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ULTRASONIC METHODS FOR DIAGNOSIS
AND TREATMENT OF STROKE

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

Notice: Movre than one reissue application has been filed
for the reissue of US. Pat. No. 7,037,267. The reissue
applications are parent reissue application Ser. No. 11/823,
811 filed Jun. 27, 2007 to which priority for this application
is claimed under 35 US.C. $120; this divisional reissue

application; and divisional reissue application Ser. No.

13/204,9584 filed Aug. S, 2011.

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Provisional Appli-
cation No. 60/164,586 filed Nov. 10, 1999. Friday, Nov. 10,
2000, was a holiday 1n the Daistrict of Columbia; see 35 USC

$119(e)(3).
TECHNICAL FIELD

This invention mvolves medical diagnostic methods, sys-
tems, and apparatus, particularly those mtended for diagno-
s1s of disorders 1n the blood supply to the brain.

BACKGROUND

There are many highly accurate techmques for diagnosing
disorders of the brain and nervous system. Unfortunately,
many ol them require large and immovable equipment,
extremely sophisticated computers, and highly trained per-
sonnel to operate them. They are not suitable for first
responders, paramedics and other field medical personnel.
They also are not suitable for the rapid use that medical
emergencies require. Similarly, they often are not suitable
for use 1n surgical suites where working room 1s at a
premium, and the large electromagnetic fields generated by
some types of equipment are not compatible with other
equipment, tools, and personnel typically present.

Glossary

This document uses a variety of terms from science,
engineering, and medicine. Those not specifically defined
below have the meanings that they ordinarily have 1n those
fields. The following 1s a list of specialized terms most
commonly used in this document.

Acoustic window (sometimes, acoustic bone window)
refers to a portion of the skull that 1s thin enough to pass
ultrasonic waves.

Aneurysms are portions of blood vessels that bulge out-
ward or break open.

Aural refers to the ear or the hearing (auditor) system.

Cerebral, from the medical term cerebellum, refers to the
brain.

Cranium 1s the medical term for the skeleton of the head,
also commonly known as the skull.
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2

Clinicians are people trained in medicine, such as physi-
cians, nurses, paramedics, medical technicians, and the like.

Coupling 1s causing two or more things to work together.

Diagnosis 1s the act of determining whether a stroke has
occurred, and 1f so what type 1t 1s or 1s not. It includes the
process ol “differential” diagnosing, which i1s identifying
one type of stroke simultaneously with ruling out the pos-
sibility of another type.

Doppler refers to a technique of analyzing waves, 1n
which the change 1n time of the frequency of waves retlected
from an object indicates the speed at which the object 1s
moving toward or from the observer. It 1s responsible for the
familiar effect that the pitch of a sound rises as the object
approaches the observer and lowers as the object goes away
from the observer.

Embol1 are little particles carried by the bloodstream into
smaller blood vessels, where they block blood flow to cells
beyond. They can be blood clots, bubbles or solids such as
plaque. Emboli 1s the plural of embolus. Embolic refers to a
stroke that 1s caused by an embolus or emboli. Emboli that
lodge 1n place can cause additional thrombi (see below) to
form at the same location.

Harmonic refers to a wave having a frequency value that
1s a multiple of the frequency of some basic wave, called the
fundamental (and usually the wave that 1s directed to an

object). Every complicated wave 1s mathematically equiva-
lent to a collection of the fundamental wave and all the
possible harmonic waves, 1n varying amounts and intensi-
ties.

Hemorrhagic, meaning bloody, refers to bleeding. A hem-
orrhagic stroke 1s one due to a leakage of the blood supply
serving a portion of the brain.

Hertz, abbreviated Hz, 1s the unit of frequency of a wave,
defined as one complete cycle per second.

Imaging 1s the use of information about an object to
determine, by human eye or by a computer, something about
the location or condition of the object. It does not require the
creation of an actual display of the image that can be seen
by a human, because computers (and really smart people)
are fully capable of interpreting the various aspects of an
image, such as intensity, location, size, etc., as 1 they were
actually viewing a traditional image. An 1image can be two-
or three-dimensional. An 1mage can be fixed 1n time (some-
times called a static image), like a photograph, or it can be
moving in time (sometimes called a dynamic image), like a
motion picture.

Ischemic (“without chemicals™) refers to a condition 1n
which tissue does not receirve adequate blood supply. An
ischemic stroke 1s caused by a partial or total blockage of the
blood supply serving a portion of the brain.

Kilohertz, abbreviated kHz, 1s a unit of one thousand
Hertz.

Microparticulates are very small particles, including
microbubbles (“‘tiny bubbles™), emboli, plaque, and the like.

Nasal refers to the nose.

Neurological refers to the brain and nervous system (the
spinal cord and all the nerves).

Nidus 1s a Latin word for the location of origin of a
disease process, such as the point where a blood clot first
forms even 1f the clot travels elsewhere before doing dam-
age.

Ocular refers to the eye.

Opening, 1n the context of a location of a transducer
adjacent the skull, includes a natural opening in the skull, a
man-made opening in the skull, or an acoustic window

through the bones of the skull.
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Orbit 1s the medical term for the eve socket and the bones
of the skull that form 1t.

Patent 1s a term used 1n this document to include not just
a cited patent 1tself, but also any other patent 1ssuing from
a patent application claiming priority from the cited patent,
¢.g., a confinuation patent, a continuation-in-part patent, a
division (sometimes called a divisional) patent, a reissued
patent, or an reexamined patent.

PCT 1s an acronym for the Patent Cooperation Treaty
administered by the WIPO (see below).

Perfusion 1s a medical term for fluid flow over or through
an organ, such as the flow of blood through the cerebral
vasculature.

Plaque 1s the term for fatty deposits that build up on the
inside of arteries, sometimes breaking loose and tlowing
through the body.

Stroke 1s the term for sudden loss of normal blood flow 1n
a portion of the brain.

Temporary ischemic attacks, or TIAs, are temporary
blockages of blood flow 1n the brain that do not last more
than 24 hours. They usually do not last more than a few
hours. They generally do not cause permanent damage that
1s easily perceived by the sullerer or observable by others.

Thrombolytic refers to the process of dissolving a throm-
bus, or the ability to do so.

Thrombi are a kind of early-stage blood clot. The singular
of thromba1 1s thrombus.

Thrombotic refers to a stroke caused when an artery of the
brain narrows to a point at which blood begins to clot at the
point of narrowing.

tPA (sometimes t-PA) 1s the abbreviation for tissue plas-
minogen activator, a “clot busting” drug known to be
cllective against 1schemic strokes.

Transcranial Doppler, or TCD, 1s a technique for directing,
ultrasonic waves through the bones of the skull and analyz-
ing the echoes with [Dopper] Doppler techniques.

Transducers are devices that transform one form of energy
into another, such as transforming electrical power nto
ultrasonic waves or vice versa.

Transorbital refers to crossing through the eye socket.

Ultrasound refers to sound waves having Irequencies
above the range of human hearing, about 20 kHz, depending
on the listener’s age and previous experience with loud
sounds.

Vasculature 1s the medical term for blood vessels. It
includes the arteries that supply fresh blood to tissue, and the
veins that carry spent blood away from tissue.

WIPO 1s an acronym for the World Intellectual Property
Organization, an agency of the United Nations that admin-
isters an international system for patent applications under

the PCT (see above).

DISCLOSURE OF THE INVENTION

The i1nvention represents an entirely new approach to
medical diagnostic systems, particularly those used to diag-
nose stroke. Because of this new approach, the invention can
be described 1n a large number of “embodiments,” none
more preferred than any other in terms of scope or 1mpor-
tance.

Some embodiments of the invention can be described as
a method, 1.e., a “recipe” or procedure to achieve a result.
Others can be described as a system (i.e., a fully operating
machine), some as an assembly (1e., a “kit” or collection that
1s mntended to put together 1n a particular manner, and which
may or may not have been put together yet), and yet others

as a combination (i1.e., a group of parts or pieces that are
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capable of operation together, even i some were parts
already present and others had to be supplied). Similarly,
parts or portions ol each of these embodiments can be
described as subsystems, submethods, subassemblies, or
subcombinations.

In all embodiments, the mvention imvolves diagnosis of
stroke 1n a patient. More specifically, the invention permaits
diagnosis of whether a stroke has occurred, and 11 so, what
type of stroke it 1s.

