placed near a first location having a plurality of magnetic
nanoparticle, an alternating current generator coupled to the magnetizing coil to generate
an alternating magnetic field in the magnetizing coil, an acoustic probe configured to be
placed near the first location having the plurality of magnetic nanoparticles, a first
detector communicating with the alternating current generator for generating a first
measurement of an alternating magnetic field generated in the magnetizing coil, and a
second detector communicating with the acoustic probe for generating a second
measurement of an acoustic signal generated by the plurality of nanoparticles oscillating
at the first location by the magnetic field.

[00034] The system optionally further includes a computing device communicating
with the first detector and the second detector, the computing device having a processor
and memory, the memory comprising one or more instructions that when executed by the
processor cause the computing device to receive the first measurement of the alternating
magnetic field generated in the magnetizing coil, receive the second measurement of the
acoustic signal generated by the plurality of nanoparticles oscillating at the first location
by the magnetic field, and compare the measurement of the alternating magnetic field and
the measurement of the acoustic signal to detect a doubled acoustic frequency. The
processor can also generate an output based on the comparison. And, a graphical user
interface can communicate with the processor to graphically display the output.

[00035]  Aspects also include computer program products for use in a computer system

having a processor and storage, the computer product comprising a signal-bearing
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medium having computer executable instructions that, when executed by the processor of
the computer system cause the computer system to perform a method for activating one or
more magnetic nanoparticles at a predetermined location in a medium, the method
comprising applying an alternating magnetic field near one or more magnetic
nanoparticles at a first location. The application of the alternating magnetic field is
effective for increasing an oscillation of the one or more magnetic nanoparticles at the
first location. The alternating magnetic field can be maintained to oscillate one or more
magnetic nanoparticles. The method can include applying an alternating current to a
magnetizing coil to excite the alternating magnetic field of the magnetizing coil. The
method can include measuring the alternating magnetic field generated by the
magnetizing coil and an acoustic signal generated by the magnetic nanoparticles. The
method can include comparing the measurement of the alternating magnetic field and the
measurement of the acoustic signal to detect a doubled acoustic frequency. The method
can include generating an output based on the comparison.

[00036] Figure 1A illustrates a principal of interaction between magnetic nanoparticles
with an alternating magnetic field when the alternating magnetic field is generated having
a magnetic induction of about 0.5 mT and above. When a strong alternating magnetic
field (e.g., magnetic induction of over 0.5 mT) indicated by lines 100 is applied to
magnetic nanoparticles 102, the strong alternating magnetic field causes the magnetic
nanoparticles to experience acceleration, and, thus, motion. As discussed below, the
alternating magnetic field causes the magnetic nanoparticles to move in both the
transverse and longitudinal directions.

[00037] Figure 1B illustrates a principal of interaction between magnetic nanoparticles
with an alternating magnetic field when the alternating magnetic field is O (zero) or weak
intensity. A zero or weak intensity is where the magnetic induction is 0 to 0.5 mT. When
there is no or a weak magnetic field, the magnetic nanoparticles 102 are dispersed by
Brownian relaxation.

[00038] Principles of operation of an alternating magnetic field being applied to
magnetic nanoparticles will now be described. A magnetic force, F, generated by

magnetization is calculated by the following equation:

oH
F=uy H—
ox
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where uo indicates space permeability, X, indicates a mass magnetic susceptibility, H
indicates the strength of the magnetic field, and x indicates a coordinate position in x-axis
direction. Thus, 0H/Ox indicates a local magnetic gradient. For instance, the local
magnetic gradient of an apparatus such as an MRI is small. If a large gradient can be
created, it is possible to create a large force with small A (magnetic field intensity).

[00039] When magnetic nanoparticles are present in a medium, a magnetic force works
on the magnetic nanoparticles in a non-homogeneous magnetic field. At the same time,
the reversed force works on the medium itself. As such, both the magnetic nanoparticles
and the medium experience a magnetic force due to the magnetic field. Then, the force

working on the magnetic nanoparticles in a medium is indicated by the equation:

OoH
F= ﬂo()(p —Zf)VHa

where X, is a volume magnetic susceptibility of the magnetic nanoparticles, X, is a
volume magnetic susceptibility of the medium, and } indicates volume of the site.

[00040] In this case, when the magnetic nanoparticles are oscillated by the magnetic
force, I, the magnetic nanoparticles experience an increase in acceleration to some
extent. When a speed of the momentum of the magnetic nanoparticles reaches a speed
that counterbalances with a viscosity resistance of the medium, then the speed of the

magnetic nanoparticle cannot exceed a terminal speed given by the following equation:

2
vzzﬂO(Zp_Zf)r H8H
On ox

where v indicates the speed of the magnetic nanoparticles, # indicates a viscosity of a
medium, and 7 indicates a radius of the magnetic nanoparticle.

[00041] When the magnetic nanoparticles are oscillated by the magnetic field, an
acoustic signal is generated in the medium by the magnetic nanoparticles and the
magnetic nanoparticles transfer the momentum to the medium. Figure 2 is a graph
showing a correlation between an alternating current signal 200 (shown as a dashed line)
and an elastic wave or acoustic signal 202 (shown in a solid line) generated by the
magnetic nanoparticles when an alternating magnetic field is applied to the magnetic

nanoparticles.
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[00042] When a resistance of a magnetic nanoparticle toward the medium is small, a
large acoustic signal cannot be generated by the magnetic nanoparticle even though the
magnetic nanoparticle is oscillating quite strongly. In other words, in order to move the
surrounding medium to create the large acoustic signal (with large amplitude), the
magnetic nanoparticles must be able to move the medium. In some cases, the medium
cannot be moved even where the magnetic nanoparticles are rapidly moving or
oscillating. Based on Stokes’ theorem, when a particle with small diameter has small
frictional force with molecules of the surrounding medium, the small particle cannot
generate a large acoustic wave (even though the small particle may be oscillating very
fast), leaving the molecules of the surrounding medium essentially immobile. Therefore,
in order to create a large acoustic wave, the frictional force between the magnetic
nanoparticles and the surrounding medium needs to be large. Further, since it will be the
surrounding medium that transmits the acoustic wave so that it is detectable by a
detecting device (see below), the surrounding medium needs to be oscillated along with
the magnetic nanoparticles.

[00043] To overcome the situation where a magnetic nanoparticle does not have
enough resistance to be able to generate an acoustic wave in a medium, a larger diameter
magnetic nanoparticle can be selected for use since the greater the diameter of the
magnetic nanoparticles, the greater the frictional force will be. In another embodiment,
instead of increasing the size of the magnetic nanoparticles, a coating can be applied to a
surface of the magnetic nanoparticles, the coating having a resistance generating structure
that generates a large frictional force with the surrounding medium than the magnetic
nanoparticle does by itself. In one embodiment, the resistance generating structure
creates a resistance up to ten times greater than a resistance of a magnetic nanoparticle
that does not have the resistance generating structure. The resistance generating structure
may be selected from, but is not limited to, sugar, gel matrix, styrene polymer, and the
like, or a combination thereof. In still another embodiment, the resistance generating
structure provides a steric structure of at least a portion of the magnetic nanoparticle to be
three-dimensional, so that when the magnetic nanoparticle having the resistance
generating structure with the selected steric structure is placed in the medium, the
magnetic nanoparticle generates a larger frictional force between the magnetic

nanoparticles and the medium.
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[00044] A determination that a resistance between the magnetic nanoparticle and the
medium is too low or too high can be made before the magnetic nanoparticles are placed
in the medium. For example, knowing the speed of the particle, the size of the particle,
and the viscosity of the medium, a determination can be made whether sufficient
resistance will exist between the magnetic nanoparticle and the medium to generate the
desired acoustic signal.

