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(57) Abstract: Methods and apparatuses are provided for initiat-
ing stroke treatment in the field and/or during the transport of the
patient to a care facility. The capability is provided to adjust auto-
matically to the individual therapeutic window for each single pa-
tient, which is crucial because of the significant differences in
skull morphology between humans of different age, gender and
race. Further, the methods and apparatuses are based on the use of
non-invasive application of ultrasound, as well as the non-invas-
ive application of ultrasound in combination with an acoustically
active agent, such as microbubbles, where stable cavitation of the
microbubbles caused by the ultrasound may be relied upon as an
underlying mechanism for both the therapeutic application as well
as its control.
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PORTABLE DEVICE TO INITIATE AND MONITOR TREATMENT OF STROKE
VICTIMS IN THE FIELD

[0001] This invention was made with government support under HL091043 awarded by

National Institute of Health. The government has certain rights in the invention.

TECHNICAL FIELD

10002] The present invention relates to treating victims of stroke or stroke-like events, and in
particular, to providing a portable device to initiate treatment and monitor victims “in the field”
and/or during transport to a care facility by applying ultrasound non-invasively, as well as in

combination with intravenously administered microbubbies, through an intact skull.

BACKGROUND

[0003] A stroke or cerebrovascular accident (CVA) refers to a rapid loss of brain function
due to a disturbance in the brain’s blood supply, for example, due to a lack of blood flow
(referred to as ischemia) caused by blockage, e.g., thrombosis or arterial embolism, or a
hemorrhage. Stroke is the second leading cause of death worldwide and the third leading cause
of death in the United States, between cardiac diseases (the number one worldwide common
cause of death) and tumor diseases (the number three worldwide common cause of death). The
majority of acute ischemic strokes v(80%) are caused by thrombo-embolism, and in comparison
to, e.g., cardiac and tumor-related diseases, the amount of acute cell death in ischemic stroke
during the initial phase of a stroke event is significantly greater. That is, neuronal brain cells
(neurons) are very sensitive to oxygen supply, which may be interrupted, for example, due to a
sudden arterial vessel occlusion. Thus, neurons turn into apoptosis within the first 60 seconds of
oxygen deprivation. Apoptosis is defined as a programmed cell death, which means that neurons
start to die irreversibly even at this very early point in time if recanalization, and therefore
providing an oxygen supply, does not occur.

[0004] Figure 1 illustrates one example of a normal vessel, indicated by arrow 10, an
example of an occluded vessel, indicated by arrow 20, and an example of a recanalized vessel at,

e.g., 25 minutes after occlusion, indicated by arrow 30. Figure 1 further illustrates an example of



WO 2013/170223 PCT/US2013/040664

a blood clot 40, as observed prior to the application of ultrasound treatment, as well as an
example the blood clot 40, as observed post-ultrasound application.

[0005] In the case of acute ischemic stroke, it has been shown that an average of 1,900,000
neurons die every minute due to intracranial arterial vessel occlusion. Hence, it is a worldwide,
common understanding that therapeutic options to recanalize the affected brain artery should be
applied as early as possible. Recent advances in stroke care, such as the installation of
specialized Stroke Centers/Units or TeleMedicine concepts, have improved stroke care in
selected areas. However, all of these activities are either initiated or coordinated mainly by well-
known academic centers in developed countries, and the overall impact of these improvements
on stroke care are negligible.

[0006] It should be noted that the cause of the worldwide growing incidence of stroke may
be attributed to three main causes. First, there is a lack of public awareness of the disease and its
symptoms. Second, all conventional therapeutic interventions require hospitalization of the
patient. Third, and among people of all ages, more than 85% of global deaths from stroke occur
in either low or middle-income countries, where approximately 85% of the world’s total
population resides. Figure 2 illustrates that deaths attributable to stroke in middle income
individuals was approximately 3 million in the early 2000s, and is increasing, as indicated by
line 210, almost 2 million for low income individuals and also increasing, as indicated by line
220. In contrast, and as indicated by line 230, deaths attributable to stroke amongst high income
individuals in the early 2000s and projected through 2030 remains under 1 million.

[0007] Currently, there is no known therapeutic option which allows the treatment of acute
stroke patients to begin “in the field,” e.g., at the site of the emergency and/or during transport to
a care facility, such as a hospital. In the field treatment can be considered to be of critical
importance since the majority of strokes occur in suburban or rural areas, often a great distance
from specialiied stroke centers. In these cases, the time delay between an emergency call, e.g.,
911 call, arrival at the site of the emergency, and transport to the specialized stroke center may
often be a limiting factor as to whether a patient survives, suffers from lifelong invalidity, or
fully recovers without any deficits.

-10008] One recently developed device, which aims to treat stroke victims using ultrasound, is

a device, referred to as the CLOTBUSTT™-ER by Cerevast Therapeutics, Inc. However, the
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CLOTBUST™-ER ultrasound stroke treatment device has been developed for stroke treatment
in an emergency room, after a patient’s admission to a hospital, and in combination with Tissue
Plasminogen Activator (tPA), currently the only FDA approved lytic drug for stroke treatment.
Accordingly, and again, even with such a device, treatment in the field remains lacking for stroke

victims.

SUMMARY

[0009] Various embodiments of the present invention are directed to methods and devices for
initiating stroke treatment “in the field”” and/or during the transport of the patient to a care
facility. The capability is provided to adjust automatically to the individual “therapeutic
window” for each single patient, which is crucial due of the significant differences in skull
morphology between humans of different age, gender and race. Further, the methods and
devices are based on the combinational usc of microbubbles and stable cavitation as an

underlying mechanism for both the therapeutic application as well as its control.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] For a more complete understanding of example embodiments of the present

invention, reference is now made to the following descriptions taken in connection with the
accompanying drawings in which:

[0011] Figure 1 are illustrations of a normal vessel, an occluded vessel, and a recanalized
vessel, and the effects of ultrasound on a blood clot;

[0012] Figure 2 is a graph illustrating the prevalence of stroke-related deaths among different
soclo-economic groups;

[0013] Figure 3 illustrates an example implementation of a power and control module
configured and utilized in accordance with various embodiments for in-field treatment of a
stroke victim;

[0014] Figures 4 is a schematic representation of the power and control module of Figure 3;
[0015] Figure 5 is an illustration of time delay effects and possible tissue damage reduction

upon use of various embodiments; and
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[0016] Figure 6 illustrates example processes performed for treating stroke victims in the

field in accordance with various embodiments.

DETAILED DESCRIPTION

[0017] Various embodiments disclosed herein are directed to methods and apparatuses for

treating patients who may suffer from an acute ischemic stroke in the field and/or during
transport to a care facility. In accordance with one embodiment, such treatment can be
effectuated by applying ultrasound noninvasively, through an intact skull/cranium, to trigger
various biophysical effects. In accordance with another embodiment, such noninvasive
application of ultrasound can be performed in combination with intravenously administered
microbubbles through an intact skull/cranium, to trigger various biophysical effects. Among
other effects, the aforementioned biophysical effects triggered in accordance with the utilization
of various embodiments may include, but arc not limited to the following: a) the improvement of
collateral and interstitial flow; b) restoration of arterial flow in an affected vascular supply area;
¢) reduction of concomitant edema; d) activation of chaperone proteins; €) potential progenitor
cell stimulation; and f) the actual lysis of a vessel occluding blood clot.

[0018] Ultrasound can be applied in a pulsed manner using a transmit frequency of, e.g., 200
kHz, at which the distortion of an applied ultrasound beam by the skull is negligible. The
ultrasound can be applied from, e.g., both sides of a patient’s head in an alternating fashion.
Applying ultrasound in such a manner can increase the treatment area, as well as avoid in
parallel potential side effects, due to the overlay of individual sound fields. In particular, two
ultrasound probes/electrodes can be placed in the anatomical area of the temporal bone and close
to the ear. The two ultrasound probes can be disposable, and have the capability to transmit an
ultrasound beam, as well as receive acoustic signals, caused by ultrasound microbubble induced
cavitation events, in accordance with certain embodiments.

[0019] In accordance with one embodiment, the pulse width of an applied ultrasound bean
may be short (e.g., 100us) to allow a high pulse repetition rate (e.g., 5 kHz) to provide sufficient
energy deposition. The acoustic output power may be rather low (e.g., 4 W) to accomplish a

focal maximum intensity below the Food and Drug Administration (FDA)-suggested limit of
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720mW/cm®. With regard to beam forming, a chirp mode may be utilized, although other
embodiments can utilize fundamental or phase inversion modality.

[0020] In accordance with another embodiment, and as alluded to previously, ultrasound
may also be applied in combination with an acoustically active agent (¢.g., microbubbles).
Furthermore, it should be noted that the ultrasound may be applied continuously over an
extended period of time (e.g., several hours). Similar to the previously described embodiment,
the pulse width of an ultrasound beam transmitted by the ultrasound probes described above can
be short (e.g., 10us -1000us) in combination with a duty cycle between, e.g., 1-50%. The
acoustic output power may be chosen to accomplish a focal maximum intensity below the FDA-
suggested limit of 720mW/cm®.

[0021] The application of noninvasive ultrasound either alone, or in combination with
intravenously administered acoustically active agent such as microbubbles, can be performed
with ultrasound transducers and a power and control device/module that can be relatively small,
preferably pocket-sized. The power and control device may be battery charged to allow for
portable and/or wireless functionality. Additionally still, the power and control device can have
a substantially easy-to-use user interface, as well as being durable and waterproof. Other
features and/or functionalities may be incorporated into one or more designs of the control
device as, e.g., dictated by the environment(s) in which the device may be utilized. In
accordance with one embodiment, the power and control device may be provided with an on/off
switch, not more than two control buttons, and a main control display. Such control buttons may
include, but are not limited to the following: an automated adjustment of acoustic output power
(“Automated PCD Control”) button, where PCD can refer to Passive Cavitation Detection; and a
manual adjustment of acoustic power (“Manual PCD Control”) button. It should be noted that in
accordance with certain embodiments, manual adjustment of acoustic power may involve
selection of one of a plurality of output power ranges that can depend on one or more, but not
necessarily limited to the following: patient age group, e.g., a) <20, b) 20—{10, b) 41-60, c) 61-75,
d) >76 years of age; gender, e.g., a) Female, b) Male; and race, e.g., a) Caucasian, b) Hispanic, ¢)
Asian, d) African/African-American. Additionally, the power and control device may include
one or more lights, such as light emitting diode (LED) lights, for example, to present cavitation

control and upper power limit indications (e.g., yellow, green, and red) to a user.
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[0022] Similar to electrocardiography (ECG) pads, the power and control device may utilize
disposable ultrasound transducers which can be connected to the power and control device via
some type of wired connection, and which can be discarded after use. The ultrasound
transducers, as described above, can be placed onto the temporal bone area on both sides of a
patient’s head. The ultrasound transducer can be held in place using a gel-like temporary glue,
such as that used for ECG pads, for example, as will be described in greater detail below. To
provide sufficient conductivity between the ultrasound transducers and the patient’s skin, hair
may be removed at the location where the ultrasound transducers are applied. After the
ultrasound transducers have been positioned, the power and control device can be powered on
using the on/off switch. As described above, lights can be used in the control device to present
certain indications to a user. For example, a yellow control light can be used to provide visual
confirmation to the user that the control device is operative, e.g., transmitting sound waves (i.e.,
ultrasound beams). It should be noted that a default acoustic output power value can be set after
turning the control device on, which can be in the milliWatts range (e.g., 20 mW).