The two most common types of stroke are hemorrhagic
and 1schemic. One way to determine hemorrhagic stroke 1s
to 1dentity at least one region of relatively diffuse blood flow
within the patient’s brain, 1.e., finding a region in which the
blood flow 1s outside the arteries, spreading between the
brain cells. One way to determine i1schemic stroke 1s to
identify at least one location of inadequate blood tlow within
the patient’s brain. In this sense, “inadequate” flow 1s any
condition 1n which causes less blood to tlow for any reason,
such as when one or more arteries serving the brain have a
partial or total, are narrowed or otherwise reduced 1n size.
The blood vessel itsell may change shape, or 1t may be
blocked or narrowed.

Other embodiments of the invention use a more sophis-
ticated approach and specifically distinguish between hem-
orrhagic and ischemic strokes. One way to do this 1s to
identify either type of stroke in any manner that positively
rules out the other. One particular way to do this 1s to form
a two-dimensional or there-dimensional 1image of the brain.
Such 1images (either of which could be fixed in time like a
snapshot or moving like a motion picture) can be analyzed
by a computer or by a clinician to diagnose not just whether
the patient has suflered a stroke, but specifically which kind.

Some embodiments use optional additional techniques to
enhance stroke diagnosis. For example, Doppler techniques
can be used to form an 1mage of the flow of microparticu-
lates. Hemorrhagic stroke can be 1dentified (and the difler-
ence between hemorrhagic and ischemic stroke can be
identified) based on the relative tflow rates of the micropar-
ticulates. In another example, harmonic techniques are used
to compare the diffusion (if any) of blood flow between two
or more areas of the brain. As noted before, diffuse blood
flow indicates that blood 1s spreading between cells instead
of passing normally through the arteries 1n the vicinity.

In all embodiments, ultrasonic signals are generated and
directed into the brain. The ultrasonic waves strike their
target, namely the brain tissue, the blood vessels, and the
blood 1itself. Some of the ultrasonic energy is retlected,
forming a reflected signal, or echo, from the brain. Different
targets produce different echoes. The echoes are recerved
and processed into information that indicates the 1dentity of
the target, that 1s, the condition of the patient’s brain.

Information from at least one retlected ultrasonic signal 1s
analyzed to diagnose the patient. This may be accomplished
using any convenient method or equipment already known
to those skilled 1n the art of medical ultrasonic diagnosis. In
general, the signals are converted into digital data and
analyzed by a computer. Either the computer program will
diagnose the presence and type of stroke, or 1t will present
the data in any convenient manner so that a clinician may
make the diagnosis. For example, the program may produce
the two-dimensional or three-dimensional images described
carlier.

A single ultrasonic transmitter, or several such transmuit-
ters, may be used to generate the ultrasonic signals. A single
ultrasonic receiver, or several such receivers, may be used to
detect the ultrasonic echoes. It 1s typical, but not required,
for an ultrasonic transmitter and receiver to be combined
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into a single unit. Therefore, the remainder of this document
uses the term transmitter/recerver with the understanding
that the term includes a transmitter only, a recerver only, or
both a transmitter and a receiver together. In the case of a
transducer and receiver together, the term includes physical
or functional combinations, or separate devices that operate
together as 1f they were physically or functionally combined.

There may be one or more transmitter/receiver. Each may
perform mdependently of the other, such as the case where
one serves as the backup to the other. However, 1f indepen-
dent transmitter/receivers disagree as to the presence, loca-
tion, or extent of a stroke, 1t 1s necessary to 1gnore one of
them (for whatever reason, such as additional data gathered
from another source), or to employ some other technique for
resolving the disagreement. For example, one could require
that they agree with each other, etther completely or within
some “confidence level” or other way of designating agree-
ment, otherwise a stroke 1s not detected.

In a more advanced design, the signals from multiple
transmitter/receivers may be coordinated together to provide
a more robust diagnosis. For example, the image areas of
two transmitter/receivers can be arranged to overlap and
form a larger image area than either could provide alone.
(The overlapping coverage of two automotive headlights 1s
a common analogy.) This may lead to a situation in which
“disagreement” between transmitter/receivers 1s expected.
For example, a first transmitter/receiver may detect a stroke
in an area outside the view of a second transmitter/receiver.
The second unit should not also 1indicate a stroke (a so-called
“false positive™) unless 1t 1s detecting a separate location of
damage to the brain. However, i1t the first transmitter/
receiver detects a stroke within the common area, and the
second transmitter/receiver does not indicate a stroke, some
other way to resolve the conflict must be used, as indicated
betore.

Each transmitter/receiver can be placed 1n any number of
locations on the patient’s head, including (a) natural open-
ings 1n the skull, (b) man-made openings 1n the skull; and (c)
known acoustic windows 1n the skull (some of which are
also natural openings but some of which are regions where
the skull 1s relatively thin but not open naturally).

In the case of a transmitter/receiver that 1s mounted
adjacent a natural opening 1n the patient’s skull, the typical
locations are the ocular openings (1.e., the eve sockets or
orbits), the nasal openings, and the aural openings. Man-
made openings can be made in any convement location
using techmques known to neurosurgeons such as drilling a
hole, removing a plate-shaped portion of skull, etc. It 1s
optionally possible to use equipment designed to attach to
the skull and provide a support for instruments. For
example, the fixed base and movable/lockable ball-and-
socket approach disclosed 1n International Publication Num-
ber WO 98/51229 (International Patent Application Number
PCT/US98/51229) could be modified to accommodate a
transducer/receiver instead of catheters.

Known acoustic windows include those known to clini-
cians as the anterior temporal window, the posterior tempo-
ral window, the middle temporal window, the transorbital
window, the lateral frontal window, the paramedian frontal
window, and the suboccipital foramen magnum window.

Ultrasonic systems produce or detect signals better i1 a
transmitter/receiver 1s “acoustically coupled” in the vicinity
of the natural or man-made opening, thus reducing signal
loss due to retlection and dissipation when the ultrasonic
waves strike (from eirther direction) the surface of the tissue
immediately within the opening. Often 1t 1s sutlicient for the
transmitter/receiver to fit tightly within the opening and
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physically contact the tissue surface (or the surface of other
tissue which 1tself 1s acoustically coupled to the tissue of
interest).

The apparatus may improve the acoustic coupling 1f a
tight {it 1s not present. This includes any way of moving or
pushing the transmitter/receiver into greater contact with the
opening, or with the tissue 1tself, or both. For example, a
vacuum subsystem could be used to pull the transmitter/
receiver toward the opening or the tissue. Or, a motor and
linkage could be used to push the transducer/receiver toward
the opening or the tissue. Or, an electronic or software-based
correction could be made as part of the imaging process. Of
course, combinations of any two or more of these examples
(or other approaches) could be used.

In other embodiments, to improve the quality of the
acoustic coupling (and maintain sterile conditions), an
optional “acoustic coupling maternial” may be located
between the transmitter/receiver and either the opening, the
tissue, or both. Several such materials are already known,
such as mineral o1l, glycerin, propylene glycol, water and
water-based gels. Acoustic coupling material may be used
alone or together with any suitable subsystem to improve
acoustic coupling.

In an even more specific arrangement, the actual degree or
quality of the acoustic coupling 1s determined, and the image
of the brain 1s modified to account for that determination.
This could involve, for example, basing the determination of
the type of stroke, in part, on the degree or quality of the
acoustic coupling. In the specific case 1n which an acoustic
coupling material 1s used, the degree or quality of the
acoustic coupling could be taken to be the same as, or 1n
some manner related to, the amount of acoustic coupling
material present.

There are several embodiments of the invention that differ
only in the manner 1n which the acoustic coupling material
1s used. The acoustic coupling material can be inserted into
or removed from the apparatus. For example, a hole or other
opening may allow the material to be 1nserted 1nto its proper
location. The positioning of the material could be done
manually, or automatically by dispensing the acoustic cou-
pling material into position between the ultrasonic transmit-
ter/receiver and the opening 1n the skull. Optionally, the
acoustic coupling material may be within (or otherwise
supported by) a disposable piece that can be either manually
or automatically inserted into or removed from the appara-
tus. Other embodiments would also include those in which
the acoustic coupling material 1s received into position
between the ultrasonic transmitter/receiver and the opening,
in the skull. The apparatus could have some type of feature
to ensure that the disposable piece contaiming the acoustic
coupling material fits into the apparatus only 1n a certain
position or orientation. In another example, the apparatus,
the disposable piece, or both could have features to ensure
that the disposable piece containing the acoustic coupling
material 1s used only once.