[00045] Fluid resistance can generally be calculated by Stoke’s law,

F,=6nnrv

where v indicates a speed of the magnetic nanoparticles, 77 indicates a viscosity of a
medium in which the magnetic nanoparticles are placed, and # indicates a radius of each
magnetic nanoparticle. Based on the equation above of Stoke’s Law, one would expect
when magnetic nanoparticles of the same mass and same volume are located in a fluid,
the fluid friction experienced by each magnetic nanoparticle is proportional to its radius.
However, magnetic nanoparticles tend to make loosely arranged clusters that operate as
working units or “acting particles” described above, where each magnetic nanoparticle in
the cluster has space to move, oscillate and create energy. In this situation, there may be
an overall radius r, of the acting particle and an individual radius r; of each magnetic
nanoparticle in the acting particle. Since the combined volume of the magnetic
nanoparticles combine to form the volume of the working unit, the resistance equation

can be rewritten as:

4727”03 .
I =6nrny 3 3 v=67r77r°—2v
4m 4
3

So, as the size of the acting particle (r,) increases, so does the resistance. Further, it can
be noted, that as the size of the magnetic nanoparticles (r;) becomes smaller, the
resistance also increases. Thus one embodiment includes providing loosely aggregated
acting particles made up of much smaller magnetic nanoparticles. Adding resistance
generating/decreasing structures can also affect the size of the magnetic nanoparticles
and/or acting particles, as described below.

[00046] The resistance depends on the viscosity of the medium and will vary
depending upon the medium in which the magnetic nanoparticles are placed, a number

and size of the magnetic nanoparticles, a type of fluid at the affected area, and the
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structure of the affected area. Further, the viscosity of the medium changes based on the
structure of the affected area, e.g. the speed of blood flow near a vein wall is slower than
in the middle of the vein because the viscosity changes according to the location (i.e., the
viscosity near the vein wall increases).

[00047] Thus, when the resistance is below the range or threshold of resistance,
measures can be taken to increase the resistance, such as, but not limited to, selecting
magnetic nanoparticles of larger size, or placing a resistance-increasing coating on the
magnetic nanoparticles to increase resistance. In one embodiment, the resistance-
increasing coating provides magnetic nanoparticles having a particular steric structure
that is more three-dimensional.

[00048] On the other hand, when the resistance of the magnetic nanoparticle toward
the medium is too large, a large acoustic signal also cannot be generated. That is, a
driving energy caused by the magnetic field turns to heat energy immediately without
generating an acoustic wave when the frictional force between the magnetic nanoparticles
and the surrounding medium is too large. In these situations where the acoustic signal is
not within the desired size range, even when the magnetic nanoparticles are moved by a
magnetic field or when the magnetic nanoparticles generate heat, the amount of the
momentum of the magnetic nanoparticles and heat generated by the momentum is not
sufficient to break up the affected area. Thus, the selection of the appropriate frictional
force (or acoustic impedance matching) can generate the desired acoustic wave.

[00049] To overcome the situation where a magnetic nanoparticle has too much
resistance with the medium such that it produces heat instead of the desired acoustic
wave, a magnetic nanoparticle of a smaller diameter can be selected for use in the
medium. In other embodiments, a resistance-decreasing structure can be applied to a
surface of the magnetic nanoparticles to decrease the resistance between the magnetic
nanoparticles and the surrounding medium. For example, when the medium is water, the
resistance decreasing structure may be selected from, but not limited to, water-shedding
material, or lipophilic material, or a combination thereof. In one embodiment, the
resistance decreasing structure provides a steric structure of the magnetic nanoparticles to
be less three-dimensional to decrease the amount of resistance between the magnetic
nanoparticle and the surrounding medium.

[00050] Thus, when the resistance is above the range or threshold of resistance,

measures can be taken to decrease the resistance, such as, but not limited to, selecting
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magnetic nanoparticles of smaller size, or placing a resistance-decreasing coating on the
magnetic nanoparticles to decrease resistance. In one embodiment, the resistance-
decreasing coating provides magnetic nanoparticles having a particular steric structure
that 1s less three-dimensional.

[00051] The following will now discuss aspects of the alternating magnetic field. A
conventional magnetic field generating device such as an MRI generates a direct
magnetic field and requires a large amount of electricity to operate. Further, a direct
magnetic field generally moves magnetic nanoparticles in a transverse direction, causing
the magnetic nanoparticles to just move side to side, which does not break thrombus
plaque efficiently. To move the magnetic nanoparticle more dynamically, a device
applying a direct magnetic field would require a larger current, but this requires increased
amounts of energy and the increased transverse movement of the magnetic nanoparticle
can also damage healthy tissues in the process of breaking the thrombus plaque.

[00052] Embodiments herein employ an alternating magnetic field generated by an
alternating current. Advantageously, an alternating current uses relatively small amounts
of energy. In addition, the alternating magnetic field induces the magnetic nanoparticles
to move in both transverse and longitudinal directions, which movement breaks up
thrombus plaque more efficiently.

[00053] To illustrate this concept, consider where the treatment site is a blood vessel.
The longitudinal axis of the blood vessel is the X axis, and the Y and Z axis are
orthogonal to each other and form a plane orthogonal to the X axis. The direction of
oscillation of the magnetic nanoparticles can be controlled from outside the blood vessel
so that a direct current field and alternating current field operate orthogonally to each
other. This focuses the direction of the magnetic flux line of the alternating current field
to be along the X-axis. As can be appreciated, the magnetic nanoparticles will oscillate in
the direction of the magnetic flux line (i.e., along the longitudinal axis of the blood
vessel) as well as in the transverse directions Y and Z. Thus, the movement will be
distributed in all three directions instead of directly against the blood vessel walls, thus
reducing damage to healthy tissue. In one embodiment, the alternating current includes a
direct current (DC) component and an alternating current (AC) component. Even though
the magnetic nanoparticles have a greater movement, alternating excitation actually
results in less damage to healthy tissue because in the example above, the particles

oscillate in the direction of the magnetic flux.
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[00054] When an alternating current is applied to a magnetizing coil, the alternating
magnetic field is generated. This may be referred to herein as “exciting the magnetizing
coil” or “exciting an alternating magnetic field,” but should be understood to broadly
refer to generating an alternating magnetic field. In turn, the alternating magnetic field
causes magnetic nanoparticles upon which it is applied to oscillate, become activated, or
become excited, all of which terms are used interchangeably.

[00055] When the magnetic nanoparticles oscillate and have sufficient resistance with
the medium, an acoustic signal is generated through the medium. An acoustic signal
generally suitable for biosystems can range from about 100 Pa to about 1 mPa, or from
about 0.01 mPa to about 1 mPa, or about 0.1 mPa to about 1 mPa, as illustrative
examples. A range of acoustic signal can vary and be selected based on the properties
and characteristics of affected area and/or medium in which the magnetic nanoparticles
are placed. For example, a more severe thrombosis may require a more intense acoustic
signal. Or as another example, a stronger acoustic signal can be applied near a subject’s
heart, but a less intense acoustic signal may be required for a subject’s brain.

[00056] A frequency of the alternating current signal 200 is generally in a range of
about 50 Hz to about 5 MHz. In one embodiment, the frequency of alternating current is
about 50 Hz to about 200 Hz (the doubled acoustic frequency would then be about 100
Hz to about 400 Hz). In another embodiment, the frequency of the alternating current
signal is about 150 Hz to about 500 KHz (doubled acoustic frequency of about 300 Hz to
about 1 MHz). In still another embodiment, the alternating current signal frequency is
about 500 KHz to 5 MHz (doubled acoustic frequency of about 1 MHz to about 10 MHz).
A combination of frequency components may be delivered to the magnetizing coil. In one
embodiment, two frequencies are combined including a resonance frequency and an
effective frequency, f, which is generated by minimum energy and can be calculated

using the equation:

s K

27 \'m

where £ indicates elastic coefficient and m indicates mass.
[0001] Finally, it is possible to determine the velocity, magnetic field, and magnetic
gradient once the distance between the magnetic nanoparticles and the magnetizing coil is

known. This makes it possible to control these aspects precisely to enhance safety to the
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subject to which the treatment is being applied. Since from above, the magnetic force on

the magnetic nanoparticles is:

OoH
F= ﬂo()(p —Zf)VHa

where (o indicates space permeability, X, is a volume magnetic susceptibility of the
magnetic nanoparticles, Xris a volume magnetic susceptibility of the medium, 7 indicates
volume of the site, H indicates the strength of the magnetic field, and 0H/Ox indicates a
local magnetic gradient, and using Stoke’s law,

F,=6nnrv

where v indicates a speed of the magnetic nanoparticles, 7 indicates a viscosity of a
medium in which the magnetic nanoparticles are placed, and 7 indicates a radius of each
magnetic nanoparticle, then velocity, v, can be calculated as

2
b 2uy(x, =X o OH

9n ox

[00057] The above equation indicates that terminal velocity is determined by viscosity.
However, the velocity can be increased and work increased if the magnetic field, H, and
the magnetic gradient OH/OX is more intense. The more intense the magnetic field, H,
becomes, the more gets harmful to a subject. However, the technology disclosed herein
provides additional safety since the magnetic field intensity does not rise to levels that
would be harmful to biological subjects. That is because the magnetic field and magnetic
gradient required to set a frequency of an acoustic signal to about double a frequency of
the alternating current only requires up to about 5 MHz, which is well under the range of
what would be harmful to biological subjects. Therefore, the above equation allows a
technician to determine the appropriate velocity, magnetic field, and magnetic gradient.
That is, velocity is determined by magnetic field and magnetic gradient. And since
magnetic field and magnetic gradient are controlled by an electric current, the velocity,
magnetic field and magnetic gradient can all be controlled by controlling the electric
current. This makes this technology easy to control precisely, which can be beneficial
especially in medical applications.