[0023] Subsequent to powering on the power and control device, options may be provided to
the user via, e.g., the main control display. A first option may be effectuated if the user chooses
to press the Automated PCD Control button, where the power and control device can
automatically increase the acoustic output power until the green control light illuminates. This
green control light can be used as confirmation of the occurrence of stable cavitation of
microbubbles. Stable cavitation is suggested as the underlying mechanism to trigger the
biophysical effects mentioned above. Therefore, illumination of the green control light may
represent the intended therapeutic activity or, in other words, the “therapeutic window.” A red
control light can indicate that this therapeutic window has been exceeded, for example. In this
case, the acoustic output power will be decreased automatically until the red control light turns

off and the green control light turns on.

[0024] A second option can be effectuated if the user chooses to press the Manual PCD
Control button, where the power and control device can allow the user to increase the acoustic
output power manually. As described above, manual acoustic output power can be
chosen/adjusted up or down depending on one or more factors, e.g., the patient’s age, sex, and/or

race. During manual control, the user may, e.g., increase the acoustic output power and utilize
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the green control light as a gauge, where the green control light (as previously discussed) can
indicate operation of the power and control device in a “proper” therapeutic window. If the
acoustic output power is exceeded using the Manual PCD Control function, the power and
control device can either shut down or switch back to a default setting (i.c., that indicated by a

yellow control light as described previously).

[0025] The power and control device can further drive the ultrasound transducers, where
power can be supplied by, e.g., a lithium polymer (LiPo) or similar battery (which can also
power the aforementioned features and/or functionality of the power and control device). A
power conversion control circuit can produce a desired ultrasound frequency. Another circuit of
the power and control device can be used to control the output power level, which can consider
input provided by a user pertaining to the patient, ¢.g., gender, race, and age. Still another circuit
can be used to modulate the output frequency in such a way that intracranial ultrasound standing
waves are prevented from occurring. Yet another circuit can be used to sense whether the
ultrasound transducers are connected, functional, and/or energized.

[0026] As alluded to previously, the power and control device can be relatively small, for
example, pocket/hand-held sized, and made of one or more materials that can withstand, e.g.,
hard use in environments like that experienced in an emergency response vehicle/scenarios in
which an emergency response vehicle is needed. For example, the power and control device
may be approximately the size of a hand-held digital multimeter, €.g., approximately 2 x 4 x 8
inches. Although, as described above, the battery can be rechargeable (¢.g., a lithium polymer
batter), it should be noted that the power and control device may alternatively, or additionally,
have the ability to be operated directly from a stationary power source, such as a wall outlet.
Additionally, the power and control device can be configured such that the battery is easily
replaceable.

[0027] Also as previously alluded to, the power and control device may have one or more
buttons, user interfaces, etc. that can allow a user to interact with the power and control device.
Accordingly, the power and control device can have a control panel through which those various
buttons and user interfaces can be implemented and/or presented for interaction, e.g., turning the
device on/off; verifying that the ultrasound transducers are energized when appropriate;

ascertaining how much battery life is left, automated adjustment of acoustic output power, and
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manual adjustment of acoustic power. Further, the power and control device may include, as
part of the control panel or separate therefrom, the aforementioned control lights indicative of,
e.g., cavitation control and upper power limit. The power and control device can further include
one or more connector receptacles. A first connector receptacle may be configured for
recharging the battery and/or operation from a wall outlet, while a second connector receptacle
may be configured to receive a cable for connecting the ultrasound transducers to the power and
control device.

[0028] A transmit signal can be generated by the power and control device using an
oscillator circuit tuned to, ¢.g., a nominal 200 kHz continuous sine wave. The sine wave can be
amplified to an appropriate power level, and this transmit signal can be applied to a switching
circuit that alternates transmission between two sets of leads (one per ultrasound transducer), for
example, every 100us, in a case where the ultrasound transducers are positioned at the temporal
bone on both sides of a patient’s head. This transmit signal can be applied to the ultrasound
transducers that have been positioned and secured to the head of the stroke patient via
aforementioned cable. The switching circuit can create, for example, a 100us on-time followed
by a 100us off-time for each ultrasound transducer, such that when one ultrasound transducer is
in the on state, the other ultrasound transducer is in the off state. During the ultrasound
transducer on state, the ultrasound transducer can transmit ultrasound energy through the
patient’s skull. During the ultrasound transducer off state, the ultrasound transducer can receive
acoustic signals allowing it to be utilized as a passive cavitation detector, when ultrasound is
applied in conjunction with an acoustically active agent.

[0029] Additionally still, the power and control device can include, e.g., two switches or
actuators, although more or less switches may be included depending on need/desired level of
control of operation. A first switch may be used to turn the power and control device on, and a
second switch may be used to send the aforementioned transmit signal/voltage to the ultrasound
transducers. Moreover, an input device such as a touchpad may be used to input patient
information or further interact with the power and control device. When the ultrasound
transducers are connected, but before they are energized, an indication that the ultrasound e
transducer is connected and functional can be presented to a user. This may be a light or a

message on the touchpad, for example. When the required preliminary conditions have been met
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(e.g., patient information, transducer functionality, etc.) then the user may energize the
ultrasound transducers, and when this is done, an indicator can also show this condition.

[0030] Figure 4 illustrates an example schematic diagram of a power and control device 400
designed in accordance with various embodiments. The power and control device 400 may be
powered by a battery power source, such as LiPo battery pack 405. Charging of the LiPo battery
pack 405 can be performed by a direct current (DC) charging port 410. Additionally, the power
and control device can be powered from, e.g., a wall outlet, via the DC charging port 410. The
power and control device 400 can include a charger controller and gas gauge 415 (e.g., a BQ
series charge controller/gas gauge) for monitoring cavitation as described in greater detail below,
as well as a power converter 420. Further still, the power and control device 400 may have a
touch screen display 425, such as an organic light emitting diode (OLED) touch screen display
through which a user may be presented with various information/interact with the power and
control device 400. As well, the power and control device 400 may include a signal generator
430, such as an arbitrary waveform generator (ARB) signal generator, a power amplifier 435,
and a voltage standing wave ratio (VSWR) power monitor 440 for the
generation/control/transmission of ultrasound as described herein. The power and control device
400 may also include one or more communications radio modules 445, which may be, e.g., a
Bluetooth® radio, through which the aforementioned wireless communications can be
effectuated. To allow connection of the ultrasound transducers to the power and control device
400, a probe connector(s) 450 may also be provided on the power and control device 400.
Moreover, operation of the various functionality of the power and control device 400 described
herein can be performed by a processor 455, which may be, e.g., an ARM3 core processor, or a
combination of processors/controllers. It should be noted that more or less
elements/modules/components can be included in the power and control device 400 in
accordance with desired features and/or functionality. Moreover, the various elements/modules
described herein can implemented as separate elements/modules, or combinations thereof.
[0031] As indicated previously, the therapeutic approach described herein can be based on
the application of ultrasound either alone or in conjunction with an acoustically active agent,
such as microbubbles, which relies on a stable cavitation mechanism. Furthermore, the

utilization of the acoustically active agent, e.g., microbubbles, allows for the monitoring function
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described herein to be achieved. It should be noted that the term “microbubbles” can refer to an
agent designed for diagnostic purposes to enhance image quality. It should be noted that as
utilized herein, the term microbubbles is not meant to be restricted to merely their diagnostic
application. Rather, and in accordance with various embodiments, the microbubble concept may
additionally be applicable to agents not primarily designed for diagnostic purposes.

[0032] That is, diagnostic microbubbles can refer to spheres with an average diameter of,
e.g., 2-3um. The shell structure of such spheres or microbubbles can be either a phospholipid or
human albumin, whereas the inside of such spheres may be filled with a perfluorocarbon gas.
The agents can be administered, in accordance with various embodiments intravenously, e.g., via
a peripheral vein, and are stabilized to pass through the lungs to enter arterial circulation. The
half-life of such agents may be within the range of minutes.

[0033] When ultrasound waves are transmitted through a physical medium, the ultrasound
waves can compress and stretch the molecular spacing of the physical medium, such as human
tissue. Accordingly, and when a microbubble passes an ultrasound field it undergoes frequent
pressure changes, leading to either bubble oscillation (i.e., stable cavitation) or bubble '
destruction (i.e., inertial cavitation). Whereas inertial cavitation might cause harm to human
tissue, specifically the endothelial layer, stable cavitation has been shown to be effective with
respect to clot lysis and improvement of tissue perfusion, stable cavitation occurs at lower
ultrasound energies.

[0034] Referring back to the control lights implemented in the power and control device, a
green control light can be illuminated when the therapeutic window has been reached, i.e., when
stable cavitation can be detected. As inertial cavitation can require higher energies to occur,
inertial cavitation may occur predominantly when energies might be increased beyond the
therapeutic window. In this case, a red control light can be illuminated.

[0035] Referring back to the ultrasound transducers utilized for transmitting ultrasound, and
to provide control over cavitation, the ultrasound transducers may be designed such that they are
capable of detecting cavitation signals whenever they are not transmitting (e.g., in an off phase).
The ultrasound transducers can further be designed to cover a bandwidth of, e.g., 100 — 300 kHz
to capture a subharmonic frequency (0.5 x transmit frequency: 0.5x200kHz=100kHz), as well as

a first ultraharmonic frequency (1.5 x transmit frequency: 1.5x200kHz=300kHz). Given this

10
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capability, cavitation can be detected and characterized by the device as being one of stable or
inertial cavitation.

[0036] It should be noted that after the ultrasound transducers are in place on a patient’s
head, the intravenous infusion with microbubbles has been initiated, and the preferred or optimal
acoustic output power has been chosen, it is contemplated that continuous insonation
(application of ultrasound) be started at the earliest point possible, i.e., after first aid has been
administered and the patient’s vital functions have been stabilized. This could be either at the
site of the emergency or during patient transport to a care facility. Furthermore, continuous
insonation may last until further in-hospital diagnostic or therapeutic procedures are provided,
the patient’s symptoms are fully resolved, the patient’s symptoms have worsened, and/or at any
given point in time, a care-taking physician recognizes a significant medical indication to
discontinue such treatment.