A variation on this theme 1ivolves preventing the proper
operation of the invention unless a suflicient degree or
quality of acoustic coupling 1s present. For example, either
the invention 1s “locked out” because it detects that acoustic
coupling 1s not present, or the apparatus 1s locked out unless
some minimum suilicient amount of coupling is present.
(Again, these conditions of acoustic coupling could be
correlated with the actual quantity of acoustic coupling
material, 11 such material 1s used.) One way of locking out
the apparatus i1s to prevent imaging in the absence of
suflicient acoustic coupling. Another way of accomplishing
the same result 1s for the apparatus to enable 1maging only
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in the presence of suilicient acoustic coupling. Any form of
mechanical, electrical chemical, software-based, or other
lockout technique 1s suitable.

A higher level of complexity 1s “closed loop™ control of
the degree or quality of the acoustic coupling (which could
be the control of the amount of acoustic coupling material)
based on 1mage quality. That 1s, 11 the apparatus detects a
degree of acoustic coupling that 1s near the adequate amount,
the apparatus adjusts 1tself to improve the acoustic coupling.
This could, for example, mean automatically increasing the
amount of vacuum, or increasing the amount of acoustic
coupling material by transferring the proper amount from
some reservolr within (or adjacent to but under the control
ol) the apparatus.

In any embodiment, the transmitter/receiver should be
held 1n its acoustically coupled position while transmitting,
or recerving ultrasonic waves. Because this 1s not always
possible, the various embodiments of the invention use the
technique of “dynamic coupling” to maintain or improve the
ability of the mmvention to diagnose stroke 1n real time.

For example, dynamic coupling could be done by per-
mitting the transmitter/receiver to move, but automatically
detecting the amount and direction of such motion (in any
convenient manner) and using such information for either of
two purposes (or for some combination of the two). In either
purpose, the motion of the transmitter/receiver does not
reduce the ability to diagnose stroke; 1n fact, 1t may improve
that ability.

The first purpose 1s to simply move the transmitter/
receiver back to 1ts original location, a subprocess known as
“stabilization” for purposes of this invention. This subpro-
cess 1s passive 1n the sense that 1t assumes that returning the
transducer/receiver back to i1ts former position 1s all that 1s
needed under the circumstances.

The second purpose 1s to compensate for changes 1n the
ultrasonic signal (either the transmitter signal or the echoed
signal), if any, caused by the motion. This second purpose
may involve actually moving the transducer/receiver, or it
may involve modification of the imaging process, or some
combination of the two. The second purpose 1s accom-
plished 1n a subprocess known as “compensation” for pur-
poses of this invention. This subprocess 1s active 1n the sense
that the quality of diagnosis determines the extent of motion
of the transducer/receiver, or the type or amount of 1image
modification, or both.

The vacuum system described above in the context of
acoustic coupling 1s one preferred component of the
dynamic coupling subsystem. In one embodiment, a plat-
form defining one or more suction ports 1s positioned
adjacent the opening in the skull. The platform 1s held to the
patient by applying suction to at least one suction port. The
ultrasonic transmitter/receiver 1s supported by the platform.
Thus, by dynamically controlling the amount and location
(in the case of multiple independent suction ports) of the
vacuum, the transmitter/receiver 1s dynamically stabilized.
Preferred configurations of this embodiment are suitable for
curved, oval or circular opemings: the platform forms a
curved, oval, or circular arc so that the platform surrounds
at least a portion of the opening. Even more preferred 1s a
plattorm having at least two portions, each of which 1s
shaped 1n at least a portion of the curve, oval, or circle, and
arranged on generally opposite sides of the opening. Even
more portions are possible, and such multi-portion embodi-
ments permit greater control over the dynamic coupling
technique.

5

10

15

20

25

30

35

40

45

50

55

60

65

8

Instead of a vacuum-based subsystem (or working
together with 1t), actuators of any suitable type may be used
to either improve the acoustic coupling, or to move the
transmitter/receiver.

Another technique of dynamic coupling combines mul-
tiple diagnostic techniques for purposes of improving the
overall value of the diagnosis. For example, any embodi-
ment described above that employs ultrasonic 1maging may
be combined with any other technique for diagnosis of
stroke. Data from the non-ultrasound technique can then be
used to modily the image from the ultrasound transducer/
receiver, or the diagnosis based on that image. Similarly, an
overall diagnosis may be made using any combination of
individual results from each technique. Suitable non-ultra-
sonic diagnostic methods include, but are not limited to:
computed tomography (“CT”) scanning; magnetic reso-
nance (“MR”) scanning; differential spectrophotometric
methods, near-infrared detection of tissue characteristics;
detection or measurement of certain biological materials or
chemicals (e.g., the enzyme known as S100), which could
be done by any convenient method, including use of min-
1ature silicon electronic biological assays (“lab-on-a-chip™)
and techniques; detection of changes such as blood pressure,
pressure within the eye, blood flow 1n the arteries serving
organs other than the brain (such as those serving the eye),
ctc. For convenience, the apparatus used 1n a non-ultrasonic
diagnostic technique 1s also referred to as a transducer/
receiver below, because functions analogous to those of an
ultrasonic transducer/receiver are also being performed.

In any embodiment, the mnvention may be adapted into a
portable version suitable for use by first responders, para-
medics and other field medical personnel. This 1nvolves
modifications such as portable power supplies (e.g., single
use or rechargeable batteries); or equipping the nvention
with suitable telemedicine features such as wireless trans-
mission ol data, on-board or remote data storage, etc.; or
equipping the invention with features such as self-check
diagnostics, alphanumeric or graphical displays of menus,
commands, or other information, and the like.

Some versions of the invention are combinations of
separate transducer units that mount 1n vacuum coupler units
and are connected to image processor units. Others are
unified or integrated combinations, such as a helmet-based
unit 1 which the transducer, vacuum units, and i1mage
processors are all mounted on the helmet.

In any embodiment, image processing may include the
use of expert systems, neural networks, or both.

In any embodiment, the invention may be adapted to for
use 1n surgical suites. For example, the invention may be
employed during or after cardiac surgery to detect strokes
that are known to occur as complications 1n a small number
ol such cases.

In any embodiment, the mvention may be employed to
additionally deliver ultrasonic energy during the adminis-
tration of therapy, such as tPA, 1n response to a diagnosis of
stroke, so that the ultrasonic energy may improve the
cllectiveness of the therapy.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-5 are schematic diagrams of various embodi-
ments of the mvention.

FIG. 6 1s a schematic cross sectional diagram taken along,
line 6-6 of FIG. 5.

FIG. 7 1s a schematic cross sectional diagram taken along
line 7-7 of FIG. 6.



US RE46,614 E

9

FIGS. 8-10 are schematic diagrams of other various
embodiments of the invention.

FIG. 11 1s a schematic cross sectional diagram taken along
line 11-11 of FIG. 10.

FIGS. 12-14 are schematic diagrams of variations on the
embodiment of FIG. 11.

The drawings are schematic representations only. They
are not imntended to show all specific details discussed below,
or those that might be included 1n a commercial version of
any such embodiment. Features shown in one or more
Figures could be combined, even if they are not 1llustrated
together 1n a single FIGURE.

DETAILED DESCRIPTION

The following description 1s not intended to limit the
technological or legal scope of the mvention. For example,
examples of various embodiments of the invention are only
aids to understanding the features, functions, and benefits of
the 1nvention in its broadest sense.

FIG. 1 1s a schematic diagram of an embodiment of the
invention 1n use, a situation generally indicated as 1. Boxes
2 and 3 1illustrate portions of this embodiment that optionally
may be physically separated from each other, but act coop-
eratively, using standard remote communications tech-
niques, whether wired or wireless. The invention 1s used to
diagnose stroke 1n a patient 4. Ultrasonic energy 1s generated
in generator 5, then sent to and received from the patient 4
by transducer 6. The imager 9 interprets the reflected signal,
which 1s aflected (in part) by the nature and quality of the
dynamic coupling 8 of the transducer 6 to the patient 4. The
scope of the mvention 1s not limited to the manner 1n which
the nature and quality of dynamic coupling 8 1s determined.
For example, one of many potential techniques is the use of
one or more contact sensor(s), pressure sensors, position
sensors, etc. (all not shown), according to known principles.
Another very important way 1s analysis of the quality and
nature of the retlected ultrasonic signal itself, such as by
comparison to baseline data or other parameters.