[00058] Embodiments for applying an alternating magnetic field include using a

magnetizing coil to generate or excite an alternating magnetic field to be applied to the

-17 -



10

15

20

25

30

35

WO 2011/037657 PCT/US2010/036604

magnetic nanoparticles. The size of a wire forming the magnetizing coil may have a
diameter of about 0.4 mm to about 1 mm, or from about 0.4 mm to about 4 mm, as
illustrative examples. The size of wire forming the magnetizing coil depends on a
volume of applied electric current. The magnetizing coil may also be formed from a
number of turns. The electricity, 7, to generate a magnetic field intensity / is inversely
proportional to the square of the magnetizing coil turns #. In one embodiment, a diameter
of a coil turn of a magnetizing coil may be less than 60 cm, or from about 1 cm to about
25 cm, or from about 1 cm to about 10 cm, as illustrative examples.  As noted below,
one aspect of the magnetizing coil is that the subject does not have be placed within the
center of the magnetizing coil, as must normally be done with conventional magnetic
field generators. So the magnetizing coil can generally be much smaller than has
conventionally been required. =~ Various metals can be used for the magnetizing coil
including, but not limited to, copper (Cu), aluminum (Al), silver (Ag), and platinum (Pt)
and the like or a combination thereof. Also superconductive coils such as niobium (Nb)
and lead (Pb) may be used. Generally, wires can be purchased and then made into coils
with the desired number of coil turns. Alternatively, magnetizing coils can be purchased
already manufactured having a standard wire size and number of coil turns, and
optionally, a metal core (described below).

[00059] The magnetizing coil may also include a hollow core. In other embodiments,
the magnetizing coil may have a metal core. For example, a ferrite core decreases the
number of coils required for the magnetizing coil, while generating a magnetic field
having the same amplitude as a coil with a hollow core and using a tenth of the electricity.
Thus using a metal core can decrease the number of turns of the magnetizing coil and,
hence, the total length of the wiring material. This can also reduce the amount of direct
resistance in the coil as well as reduce copper loss.

[00060] The magnetizing coil turns may be from 1 to 100 turns, or from 1 turn to 50
turns, or from 1 turn to 15 turns, or from 5 turns to 100 turns, or from 5 turns to 50 turns,
or from 5 turns to 15 turns, as illustrative examples. The number of turns depends on the
frequency of the alternating current and/or the diameter of a coil turn. For example, for 1
MHz current in a wire having a coil turn diameter of about 10 cm, the magnetizing coil
may have 12 coil turns. For a frequency of alternating current of 100 Hz, for a wire
having a coil turn diameter of about 10 cm, the magnetizing coil may have 200 turns, but

may have considerable weight.
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[00061] When the magnetizing coil has a hollow core and a single turn, the generated

magnetic field is calculated by the equation

u.l.a’
B.(2)= 2(a20+122)3/2

o =4n x 107 =1.2566370614 - x 10°[H/m]

where a is radius, z is a direction from the center of the magnetizing coil toward axis
direction, [ is space permeability and /; is coil current. When the number of coil turns
is n, the magnetic field can be approximated to n times.

[00062] When there is a core in a magnetizing coil, the magnetic flux calculated above
is pulled into the core. In one embodiment, the length of the core is 6 times longer than
the diameter of the core. In one embodiment, a ferrite core can be used having a 30 mm*
diameter square area and 10 cm length.

[00063] In one embodiment, the alternating magnetic field has a magnetic induction
that may be from about 2 mT to about 80 mT (Tesla: 1 mT=10 Gauss). For hyperthermia
treatments, the alternating magnetic field may be about 10 mT to about 15 mT, while for
thrombolysis treatments, the alternating magnetic field may be in a lower range than for
hyperthermia treatments. In embodiments where the alternating magnetic field includes
an alternating current component and a direct current component, the alternating current
component may be from about 2 mT to about 5 mT and the direct current component may
be about 10 mT to about 50 mT.

[00064] Figure 3 is a flow diagram showing an embodiment of a method for activating
magnetic nanoparticles. In one embodiment, the magnetic nanoparticle is optionally
selected or configured to create the appropriate amount of resistance between the
magnetic nanoparticle and medium. This can include selecting magnetic nanoparticle of
a particular size, or placing a coating on at least a portion of the magnetic nanoparticle
with a resistance generating or a resistance decreasing structure. The resistance
generating or resistance decreasing structure of the coating of the magnetic nanoparticle
allows the medium with the affected area and the magnetic nanoparticles to more
effectively use the momentum of the magnetic nanoparticle to generate energy, creating
an acoustic signal and/or heat. In one embodiment, the resistance generating or

decreasing structure provides a steric structure to be more three-dimensional or less three-
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dimensional to increase or decrease resistance, respectively. Therefore, a magnetic
nanoparticle can be optimally selected to result in better treatments.

[00065] Further, ferromagnetic and ferrimagnetic magnetic nanoparticles tend to lose
their magnetization which can cause the magnetic nanoparticles to aggregate under an
intense magnetic field. =~ When magnetic nanoparticles aggregate, their magnetic
susceptibility decreases. Thus, magnetic force I decreases when magnetic nanoparticles
aggregate. Embodiments include using magnetic nanoparticles having superparamagnetic
characteristics such that under a weak magnetic field (such as < 2mT (30(G)) the magnetic
nanoparticles will not aggregate and can be more effective when a stronger alternating
magnetic field is applied.

[00066] At 302, the method includes optionally identifying one or more magnetic
nanoparticles in a medium at a predetermined location. The term “identifying” generally
refers to knowing the predetermined location in which the magnetic nanoparticles have
been placed at a prior point in time, actually placing the magnetic nanoparticles at a
predetermined location, or detecting the presence and/or location of one or more magnetic
nanoparticles through detection methods known and/or disclosed herein. In one
embodiment, this can include injecting magnetic nanoparticles in the medium at the
predetermined location, which can be a site being treated for thrombosis, hyperthermia,
various types of thrombus, or other medical treatments, and the like. As discussed above,
this method breaks and/or removes thrombosis or destroys tumor by hyperthermia as an
efficient medical treatment. In illustrative embodiments, the magnetic nanoparticles may
be injected intravenously, or may be injected in the plaque directly using a catheter. In
one embodiment, the magnetic nanoparticles can be tracked via X-ray, electrocardiogram,
or also fluorescent markers.

[00067] At 304, the method includes applying or generating an alternating current
through a magnetizing coil to excite an alternating magnetic field of the magnetizing coil.
[00068] At 306, the method optionally includes placing the magnetizing coil having
the alternating magnetic field near the predetermined location.

[00069] At 308, the method optionally includes maintaining the alternating magnetic
field for a period of time, wherein the one or more magnetic nanoparticles oscillate in the
medium at the predetermined location. The period of time may depend on the purpose for
which the magnetic nanoparticles are being used, a seriousness of condition of the

affected area, how quickly a doubled acoustic frequency is detected, and the like. During
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the period of maintaining the alternating magnetic field, the intensity of the alternating
magnet field may change, or it may remain the same. As discussed above, oscillation can
occur in both the transverse and longitudinal directions that enables the magnetic
nanoparticles to be more active in motion compared with an oscillation by direct
excitation so that the magnetic nanoparticles break thrombus plaques more strongly.
[00070] At 310, embodiments optionally include administering a thrombolytic to the
predetermined location. Adding a thrombolytic to a site where the magnetic nanoparticles
are located can enhance the breaking effect by assisting to dissolve the media, allowing
the magnetic nanoparticles to move with more freedom. The type of thrombolytic may
depend on the particular treatment site. Examples of thrombolytics that could be used
include, but are not limited to, tissue plasminogen activator (t-PA), urokinase (u-PA),
streptokinase, and the like.  Thrombolytics can be administered by injecting
intravenously, local injection, by catheter, and the like. The thrombolytic may be
administered prior to treatment with magnetic nanoparticles, during treatment of magnetic
nanoparticles, and/or after treatment with magnetic nanoparticles. The amount of
thrombolytic administered also depends on the particular treatment site, the purpose for
which the magnetic nanoparticles are being used, a seriousness of condition of the
affected area, and the like.