[0037] As described above, the ultrasound transducers can be positioned onto a patient’s
head via gel-pads using, e.g., a conductive gel, similar to that utilized for affixing ECG
electrodes to a patient’s chest wall. The ultrasound transducers may be positioned on ¢ither side
of the patient’s head, over the temporal bone region forward of the ears, or alternatively, on the
very top of the head (vertex). The latter, alternative positioning may be preferable in certain
scenarios as this transskull pathway may have advantages due to its specific acoustic properties.
{0038} Again, it is preferred that the ultrasound transducers are designed for a single-use
application, and packaged so as to maintain sterility until use, although the ultrasound
transducers can be designed for multiple-use applications as well. The transducer/gel-pad
combination, being pliant, can conform to the shape of a patient’s head/skull, and can aid in the
transmission of the ultrasound energy/waves into a target region of the patient’s brain. The
conductive gel can have acoustic properties similar to, €.g., coupling gels used in
ultrasonography. The portion of the gel-pad that contacts the patient’s scalp may have a peel-
away strip that will expose a layer of adhesive that can help keep the ultrasound transducer in
place, and also aid in the transmission of ultrasound energy/waves by helping to eliminate
potential air pockets, for instance, due to a patient’s hair. Optionally, as previously indicated,

shaving of the ultrasound transducer application area may be considered.
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[0039] An ultrasound transducer itself can be contained in the gel-pad portion. The
transducer can include a piezo-electric element (é.g., disc-shaped), approximately 3cm in
diameter and 2mm thick. The piezo-electric material can be a material used for medical
ultrasound, such as lead zirconate titanate (PZT), or any other suitable material. The piezo-
electric material, also referred to as the crystal, can have both faces, but not necessarily the edge,
coated with an electricity-conducting material, which can be referred to as the electrodes of the
ultrasound transducer. The crystal may further have an insulating coating, over which a shield
layer is applied. Wire leads, such as lightweight and flexible cable (twisted, shielded pair) can
be attached (e.g., soldered) to the electrodes for the purpose of conducting electricity to the
crystal, and the subsequent generation of ultrasound energy. It should be noted that other
materials may be used for additional coatings as required, such as a quarter-wave matching layer
on a side of the crystal nearest the patient to aid in energy transmission, a backing layer on the
side of the crystal away from the patient, a shiclding layer to prevent electro-magnetic
interference (EMI), and/or another insulating coating to prevent inadvertent shocking of the
patient.

[0040] Designed for single use, as described above, the ultrasound transducers need not
require any housing material or special connectors. Rather, the ultrasound transducers can be
integrated into, e.g., a low-profile and lightweight plastic bag that has dimensions slightly larger
than the ultrasound transducers themselves. One side of the plastic bag may contain a dispenser
for the adhesive coupling gel, and another side may have an air pocket to provide air-backing for
the ultrasound transducers. Such a package can be sealed within a disposable envelope or similar
enclosure to maintain sterility. Upon use, the disposable envelope can be opened and an
ultrasound transducer removed. An additional membrane/peel-away strip can be removed from
one side of the ultrasound transducer to expose the adhesive and coupling gel, and the ultrasound
transducer may be applied to a selected area on a patient’s head.

[0041] The ultrasound transducers can fit inside the gel-pads in such a way that some
thickness of gel can be maintained between the energy;emitting- face of the ultrasound transducer
and the patient’s scalp. This may be accomplished for instance, by incorporating a sleeve in the
gel pad into which the ultrasound transducer can be inserted during the manufacturing process.

The electrode leads of the ultrasound transducer can exit the gel-pad in such a way that they are
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secured against inadvertent snagging and breakage during emergency deployment. A cable can
be used to connect the electrode leads to the aforementioned power and control device.

[0042] It should be noted that in accordance with another embodiment, the ultrasound
transducers can be implemented in a headband, where the electrode leads can exit the gel-pad
portions of the headband, and may be incorporated into the headband material to secure against
inadvertent snagging and breakage during emergency deployment. The leads from each of the
ultrasound transducers may terminate at a convenient portion of the headband, such as the
portion positioned over the back of the head. This termination may be a connector built into the
headband, or may be a length of cable that terminates in a connector. Another cable, separate
from the headband, can be used to connect the headband to the power and control device.

[0043] Figure 3 illustrates an example configuration of the ultrasound transducers and power
and control device, as well as the use thereof. Figure 3 illustrates a power and control device
300. As previously described, the power and control device can be relatively small, battery
powered, and have wireless communication functionality, and can power and control ultrasound
transducers. Connected to the power and control device are ultrasound transducers 310 shown as
being attached to the head of a patient 320. Again, the ultrasound transducers 310 can be
connected to either side of the head of the patient 320 via a gel-pad. The ultrasound transducers,
including ultrasound transducer 310 may be connected to the power and control unit via cables
330.

[0044] The ultrasound transducers themselves may be designed to operate at a frequency of
200 kHz, or in a band of frequencies centered about 200 kHz. Again, the acoustic field at such
frequencies is not necessarily subject to distortion when passing through the skull, as is the case
with higher frequencies in the MHz range. As a result, the acoustic field that is applied to the
brain may be designed according to known physical principles with a high degree of
predictability. Additionally, the ultrasound transducers can be configured as, ¢.g., flat
unfocussed disks with a diameter between, €.g., 2 cm and 3 cm, resulting in a radius of, e.g., 1
cm and 1.5c¢m, respectively.

[0045] In acoustic terms, the radius of an ultrasound transducer is typically represented as a.

The acoustic field emanating from such an ultrasound transducer is essentially columnar until it
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travels a distance d, when it begins to spread in a conical fashion. The distance d is also known

as the far-field transition, and can be represented by the following equation:

where A is the wavelength of the ultrasound wave. In water and body tissue at 200 kHz, A can be
approximately 0.75 cm. Hence, and for an ultrasound transducer with a radius of, e.g., 1 cm, the
distance d is approximately 1.3cm, and for a radius of 1.5 cm, the distance 4 is 3cm.

[0046] Past distance d, the acoustic energy of an ultrasound wave can spread in a conical
shape that is subtended by an angle 6, the angle between the acoustic axis and one side of the

conical shape. This angle @may be calculated by the following equation:

ol
an P

[0047] It can be seen from these equations that for a given ultrasound frequency, the acoustic
beam shape is primarily controlled by the radius of the ultrasound transducer. Beam shape in
turn, can determine the peak intensity of the acoustic field. As the radius of the beam expands
according to the angle 6, the beam intensity decreases as the square of the radius. The beam
intensity can also decrease with distance due to attenuation by the brain tissue. Such effects can
be a factor regarding the safety and possibility of creating standing waves (discussed in greater
detail below) in the cranial region of a patient.

[0048] The following example illustrates the design, operation and inherent safety of various
embodiments. An ultrasound transducer of radius 1.5¢m has a transition distance of 3cm, which
can be the point of peak acoustic intensity, inasmuch as beyond this distance, the beam
transmitted by the ultrasound transducer becomes wider. If the acoustic output power of the
ultrasound transducer has been adjusted to produce, e.g., 600 mW/cm® acoustic intensity at this
point of peak acoustic intensity, at a 5cm depth, the acoustic intensity can drop off to less than
300 mW/cm?, and at 6cm, the acoustic intensity can drop off to approximately 125 mW/cm®.
Given an average skull diameter of 16cm, the acoustic intensity of the beam can be on the order
of 20 mW/cm? by the time it reaches the opposite skull surface. Any standing waves generated

by reflection at the contralateral interior skull surface should be of negligible amplitude. And
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yet, the intensity of the ultrasound energy that is most likely to have a therapeutic effect is
contained in the clinically relevant depth of 30-60 cm on the ipsilateral side of the brain midline.
[0049] Further to the above, a pulse duration of between 10-10000us may be contemplated,
with a 1-50% duty cycle, at a frequency of 200 kHz (a convenient paradigm in another sense
because the wavelength for this frequency is approximately 7.5mm in soft tissue). A 20-cycle
burst, given, for example, a pulse duration of 100us, and a duty cycle of 50%, would be 15¢m in
total length, or nearly the diameter of the average cranium from one temporal bone to the other.
If the two ultrasound transducers alternate active times, previously referred to as on-time, the
acoustic field of a first ultrasound transducer would be much diminished by the time the energy
of the second ultrasound transducer passes through, thus minimizing any likelihood of creating
standing waves. As described above, to provide this alternating activity, the power and control
device may utilize a switching circuit to switch, e.g., a 200 kHz CW signal from one set of
conductors to another set every 100us to create alternating 20 cycle bursts between the
ultrasound transducers. It should be noted that the same or similar considerations are applicable
in an embodiment where a single ultrasound transducer is utilized and positioned at the vertex of
a patient’s head.

[0050] Regarding the application of an acoustically active agent in accordance with one
embodiment, and as described above, the ultrasound transducers have the capability to receive
acoustic signals during an off-time. Relying on stable cavitation as the underlying mechanism to
achieve the aforementioned biophysical effects, and relying on inertial cavitation used as a
control and safety measure, the ultrasound transducers may have a minimum bandwidth between
100 — 300 kHz. This range has been chosen, as also described above, to capture the subharmonic
frequency (100 kHz) as well as the ultraharmonic frequency (300kHz). The occurrence of both
frequencies indicates the presence of stable cavitation, and therefore, describes the individual
therapeutic window. The occurrence of primary inertial cavitation may be characterized by a
combination of an increased area under the curve of the fundamental frequency (at 200 kHz) and
a raise of the noise floor. Sub and ultra-harmonic frequencies may still be present, but are not
dominant. Should inertial cavitation be detected by the ultrasound transducers, the power and
control device can be configured to automatically lower acoustic output until only stable

cavitation can be detected (i.c., the Automated PCD Control button). Alternatively, the power
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and control device can be configured to shut down instantaneously or automatically reset to its
preset mode (i.e., the Manual PCD Control button).

[0051] Figure 6 illustrates example processes performed to treat victims of stroke or stroke-
like events in the field in accordance with various embodiments. At 600, ultrasound energy is
non-invasively applied to a cranium of a patient via first and second ultrasound transducers
attached as disparate locations about the cranium of the patient. At 610, application of the
ultrasound energy is controlled such that the first and second ultrasound transducers alternately
apply the ultrasound energy in pulses to the cranium of the patient, wherein the non-invasive
application of the ultrasound energy occurs in the field. Optionally, at 620, the application of the
ultrasound energy can be performed in conjunction with intravenously administering an
acoustically active agent to the patient. For example, and as described herein, the administration
of, e.g., microbubbles, and stable cavitation caused by the application of ultrasound energy at
particular levels can promote lysis, restoration of arterial flow, etc.