In any event, actuator 7 may improve the diagnosis in a
closed teedback and control loop. In this regard, 1t should be
emphasized that FIG. 1 1s schematic only and that the
invention 1s not limited to a separate and/or mechanical
actuator 7 operating directly on transducer 6, although that
1s one possible embodiment. The mmvention includes elec-
tronic “actuation” in the sense of electronic and/or math-
ematical adjustment to any or all of generator 3, transducer
6, imager 9, or (as described below) dynamic coupling 8
itsellf.

In general, 1mager 9 performs any process for identifying
data relevant to the diagnosis of stroke. This includes
techniques for automatically detecting symptoms based on
any relevant criteria. The 1imaging may be qualitative or
quantitative i nature and/or the manner in which 1t 1s
reported. For example, imager 9 may execute an algorithm
for scanning the brain to identify potentially likely symp-
toms of stroke, then analyze such regions in greater detail
using one or more techniques. In doing so, 1t may perform
digital calculations related to the diagnosis of stroke and
transmit relevant data to a remote location for full diagnosis
and/or confirmation using telemedicine techniques. Yet, 1n
the vicinity of the patient, the result of the calculation may
be reported 1n only a simpler “stroke/no stroke” manner,
such as a display which 1s colored red for adequate perfusion
and blue for mmadequate perfusion, however quantitative the
basis for determining adequacy of perfusion may be.
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An optional, non-ultrasonic, detection of symptoms of
stroke, illustrated schematically as 10, may also be used
confirm, modily, or reject a diagnosis of stroke; as an mput
to the dygamic coupling of transducer 6 to the patient 4; or
as mput to the 1maging process.

An optional wired or wireless communication link 11 may
be used to transmit any form or content of data to another
location, for any purpose. This would include any manner of
reporting the results of the diagnosis as described above, or
any other relevant information about the status of the
system, the patient, etc.

FIG. 2 1s a schematic representation of another embodi-
ment of the invention. Transducer 6 1s dynamically coupled
to the patient 4 between transducer 6 and the patient’s skull
11 1n the vicinity of an opening 12. In the embodiment
shown 1n the Figure, an optional by acoustic matenial 20 1s
used to improve the acoustic coupling of transducer 6 to the
patient. The relative sizes of the transducer 6, amount of
acoustic material 20 (if used), and opening 12 are shown 1n
schematic form only.

Within the patient’s brain 19 are several portions of
cerebral vasculature that are imaged by the invention to
diagnose stroke in the patient 4. Artery 13 1s blocked by
blockage 14 and thus the flow of blood downstream 1s
inadequate. This 1s an example of 1schemic stroke. Artery 15
1s partially blocked by partial blockage 16 and thus the tlow
of blood downstream 1s diffused by the partial blockage and
may be detected accordingly. (Typical whole or partial
blockages are plaque, emboli, and the like.) By contrast,
artery 17 1s not blocked at all, but 1t has burst and thus difluse
blood flow 18 1s present outside the vasculature and may be
detected accordingly. This 1s an example of hemorrhagic
stroke. Of course, these descriptions are for ease of 1llus-
tration and should not be taken as limitations on the usual
and well-understood medical description of the various
types of stroke and the mechamisms that cause them. In any
event, transducer 6 1s used to diagnose any or all of these
conditions 1n the patient 1n accordance with the principles of
the 1vention.

FIG. 3 1s a schematic illustration of an alternative (or
additional) dynamic coupling technique. Vacuum source 21
1s used to generate and (1f desired) control the dynamic
coupling of transducer 6 to the patient 4, by use of a vacuum
in chamber 22.

FIG. 4 1s a schematic illustration of an alternative (or
additional) actuation technique. Transducer 6 1s mounted so
as to move 1n one, two, or (as illustrated) three directions
according to the motion of ball 23 in socket 24. There are
many specific techniques and devices for such actuation, and
the 1nvention 1s not limited to any of them, thus they are not
shown for clanty.

FIGS. 5-7 are schematic 1llustrations of an alternative (or
additional) acoustic material application technique. Acoustic
material 1s contained within a separate (reusable or dispos-
able) cartridge 25 that has a removable release liner (not
shown for clarity) or an acoustically transparent window or
fabric 26 designed to contact patient 4. Cartridge 25 con-
nects to transducer 6 by some appropriate interlock tech-
nique. For example, FIG. 6 shows an interlock 1n which the
angles o and 3 are diflerent from each other to ensure that
the cartridge 1s oriented properly. FIG. 7 shows the use of
marks to indicate proper rotation of cartridge 25 onto
transducer 6. In any or all of these embodiments, cartridge
25 could be connected to an adapter or other intermediate
teature 1nstead of directly to transducer 6.

FIG. 8 schematically illustrates an embodiment in which
a system for dispensing acoustic coupling material across 1n
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a controlled manner 1s used. A source 27 of acoustic cou-
pling material replenishes a chamber 28 that couples the
transducer 6 to the patient 4 through some type of interface

29 (for example, the acoustically transparent window or
fabric 26 of FIG. 7). As before, the source 27 can act in the °

role of the actuator 7 and thus be part of the closed loop
control of the dynamic coupling of transducer 6. Chamber
28 may be part of a removable or disposable cartridge 25 as
shown 1n FIGS. 5-7.

FIG. 9 schematically illustrates the combination of the
invention as previously described mnto an otherwise conven-
tional portable automatic external defibrillator (AED) 30.
There are many advantages to this combination, imncluding
(without limitation) the ability to share a common power
supply (batteries, recharging circuits for rechargeable bat-
teries, etc.) and associated switches (e.g., a main power
on-ofl circuit controlled by a switch connected to a lid that
opens and closes); common data storage and removal (either
by way of telecommunications link 11, conventional remov- 20
able data storage media, PC cards, etc.); common ambient
condition and battery condition temperature sensors; coor-
dinated detection of whether the defibrillator electrode gel
and the ultrasonic transducer acoustic coupling material are
still suitable for use, based on temperature, age, or other 25
factors; common audio/visual techniques and equipment for
prompting users to follow proper procedures for “one-
touch™ or other proper use of the equipment, depending on
the symptoms observed in the patient and/or instructions
received from remote medical personnel (e.g., pre-hospital 30
procedures such as the Los Angeles Prehospital Stroke
Screen); common self-test and diagnostic routines (whether
performed according to a schedule, periodically, at random

times, as dictated by equipment usage, etc.); coordinated
remote transmission of the status of such routines over the 35
telecommunications link 11, or a shared communications
port; and so on. Even greater advantages lie 1n the use of the
clectrocardiogram (ECG or EK(G) data gathered by conven-
tional AEDs as input mto the dynamic coupling and/or
imaging components of the stroke diagnosis. Such data may 40
be used to confirm, modify, or reject a diagnosis, 1n a manner
similar to that described for the non-ultrasonic detection of
symptoms of stroke described above. Of course, any of the
features just mentioned that do not specifically require
presence of an AED could be implemented 1 a *“stand- 45
alone” embodiment of the imnvention.

FIGS. 10-14 schematically illustrate an embodiment of
the 1nvention suitable for the acoustic bone window repre-
sented by the eye sockets. In each of these Figures, trans-
ducer 6 1s shown as a matter of convenience as having a 50
circular cross section, but this 1s not a limitation on the scope
of the invention. The actual shape of transducer 6 would be
dictated by normal considerations of anatomy, engineering
design, and the like.

FIG. 10 shows an annular transducer 6 arranged to 55
surround the 1ris 31 (and thus also the pupil 32) of eye 33.
For clanity only, these Figures do not show the eyelids,
which are transparent at ultrasonic Irequencies, but this
embodiment would typically be used with the eyelids closed
and transducer 6 1n contact with them instead of directly 60
with eye 33. As indicated by the dashed arrows, transducer
6 would transmit and receive ultrasonic energy through the
eye to the brain of the patient; the annular design reduces the
amount of acoustic energy passing through the lens 34
(shown 1n dashed lines) within the eye 33 so as to minimize 65
adverse eflects such as cataracts. Other reductions in energy
tollow from designing transducer 6 to minimize the amount
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ol acoustic energy that spreads i so-called “side lobes™
from the main path of travel indicated in FIG. 10.