[00071] At 312, the method may also include using a catheter to remove the
thrombosis. In embodiments where the method treats various types of thrombus, this
method can be used for removing intracoronary thrombus. The plaques formed in
coronary arteries are thought to be a major cause of ischemic cardiac diseases, which can
cause Transient Ischemic Attack (TIA). Especially atherothromobosis causes Acute
Coronary Syndrome (ACS) and it is strongly desired to establish an efficient treatment for
this disease. The above method is believed to be effective in treating these types of
diseases.

[00072] In one embodiment, the magnetic nanoparticle treatments can be used in
conjunction with other therapies or treatments. For example, balloon catheters and stents
are frequently used to remove thrombus. A balloon catheter is a balloon inserted by a
catheter to a predetermined location (usually a blood vessel) containing thrombus. The
balloon is then expanded to help break up the thrombus. A stent is a related procedure in
which a stent is inserted by a catheter to a predetermined location (usually a blood vessel).

The stent is then expanded and can assist to remove the thrombus. The stent can also be
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left inside the blood vessel to provide reinforcing structure to the blood vessel walls.
Embodiments disclosed herein can be combined efficiently with these other therapies or
treatments. For example, for balloon catheters, the magnetic nanoparticle treatment could
be applied using the same catheter that is used to perform the balloon catheter treatment.
For stents, the magnetic nanoparticle treatment can be performed before implementing a
stent and using the same catheter. In yet another embodiment, thrombolytics could also
be applied through the stent. Other variations will be apparent based on the disclosure
herein.

[00073] One skilled in the art will appreciate that, for this and other processes and
methods disclosed herein, the functions performed in the processes and methods may be
implemented in differing order. Furthermore, the outlined steps and operations are only
provided as examples, and some of the steps and operations may be optional, combined
into fewer steps and operations, or expanded into additional steps and operations without
detracting from the essence of the disclosed embodiments.

[00074] Magnetic field generating devices such as an MRI that generate a direct
magnetic field using a circular coil requires the subject to be placed within the circular
coil in the middle of the magnetizing coil. In other words, the subject passes through a
plane area formed by the magnetizing coil. Conventionally, a size of the magnetizing coil
needed to be large to be able to set the subject (e.g., human patient) within the
magnetizing coil. As the size of the magnetizing coil increases, its inductance and
impedance also increase, which also increases a resistance and amount of heat generated.
To solve this problem, conventionally, the magnetizing coil needed to be cooled down,
prolonging the amount of time for the treatment and requiring extra process steps.
Further, a larger coil size was more cumbersome to handle and operate, introducing
inconveniences to both the patient and the medical technician.

[00075] Embodiments herein provide methods of treatment in which the subject does
not have to be placed within the magnetizing coil, yet still provides enhanced movement
of the magnetic nanoparticles. In other words, embodiments provide that the subject does
not pass through a plane area formed by the magnetizing coil. In some embodiments, the
magnetizing coil can be applied near the affected area in a manner that maximizes
acceleration of the magnetic nanoparticles. Embodiments herein obtain better momentum
of the magnetic nanoparticles while using a coil turn having a smaller diameter than has

conventionally been required. By being able to use a smaller diameter coil turn, the
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magnetizing coil does not heat as quickly, thus eliminating cooling steps that have
conventionally been required. Further, the magnetizing coil does not endanger the
subject, especially where the magnetizing coil is being applied on a biosystem (e.g., a
human).

[00076] Figures 4A through 4D are graphs showing a correlation between an
alternating current signal and an acoustic signal taken at various detection points. Figures
4A through 4D illustrate the effect of locating a magnetizing coil in various positions with
respect to a cluster of magnetic nanoparticles. Each of Figures 4A through 4D shows an
excited alternating current signal 400 (shown as a dashed line) and an elastic wave or
acoustic signal 402A-D (shown in a solid line) generated by the magnetic nanoparticles
when an alternating magnetic field is applied to the magnetic nanoparticles.

[00077] Figure 4A shows graphically the alternating current signal 400 and acoustic
signal 402A when the magnetizing coil is applied just above the particles. Figure 4B
shows the alternating current signal 400 and acoustic signal 402B when the magnetizing
coil 1s located at the edge of the cluster of the magnetic nanoparticles. Figure 4C shows
the alternating current signal 400 and acoustic signal 402C when the magnetizing coil is
located about 1 cm away from the magnetic nanoparticles. Figure 4D shows the
alternating current signal 400 and acoustic signal 402D when the magnetizing coil is
located about 2 cm away from the particles. By being able to measure the frequency of
the acoustic signal 402A-D as compared to the frequency of the alternating current signal
400, the technician will be able to determine when the magnetizing coil is located just
above the particles. For example, if a 10 cm diameter magnetizing coil is located 2 cm
away from the predetermined location where magnetic nanoparticles are located, the
technician is able to simply check the waveform of the alternating current signal 400 as
compared to the acoustic signal 402D.

[00078] The difference in the wave forms of Figures 4A through 4D are a result of
sound attenuation at various locations in the medium. As the acoustic probe moves
farther from the magnetic nanoparticles, the sound attenuates gradually by absorption
damping effects of the medium. Therefore, the amplitude of the acoustic signal gets
smaller as the acoustic probe moves away from the sound source (i.e., the magnetic
nanoparticles).

[00079] Noise and phase shift can complicate measuring the acoustic signal. The

magnetizing coil resonates at the same frequency of the alternating frequency and

-23-



10

15

20

25

30

35

WO 2011/037657 PCT/US2010/036604

generate noise, which noise can be filtered out. Acoustic sound in the ultrasonic region
generates a less intense acoustic signal. However, there are fewer noises such as motion
of organs, heart beats, and respiratory sound that need to be filtered out. Also frequencies
of the alternating signal and the doubled acoustic signal are sufficiently apart so that they
can be isolated well. A double frequency synchronous cross-detector extracts the
amplitude value and phase accurately of the acoustic signal.

[00080] In general, coronary arteries are located around 9 cm deep from the body
surface at deepest. Even at that distance, the magnetic nanoparticles can be injected and
oscillated by applying an alternating magnetic field. In one embodiment, the alternating
magnetic field is less than 10 mT. In another embodiment, the alternating magnetic field
is about 3 mT. Figures 4A through 4D thus illustrate one type of measurement that can
be used to compare the location of the magnetizing coil with respect to the magnetic
nanoparticles.

[00081] Figure 5 illustrates a flow diagram of one embodiment of a method for
determining the location of the magnetizing coil with respect to the magnetic
nanoparticles. Initially, a technician will place a magnetizing coil within proximity of a
cluster of magnetic nanoparticles. At 502, a detecting device (described below) detects a
measurement of an alternating current signal, and, at 504, the same or different detecting
device detects a measurement of an acoustic signal. For example, the measurement of the
alternating current signal may be a frequency of the alternating current signal and the
measurement of the acoustic may be a frequency of the acoustic signal. In one
embodiment, the method can include processing the acoustic signal with a pre-amplifier.
At 5006, the detecting device compares the measurement of the alternating current signal
with the measurement of the acoustic signal. For example, in one embodiment, the
detecting device may determine whether the frequency of the acoustic signal is about
double the frequency of the alternating current signal.