[0052] Additionally, the design of the ultrasound transducers in accordance with various
embodiments can provide a guaranteed minimum half-life of 24 hours. For subacute/chronic
applications, the requirements for the ultrasound transducers half-life might be different in the
sense of longer term durability, assuming proper care and maintenance in a controlled
environment (e.g., hospital, rehabilitation center, or retirement home).

[0053] Regarding macrocirculation, there is evidence that ultrasound-induced clot lysis to
recanalize a vessel can be improved in combinational use with ultrasound microbubbles. Thus,
and in accordance with still another embodiment, ultrasound sequences can be built into the
power and control device for the use of microbubbles during ultrasound exposure. The
microbubble compounds used for this purpose can be standard, commercially available agents
which are primarily used for diagnostic purposes or agents which are specifically developed for
the purpose of ultrasound enhanced clot lysis.

[0054] As to microcirculation, there is growing evidence that ultrasound in combination with
microbubbles may induce the release of nitric oxide from endothelial cells, resulting in a
vasodilatative effect, which in turn can result in improved tissue perfusion. In accordance with

another embodiment, microcirculation techniques can be incorporated into the various
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embodiments previously described to improve the tissue perfusion through mechanical and
biochemical vasodilatation.

[0055] It should be noted that the various embodiments disclosed herein for treating stroke
victims are also applicable to other ischemic diseases caused by embolic or thrombo-embolic
events, such as myocardial infarction (MI) or deep vein thrombosis (DVT). That is, the
underlying cause for all these diseases is the sudden occlusion of a vessel by a blood clot with
the consequence of consecutive cell death in the supplied area due to lack of oxygen supply. All
of these diseases have in common, the acuity of onset and the need for a therapeutic option at the
earliest time point possible. Hence, a treatment which could be provided at the site of emergency
and/or during transport to a care facility would be advantageous. Accordingly, various
embodiments can include alternative ultrasound transducer designs, as well as ultrasound
sequences, that may be dedicated for application to other ischemic diseases, such as MI or DVT.
Moreover, various cmbodiments may be utilized to address ischemic discases in almost any
organ system.

[0056] Further still, and beyond application in acute ischemic diseases, various embodiments
disclosed herein may also be used as a long-term, recurrent treatment option, for example, in
patients suffering from subacute/chronic ischemic diseases. Such patients may include those
with chronic ischemic white matter disease, patients suffering from vascular dementia or post
stroke patients. In these patient populations, various embodiments could be utilized, for
example, during hospitalization, during rehabilitation, or as a regular treatment at private homes
or in retirement facilities. The use of various embodiments may further be utilized in the context
of neurodegenerative diseases, such as Alzheimer’s or Parkinson’s disease, following a similar
approach. That is, various embodiments disclosed herein are contemplated for use in the
treatment of any subacute or chronic brain-diseased patients for whom improved tissue
perfusion, the potential stimulation of stem cell proliferation, neuromodulation or the induction
of chaperone protein release could be beneficial. Various embodiments may also be utilized in
various neurological applications, €.g., the treatment of seizures or neuropsychiatric diseases
(e.g. schizophrenia, depression).

[0057] Other embodiments may include monitoring or feedback functionality at the power

and control device, for example, to establish, e.g., the time of vessel recanalization or
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improvement of tissue perfusion. Still other embodiments may include one or more sensing
elements into the transducer/gel-pad combination, such as infrared lasers or cavitation receivers,
to monitor, €.g., the improvement of tissue perfusion during the procedure, or to prevent
exceeding safety limits by cavitation detection.

[0058] As alluded to above, the power and control device may have wireless functionality.
Such wireless functionality may encompass wireless communication between, e.g., paramedic
teams in the field and medical personal in a receiving care facility, where such communications
have conventionally been sparse. Still other embodiments may utilize the wireless
communication capabilities for the transmission of real-time data from the power and control
device (e.g., data regarding/associated with the aforementioned monitoring/feedback
functionality) directly to an allocated server at the receiving care facility, or to a portable
computing device using a variety of wireless communication technologies, including for
example, but not limited to 2G (e.g., Global System for Mobile Communications (GSM), etc.),
2.5G (e.g., General Packet Radio Service (GPRS), etc.), 3G (e.g., Enhanced Data for GSM
Evolution (EDGE), Wideband Code Division Multiple Access (WDMA), CDMA2000, etc.), and
4G (e.g., LTE, WiMAX, etc.) technologies, and Bluetooth®.

[0059] Further still, the functionality disclosed herein and described as being implemented
utilizing ultrasound transducers connectable to and powered by a power and control device can
be implemented in existing devices, such as existing diagnostic ultrasound devices. Moreover,
recent research in the field of local drug delivery involves the delivery of therapeutic agents at a
target site. In particular, certain research suggests using microbubbles as transport vehicles, and
ultrasound as a source to release these therapeutic agents at the target site. For example, certain
research has been focused on the beneficial effect of oxygen carriers for tissue preservation and
neuroprotection. Accordingly, various embodiments may implement dedicated ultrasound
sequences allowing the methods and apparatuses disclosed herein for the delivery of drugs
locally, or to enhance the effect of oxygen carriers.

[0060] As described herein, various embodiments provide methods and apparatuses to
initiate stroke treatment in the field and/or during the transport of a patient to a care facility, as
well as for other diseases, and for more prolonged use, such as in rehabilitation scenarios.

Various embodiments may be adjusted, e.g., automatically, to an individual “therapeutic
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window” for each patient, often a crucial factor due to significant differences in skull
morphology between humans of different age, gender, and/or race. Further, various
embodiments can be utilized for ultrasound transmission in combination with the use of
acoustically active agents, such as microbubbles, where stable cavitation is an underlying
mechanism for both the therapeutic application as well as its control.

[0061] Accordingly, the millions of patients who suffer from acute stroke-like syndromes
can be treated, worldwide, for whom therapeutic options to-date do not exist. Additionally still,
use of this approach can be incorporated into a future Standard of Care for the treatment of acute
stroke in the field, much like the defibrillator has become the Standard of Care for
cardioconversion. The potential for reduction in delays experienced in the treatment of acute
stroke in both rural and metropolitan areas is significant, as illustrated in Figure 5. In a
metropolitan area, for example, an emergency 911 call may be received, and 10 minutes may
pass until emergency medical services (EMS) personnel arrive at the site where a patient has
experienced a stroke/stroke-like event. Application of ultrasound/ultrasound in conjunction with
microbubbles, for example, in accordance with various embodiments can be accomplished in the
field within, e.g., 5 minutes thereafter. Admission to a care facility may occur 10 minutes after
that. Hence, in this example, at least 10 minutes can be saved during which a dramatic reduction
in tissue damage can be effectuated. In a rural environment, arrival of EMS personnel may not
occur until 45 minutes after an initial emergency 911 call. Again, within 5 minutes, the
application of ultrasound alone or in conjunction with microbubbles can occur in accordance
with various embodiments. In such a rural scenario, admission to a care facility may not occur
for another 115 minutes thereafter. In this instance, it can be appreciated that 115 minutes during
which tissue damage due to stroke can be avoided through the utilization of various
embodiments.

[0062] The various diagrams illustrating various embodiments may depict an example
architectural or other configuration for the various embodiments, which is done to aid in
understanding the features and functionality that can be included in those embodiments. The
present disclosure is not restricted to the illustrated example architectures or configurations, but
the desired features can be implemented using a variety of alternative architectures and

configurations. Indeed, it will be apparent to one of skill in the art how alternative functional,
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logical or physical partitioning and configurations can be implemented to implement various
embodiments. Also, a multitude of different constituent module names other than those depicted
herein can be applied to the various partitions. Additionally, with regard to flow diagrams,
operational descriptions and method claims, the order in which the steps are presented herein
shall not mandate that various embodiments be implemented to perform the recited functionality
in the same order unless the context dictates otherwise.

[0063] It should be understood that the various features, aspects and/or functionality
described in one or more of the individual embodiments are not limited in their applicability to
the particular embodiment with which they are described, but instead can be applied, alone or in
various combinations, to one or more of the other embodiments, whether or not such
embodiments are described and whether or not such features, aspects and/or functionality is
presented as being a part of a described embodiment. Thus, the breadth and scope of the present
disclosure should not be limited by any of the above-described exemplary embodiments.

[0064] Terms and phrases used in this document, and variations thereof, unless otherwise
expressly stated, should be construed as open ended as opposed to limiting. As examples of the
foregoing: the term “including” should be read as meaning “including, without limitation” or the
like; the term “example” is used to provide exemplary instances of the item in discussion, not an
exhaustive or limiting list thereof; the terms “a” or “an” should be read as meaning “at least
one,” “one or more” or the like; and adjectives such as “conventional,” “traditional,” ‘“normal,”
’standard,” “known” and terms of similar meaning should not be construed as limiting the item
described to a given time period or to an item available as of a given time, but instead should be
read to encompass conventional, traditional, normal, or standard technologies that may be
available or known now or at any time in the future. Likewise, where this document refers to
technologies that would be apparent or known to one of ordinary skill in the art, such
technologies encompass those apparent or known to the skilled artisan now or at any time in the
future.

[0065] Additionally, the various embodiments set forth herein are described in terms of
exemplary block diagrams, flow charts and other illustrations. As will become apparent to one
of ordinary skill in the art after reading this document, the illustrated embodiments and their

various alternatives can be implemented without confinement to the illustrated examples. For
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example, block diagrams and their accompanying description should not be construed as
mandating a particular architecture or configuration.

[0066] Moreover, various embodiments described herein may be described in the general
context of method steps or processes, which may be implemented in one embodiment by a
computer program product, embodied in, €.g., a non-transitory computer-readable memory,
including computer-executable instructions, such as program code, executed by computers in
networked environments. A computer-readable memory may include removable and non-
removable storage devices including, but not limited to, Read Only Memory (ROM), Random
Access Memory (RAM), compact discs (CDs), digital versatile discs (DVD), etc. Generally,
program modules may include routines, programs, objects, components, data structures, etc. that
perform particular tasks or implement particular abstract data types. Computer-executable
instructions, associated data structures, and program modules represent examples of program
code for exccuting steps of the methods disclosed herein. The particular sequence of such
executable instructions or associated data structures represents examples of corresponding acts
for implementing the functions described in such steps or processes.