FIGS. 12-14 schematically illustrate possible patterns for
individual transducing elements within annular transducer 6.
FIG. 12 shows a collection of vertically striped individual
clements denoted X, to X, . FIG. 13 shows a collection of
radially arranged sections. FIG. 14 shows a grid of sections
denoted X that could be activated individually or in
groups according to any desired pattern (such as rows,
columns, spokes, etc.). In each of these embodiments, 1ndi-
vidual transducing elements can be activated by ultrasonic
generator 5 according to a time-based “‘rotation” or other
pattern that enables three dimensional 1imaging techniques to
be used by imager 9. Such “mini-tomographic” data may be
gathered from two locations (two eyesockets) of the patent
4 and electronically combined by imager 9 to provide
greater detail and thus accuracy of the diagnosis of stroke
that would otherwise be available.

Of course, the use of multiple locations 1n the manner just
described 1s not limited to only the transducer designs
illustrated 1n FIGS. 10-14, but 1s an embodiment of the
invention that can be practiced with any suitable transducer
6. For example, multiple transducers known as “EchoEye”
by EchoCath, Inc. may be used to assemble a composite
image by using the data generated by slight changes 1n the
position, frequency and/or phase of the transducer, accord-
ing to the principles taught i U.S. Pat. No. 5,373,845
(Gardineer et al.).

While the above description 1s 1n terms of diagnosis of
stroke, 1t should be noted that any embodiment of the
invention could be used 1n a two-step regimen in which the
patient 1s first diagnosed with stroke, and then additional
ultrasonic energy 1s delivered (perhaps at different fre-
quency, power level and the like) during administration of a
therapy such as tPA.

Some embodiments of the invention employ modified or
unmodified aspects of otherwise known ultrasonic diagnos-
tic systems. Such systems include those commercially avail-
able from, or under development by: Sonosite, Pie Medical,
Esaote, the Bracco Group, Philips Medical Systems, ATL,
Hewlett-Packard, Agilent Technologies, Toshiba, Toshiba
Medical Systems, Toshiba America Medical Systems, Gen-

eral Electric, General Electric Medical Systems, EchoCath,
Acuson, Endosonics, Aloka, Hitachi Siemens Medical Sys-
tems, Inc., 3D Echotech, Ecton, SPECS USA, Daum, and
Multigon Industries.

Some embodiments of the invention employ modified or
unmodified aspects of otherwise known non-ultrasonic diag-
nostic systems. Such systems include those commercially
available from, or under development by: Non-Invasive
Technology, Baylor College of Medicine; the Center for
Innovative Mimimally Invasive Therapy (CIMIT) of Mas-
sachusetts (including 1ts member organizations such as
Massachusetts General Hospital, Brigham and Women’s
Hospital, Draper Laboratory, and Massachusetts Institute of
Technology); Harvard Medical School;

Such systems also include those disclosed 1n any of the

documents listed below as incorporated by reference
into this document.

Equipment

The mmvention may be implemented using standard or
custom ultrasonic transducers, transmitters/recervers, image
generation equipment, etc., by adapting such devices as
appropriate to accomplish the objectives described above.
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Suitable stabilization devices can be made by modifying
existing cardiac tissue stabilizers, such as any of the inven-
tions described and claimed 1n:

International Patent Application number PCT/NL94/

00156 (International Publication Number WO

95/01757)

U.S. Pat. No. 5,865,730 (Fox et al.)
U.S. Pat. No. 5,984,864 (Fox et al.)
U.S. Pat. No. 5,894,843 (Benetti et al.)

Suitable vacuum-based stabilization devices can be made
by modilying existing commercially available vacuum-
based cardiac tissue stabilizers. Examples include the
Medtronic Octopus®, Octopus2®, and Octopus®2+Tissue
Stabilization Systems, or any similar product.

Suitable vacuum-based stabilization devices can be made
by moditying known vacuum-based cardiac tissue stabiliz-
Crs such as any of the mventions described or claimed 1n:

. Pat. No. 5,836,311 (Borst et al.)

. Pat. No. 5,927,284 (Borst et al.)

. Pat. No. 6,015,378 (Borst et al.)

. Pat. No. 5,727,569 (Benetti et al.)
. Pat. No. 6,032,672 (Taylor)

. Pat. No. 5,906,607 (Taylor et al.)

. Pat. No. 5,782,746 (Wright)

. Pat. No. 5,865,730 (Fox et al.)

. Pat. No. 6,071,295 (Takahashi)

. Pat. No. 6,007,523 (Mangosong)

. Pat. No. 6,007,486 (Hunt et al.)

. Pat. No. 5,891,017 (Swindle et al.)
. Pat. No. 5,885,271 (Hamilton et al.)
. Pat. No. 6,019,722 (Spence et al.)

International Patent Application Number PCT/US96/
15091 (International Publication Number WO
97/10753)

Other suitable stabilization devices can be made by modi-

fying existing vacuum-based eye tissue stabilizers such as

Suction rings employed 1n Lasik™ brand laser surgery

Devices disclosed 1 U.S. Pat. No. 5,171,245 (Sher)

Any known algorithms for detecting emboli or other
aspects ol blood tlow can be used, including those described

in the documents 1n the Appendix, and also:
U.S. Pat. No. 4,109,642 Reid et al.)

U.S. Pat. No. 5,042,490 (Federov et al.)
U.S. Pat. No. 5,348,015 (Moehring et al.)

International Patent Application Number PCT/US99/
26740 (International Publication Number WO
00/27288)

The systems and methods employed in any known ultra-
sonic system may be adapted for use 1n embodiments of the
invention. Such systems include those disclosed and claimed
in the references i1n the Appendix, and especially the fol-
lowing:

. Pat.
. Pat.
. Pat.
. Pat.
. Pat.
. Pat.
. Pat.
. Pat.
. Pat.
. Pat.
. Pat.
. Pat.
. Pat.
. Pat.
. Pat.

G0 G e G i ) G i ) G G e R

. 5,123,415 (Daigle)

. 5,295,485 (Shinomura et al.)
. 5,360,005 (Wilk)

. 5,369,624 (Fukukita et al.)

. 5,590,658 (Chiang et al.)
. 5,690,114 (Chiang et al.)
. 5,839,442 (Chiang et al.)
. 5,904,652 (Gilbert et al.)
. 5,957,846 (Chiang et al.)
. 5,964,709 (C’liang ct al.)
. 6,106,472 (Chiang et al.)
. 6,111,816 (Chiang et al.)

. 5,709,209 (Friemel, et al.)
. 5,722,412 (Pflugrath et al.)
. 5,782,769 (Hwang et al.)

(G0 G G i G G i G G O 0 G
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. 5,817,024 (Ogle et al.)
. 5,893,363 (Little, et al.)
. 5,976,088 (Urbano et al.
. 6,004,270 (Urbano et al.
. 6,056,691 (Urbano et al.
. 6,086,537 (Urbano et al.)
. No. 6,135,961 (Ptlugrath et al.)
. 6,126,608 (Kemme et al.)
. No. 6,102,863 (Ptlugrath et al.)
6,106,468 (Dowdell)

. Pat.

LN L

cocccccccad
ZRZRZRZRZRZRZRZRZR%
-,
oo
!—F.

Improvements

Based on this disclosure, there are several improvements
to the imvention that are clearly desirable and already
understood by the inventors to be within the legal scope of
the mvention. In general, this includes any improvement,
currently known or later discovered, 1in areas such as por-
table electronics, ultrasonic i1maging systems, computer
graphics, signal processing, stroke diagnosis and treatment,
and the like, that 1s suitable for use with the invention.

Such improvements specially include those that do not
depend for their function, operation, or success on the
specific medical condition and diagnostic techniques this
invention relies upon. In other words, improvements to any
similar device that 1s not the invention could and should be
applied to the invention, as approprnate.

Examples of improvements within the currently under-
stood scope of the mvention include:

Reduction 1n cost, weight, and power consumption.

Reduction 1n the time required to form an image.

Improvements 1n 1maging quality

Reduction 1n time required to form an image.

Changes 1n shape, size, and format of the image.

Changes 1n shape, size, and format of the equipment.

Improved ergonomic design, such as improvement in the
fit to the patient, ease of use by the operator, or any type of

adaptation to a harsh or otherwise specialized operating
environment.

Substitution of materials for any reason.

Improved reliability or quality.

Improved graphics, resolution, larger screen size.

Faster transier and processing of data.

Remote transmission and/or processing of data.

Provided they lie within the scope of the claims below, or
are considered equivalent under the law, the legal scope of
the mvention includes any improvements or changes of the
types described above, even 1f they are developed after the
date of this document.