[00082] At 508, the detecting device generates an output based on the comparison. For
example, in one embodiment, the output is a graphical representation of the comparison
of the measurement of the alternating current signal and the measurement of the acoustic
signal (see Figure 2). In one embodiment, a technician uses the graphical comparison to
determine a positioning of the magnetizing coil with respect to the magnetic
nanoparticles. In one embodiment, this can include displaying whether the frequency of

the acoustic signal is or is not substantially double the frequency of the alternating current
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signal. This allows a technician to decide whether to reposition the magnetizing coil. In
another embodiment, the output can reflect an intensity of the alternating current signal
and/or acoustic signal. A technician could then adjust an intensity of the alternating
current signal. Or, an apparatus or computer device disclosed herein could be configured
to automatically adjust an intensity of the alternating current signal. In still another
embodiment, the output could also be used to determine an amount of electric current to
obtain a particular magnetic field strength using the distance between the magnetizing
coil and particles, the measurement of the alternating current signal and the measurement
of the acoustic signal. Other optimization of the process can be performed as will be
understood by those skilled in the art based on the disclosure herein.

[00083] Although not shown in Figure 5, the method can further include searching an
oscillation of a frequency as doubled as the frequency of the magnetic field (ie., a
doubled frequency), processing the doubled frequency with a pre-amplifier, and detecting
a part oscillating the doubled frequency with a double frequency synchronous cross-
detector to isolate the acoustic signal.

[00084] While the method of Figure 5 shows the measurement being a frequency of an
alternating current signal and a frequency of an acoustic signal, other measurements can
be used to detect the position of the magnetizing coil. In one embodiment, phase shifting
can be used to determine the location of the magnetizing nanoparticles. Since acoustic
sounds generated by the magnetic nanoparticles will experience a phase difference
depending on the speed of sound and time of transmission, a measurement of one acoustic
frequency indicates linear distance. Measurement of plural acoustic frequencies thus
determines very accurate linear distance. Further, when more than three wave receivers
are placed on a body surface, aperture synthesis enables a technician to determine a 3-
dimensional positioning with a high degree of accuracy.

[00085] One skilled in the art will appreciate that, for this and other processes and
methods disclosed herein, the functions performed in the processes and methods may be
implemented in differing order. Furthermore, the outlined steps and operations are only
provided as examples, and some of the steps and operations may be optional, combined
into fewer steps and operations, or expanded into additional steps and operations without
detracting from the essence of the disclosed embodiments.

[00086] Figure 6A is a schematic view of an apparatus 600A for generating an

alternating magnetic field according to one embodiment. As shown in Figure 6A, a
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magnetizing coil 602 is connected to a current driver amplifier 604, which, in turn, is
connected to a direct digital synthesizer or function generator 606. During operation, the
current driver amplifier 604 and direct digital synthesizer 606 operate together to apply or
generate an alternating current within magnetizing coil 602. The magnetizing coil 602
can then be applied near an affected area to activate magnetic nanoparticles located at the
affected area.

[00087] Figure 6B is a schematic view of an apparatus 600B for generating an
alternating magnetic field and detecting an acoustic signal according to another
embodiment. Like elements will be referred to with like reference numerals. Figure 6B
shows a magnetizing coil 602, current driver amplifier 604 and direct digital synthesizer
606 in operable connection similar to Figure 6A.

[00088] The apparatus 600B is able to also detect acoustic signals generated by the
magnetic nanoparticles. Hence, an acoustic probe 608 is connected to a preamplifier 610
which, in turn, communicates with a double frequency synchronous cross-detector 612.
The acoustic probe 608 measures an acoustic signal generated by magnetic nanoparticles
when they are oscillated by an alternating current. The preamplifier 610 is able to
amplify the acoustic signal and send the amplified acoustic signal to the cross-detector.
The direct digital synthesizer 606 sends an indication of a frequency of the alternating
current signal to the cross-detector 612. In this manner, the cross-detector 612 analyzes
the input received from the direct digital synthesizer 606 and the input from the
preamplifier 610 to determine whether the frequency of the alternating current signal is
about double the frequency of the acoustic signal. The cross-detector 612 is able to
provide an output 614. One embodiment of an output 614 could be a display on a
graphical user interface displaying the alternating current signal and the acoustic signal,
similar to what is shown in Figures 4A through 4D. In other embodiment, output 614 can
include a graphic notification, audible notification, or other manner of indicating whether
the magnetizing coil is within a desired range of proximity of the magnetic nanoparticles.
[00089] The embodiments shown in Figures 6A and 6B can be implemented in a
computer environment, as shown in Figures 7 and 8, which are examples of a computer
program product and computer system, respectively. Figure 7 shows a schematic view of
an illustrative computer program product 700 that includes a computing program for
executing a computer process on a computing device for a medical treatment. The

computer program is provided using a signal bearing medium 701, and may include at
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least one instruction of 702: providing an alternating current to a magnetizing coil,
exciting the magnetizing coil to generate an alternating magnetic field to oscillate
magnetic nanoparticles located within a medium, measuring a frequency of the alternating
current signal and a frequency of an acoustic signal generated by the oscillating magnetic
nanoparticles, and comparing the frequency of the alternating current signal with the
frequency of the acoustic signal. In some embodiments, the signal bearing medium 701
of the one or more computer program products 700 include a computer readable medium
703, a recordable medium 704, and a communications medium 705,

[00090] Figure 8 shows a schematic view of an illustrative computer system 800 for a
medical treatment in which embodiments maybe implemented. The system 800 may
include a computing system environment. The system includes a computing device 801.
The computing device 801 includes a memory 802 containing one or more instructions
that when executed by a processor 804 on the computing device 801 cause the computing
device 801 to apply or generate an alternating current to a magnetizing coil to generate an
alternating magnetic field. The computer device 801 can operate, for example, in
conjunction with apparatuses shown in Figures 6A and 6B and thus includes
inputs/outputs and/or appropriate interfaces for communicating with aspects of the
apparatuses shown in Figures 6A and 6B. For example, computer device 801 can include
an interface 806 that communicates with a direct digital synthesizer and/or current driver
amplifier to control the operation thereof.

[00091] In the embodiment of Figure 8, the computer device 802 can include a second
interface 808 that communicates with a double frequency synchronous cross-detector
and/or preamplifier. The computer device 801 can also include a first detector 810 for
measuring a frequency of an alternating magnetic field generated by the direct digital
synthesizer and current driver amplifier and a second detector 812 for measuring an
acoustic signal detected by the acoustic probe, preamplifier and double frequency
synchronous cross-detector. The processor 804 can then take the input from the detectors
810 and 812 to perform a comparison process on the inputs and determine whether the
magnetizing coil is located in the correct location. In one embodiment, the processor 804
can display graphically the inputs on a graphical user interface 814. Although not shown,
the computer device 801 can also include user input means to control the operation of the
computer device and/or apparatus, such as, but not limited to, keyboards, touch screens,

buttons, microphone, mouse, and the like. Using this computing device 801 with the

-27 -



10

15

20

25

30

35

WO 2011/037657 PCT/US2010/036604

method and apparatus of this disclosure, medical providers are able to provide better
treatment methods for thrombosis, hyperthermia and so on. In one embodiment, the
components of computer device 801 can be distributed on separate systems. In another
embodiment, the components of the computer device 801 can be integrated into a single
system. In addition, some of the components can be combined, although shown
separately in the drawing. For example, in one embodiment, the first detector 810 and
second detector 812 could be the same component.

[00092] Figure 9 shows a configuration of an experiment according to an embodiment
to evaluate the destructive capabilities of the magnetic nanoparticles in pseudo-plaque
when using teachings of this disclosure. In Figure 9, magnetic nanoparticles were placed
in agar and dispersed by an alternating magnetic field generated by a magnetizing coil.
Thus, the agar was used as a pseudo-plaque medium.

Preparation of agar as a pseudoplaque

[00093] The preparation was done as follows: An amount of water was heated to
exceed 60 °C. Gradually added agar and stirred to make 1% agar. Boiled agar solution to
about 85 °C to 95 °C for de-gassing. Maintained agar solution for 5 to 10 minutes and
then allowed to cool in ambient air until the temperature of the solution reached 55 °C.
During this period, broke any air bubbles that appear (e.g., using tweezers). Continued to
stir slowly to prevent agar surface from becoming hardened. When reached 55 °C,
poured agar solution into a container and allowed to cool in ambient air to harden agar.
[00094] The agar was poured into the container in two stages. In the first stage, a first
layer of agar was poured to a desired height at which the thrombosis was to be located
and allowed to cool (about 1 hour). The thrombosis was then placed on top of the
hardened first layer. A second layer of agar was poured over the first layer and the
thrombosis and allowed to cool (about 1 hour).