[0067] As used herein, the term module can describe a given unit of functionality that can be
performed in accordance with one or more embodiments. As used herein, a module might be
implemented utilizing any form of hardware, software, or a combination thereof. For example,
one or more processors, controllers, ASICs, PLAs, PALs, CPLDs, FPGAs, logical components,
software routines or other mechanisms might be implemented to make up a module. In
implementation, the various modules described herein might be implemented as discrete modules
or the functions and features described can be shared in part or in total among one or more
modules. In other words, as would be apparent to one of ordinary skill in the art after reading
this description, the various features and functionality described herein may be implemented in
any given application and can be implemented in one or more separate or shared modules in
various combinations and permutations. Even though various features or elements of
functionality may be individually described or claimed as separate modules, one of ordinary skill
in the art will understand that these features and functionality can be shared among one or more
common software and hardware elements, and such description shall not require or imply that

separate hardware or software components are used to implement such features or functionality.
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Where components or modules of the invention are implemented in whole or in part using
software, in one embodiment, these software elements can be implemented to operate with a
computing or processing module capable of carrying out the functionality described with respect
thereto. The presence of broadening words and phrases such as “one or more,” “at least,” “but
not limited to” or other like phrases in some instances shall not be read to mean that the narrower

case is intended or required in instances where such broadening phrases may be absent.
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WHAT IS CLAIMED IS

1. A method, comprising: .
non-invasively applying ultrasound energy to a cranium of a patient via first and second
ultrasound transducers attached at disparate locations about the cranium of the patient; and
controlling application of the ultrasound energy such that the first and second ultrasound
transducers alternately apply the ultrasound energy in pulses to the cranium of the patient,

wherein the non-invasive application of the ultrasound energy occurs in the field.

2. The method of claim 1, wherein the non-invasive application of the ultrasound energy

occurs in the field and prior to arrival of the patient at a care facility.

3. The method of claim 1, wherein the disparate locations about the cranium of the patient

comprise temporal bone regions forward of the ears of the patient.

4. The method of claim 1 further comprising, intravenously administering an acoustically

active agent to the patient.
5. The method of claim 4, wherein the acoustically active agent comprises microbubbles.

6. The method of claim 4 further comprising, exciting the acoustically active agent by the
ultrasound energy to cause stable cavitation, and detecting a state of inertial cavitation of the
acoustically active agent as an indication that the application of the ultrasound energy has

exceeded a level commensurate with a therapeutic window.

7. The method of claim 6, wherein the controlling of the application of the ultrasound
energy comprises controlling an output power of the ultrasound energy such that stable
cavitation is maintained, the stable cavitation triggering a plurality of biophysical effects in the

patient.

23



WO 2013/170223 PCT/US2013/040664

8. The method of claim 7, wherein the controlling of the output power of the ultrasound

energy is performed either automatically or manually.

9. The method of claim 8 further comprising, performing the automatic control of the output

power of the ultrasound energy in accordance with at least one of patient-specific characteristics

10.  The method of claim 9, wherein the at least one of the patient-specific characteristics

comprises age, gender, race, skull bone characteristics, and morphology.

11.  The method of claim 6 further comprising, reducing an output power of the ultrasound

energy upon the acoustically active agent reaching the state of inertial cavitation.

12.  The method of claim 1 further comprising, performing the non-invasive application of the
ultrasound energy and the controlling of the application of the ultrasound energy to counteract
effects of at least one of, myocardial infarction, deep vein thrombosis, and a cerebrovascular

accident due to ischemia.

13. The method of claim 1, wherein each of the first and second ultrasound transducers are
connected via cables to a portable, battery-operated power and control device, and wherein the
first and second ultrasound transducers comprise one of single-use ultrasound transducers and

multiple-use ultrasound transducers.

14 The method of claim 13, wherein the single-use ultrasound transducers comprise disk-

shaped piezo-electric elements.

15.  The method of claim 13, wherein the single-use ultrasound transducers operate at either a
frequency of 200 kHz or in a band of frequencies centered about 200 kHz, and wherein the
single-use ultrasound transducers receive acoustic signals in a minimum bandwidth between 100

to 300 kHz.
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16. An apparatus, comprising:

a first ultrasound transducer element;

a second ultrasound. transducer element; and

a power and control module, the power and control module being portable and battery-
operated, and generating ultrasound energy to be transmitted in an alternating and pulsed fashion

by the first and second ultrasound transducer elements, noninvasively, to the skull of a patient.

17. The apparatus of claim 16, wherein the power and control module further comprises
circuitry for the generation of the ultrasound energy at an acoustic output power level and
frequency to cause at least one of stable cavitation and inertial cavitation of an acoustically

active agent.

18. The apparatus of claim 16, wherein the first and second ultrasound transducer elements
comprise disk-shaped piczo-electric elements operative at either a frequency of 200 kHz or in a

band of frequencies centered about 200kHz.

19.  The apparatus of claim 18, wherein each of the disk-shaped piezo-electric elements have

a diameter ranging from 2 to 3 ¢m, a radius ranging from 1 to 1.5c¢m, and a thickness of 2mm.

20. The apparatus of claim 18, wherein two faces of each of the disk-shaped piezo-electric
elements are coated with an electricity-conducting material comprising electrodes of each of the

first and second ultrasound transducer elements.

21.  The apparatus of claim 20, wherein the two faces of each of the disk-shaped piezo-
electric elemenfs are coated with at least one of a quarter-wave matching layer on a side facing
the patient to aid in energy transmission, a backing layer on a side facing away from the patient,
a shielding layer preventing electro-magnetic interference, and an insulating coating preventing

inadvertent shock to the patient.
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22.  The apparatus of claim 16, wherein each of the first and second ultrasound transducer

elements comprise flat, unfocused disks.

23.  The apparatus of claim 16, wherein each of the first and second ultrasound transducer
elements are driven by the power and control module with a pulse duration between 10 to 1000

us and a duty cycle between 1 to 50%.

24,  The apparatus of claim 16, wherein each of the first and second ultrasound transducer
elements receive acoustic signals from within the skull of the patient to detect whether a
response of the acoustically active agent administered to the patient is stable cavitation or inertial

cavitation.

25.  The apparatus of claim 16, wherein each of the first and second ultrasound transducer

elements is operative within a minimum bandwidth in the range of 100 to 300 kHz.

26.  The apparatus of claim 16, wherein each of the first and second ultrasound transducer

elements are configured to capture a subharmonic frequency and a first ultraharmonic frequency.

27.  The apparatus of claim 26, wherein the subharmonic frequency is 100 kHz and the

ultraharmonic frequency is 300 kHz.

28.  The apparatus of claim 16, wherein each of the first and second ultrasound transducer
elements are designed for single-use application and packaged so as to maintain sterility until

used.

29.  The apparatus of claim 16, wherein each of the first and second ultrasound transducer
elements are contained in a gel-pad portion, the gel-pad portion being pliant to conform to the
shape of the skull of the patient, and aiding in transmission of the ultrasound energy into a target

region of the brain of the patient.
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30.  The apparatus of claim 29, wherein a section of the gel-pad portion contacting the scalp
of the patient comprises a peel-away strip configured to expose a layer of adhesive to maintain

each of the first and second ultrasound transducer elements in place.

31.  The apparatus of claim 16, where each of the first and second ultrasound transducer

elements have a minimum half-life of twenty-four hours.

32.  The apparatus of claim 1, wherein the power and control module comprises a switching
circuit in which a 200 kHz continuous wave signal is switched from one set of conductors to
another set of conductors at predefined timepoints to create alternating bursts from the first and

second ultrasound transducer elements.

33.  The apparatus of claim 32, wherein the predefined timepoints occur at every 100us.

34.  The apparatus of claim 32, wherein a transmit signal is generated using an oscillation

circuit tuned to a nominal 200 kHz continuous sine wave.

35.  The apparatus of claim 34, wherein the 200 kHz continuous sine wave is amplified to an

appropriate power level, and applied to the switching circuit.

36.  The apparatus of claim 32, wherein the switching circuit creates an on time followed by
an off time for each of the first and second ultrasound transducer elements, such that when one of
the first and second ultrasound transducer elements is in an on state, the other of the first and
second ultrasound transducer elements is in an off state.

37.  The apparatus of claim 36, wherein the on and off times comprise 100us periods.

38.  The apparatus of claim 36, wherein the one of the first and second ultrasound transducer

elements in the on state transmits the ultrasound energy through the skull of the patient, and the
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other of the first and second ultrasound transducer elements in the off state receives acoustic

signals and is utilized as a passive cavitation detector.
39.  The apparatus of claim 16 further comprising, two cables, each of which operatively
connect each of the first and second ultrasound transducer elements to the power and control

module.

40.  The apparatus of claim 16, wherein the power and control module further comprises a

control display for displaying visual information to a user of the apparatus.

41.  The apparatus of claim 16, wherein the power and control module is configured to verify

that each of the first and second ultrasound transducers are energized.

42.  The apparatus of claim 16, wherein the power and control module is configured to allow

for automated adjustment of acoustic output power of the ultrasound energy.

43, The apparatus of claim 16, wherein the power and control module is configured to allow

for manual adjustment of acoustic output power of the ultrasound energy.

44.  The apparatus of claim 16, wherein the power and control module comprises three lights

for indicating cavitation control and an upper power limit of the ultrasound energy.
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Figure 3
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Non-invasively applying ultrasound ehergy to a cranium of a patient
via first and second ultrasound transducers attached at disparate
locations about the cranium of the patient
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A
Controiling application of the ultrasound energy such that the first and

second ultrasound transducers alternately apply the ultrasound

energy in pulses {o the cranium of the patient, wherein the non-

invasive application of the ultrasound energy occurs in the field
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| Intravenously adfninistering an acoustically active agent to the patient
in conjunction with the application of the ultrasound energy
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Fro W EPTIR, A8 Uk R RE RS T LARR B A KRN L AR X4 b . A R AR AR ET L
)RR BRRE (T BH M RE RS (B T BCC B HIRE R ) REFAEE LM E, LT #
S BARHEIR AT . A T SR U B RE RS RN B IR 2 TB] I 7R 4345 Sk, BT LARR 25t o0
BHBE RS R B ALKk R . AEABFE MR RS B 2 G, W AR R E / 2 AT SR i JE AT
BEIREE S, I EPTR, AT U R & T sk m A P 2 LR . Hilan, B EER
KT AT AR sk i) FE R SR AR S iR & A R 1R (BlndeE Ri% 7S (B, AR )) AR A.
MMt A AR N hRET UEREBH R &I G RE, XM IEF ULRE LG E
({5, 20mW) .