DOCUMENTS INCORPORATED BY
REFERENCE

The full disclosure of each of the following documents 1s
incorporated into this document.

All books, articles, documents, publications, U.S. Patents,
U.S. Patent Applications, and International Patent Applica-
tions cited elsewhere 1n this document.

The following medical textbooks:

Aashid (ed.), Transcranial Doppler Sonography (1986),

ISBN 3211819355
Babikian et al (eds.), Transcranial Doppler Ultrasound (274

edition 1999) ISBN 07350699698
Barnett (ed.), Stroke (3" edition, 1998), ISBN 0443075514
Bogdahn et al. (eds.), Echoenhancers and Transcranial Color

Duplex Sonography (1998), ISBN 06320485635
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Bogousslavsky (ed.), Stroke Syndromes (1995), ISBN
0521453976

Ebrahim and Harwood, Stroke (27¢ edition, 1999), ISBN
0192628763

Greenberg (ed.), Neuroimaging: A Companion to Adams
and Victor’s Principles of Neurology (27¢ edition, 1999),
ISBN 0071346135

Hademos et al., The Physics of Cerebrovascular Diseases:
Biophysical Mechamisms of Development, Diagnosis and
Therapy (1998), ISBN 1563965585

Jensen and Jensen, Estimation of Blood Velocities Using
Ultrasound: A Signal Processing Approach (1996), ISBN
0521464846

McGahan and Goldberg (eds.), Diagnostic Ultrasound
(1998), ISBN 0397516142

Meyer, Diagnosis and Management of Stroke and TIAs
(1982), ISBN 0201041847' Semple et al., An Atlas of
Stroke (2nd edition 1999), ISBN 1850700826.

Millikan et al. (eds.), Stroke (1987), ISBN 0812110161

Newell and Aaslid, Transcramial Doppler (1991), ISBN
0881678368

Poeck, et al. (eds.), New Trends in Diagnosis and Manage-
ment of Stroke (1987), ISBN 0387183698

Sandler et al., Correlative Imaging (1989),
0683075020

Tegeler et al., Neurosonology (1995), ISBN 0815187920

Tempkin, Ultrasound Scanning (27¢ edition, 1998), ISBN
0721668798
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Alternative Embodiments

The following numbered aspects of the invention are part
of the original disclosure of this invention. They are written
as 1 they were individual inventions, so that they may be
specifically considered as such 1n subsequent applications.
Thus, some of the following may duplicate the claims at the
end of this application. Some of them may contain additional
limitations than those claims.

1. Diagnosing stroke using dynamic coupling of at least one
ultrasonic transducer/receiver to a skull.

2. Using non-ultrasonic detection of symptoms of stroke to
dynamically couple an ultrasonic transducer/receiver to a
skull.

3. The method of mvention 2 in which the non-ultrasonic
detection comprises computed tomography scanning.

4. The method of invention 2 in which the non-ultrasonic
detection comprises magnetic resonance scanning.

5. The method of invention 2 1n which the non-ultrasonic
detection comprises differential spectrophotometric meth-
ods or near-infrared detection of tissue characteristics.

6. The method of invention 2 1n which the non-ultrasonic
detection comprises detection or measurement of a bio-
logical matenal.

7. The method of invention 2 in which the non-ultrasonic
detection comprises detection or measurement of a chemi-
cal.

8. The method of mvention 2 1n which the non-ultrasonic
detection comprises detection or measurement of A1003.

9. The method of invention 2 1n which the non-ultrasonic
detection comprises use of biological assay techniques.

10. The method of mvention 2 in which the non-ultrasonic
detection comprises detection of change 1n blood pres-
sure.

11. The method of mvention 2 1n which the non-ultrasonic
detection comprises detection of change in pressure
within the eye.

12. The method of mvention 2 in which the non-ultrasonic
detection comprises detection of change 1n blood flow in
arteries serving organs other than the brain.

13. The method of mvention 2 in which the non-ultrasonic
detection comprises detection of change in blood flow 1n
the arteries serving the eye.

14. For a patient having a skull containing brain tissue and
blood vessels, and 1n a process for diagnosing stroke 1n

the patient, a subprocess of dynamic coupling at least one
ultrasonic transducer/recerver to at least one opening 1n
the skull.

15. For a patient having a skull containing brain tissue and
blood vessels, and 1n a process for diagnosing stroke in
the patient, a subprocess of stabilizing at least one ultra-
sonic transducer/receiver to at least one opening in the
skull.

16. For a patient having a skull containing brain tissue and
blood vessels, and 1n a process for diagnosing stroke 1n
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the patient, a subprocess ol compensating at least one

ultrasonic transducer/receiver coupled to at least one

opening 1n the skull.

1’7. For a patient having a skull containing brain tissue and
blood vessels, and 1n a process for diagnosing stroke 1n
the patient, a subprocess of compensating an 1mage pro-
duced from at least one ultrasonic transducer/receiver
coupled to at least one opening 1n the skull.

18. For a patient having a skull contaiming brain tissue and
blood vessels, and 1n a process for diagnosing stroke 1n
the patient, a subprocess comprising:

a) dynamically coupling at least one of the ultrasonic
transmitter/receivers to at least one opening 1n the skull
of the patient; and

b) imaging the brain tissue or blood vessels.

19. The subprocess of any of mventions 14 to 18, further
comprising generating and receiving ultrasonic signals
suitable for processing 1nto information about the brain
tissue or blood vessels.

20. The subprocess of any of mventions 14 to 18, further
comprising applying a vacuum to the skull.

21. The subprocess of any of mventions 14 to 18, further
comprising applying an acoustic coupling material to the
skull.

22. The subprocess of any of inventions 14 to 18, in which
the ultrasonic transducer/receiver 1s coupled to at least
one man-made opening in the skull.

23. The subprocess of any of inventions 14 to 18, in which
the ultrasonic transducer/receiver 1s coupled to at least
ocular opening 1n the skull.

24. The subprocess of any of mventions 14 to 18, 1n which
the ultrasonic transducer/receiver 1s coupled to at least
one nasal opening in the skull.

25. The subprocess of any of inventions 14 to 18, 1n which
the ultrasonic transducer/receiver 1s coupled to at least
one aural opening 1n the skull.

26. The subprocess of any of inventions 14 to 18, 1n which
the ultrasonic transducer/receiver 1s coupled to at least
one acoustic bone window 1n the skull.

2’7. For a patient having a skull containing brain tissue and
blood vessels, a process for diagnosing hemorrhagic
stroke 1n the patient, comprising:

a) dynamically coupling at least one ultrasonic transmit-
ter/recerver to at least one opening 1n the skull of the
patient;

b) imaging a region within the skull of the patient; and

¢) determining presence of hemorrhagic stroke by 1den-
tifying relatively difluse blood flow within the skull of
the patient.

28. The process of mvention 27, imn which the imaging
comprises generating and receiving ultrasonic signals
suitable for processing into information about the region
within the skull of the patient.

29. The process of invention 27, in which a region 1is
classified 1n terms of normal blood tlow.

30. The process of invention 27, in which a region 1is
classified 1n terms of mnadequate blood flow.

31. The process of mvention 27, in which a region 1is
classified 1n terms of relatively diffuse blood flow.

32. The process of mvention 27, i which locations of
hemorrhagic stroke are determined by identifying rela-
tively difluse blood tlow outside the blood vessels of the
brain.

33. For a patient having a skull containing blood vessels, a
process for diagnosing ischemic stroke in the patient,
comprising;:




US RE46,614 E

21

a) dynamically coupling at least one ultrasonic transmit-
ter/receiver to at least one opening 1n the skull of the
patient;

b) 1maging a region within the skull of the patient; and

¢) determining presence ol 1schemic stroke by identifying
at least one location of nadequate blood flow within
the skull of the patient.

34. The process of mvention 33 1 which the imaging
comprises generating and receiving ultrasonic signals
suitable for processing into information about the region
within the skull of the patient.

35. The process of invention 33 in which a region 1s
classified 1n terms of normal blood flow.

36. The process of mvention 33 i which a region 1s
classified 1n terms of mmadequate blood flow.

3’7. The process of mvention 33 i which a region 1is
classified 1n terms of relatively diffuse blood tlow.

38. The process of mvention 33 1 which locations of
ischemic stroke are determined by i1dentifying relatively
inadequate blood flow within the blood vessels of the
brain.

39. The process of mvention 33 1 which presence of
ischemic stroke 1s determined by 1dentifying at least one
location where there 1s at least partial blockage of blood
flow.