The components of the apparatus

[00095] Although not shown in Figure 9, the apparatus used contained the following
components:

[00096] Magnetic nanoparticle: supplied by Shering AG company and sold under the

trademark Resovist®

[00097] Magnetizing coil: constructed of 0.4 mm diameter copper wire with 35 turns,

each turn being about 10 cm in diameter.

-28 -



10

15

20

25

30

35

WO 2011/037657 PCT/US2010/036604

[00098] Direct Digital Synthesizer (DDS): self-manufactured using Max II series
CPLD (Altera Corp., San Jose, CA) and PDM Digital-to-Analog convertor using Pulse

Density Modulation technology to generate output and electron volume, applying
alternating current signal frequency of 500 Hz

[00099] Current driver amplifier: self-manufactured using a volt-ampere converter

using Power OP amplifier OPA541 or LM675 (Max +2Z7) applying alternating current of
300 mA

[000100] Acoustic probe self-manufactured: processing a resin with a lathe and using a

condenser microphone for the detector/sensor

[000101] Preamplifier: self-manufactured using a Sigma-Delta type A/D converter set
up by AD822 and input into CPLD. Digital synchronous wave detecting circuit is set up
using 2-phase square wave provided from (Direct Digital Synthesizer) DDS internally.

[000102] Double frequency synchronous cross detector: self manufactured using a

Sigma Delta to convert the wave into a PDM (pulse density modulation) binary signal. A
multiplication circuit processes the binary signal. A detecting wave circuit includes a
counter that calculates the number of pulses per unit time.

Monitoring the acoustic signal from the magnetic nanoparticles

[000103] Using the agar plate, the monitor test was carried out. As shown in Figure 9, a
plate 900 was prepared containing agar 902 as a pseudoplaque. The thrombosis plaque
was formed by dropping alginic acid into a solution of calcium chloride drop by drop.
Magnetic fluid containing magnetic nanoparticles was injected into the thrombosis plaque
held in the agar 902 as cluster 904 of about 3 mm diameter. The cluster 904 was injected
about 30 mm deep from the bottom surface of the agar 902 and about 10 mm from the top
surface of the agar.

[000104] Then, a magnetizing coil 906 was set under the agar plate 900, as shown in
Figure 9 and the acoustic probe (not shown) was put on the agar surface and the direct
digital synthesizer (not shown) was turned on. While the magnetizing coil 906 was
generating a magnetic field 908, the probe was moved slowly on the surface of the agar
and detected a change of the doubled frequency. The results are shown in Figures 2 and
4A through 4D. Particularly, Figures 4A through 4D show graphs of detecting the
acoustic signal when the acoustic probe is located in various locations. This experiment
shows that the acoustic probe can detect the location of the magnetic nanoparticles

according to the pattern of the acoustic signal generated by the magnetic nanoparticles.
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Destruction test

[000105] As shown in Figure 9, the magnetizing coil 906 with a hollow core 910 was
set below the agar plate 900. Same as the monitoring test above, the magnetic
nanoparticles were injected as a cluster 904 into the agar 902. The magnetizing coil 906
was excited with alternating current so as to generate a 3 mT (30 G) alternating magnetic
field 908. The alternating magnetic field 908 was maintained for about 2 minutes to
about 10 minutes at about 3 mT. While the alternating magnetic field 908 was applied to
the agar 902, the cluster 904 magnetic nanoparticles were gradually dispersing in the agar
902 and broke up the agar. The broken up agar is represented in Figure 9 by the portions
of dispersing particles 912 being shown as moving in various dispersing directions 914.
[000106] The present disclosure is not to be limited in terms of the particular
embodiments described in this application, which are intended as illustrations of various
aspects. Many modifications and variations can be made without departing from its spirit
and scope, as will be apparent to those skilled in the art. Functionally equivalent methods
and apparatuses within the scope of the disclosure, in addition to those enumerated
herein, will be apparent to those skilled in the art from the foregoing descriptions. Such
modifications and variations are intended to fall within the scope of the appended claims.
The present disclosure is to be limited only by the terms of the appended claims, along
with the full scope of equivalents to which such claims are entitled. It is to be understood
that this disclosure is not limited to particular methods, reagents, compounds
compositions or biological systems, which can, of course, vary. It is also to be
understood that the terminology used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting.

[000107] In an illustrative embodiment, any of the operations, processes, etc. described
herein can be implemented as computer-readable instructions stored on a computer-
readable medium. The computer-readable instructions can be executed by a processor of
a mobile unit, a network element, and/or any other computing device.

[000108] There is little distinction left between hardware and software implementations
of aspects of systems; the use of hardware or software is generally (but not always, in that
in certain contexts the choice between hardware and software can become significant) a
design choice representing cost vs. efficiency tradeoffs. There are various vehicles by
which processes and/or systems and/or other technologies described herein can be

effected (e.g., hardware, software, and/or firmware), and that the preferred vehicle will
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vary with the context in which the processes and/or systems and/or other technologies are
deployed. For example, if an implementer determines that speed and accuracy are
paramount, the implementer may opt for a mainly hardware and/or firmware vehicle; if
flexibility is paramount, the implementer may opt for a mainly software implementation;
or, yet again alternatively, the implementer may opt for some combination of hardware,
software, and/or firmware.

[000109] The foregoing detailed description has set forth various embodiments of the
devices and/or processes via the use of block diagrams, flowcharts, and/or examples.
Insofar as such block diagrams, flowcharts, and/or examples contain one or more
functions and/or operations, it will be understood by those within the art that each
function and/or operation within such block diagrams, flowcharts, or examples can be
implemented, individually and/or collectively, by a wide range of hardware, software,
firmware, or virtually any combination thereof. In one embodiment, several portions of
the subject matter described herein may be implemented via Application Specific
Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGAs), digital signal
processors (DSPs), or other integrated formats. However, those skilled in the art will
recognize that some aspects of the embodiments disclosed herein, in whole or in part, can
be equivalently implemented in integrated circuits, as one or more computer programs
running on one or more computers (e.g., as one or more programs running on one or more
computer systems), as one or more programs running on one or more processors (e.g., as
one or more programs running on one Or more microprocessors), as firmware, or as
virtually any combination thereof, and that designing the circuitry and/or writing the code
for the software and or firmware would be well within the skill of one of skill in the art in
light of this disclosure. In addition, those skilled in the art will appreciate that the
mechanisms of the subject matter described herein are capable of being distributed as a
program product in a variety of forms, and that an illustrative embodiment of the subject
matter described herein applies regardless of the particular type of signal bearing medium
used to actually carry out the distribution. Examples of a signal bearing medium include,
but are not limited to, the following: a recordable type medium such as a floppy disk, a
hard disk drive, a CD, a DVD, a digital tape, a computer memory, etc.; and a transmission
type medium such as a digital and/or an analog communication medium (e.g., a fiber
optic cable, a waveguide, a wired communications link, a wireless communication link,

etc.).
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[000110] Those skilled in the art will recognize that it is common within the art to
describe devices and/or processes in the fashion set forth herein, and thereafter use
engineering practices to integrate such described devices and/or processes into data
processing systems. That is, at least a portion of the devices and/or processes described
herein can be integrated into a data processing system via a reasonable amount of
experimentation. Those having skill in the art will recognize that a typical data
processing system generally includes one or more of a system unit housing, a video
display device, a memory such as volatile and non-volatile memory, processors such as
microprocessors and digital signal processors, computational entities such as operating
systems, drivers, graphical user interfaces, and applications programs, one or more
interaction devices, such as a touch pad or screen, and/or control systems including
feedback loops and control motors (e.g., feedback for sensing position and/or velocity;
control motors for moving and/or adjusting components and/or quantities). A typical data
processing system may be implemented utilizing any suitable commercially available
components, such as those typically found in data computing/communication and/or
network computing/communication systems.