[0023] 7R VEAIIS &R LB R SE, 0 LLE B =18 6 BR 28 W A PR . R A
Pk B30 PCD $5 hH H, W ZE — IR TURT LARK SEAT, Ho A e YR AN s & FT L B 3038 in
AR IhE, ERSEEHIIT A5 XNGEBHEIT A U AEBE MR E SR ERHIA.
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o8 B AR e i R UL IR B A BN T E MU . B, SR HIT B S
AR R BAERVEITAT A, 8, BeAiE i, YA & 07, A isdl vl iR i B &M
WTZBITE O EXAE T, BG83/, BRI EEHLT R H I+ BgEs
KT B

[0024]  HISRFH £ F 5 PCD B HIREHEL, W) W] LASEAT 58 e 10, L P e R RN #8 ) iR 2%
BT LL SOV FE R T ah b o A et sh 3., B FTaR, BBl A S 4 Th R AT LUK — A R
ZANEZE (B AR R/ 8RR ) BEm EBUR T / 8. EFEEIE
(&), B P AT LA s A s R Th R 3 BRI S HITEA B (gauge) , HPFEEHILT
(HnETE AT E ) BT BAFE7R iR AR R % 7 “ & B0 iy B DA LR WRAAF
%) PCD 5 I Th BB 7 A5t oha-, ] r Y5 458 )35 4 AT LR 3 0 I s V) Bl S8 W B
( BE, 40 & Frd B B s sl e =)

[0025]  FRLYERAHE i 1R & 3B W] LABKZh 8 75 I ik RE#Y , LA i AT Ll an 2R &4 (LiPo)
ERSBLR E it (LR A BLZA UL 3R B A e B RS R T R S AE N / BRIh it el ) 3Rt HB
VR A 42 ] oL 0 BT DA 7 A S OB S R o B RR 5 R Y 45 5 5 — A e R T A S g
% HH Th 3 S, X ] LA Rl F P AR AR I S PR N BN, B andE ) PR RN g . -8R 5
—A™ e AT DA Sfe CA RS LE P P 8 7 g T U R AR 1 7 SR A AR . 3BT S — D R AT LA
JE St SR 00 8 75 B MR R A% R HARERE W F ] (functional) 1/ BRI

(00261 41 T AT 4R B 0, e PR AR A 4% T AR AR SN, i, 048/ B R, I
H A ULZEmEGRIE / B FERIFEN SR EH ISR XKE[FEH (hard
use) HY—FhEk L Phbt BlAI A B0, IFEFEHEIE & T LRBCH FRERBFET RO R,
B0, K2 2x4x8 T~ BRI EFTiR b LR A H M (B, RS a) , B.
I 24¥5 H, B YR AN R & R U R B Y it B S BB NG E YR (ks R
FERE (outlet)) BRVEMIRE S1. DLAL, EIERIEHIR &1 AL E A5 B A 5 Bk,

[o027]  Tfi HLANHTE BTi€ 2V, HIEMIBHIR AT UERE MM A H A RS B
U S BEEMEHEETE. B, SRR & T U AFEHmR, BidiZs
HITH AR, 7T LLSEERF / SR E AR - Pl F P 5, AU TR E, i, 8208 / R
%, TEA 38 FO IR (5 6 11E 8 75 U e Re 28 B ), 7 2 IR TR 22 /0 e 5 A, PR 0 HE TR 1 B B
5, U R B INROFFNIRT. FHI, BEEEE & ] LU AT R B S §1T, fendl an
I HIFIThER LR, FE A HIR K — o3& SHAE. BENEHRZETLEE
— AN BB AN ER RS . B — I B AR R ] AT E A T A b i e R A R 45 e v T R A
/ SRR VR, W38 B 28 1 R ] LA C B S 8 e FH T S8 75 Rk 5k B 45 4 B e VR A4 A iR A
) LA o

[0028]  &IXAE 5] LLH MR RO 45 i 1 4 R FH B VA8 B a8 200kHz 1B 48 1E 5% B ¥k
oS A K. A LUK AZIE LUK B8 M A Th e, 3F Bz R % (E S AT LU N B E 5
HBL (BMHEBERRRES ) 2B RIEAYIHE, F W, TEE RSN ET
RASKE BB AARELT, & 100w s THRIE. X ROEES T LUEMNR S 8L 8
3R B By B R R R B BT RUR K BB B A S e R BS . ST T NI A S Ae S, VIR
AT LA AN 100 1 s BRI E) 4R 5 2 100 u s Y56 FITIE), {575 4 — B S B fe 28
AbFEEBARESR, B— MR E RS R A TR ARES . AR R EREE, B

8
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PR BE A8 T LR IEHE R A BRI AR . AERE SR BE AR R PR HAE], B4 & F
I A 300 T AR 7 U N, R RS P MR R RS T AR S MR B, AU B S I R REAS AR BB AL
IER

[0020]  pAb, EELUFFAEE H W & W] LU FE G a0 1 PR s Bk ah 28, (B2, iR X 1R 45 I 1y
TE /K, TUERE LB FE DA, 58— K0 DU RS BRI HR &, 58
TR XA LA RIATERINERIZES / MERXBEE B IRAESS . FH0, E I AER A
MANRE T UUBARBMARANGE BB — P 5 mFEMBHERE T L. LEREFE KRGS
i, BLE AT 850, °T LAIR B P 2R S e fe 2% OB BRI A ROTE 7R . Bltn,
XA AT SE MR EEE. YR ENTEAMCEHE (Fl, mAER eSS
IhEESE ), B84 F P b o] LU Rh AR 78 i e RE 2%, 3 B 31X SE AT, FRn 25 ] KL B 7R iR
[0030] P 4 7~ HH T AR £ Ff SEHE R % v A FRLUE RN 5 R & 400 BIRBIR B R, FYRAD
PRI & 400 A LA I ERYRE (10, LiPo HiMhAH 405) ffe. ®/ LU B (DC) 78 F i
1410 $AT X LiPo HLIZH 405 (78 L. BhAT, FLEANIE #1124 7T LA DC 78 i 11 410 A
i an s ER ARG . FRYEANS IR A 400 R LLERE A T LU E R AR KA T RS
T FI 78 i HI AR AR BN 416 (Flan, BQ RFIFT REHIES / B ), UL RIRE#AS 420,
Bk, BIRAN IS Hl A 400 BT UL A A Al B R B R 8% 425, W A AR 6 B (OLED) fdfk
Gt R7Res, @R Bonas, AT A P 2RAMELR / 5REMZEIRE 400 LH. A5,
B VB N5 1)1% %% 400 7] LAALFEE 5 R AESR 430, B AVERB M KA LS (ARB) (E5 K481
BRI A 435 KA LL (VSWR) R ISINAS 440, A T ana< SCHriR BB 75 v 4B A / 42
Hl / Ri&. HIEAISHEIR & 400 B0 LLEFE— B AN E(E T8 s 445, 3K 7] LA R4 4n
Bluctooth® Tk, Bid T Al LB Ll BRI LB R . I T AT EE RS ER
Bl FL YRS 1% 4% 400, 0] LR BB VR NS W & 400 FRE— D BB A RENIE RS 450.
SEAh 25 S AT B SR AR 43 1) %% 400 FA-&-Fh Th e B4R AR AT LA AR SR 8§ 465 AT, LA LA
B ARM3 #Z.0o A0 FE B8, B AL TR RS / RIS A S . 4t T LURIE A B R AEAT /
BRINRE, 7E VR AN IS ) & 400 PEFEF L SR DT / B S AR tah, AR SCETIRE)
F MO /BT LLSEI N B oA / R, EE KA S

[0031]  ORTEFTHE A, A SCATR BT T UE T RMENEFEEES G FEL
F) (&0, B0 ) HENEE A I, X B R TR AUl BeAt, s s (I antdon ) mfE
R AV SEI A ATR ) AL Th RS . B ¥e Y, RTE“Hf” v LUFe ot F T2 W B A LG5
B R ERARF . N 24de H, A A SCATE B, R “RU0R7 AESRE RIR TN 2
Fio T2, AR AS (B SE MY, SRS 7T LA 53 A R AR F E R 2 1 v T2l B R
[0032] ok &, B WME A LI PR ER NG W0 2-3um B BRF. X P EK 4 5
1OV B 3 R RT LR B S B E R AN INVE BB B, T X R ER 44 B PR 35 T LLSE 78 A U
(perfluorocarbon) 4% . FRHE AN [ SE A, FT LARR Bk E 5 X 23857, il n 240 Bl M, IF B
R FE A U A B AKIEIR o X AR T B2 32 0T LAAE LA PP YE L N
[0033] B RIXE W IEAN FAT, @B E AT LURZEF b A i CFan, A
) KI5y FIREE. E, B0 ETEAE RS, ©4 MERE L, NTFEEE
% (BI,RR@ =4 ) aiE g (BN, B2 4L (inertial cavitation)). MifEH=4L 7] B
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St ARSI B, T E R B (endothelial layer), fasez5 ik B2 Boint F LW
RN SR REE W OE R U, e FWER KA EE KRR E.

[0034]  [a]id ko2 75 s B AN A W & P LML RIS HILT . R EALBE T & DR, B 3
A LS R R e AL, AT A SR EEHIT . B TR AT ETRNRES KE, B
i, HEE R AN BT E O, 2 F B R ERET W, EXFMER T, 7 LS
LLEIEHIT

f0035] [ElidskkSHH T REEE BB B KBRS, BN T RN TR E, 0]
AR T 8 7 U e RE 45 (19 B AN RE 88 4 AT R MR AT (4, 72 40 T o< PRI BN )
M E 5. SR A28 v LA TF AU 525450 40 100-300kHz B4 B, LA 8 71
WA (0. 5x RIXHAE (0. 5x200kHz = 100kHz) , LA J 38 — B i P SR (1. 5x RIEANE .
1. 5x200kHz = 300kHz) » F|FHIXFREEF7, ] LLE AW &40 348 B RAE A TaE T
AR E T Z —

[0036] [ FEH, FEEE A E BB B ER A KT EENAME, CAE3 T AR Mg
Bk, 3F B THRER S St TR 5, W EBER E RN S, B ET &%
F AR ERANGEREGIILENNGCLREZ G, FHRESFRIER (BE KKK
) o X E] DR LE SR s N B E R A S BB IR MR (8] Sk, AR RS IR A AT LLEF
SRR MAHE— P HNER N 2 BBUETER, WARERTE2HEE, WmARERE LB, f
/ BB BT 4 2 FIE 8] &, B R E A VORBIE  EXME T K B E BT fE R

[0037]  40_b BT I, 75 I 45 R 28 B LA R B 45 A% ik vl R P AR R R 6 B A 2 A SR
b HAp AR T B T BCG AR 2 B A 0 BE AR o 5 U e REAS BT LU ALY
WK ERHAT— M, 2 B S mT T e RIS b, s B4, 78 L # i B T (KT k. 78
FUeg B, E—MEREEM A RERR LR, FAIXMEAE (transskull) AT HE
FHEEHFEEBEENAANA.