40. For a patient having a skull containing brain tissue and
blood vessels, a process for diagnosing between hemor-
rhagic and 1schemic stroke, comprising;:

a) dynamically coupling at least one ultrasonic transmit-
ter/recerver to at least one opening 1n the skull of the
patient;

b) 1maging a region within the skull of the patient; and

¢) classitying a region within the skull of the patient in
terms of adequacy of blood flow.

41. The process of mmvention 40 i which the imaging
comprises generating and receiving ultrasonic signals
suitable for processing into information about the region
within the skull of the patient.

42. The process of invention 40 in which a region 1is
classified 1n terms of normal blood flow.

43, The process of mvention 40 i which a region 1is
classified 1n terms of mmadequate blood flow.

44, The process of mvention 40 i which a region 1is
classified 1n terms of relatively diffuse blood flow.

45. The process of mvention 40 1 which locations of
hemorrhagic stroke are determined by identifying rela-
tively diffuse blood flow outside the blood vessels of the
brain.

46. The process of mvention 40 i which locations of
ischemic stroke are determined by i1dentifying relatively
inadequate blood flow within the blood vessels of the
brain.

4’7. The process of mvention 40 i which presence of
ischemic stroke 1s determined by identifying at least one
location where there 1s at least partial blockage of blood
flow.

48. The process of any of inventions 277, 33, or 40, further
comprising applying a vacuum to the skull.

49. The process of any of mventions 27, 33, or 40, further
comprising applying an acoustic coupling material to the
skull.

50. The process of any of mnventions 27, 33, or 40, 1n which
the ultrasonic transducer/receiver 1s coupled to at least
one man-made opening in the skull.

51. The process of any of mnventions 27, 33, or 40, 1n which
the ultrasonic transducer/receiver 1s coupled to at least
ocular opening 1n the skull.
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52. The process of any of inventions 27, 33, or 40, 1n which
the ultrasonic transducer/receiver 1s coupled to at least
one nasal opening in the skull.

53. The process of any of inventions 27, 33, or 40, 1n which
the ultrasonic transducer/receiver 1s coupled to at least
one aural opening 1n the skull.

54. The process of any of inventions 27, 33, or 40, 1n which
the ultrasonic transducer/receiver 1s coupled to at least
one acoustic bone window in the skull.

55. For a patient having a skull containing blood vessels
serving a brain, a system for diagnosing hemorrhagic
stroke 1n the patient, comprising:

a) at least one ultrasonic transmitter/receiver receiver
which generates and recerves ultrasonic signals suitable
for imaging the blood vessels of the brain,

b) at least one apparatus to dynamically couple any of the
ultrasonic transmitter/receivers to at least one opening,
in the skull of the patient; and

¢) a processor for imaging the blood vessels of the brain
from at least one signal received from at least one
ultrasonic transmitter/receiver.

56. For a patient having a skull containing blood vessels
serving a brain, a system for diagnosing ischemic stroke
in the patient, comprising.

a) at least one ultrasonic transmitter/receiver receiver
which generates and recerves ultrasonic signals suitable
for imaging the blood vessels of the brain,

b) at least one apparatus to dynamically couple any of the
ultrasonic transmitter/receivers to at least one openming
in the skull of the patient; and

¢) a processor for imaging the blood vessels of the brain
from at least one signal received from at least one
ultrasonic transmitter/receiver.

S7. For a patient having a skull containing blood vessels
serving a brain, a system for discriminating between
hemorrhagic stroke and ischemic stroke in the patient,
comprising;:

a) at least one ultrasonic transmitter/receiver receiver
which generates and recerves ultrasonic signals suitable
for imaging the blood of the brain,

b) at least one apparatus to dynamically couple any of the
ultrasonic transmitter/receivers to at least one opening,
in the skull of the patient; and

¢) a processor for imaging the blood vessels of the brain
from at least one signal received from at least one
ultrasonic transmitter/receiver.

58. The system of any of inventions 535, 56, or 57, further
comprising acoustic coupling material positioned
between the ultrasonic transmitter/receiver and the skull.

59. The system of any of inventions 55, 56, or 57, 1n which
the ultrasonic transducer/receiver 1s coupled to at least
one man-made opening in the skull.

60. The system of any of inventions 55, 56, or 57, 1n which
the ultrasonic transducer/receiver 1s coupled to at least
ocular opening 1n the skull.

61. The system of any of inventions 3535, 56, or 57, mn which
the ultrasonic transducer/receiver 1s coupled to at least
one nasal opening in the skull.

62. The system of any of inventions 3535, 56, or 57, in which
the ultrasonic transducer/receiver 1s coupled to at least

one aural opening 1n the skull.

63. The system of any of inventions 55, 56, or 57, 1n which
the ultrasonic transducer/receiver 1s coupled to at least
one acoustic bone window in the skull.
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64. The system of any of inventions 55, 36, or 57, 1n which
more than one transducer/receiver 1s dynamically coupled
to a like number of openings, but only a single 1image 1s
produced.

65. An apparatus for diagnosing hemorrhagic stroke in a
patient having a skull containing brain tissue and blood
vessels, comprising:

a) at least one ultrasonic transmitter/receiver; and

b) a subassembly that dynamically couples at least one
ultrasonic transmitter/receiver to the skull of the
patient.

66. An apparatus for diagnosing 1schemic stroke 1n a patient
having a skull containing brain tissue and blood vessels,
comprising:

a) at least one ultrasonic transmitter/receiver; and

b) at least one subassembly that dynamically couples at
least one ultrasonic transmitter/receiver to the skull of
the patient.

6’7. An apparatus for diagnosing between hemorrhagic and
ischemic stroke in a patient having a skull containing
brain tissue and blood vessels, comprising:

a) at least one ultrasonic transmitter/receiver; and

b) at least one subassembly that dynamically couples at
least one ultrasonic transmitter/receiver to the skull of
the patient.

68. The apparatus of any of iventions 65, 66, or 67, 1n
which the subassembly stabilizes the transducer/receiver
to the skull.

69. The apparatus of any of inventions 65, 66, or 67, further
comprising acoustic coupling material between the ultra-
sonic transmitter/recerver and the skull.

70. The apparatus of any of mnventions 65, 66, or 67, 1n
which acoustic coupling material may be nserted 1nto or
removed from a location between the ultrasonic transmit-
ter/receiver and the skull.

71. The apparatus of any of mnventions 65, 66, or 67, 1n
which acoustic coupling material 1s supported by a dis-
posable member that may be inserted into or removed
from a location between the ultrasonic transmitter/re-
ceiver and the skull.

72. The apparatus of any of mmventions 65, 66, or 67, 1n
which normal operation of the apparatus 1s prevented 1n
the absence of an acoustic coupling material.

73. The apparatus of any of mventions 65, 66, or 67, 1n
which normal operation of the apparatus occurs only 1n
the presence of a suthicient amount of an acoustic coupling
material.

74. The apparatus any of mventions 63, 66, or 67, 1n which
the apparatus further comprises:

a) a subapparatus that determines a quantity of an acoustic
coupling material positioned between the ultrasonic
transmitter/receiver and the skull, and

b) a subapparatus that modifies normal operation of the
apparatus based on the determined quantity of acoustic
coupling material.

75. The apparatus of any of mmventions 65, 66, or 67, 1n
which the apparatus further comprises a subapparatus that
inserts acoustic coupling material between the ultrasonic
transmitter/receiver and the skull.

76. The apparatus of any of mventions 65, 66, or 67, 1n
which the apparatus further comprises a subapparatus that
receives acoustic coupling material between the ultra-
sonic transmitter/recerver and the skull.

7’7. The apparatus of any of inventions 65, 66, or 67, 1n
which the apparatus inhibits diagnosis 1n the absence of
suflicient acoustic coupling material.

10

15

20

25

30

35

40

45

50

55

60

65

24

78. The apparatus of any of mventions 65, 66, or 67, 1n
which the apparatus permits diagnosis only in the pres-
ence of suflicient acoustic coupling material.

79. The apparatus any of inventions 635, 66, or 67, 1n which
the apparatus further comprises:

a) a subapparatus that determines a quantity ol acoustic
coupling material present and

b) a subapparatus that modifies diagnosis based on the
quantity of acoustic coupling material present.

80. The apparatus of mvention 65, in which the apparatus
turther comprises:

a) a subapparatus that determines a quantity of acoustic
coupling material present and

b) a subapparatus that bases the determination of hemor-
rhagic stroke, in part, on the quantity of acoustic
coupling material present.