[000111] The herein described subject matter sometimes illustrates different
components contained within, or connected with, different other components. It is to be
understood that such depicted architectures are merely exemplary, and that in fact many
other architectures can be implemented which achieve the same functionality. In a
conceptual sense, any arrangement of components to achieve the same functionality is
effectively "associated" such that the desired functionality is achieved. Hence, any two
components herein combined to achieve a particular functionality can be seen as
"associated with" each other such that the desired functionality is achieved, irrespective of
architectures or intermedial components. Likewise, any two components so associated
can also be viewed as being "operably connected", or "operably coupled", to each other to
achieve the desired functionality, and any two components capable of being so associated
can also be viewed as being "operably couplable", to each other to achieve the desired
functionality. Specific examples of operably couplable include but are not limited to
physically mateable and/or physically interacting components and/or wirelessly
interactable and/or wirelessly interacting components and/or logically interacting and/or

logically interactable components.
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[000112] With respect to the use of substantially any plural and/or singular terms herein,
those having skill in the art can translate from the plural to the singular and/or from the
singular to the plural as is appropriate to the context and/or application. The various
singular/plural permutations may be expressly set forth herein for sake of clarity.

[000113] It will be understood by those within the art that, in general, terms used herein,
and especially in the appended claims (e.g., bodies of the appended claims) are generally
intended as “open” terms (e.g., the term “including” should be interpreted as “including
but not limited to,” the term “having” should be interpreted as “having at least,” the term
“includes” should be interpreted as “includes but is not limited to,” etc.). It will be
further understood by those within the art that if a specific number of an introduced claim
recitation is intended, such an intent will be explicitly recited in the claim, and in the
absence of such recitation no such intent is present. For example, as an aid to
understanding, the following appended claims may contain usage of the introductory
phrases "at least one" and "one or more" to introduce claim recitations. However, the use
of such phrases should not be construed to imply that the introduction of a claim
recitation by the indefinite articles "a" or "an" limits any particular claim containing such
introduced claim recitation to embodiments containing only one such recitation, even
when the same claim includes the introductory phrases "one or more" or "at least one"
and indefinite articles such as "a" or "an" (e.g., “a” and/or “an” should be interpreted to
mean “at least one” or “one or more”); the same holds true for the use of definite articles
used to introduce claim recitations. In addition, even if a specific number of an
introduced claim recitation is explicitly recited, those skilled in the art will recognize that
such recitation should be interpreted to mean at least the recited number (e.g., the bare
recitation of "two recitations," without other modifiers, means at least two recitations, or
two or more recitations). Furthermore, in those instances where a convention analogous
to “at least one of A, B, and C, etc.” is used, in general such a construction is intended in
the sense one having skill in the art would understand the convention (e.g., “ a system
having at least one of A, B, and C” would include but not be limited to systems that have
A alone, B alone, C alone, A and B together, A and C together, B and C together, and/or
A, B, and C together, etc.). In those instances where a convention analogous to “at least
one of A, B, or C, etc.” is used, in general such a construction is intended in the sense one
having skill in the art would understand the convention (e.g., “ a system having at least

one of A, B, or C” would include but not be limited to systems that have A alone, B
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alone, C alone, A and B together, A and C together, B and C together, and/or A, B, and C
together, etc.). It will be further understood by those within the art that virtually any
disjunctive word and/or phrase presenting two or more alternative terms, whether in the
description, claims, or drawings, should be understood to contemplate the possibilities of
including one of the terms, either of the terms, or both terms. For example, the phrase “A
or B” will be understood to include the possibilities of “A” or “B” or “A and B.”

[000114] In addition, where features or aspects of the disclosure are described in terms
of Markush groups, those skilled in the art will recognize that the disclosure is also
thereby described in terms of any individual member or subgroup of members of the
Markush group.

[000115] As will be understood by one skilled in the art, for any and all purposes, such
as in terms of providing a written description, all ranges disclosed herein also encompass
any and all possible subranges and combinations of subranges thereof. Any listed range
can be easily recognized as sufficiently describing and enabling the same range being
broken down into at least equal halves, thirds, quarters, fifths, tenths, etc. As a non-
limiting example, each range discussed herein can be readily broken down into a lower
third, middle third and upper third, etc. As will also be understood by one skilled in the

2%

art all language such as “up to,” “at least,” and the like include the number recited and
refer to ranges which can be subsequently broken down into subranges as discussed
above. Finally, as will be understood by one skilled in the art, a range includes each
individual member. Thus, for example, a group having 1-3 cells refers to groups having
1, 2, or 3 cells. Similarly, a group having 1-5 cells refers to groups having 1, 2, 3, 4, or 5
cells, and so forth.

[000116] From the foregoing, it will be appreciated that various embodiments of the
present disclosure have been described herein for purposes of illustration, and that various
modifications may be made without departing from the scope and spirit of the present

disclosure. Accordingly, the various embodiments disclosed herein are not intended to be

limiting, with the true scope and spirit being indicated by the following claims.
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CLAIMS

1. A method for a medical treatment comprising:

applying an alternating magnetic field near one or more magnetic nanoparticles at
a first location,

wherein the application of the alternating magnetic field is effective for increasing
an oscillation of the one or more magnetic nanoparticles at the first location.

2. The method of claim 1, further comprising:

applying an alternating current to a magnetizing coil to excite the alternating
magnetic field of the magnetizing coil.

3. The method of claim 1, further comprising:

providing the one or more magnetic nanoparticles at the first location, the one or
more magnetic nanoparticles comprising ferrite, ferrite alloy, mixtures of ferrite and non-
metal material, nickel, platinum, magnetic polymers, and combinations thereof.

4. The method of claim 1, further comprising:

providing the one or more magnetic nanoparticles at the first location, wherein
the one or more magnetic nanoparticles are configured to include a resistance generating
structure on at least a portion of a surface of each of the one or more magnetic
nanoparticles, the resistance generating structure being effective to overcome a resistance
at the first location that would prevent the one or more magnetic nanoparticles from
generating an acoustic signal.

5. The method of claim 4, wherein the resistance generating structure is
selected from at least one of sugar, gel matrix, and styrene polymer.

6. The method of claim 1, further comprising providing the one or more
magnetic nanoparticles at the first location, wherein the one or more magnetic
nanoparticles are configured to include a resistance decreasing structure on at least a
portion of a surface of each of the one or more magnetic nanoparticles, the resistance
decreasing structure being effective to reduce a resistance at the first location that would
prevent the one or more magnetic nanoparticles from generating an acoustic signal.

7. The method of claim 1, further comprising providing the one or more
magnetic nanoparticles at the first location, wherein a diameter of at least some of the one

or more magnetic nanoparticles is from about 4 nm to about 100 nm.
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8. The method of claim 2, wherein applying an alternating current to a
magnetizing coil to excite an alternating magnetic field of the magnetizing coil includes
applying a frequency of the alternating current of about 50 Hz to about 5 MHz.

9. The method of claim 1, wherein applying the alternating magnetic field
near one or more magnetic nanoparticles at a first location includes applying the
alternating magnetic field having a magnetic induction of about 2 mT to about 80 mT.

10. The method of claim 1, further comprising:

measuring a frequency of the alternating current;

measuring a frequency of an acoustic signal generated by the oscillating magnetic
nanoparticles located in the first location; and

comparing the frequency of the alternating current and the frequency of the
acoustic signal.

11. The method of claim 2, wherein comparing the frequency of the
alternating current and the frequency of the acoustic signal further comprises determining
a correct position of the magnetizing coil based on the comparison of the frequency of the
alternating current and the frequency of the acoustic signal.

12. The method of claim 11, further comprising repositioning the magnetizing
coil based on the comparison of the frequency of the alternating current and the frequency
of the acoustic signal.

13.  An apparatus comprising:

a magnetizing coil;

a current driver amplifier coupled to the magnetizing coil; and

a direct digital synthesizer connected to the current driver amplifier, that when in
operation, operates with the current driver amplifier to supply an alternating current to the
magnetizing coil to generate an alternating magnetic field in the magnetizing coil.

14. The apparatus of claim 13, further comprising:

an acoustic probe;

a preamplifier connected to the acoustic probe, that when in operation, operates
with the preamplifier and acoustic probe to measure an acoustic signal generated by the
alternating magnetic field; and

a double frequency synchronous cross-detector connected to the preamplifier and
connected to the direct digital synthesizer, the direct digital synthesizer configured to

measure the alternating magnetic field generated in the magnetizing coil, wherein the
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double frequency synchronous cross detector compares the measurement of the acoustic
signal and the measurement of the alternating magnetic field to detect a doubled acoustic
frequency.

15. The apparatus of claim 14, further comprising a graphical user interface
for displaying the doubled acoustic frequency in the form of a visual output.