[0038] A, AR IE M 4B 75 U e REBS 1R VT R T B R A A IR A, 9 BB 38 LUE AE A
ZRMREE T H, (B R PR ge2s th ] LRt A T 2 RAF AN - BT R REI, Bk
Hebe sy / WAL A 0T LU R A SR / AUE BT AR, FF BT LAFS BhCE A RE B / KR
BV KB B AR . &SRR LLR A 0140 4n 7568 75 R AR B A
BB SRR P 2 B . BB AR Ak R AT LB A R ER B SRR R
&, XEHEFT U MIEHE R ESREESENMAE, LR HBEREENS
B (AlnEFRAKRERKAE) REHIEF KR / W, Pkt aaymEeT
i HH 19, B DA FET 8 75 VB e BE 2R N A X B AR B

[0039] FHEASUHEEISA G UGS KBS S, BEE2ETT AR E BT (4
L, AR ), K 3em B4 2mm B, EEM B LR H FEEEE KM, &
ERERER (PZT), BRE T T A\ R KR, Ry &k, EWAE (EHABR
RN ) AILLRTEE SR, % 5 BT R T DUBORR P e B B AR . R A LA
BABERGRE, G ELGREZ LRFREZ. 5% (&, BHERE B (BRI
£ ) W LABE (Blan, JR8E) BIEAR, AT RS SHEFHFHEEBERERNER. MY
e,

[0040]  HJ LIARHE T B AL A H bk LUH FHEINER 2, 8 040 & R S A B — 0 &
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HWENRE BRI 2>z — R ILE 2 BT BER AN — A2 By Rt BMD
HRERE A/ BB R AN TEE RGNS —EEZRE.

00411 g bR, (B W v A B YR A P, R 7S U 3 REAS AN TR BT AT A0 E AR B BRI
s, TR, BFE TS AT AR BB R T8 K T RS B g 28 4 5 KRS LR R
HISE RS, SRS — A VRS B TR MBS BRI K L8, H B S — M LLEH R
A T BB RS HSBWHRE, XMERET URSE—RESESSR R L
RELTHE. EEAN, —REHETUBITAF B HES RGeS, MmKE / FIE45
B LA 25 I B REAS B0 — U RR 25, AR BB RG-S FUANBE A B AL, FF 7T LUK 8 75 U5 0k RE 45 N
ESIPE NS S s P

[0042]  HHFEPHBESS AT LALLX LR T B R BB B P R — 2 EE BT L4
FEHE P P B AS H RE B R ST TR AR AR SR R 2 8], X A] LAl il i e IR B P 5 B
(sleeve) RSLIN, 7EHiE AR A, BT LUK HE 75 I MR RE RSN IZE A - o B FE K MR BE 28 A e AR
Flekal LALLUX BRI T AN A BB R TN A% 3R E LA TR ES (snagging)
BB . FRYE AT DA SR AE B 5 | 2R VE B B AT AR EI A A R NS IR & ’

[0043] 43, BRI H — A Soiif], #55 sk 5 Ae 28 v LASTIRAE R b, b e AR T 2w
DUEE 7 Sk 45 B A 5B 43, IF LT LAGE & Bk H R P, UL 2 B RGHB HR R o R g 45
. REAGANEE BRSNS USRS ERE T 4& CGEW LT KERL
TRy ) Kak. XFRIETT LR A E BISK T P GBS, BB T DR AERE S P A BN
— KRR, 5T RSH — RS A DU SRIE L IE BRI IR SR A .
[0044] [ 3R THEAERBAEAS R BFEMEHIR SN AEEERLFH. B3/RETH
YE AT IV 2% 300, BT BT IR, B VBRI H01% & ] LU AES /N | B st e, IF B R 4K
WIEThEE, I B AT LA S I pe At l i BB S S e e 2% . R PSR R4S 310 &3
B YR R 98 o 1R 4%, FLHE R A BT IE B N 320 K80, kb, BB A5 R AEAS 310 7] LI BRAC
TERERIR A 320 SKEBAE—W. ARG ALES, BIEEAE R REERS 310, AT I S 330 &%
B e JE RIS ] BT,

[0045]  ABFSIY B AL 3SR & AT L AR LA 200kHz (451 28 #8483 7E P04 K24 200KkHz )
S N IRAE . TIKHE, A T IXFRR K A2 AR N, A0 &R, R A MHz i E
A AR UL R R . BRI, T CARRAR T 40 A0 4 T8 IR 3 7 A AT TR0 4 b U o O m ) R )
. SEAh, A A RS E] LILE Bl B E EFI 10 2em F0 3em 2 B E AR (AN 535 A
Blan Lem A1 1. 5em 1342 ) KIFRFERER.

[0046] FEFEZERED, MA KRR EEEERIN a. NEZBHE KRR RKINE
A RAEH, HEICATHIEESE d, W E FRUHER T BT . BEE d B TsH
A, F AL E FRERR

a*

(00477 d= 2

[0048]  Hrh N BEEFEEMBK. EAMEAHLD, 7 200kHz, M AT LLEKEY 0. T5em.

H G, FF L3 F B 10 Lom R A2 A0S B A BERS, BERS d K290 1. 3em, FF ELXF T 1. 5em Y

42, B d & 3cm.

[0040] ZIEPEES d 2 J5, BB M R LIV TR R FF, o it E LA 0 Xt Al
11
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(subtend), ZM/E ¢ RAEMAMMHHLR L AHAE. XMAE 0 WLHTRHH -

. A
S—
[0051]  MIXEER T 0] LIE B, XF T 45 8 B B I 403, 75 R 32 22 el 75 IR ik e 48 Y
. FRERNATUMAEEZNIGERE. UERKPFRBI\AE 0 5k, BR
R DA AR N o 75 IR R AT RE AT LA B T K0 4 2R ) B 0BT BB BE B 0/ o AR H] LA
RRTERAN KR A RER (UTFEEAR ) Mgtz eiE R,
[0052] LA FrmH T &MSCiis) v it RIEMBE A 2 et. F5H0 1. 5cn FIEEE K
BRe S HE Som AR, IX 0] LU IGAH 75 22 5B B I A, BN S XA BE RS I, pilE
P AERS RIEH B REZSE T . WR L B a a8 05 5 T B AN E 75
2 P o = A 45 41 600mW/ e B 5 SR AT, T 7E Som R, 75 3R A R LR/ B /N T 300mW/ent,
H HAE 6cm, BB A LAB/D B LY 125mW/enls 4578 16cm HISFHME B2, HH BIEMXTH
P 2 T B, 75 R P 75 B A T LR K2 20mW/em® e BRI 20 X {0 PR 2 PR B 2 T SR T T A R
LA Bk AR 24 B R AR IR . (B2, A R BB BT RN EEERENERER
B 70 R P 2 5 R EI A 30-60cm I PR AR SCIEE .
[0053]  XtLL EPFTR I — 4, AT LAAG B 10-10000 p s 22 [8) /9 Ak b e 6], LA & 1-50%
) b5 23 Lk, 7E 200kHz (IS8 (76— AN b, 58 78], B A £ K AR iz iz 1Y
WAC R ALY 7. 5mm) . U 100 1 s B kb AR RV 50 % i) 5 A5 EL, 20 AN E BRI
& (burst) BIRKER R 16cm, BE L2 —NEE B RS —NE Pk ER. W
R IR U 46 R 4 AT R I W I (B e T A TR AR D B B 1) ), D) B — S v
RE R P 3 B3R B A9 I Ik RE A 1O BE BB B BT, 5B 1R £, (8] T 46 18 G 3 o8 AR AT
A REMESME. W EBTIR, O T RALX MRS B IE ), B VRS H11R & 7T LU A V)4 B
100 v s FIEHI 40 200kHz 1 CW 155 N—H ST B 7 —4H S48, MEEB SR RGN
8] AE AT 20 AR AR . [V 4R Y, AR F B AL 25 FE ZE 49 A s N S i e pe 2 9F Bk
B BE AL T A SK T A SEHE B P & A
[0054] KT IEALFIM R, ABIE—ADLHER, 3 B ERTIR R, #E S e Ay BB EX
[Fit[R) (off-time) HAMEIRWAEES HIBE . M T 1E 0 SEIR LA b 32 3 A2 Y0 0 23 3800 ()
& B HLEI A% 2 24k, 31 HAR BT P AR 35 S R0 22 4 M 0 B 3 1 25 4k, A8 A i e RE 23 AT LU
BA 100-300kHz 2 [A] KB /N 38 . a0 b TR, 3 ANV F LA F il A3 (100kHz)
DL R R AR (300kHz) o X PR MHZE Y B LR R R i L TR AE , 3F BRI s R ik B A
BT & 0. EEMEESRHILAT LLCIEIR (78 200kHz &b ) (9 #li2e T 77 e AR
AR EFA A RE . Fim SRR R AR ] MR TEAE, HEA & E R
B0 SRR I 2 AL A B U e R B A T B, U R R R o 2% BT LA B A B B HI AR S
&, B E R eI BIRaE A4k (B, B3 PCD BHIEHL) . B, BIEFE R AT U E N
AR A S B A R H TR R (B, 330 PCD iR ) .
[0055) & 6 /R HE T HR4E 2 Bl S HE I I T EEIRIZ Va7 o KB 2E AR XURE D0 B 2R T AT
W 7R 2 . 7E 600, L IE R L8 N KB AN FALE B — B B i ge 28 FU 3 Z B
HesSAEE AR MBS B A B MBI A BILM. £ 610, A SR EEE R M, 15
BB — R PR VR BE AR B TR A R M B 28 LUK ek A R Ml e 8 N B SRR N B PR U e B, HL P
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Pk R A B M AER AR M R EIISIHITH . A%, 75 620, 7 LLES & m P A FRIkIE
ST VEALF SR PAT B A se BRI B0, 3 B an A SCATRUR R, Bl an sk @ BE ST, AR
P 784 5 /K P B8 75 U8 e B n T e R O AR 2 A T LAR BHE S BRI IR B 55
[0056]  iHAb, HR 3 22 b S MG 57) A A8 75 U8 R BE B8 (U TR 1T LASRAL 24 /B A TR ) B b K
. ST AW/ BUYNA, siKkAREn S, BREZBHRE (Fl, ER.RE 0
BEEZ AR ) FERTIERYED, SRS B 25 2 TR & KA BEAN A .