16. A system for a medical treatment comprising:

a magnetizing coil configured to be placed near a first location having a plurality
of magnetic nanoparticles;

an alternating current generator coupled to the magnetizing coil and configured to
generate an alternating magnetic field in the magnetizing coil effective for oscillating the
plurality of magnetic nanoparticles;

an acoustic probe configured to be placed near the first location having the
plurality of magnetic nanoparticles;

a first detector communicating with the alternating current generator for
generating a first measurement of an alternating magnetic field generated in the
magnetizing coil; and

a second detector communicating with the acoustic probe for generating a second
measurement of an acoustic signal generated by the plurality of nanoparticles oscillating
at the first location by the magnetic field.

17. The system as recited in claim 16, further comprising:

a computing device communicating with the first detector and the second detector,
the computing device having a processor and memory, the memory comprising one or
more instructions that when executed by the processor cause the computing device to:

receive the first measurement of the alternating magnetic field generated in the
magnetizing coil;

receive the second measurement of the acoustic signal generated by the plurality
of nanoparticles oscillating at the first location by the magnetic field; and

compare the measurement of the alternating magnetic field and the measurement
of the acoustic signal to detect a doubled acoustic frequency.

18. The system of claim 17, further comprising the processor generating an
output of a determination of a positioning of the magnetic coil with respect to the

magnetic nanoparticles based on the doubled acoustic frequency.
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5 19. The system of claim 18, further comprising a graphical user interface
communicating with the processor to graphically display the output generated by the
processor.

20. The system of claim 17, wherein the computing device comprises,
one or more of a desktop computer, workstation computer, a computing system
10 comprised of a cluster of processors, a networked computer, a tablet personal computer, a

laptop computer, or a personal digital assistant.

-38-



PCT/US2010/036604

1/10

WO 2011/037657

J8yj0 yoeg joely
sopiued (plai4 onsubepy ssusiul 004

A mu ) orouen

Buneuss)y

fysua( sponued ﬁ

7

v 204
v ﬁux | opnied

)
\

pleld ansubepy Buneulsyy



PCT/US2010/036604

WO 2011/037657

2/10

uonop uelumolrg Ag essedsig
‘pleid onjpubel (0187 J0) Yeam

B

fysua( sponued

pleld ansubepy Buneulsyy

gl "ol

pjeld ansubep oN

O O

o ©©C

O O

c0}
aoEd



PCT/US2010/036604

WO 2011/037657

3/10

¢ Ol

¢G:81 L002/eNLE

st o1 8 L 9 g

S0 o N A R TR

L peosaeoenaeees A froeoeefoenes

) OO AU ) WS S NN LN ]

L .

OO ................................................
_\o ............................
A e ) R \
I U Sy A S S A W s
e e
H s
o e
202
A leubis
o1sNooY

? SRR
o
0
0
0
0
'
0
0
0
0
‘
0
0
§

S S i A

002
leubis
usung
Buneuls)y

Yy e



WO 2011/037657

4/10

PCT/US2010/036604

Identifying Magnetic Nanoparticles In A
Medium At A Predetermined Location

302

A 4

Applying An Alternating Current
To AMagnetizing Coil To
Excite An Alternating Magnetic Field

- 304

A 4

Locating The Magnetizing Coil At Or
Near The Predetermined Location

— 306

A 4

Maintaining The Alternating Magnetic Field,

Such That The Magnetic Nanoparticles
Oscillate In The Medium

308

A 4

Administering A Thrombolytic To
The Predetermined Location

A 4

Removing The Thrombosis

312

FIG. 3



PCT/US2010/036604

WO 2011/037657

5/10

a "oid

sl Ge'Ll L00cieNES
L 72 S T N L B
N e S 0

SOpIled 8y Wol4 Aemy Wog

gr "Ol4

ee:Ll  L00CIeNEC

S
Rl S S
r,o-".mmﬁ AR N1 o n N o

selolled aYl JO JeisniD ayL 0 8bp3 eyl

v 9Ol4

veLl  L00cIeNEe

8.8 19§ 7 €T
7 N 7 S Y
0 ALY
1 O W S A S WU M M VO O N A
mo sssssssssssssssssssssssssssssssssss
mO ...........................
A
S8[ollRd 8y | WOl Aemy wo)
Yy "9Ol4
SLl eebl LOOCIENES
0L 6 8 L 9 ¢ ¥ € ¢
GOy T T T T
72 S S O S S O
L0 ;

S9[0IBd 8Y1 SA0qy ISnf



WO 2011/037657 PCT/US2010/036604

6/10

Detecting A Measurement Of An
Alternating Current Signal 502

A 4

Detecting A Measurement Of An Acoustic

Signal Generated By Magnetic Nanoparticles 504

A 4

Comparing The Measurement Of The
Alternating Current Signal With The -\~ 506
Measurement Of The Acoustic Signal

A 4

Generate An Output Based On

The Comparison 508

FIG. §



WO 2011/037657

PCT/US2010/036604

Magnetizing
Coil 602

Current Driver
%868 » Amplifier
FIG. 6A
600B
Agougtic
robe -
Magnetizing
608 \_ Coil 602
DDS > CUX;r[‘)tIiE‘i)erirv o L
Output DFSCD Pre-Amplifier
614 612 ) 610

FIG. 6B



PCT/US2010/036604

WO 2011/037657

8/10

C T R F T L
[ | ] I | [
i o | i o I | o I
I G0/ [ i v0/ I [ €0/ !
i Wnipsy _ i wnipapy ! I wnipay o|qepesy |
" SUOIBOIUNWIWON " I 2|qei0ssy v M [ Jgindwon v "
! |
i | | | | [
I _ i f | i
b oo e o e o o e e o L o oo e e o o o e - | b oo e o e o o o o . |

m llo9) BuizgauBep ay | 10 UOISOH 108107 i suIlWISleq o] [eubig onsnooy syl 10
i JuswaInsesyy 8y puy pjel4 oneubepy bunewsy ey JO uswainsesiy oy Buuedwon (v
| sajonsedouep onsubep ay) Ag pajessusc) |eubig 21SnooY Uy puy 109

i Buizysubepy sy Ag patesauss) piai4 onaubepy Buneussyy sy Buunsesiy (¢
i UOIEJ0T peuluLBlepald Y 1 Wnipsjy v U] sepiuedoue oneubepy aiop

i 10 2UQ 81e||19SO oL pjeld oeubeyy buneussyy ey | Buuieluie (2
m o BuizyeuBepy sy JO pield oneubepy Buneus)y uy

| ay0x3 0] 109 Buiznsubepy v o] usung bBugewsyy uy Buikiddy ()
m J04 SUOIBNIISU| SJOH 10 BUQ
m

007 1onpoid welbold Jsindwo) y




PCT/US2010/036604

WO 2011/037657

9/10

8 Ol4

208
Aiowspy

218
10)0819Q
“Juesiio _ \
esld ol 208
aoBo|
“Gosaa oL /
708
10883004
& WQQ O(_.. g \
aoBpa|
“vaoor / —
008
1019915(




PCT/US2010/036604

WO 2011/037657

10/10

6 Old
016
2107 MOJ|OH

906

109 Buizeubep /

806 pieid
olsube)y
Bunewssyy

006 v

el "
\ \ \ 43 e
06
¢06
Jeby 4% SOpIEd
sopiieq O EIMID co_ﬂm_a
Buisiadsiq Buisiadsiq




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US 10/36604

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - CO9D 5/23; AON 59/16 (2011.01)
USPC - 252/62.51R;424/646

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

USPC -- 252/62.51R;424/646

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

PubWEST (USPT, PGPB, JPAB, EPABY); Google (search terms)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

magnetic field, magnetic coil, medical, treatment, nanopatrticle, oscillation, frequency, signal, processor, display, ferrite

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2007/0010702 A1 (Wang et al.) 11 Jan 2007 (11.01.2007), entire document 1-12
Y 13-20
13-20
Y US 7,548,787 B2 (Feher) 16 Jun 2009 (16.06.2009), entire document

I:I Further documents are listed in the continuation of Box C.

[

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the a}:ﬁlication but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

31 Jan 2011 (31.01.2011)

Date of mailing of the international search report

11 FEB 201

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Lee W. Young

PCT Helpdesk: §71-272-4300
PCT OSP: 571-272-7774
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