[0057]  %FKIMEH (macrocirculation), B IEHEIEH, 45-A 1% Al lE 75 A0 vl LATGE
ER SRR MR BEUERNE . B, 3F BB XA A seiEfl), 855 F5 R LN E R
BRI I &, UMt R B M. BTN EMMBIEESYA L
RERWR . TR T2 BN RT R, 30 2% 100 4 75 B SR A M4 % m
& BRI o

[0058] X TFHMIGHR, Mk L iERIE BB A I SMIBME ST LS RE—S R AN KA
MRS, T SBUME T KR, RN S CUH AR EE . AR S —ASKHE+, 418
AR AT UAZE A B 2 BT RGR & P sl o, LUBE IR A )4k 22 B TR #H H R
[0059] RV g, ASCHT A TR TR 7 7R R 10 & 58 ME ) mT LAY A B i 48 28 8
I A4 ZE 1 s BRI BB BRI MR, It O UE R (MT) BRER Ik M A T /& (OVT) » RO, B
I Y 5 v A TR RV AT T S AR A I b P 2B, L R R Pl TR A RS A A
S A RS A BT TS o BT X SRR A1 [F] LA A B 2 LA R X A BT e ) A LB )
FIVRTF BT EE ., Hilk, PTUE R 2B KT / SE 25 23 B i 8 R R AL 5vh
T RERE . B, &R sehEfa] LLaER UL B FNA TR e m R (8w Ml ER
DVT) RIS HIFB A I e RE 28 R T LA B S B 5 LhAh, 2 F0 S [R) S5 4 W] DA A SR ok JL
AT 2% B R G0 R AR I M

[0060]  I&A, 7 =M i i M 7 AP B R B LA, A SCBT A FF B B SE 5 8 W] LLATAR
# AT E B R ARV IR, Blhn, FRAEM R W A / B RR R AP . XA
AT LA 35 B 18k it B3 BUBRR RO B2 A MR R R A B P AR A . FEIX
dhms N RBEA R, & Pl St ) B] DAZE ) 4 B A T BAR) VIERR B L B VA B LG T EFA
AFP S EETEL AP WA BRI T, & Fh L i F 0 5 IS 7T A M4BT
MR (PR RSB KE (Alzheimer) kiM% %k (Parkinson) % ) KT R T (M.
B, 25 3CFT 0N FF B 8% b S 451 50 3 B AT S 3 1t 0 e o 0 2 5 8 A VR T AR AE R, X T
T A, B0 A 2R SRV T 40 MBS A O R U M 2R U ER R B B B B IR B R &
B . & SE A5 R BT UAAE & Pl 28075 22 N A PSR L 9 e B eR 2 s A (4l
K00 FUME VHDERE ) BIVRYT .

[0061] ¥ S {5 T LAAS 5 2 R YR 25 411 4% ) S W R R Th R, £ 2n, @2 S 45 4 .
FB B S E R ). 68 HE SR A LU — AN BB AN ST (I LA
St ER AL ES ) IR BB AEDS / SRR A P, LU A a0 TF R B IR AH R B R D
B I A B 1T T A PR .

[0062] LA LIRBIK, mEF IR & UURE RLIGE. XP oS Ihaer] LU s 4 an
WGP\ S E R P ET AR BKELERE, KX M@ E w0 L RMR

13
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(1. WA e SoHEwE) Al AR Tk B S 580, kA FH & A E LB E AN R B B fEA 2
W& ST AR (B0, S5 0L EIRFIRMANL/ R RThESAHSE / EBERIER ) B REEIGT
BEUCHR T R IR 88, BB RIXBIE R R R &, TR LR BEBARBEE W, (AR
T 226 ( Fldn, £IKBBEERL GW, %% ) 2. 56 ( Filin, #H S HILLHERS (GPRS),
S&x ) 3G (fdn, CSM HERR R E 3 (EDGE) \ e H G 4r £ it (WDMA) . CDMA2000, 58458 ), LA K
4G (Ftm, LTE. WiMAX, %45 ) K, RET®,

[0063] B4, A< SCHT 2 FF 3 ELHEIR AU hk, SE3 kI B BT i B B s YR AN 45 IR & FF i el
PERE R A AL AR A B B 8S, TR LA iR & (EWIE IS Bk wR & ) T
M. BhAb, £E R ER 2SR E AT P M BOE T R KA B AR SR VR T AT . B, 3
S F 97 32 U F VAR IS ST B, LA 75 VR S VR SR X L8 YR I 1 B A B AR
{54, FELehf 5 2 24 P BN B AT H SR SR B AR o BRI, & Fh Sk i) A]
CASEDL & MR 75 3 PR 4, INTT SO A SO A P T AR B T A ) R sk, B
BRI RR

[0064] LA SCATHEIA K, B FhSEHEBIIRAE TSR / BRAEHE R NG 50 B4 2 1% it 5 8]
BEFRRGAT T ERSE, WA THEERERUAAE TEEKNER, EmERES R T
A LGN BB HA T & RS A 8 T EANRAREAN YRR 7, BT ARER M
/SRR ANZ B E RS EER N, REFREXEENER. 5, TULEEFE
P57 CE ISR ) AO(E R SRF A & Fh SEs ol F P SR %, HhRe e S T8I N
F RS IR EALH

(oo65]  [AITM, 4t A8 245 20t R RUE R B8 E J7 W AR LLR BWETT, X FIX L858 A, 3l
BRI (B ANTELEVRIT T WANEF , X PR 777 FAE A AT LAE5 & 21 A T IR 20t o XUEY
TEITHIR SR BFRE P, XIB B R TiI DL TR T O EHEERE (cardioconversion) HY
PIEARME . XD LE AR AT T T Hh X B 2 P RATT P T T R IR 2 B E R, W
Bl 5 AR R, FEMTT R, 1, o] LI S R 911 iERY, I BHAE 3 E ST RS (EMS)
ARBREHALFHHR, / b RSt & 2 BT RS20 10 438h. 18140, AR IR & Fh 5 5 1)
WA / RBP4 SRR R AT LI TE LR B tn 5 43 8P el dE N3P B IR LA
G 10 28R A. dik, XA F R, AT E E > 10 208h, ZEIX # 1), AT LASCIRAH 2R
BRI KR E D . BERFIE T, ERVI SR 911 FEA 2 J5 45 7382 W EMS AR AL E|
&Ko FIFE, £E 5 280, W LURYE S FhC fEf) R A BB S I B8 & 8 MBI N A . B HT
KA GET, #FEAPHRERASELE R 116 82 WRE. FEIXMFELH T, 7] LLAIR
3], BT LU i & P ST 6 458 FH 8 S E 115 A BhiATE BT XaE A R R .

[0066] 71 HH & ol STt 5 () %A TR BT LA22 A F38 P SE B B R B R R R M B B E.,
XN T Bh AR AT DAL FEAE AL ST R R4 AE RN D B . AN A BARR T Fos 897
151 44 22 2R FA B B, T 2 T LR R 5% o 4% 1 1 2R R AL I i B R SE XM 2B AR AIE o SR b, A
UAGAAT S B0 4% 16 T B 12 48 B4 T 4 X RN G DA SE IR o S 081 R AR ATl RN ok
YA R BRET. Mo, BRASCHT L H TR 7 488 2 NS [B) 4 RSB 48 FR W] LARY. FH 31 Fifr
X BAh, KT IREE ERERGR RN ER R E K, EAXHF A H P ROKREEANERE
b S B ) S g CAAH [E] IR PR AT BT Th RS, BRIE BT 304 H .

[0067] [V 24TEf#, £ — NIk £ > 5T B PR A 0 & AR IE O AN/ BXThRE AR T
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AR 2 T 2L EAT R A 2 SR iR A T R AR i T LA SR ko B LA R FR AL S Y
B — A B AN HE LS, A XS F) 2 T RER T sk X FRE . T TH A / ERIVBER
Ve RFTR G — B4 . B, XA FREHT ERTEE AN 427 _ERRp
M S 45 BT PR 1 o

[0068]  FRdE 5 4R RS B, 75 IZEA SCAY A BT FH I ARE RN S, RELRE, M2 E
TR, T AR BRHEA . ERATTTRIEF ARE R LA NTE “BREEAR
T oRE“HIF” FRBEAITHS TR B 26, WA 2 R ERHFIR RE—" 8.
C— AN RPN IR B D — A=A EBANE LA KE W CE R AR RV EE R
HRAER 7. TR B 2R LA R ARBUE ORI ARTE AN RE 2404 9 18 Bk e 30 PR 1 2145 72 ) B
HA R KR & L 48 52 I [R) AT A AR 5T, T R R 224 A 9 TR 25 LA SO Sfe A 4R e 1) ] FH 8k B A0 Y
HIE LS ER SRR TR . FIFE, 7R SCRY R BURT A TR B B RN 52 AR ER
B AN B AR I, 3 b AR 25 T AE B SR AT AT B 1) S AR AT B RN 53 4R Bk L Ak A R 4
Ao

[0069]  1HAh, A 3C AT I 38 45 o S B 4910 2 gt s 491 MEAE PR A R A EL i A SR IR . 2
T 58 152 A SCRY fa B St A AT B R N 522815 B AR B, BT/ H B SE D) R L& b 2k 77 SR RS LA
52 B B 7 W SR A SR Sz B . I, ME B R L B A BRI A R 4 A A SRR B ARG
AT =

[0070]  Ub4k, 23T AR [ & Fh s M B o] DL iR P REGE M B E R TR, £ 1
SEAR) b, X AT UL SE BRG] AR I B o AL R S 2 T ENURR R OR SE L, AR
A LA B P ER 485 AR (0 v AL AT R TE E AL AT Fe 4, B AR AR R RIR R S
W LB B AR A B TE a8 R %, BIEEDIR T RiRF w8 (ROM) . BEYL/F B 77 i 2%
(RAM) 62 (CD) (B F 2 REALAL (DVD) %, — & = , PR BRI LB FEHAT 1 A 45 5l S8
DS S BUR R B RE EF R VA BRSNS . RV PATIR S RERRIR
I G5 W PR FE R B AR 2R ) T 40T A SCRT A FE R T 16D BN FR IR ARRE I )« X P AT AT T
A 1 2 PR 1) B S0 BB S M 3R A SE UL AR X P 20 TR B 2 B R R 1 Th BE B X R B
EHIBIF o .
[0071] A< 3T B FH B, ARTE “ R B 1] DU IR 7] LR YR —Fh 8l 22 Fh LB AT R 25
FITNEE 3T . A SC AR BT AE P A, R AT AR MR B R R R Bl A &R
B, T LASEIR— AN ER B AN AL 2% I 2% ASIC.PLAPAL. CPLD FPGA BB AL 14 R (B FE
BT ML ISR A R B . 78 SEER AR, 2 ST BT IR 4 BB T LA SEIRA BB AR R, B Al
R EEBUSE 7] AER A B F A MU E A — BB AMER . HAJE R, TR A
iR 2 J5 S AT 8 B AR SO B B A, A5 3BT REIR B FRRAE O ) BE RT LAEAE (45 2
{1 R P o SR 3 EL W] LA LR R & FHESIFE — AN B MRS B S AR R rp SR . BRI
B f9 & b iE B TT A BT LAVE S Jh S R AR B B8 SR R BRE SR (R 9, (B R A GURE B R AA T
W R, X L AE RN T BE B AZE — AN ER B A AR R o P 4=, IF BLXFh IR
¥ TR T sk B 7 ok ST R B A 4R A PR SR SR B I AR A B TN R . 2 AR B RO A AR AR R
2 1 BB 4 R P KA SEIRE, FE— AN SEHED] P X LB TT A R LU SEEL N 5 IR O
HEL AL A H — B AE, FTR T L B B A SR B I BT X T TR KA R B ThRE . EH &
ST —ABEBA B D7 BRI T BRI TR Y R 1E s E R A
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