81. The apparatus of mvention 66, in which the apparatus
turther comprises:

a) a subapparatus that determines a quantity ol acoustic
coupling material present and

b) a subapparatus that bases the determination of 1schemic
stroke, 1n part, on the quantity of acoustic coupling
material present.

82. The apparatus of mvention 67, in which the apparatus
turther comprises:

a) a subapparatus that determines a quantity of acoustic
coupling material present and

b) a subapparatus that bases the discrimination between
hemorrhagic stroke and i1schemic stroke, 1n part, on the
quantity of acoustic coupling material present.

83. A process, subprocess, apparatus, or system that detects
or measures or assesses the amount or quality of dynamic
coupling between a transducer/receiver and a skull, and
then 1nhibits or permits or modifies diagnosis of stroke
accordingly.

84. A process, subprocess, apparatus, or system that detects
or measures or assesses the amount or quality of dynamic
coupling between a transducer/receiver and a skull, and
then 1nhibits or permits or modifies diagnosis of stroke
accordingly using closed loop control of the amount or
quality of dynamic coupling.

85. Each of the embodiments of invention 84 1n which the
closed loop control 1s performed using an algorithm
selected from the group consisting essentially of all
possible combinations of proportional control, integral
control, and derivative control.

86. Each of the embodiments of invention 84 1n which the
amount or quality of dynamic coupling 1s adjusted by
adjusting the extent of a vacuum applied to the skull.

87. Each of the embodiments of invention 84 1n which the
amount or quality of dynamic coupling 1s adjusted by
adjusting the amount or location of an acoustic coupling
material between the transducer/receiver and the skull.

88. Each of the embodiments of inventions 86 or 87 in which
the amount or quality of dynamic coupling 1s adjusted 1n
a single location.

89. Each of the embodiments of inventions 86 or 87 1n which
the amount or quality of dynamic coupling 1s adjusted 1n
multiple locations by respective amounts that may or may
not be the same in each location.

90. Each of the embodiments of invention 84 1n which the
amount or quality of dynamic coupling 1s adjusted by
modilying an imaging process.

91. A process, subprocess, apparatus, or system for i1denti-
tying type of stroke 1n a patient having a skull containing,
brain tissue and blood vessels, comprising:

a) at least one ultrasonic transmitter/receiver; and
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b) at least one apparatus to dynamically couple at least
one ultrasonic transmitter/receiver to the skull of the
patient;

in which the process, subprocess, apparatus, or system:

c) creates a non-Doppler ultrasonic image of a blood
vessel serving the brain;

d) creates a Doppler ultrasonic image of microparticulates
flowing 1n the blood vessel; and

¢) 1dentifies type of stroke based on flow rate of the
microparticulates.

92. A process, subprocess, apparatus, or system for 1denti-
tying type of stroke 1n a patient having a skull containing,
brain tissue and blood vessels, comprising.

a) at least one ultrasonic transmitter/receiver; and

b) at least one apparatus to dynamically couple at least
one ultrasonic transmitter/receiver to the skull of the
patient;

in which the process, subprocess, apparatus, or system:
¢) creates a harmonic ultrasonic image of the blood

vessels serving the brain,

d) creates a Doppler ultrasonic image of microparticulates
flowing 1n the blood vessels serving the brain, and

¢) 1dentifies type of stroke based on identification and
comparison of at least one zone of diffuse blood flow
and at least one zone of normal tissue.

93. A process, subprocess, apparatus, or system for dynami-
cally coupling an ultrasonic transmitter/receiver to a skull
ol a patient such that the process, subprocess, apparatus,
or system creates an ultrasonic 1mage of brain tissue or
blood vessels, comprising:

a) positioning, adjacent the skull, a plattorm which com-
prises at least one suction port;

b) coupling the platform to the patient by the application
of suction to at least one suction port; and

¢) coupling the ultrasonic transmitter/receiver to the plat-
form.

94. Each of embodiments of mvention 93 in which the
platform 1s shaped 1n at least a portion of a circular arc.

95. Each of embodiments of mvention 93 in which the
platiorm comprises at least two portions, each of which 1s
shaped 1n at least a portion of a circular arc, the two
portions being arranged generally opposite each other.

96. Each of embodiments of invention 93, further compris-
ing adjusting the amount and/or location of acoustic
coupling material between the ultrasonic transducer/re-
ceiver and the skull.

9’7. Any of the previous embodiments of mventions 1-96,
embodied 1n a portable form suitable for mounting on the
patient’s head.

98. Any of the previous embodiments of inventions 1-97, 1n
which the ultrasonic system 1s a portable system as
disclosed (and especially as claimed) 1n any of the patents
cited above that are assigned to Sonosite or ATL.

99. Any of the previous embodiments of inventions 1-97, 1n
which the ultrasonic system uses techniques disclosed
(and especially as claimed) in any of the patents cited
above that are assigned to EchoCath, especially
EchoFlow.

100. Any of the previous embodiments of inventions 1-99,
in which the 1image processor includes an expert system.

101. Any of the previous embodiments of inventions 1-100,
in which the image processor includes a neural network.
We claim:

[1. Using non-ultrasonic detection of symptoms of stroke
to dynamically couple an ultrasonic transducer/receiver to a
skull, 1n which the non-ultrasonic detection comprises at
least one of the group consisting of computed tomography
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scanning, magnetic resonance scanning, differential spectro-
photometric methods, near-infrared detection of tissue char-
acteristics, detection of a biological material, measurement
ol a biological maternal, detection of a chemical, measure-
ment of a chemical, detection of S100(3, measurement of
S10083, use of biological assay techniques, detection of
change in blood pressure, detection of change in pressure
within the eye, detection of change 1n blood flow 1n arteries
serving organs other than the brain, or detection of change
in blood flow in the arteries serving the eye.]

[2. For a patient having a skull containing brain tissue and
blood vessels, a process for diagnosing stroke 1n the patient,
comprising:

a) dynamically coupling at least one ultrasonic transmit-
ter/receiver to at least one man-made opening in the
skull of the patient;

b) imaging a region within the skull of the patient; and

c) at least one of: determining presence of hemorrhagic
stroke by 1dentifying relatively difluse blood flow
within the skull of the patient; determining presence of
ischemic stroke by identifying at least one location of
inadequate blood tlow within the skull of the patient;
and diagnosing between hemorrhagic and ischemic
stroke by classiiying a region within the skull of the
patient in terms of adequacy of blood flow.]

[3. The process of claim 2, in which the imaging com-
prises generating and receiving ultrasonic signals suitable
for processing into iformation about the region within the
skull of the patient.]

[4. The process of claim 2, in which a region is classified
in terms of normal blood flow.]

[5. The process of claim 2, in which a region is classified
in terms of inadequate blood flow.}

[6. The process of claim 2, in which a region is classified
in terms of relatively diffuse blood flow.}

[7. The process of claim 2, in which locations of hemor-
rhagic stroke are determined by 1dentifying relatively diffuse
blood flow outside the blood vessels of the brain.]

[8. The process of claim 2 in which locations of ischemic
stroke are determined by identifying relatively inadequate
blood flow within the blood vessels of the brain.}

[9. The process of claim 2 in which presence of ischemic
stroke 1s determined by identifying at least one location
where there is at least partial blockage of blood flow.]

[10. The process of claim 2, further comprising applying
a vacuum to the skull.]

[11. The process of claim 2, further comprising applying

an acoustic coupling material to the skull.}
12. A stroke diagnosis/treatment method comprising:
mounting a unit having two transmitter/receivers on the
head of a subject with each transmitter/veceiver acous-
tically coupled to an acoustic window of the skull,
wherein each transmitter/veceiver includes a plurality
of ultrasonic transducing elements;
activating at least some of the transducing elements to
divect ultrasonic signals into the brain;
receiving echo signals from brain tissue and
microbubbles in a blood vessel of the brain with one of
the transmitter receivers;
processing the echo signals to form two-dimensional or
three-dimensional dynamic images of the brain tissue
and microbubbles in the blood vessel of the brain; and
diagnosing stroke from an image of the brain tissue and
the microbubbles.
13. The method of claim 12, whervein diagnosing further
comprises diagnosing whether a stroke has occurved and, if
so, what type of stroke has occurred.
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14. The method of claim 13, wherein diagnosing whether
a stroke has occurved further comprises identifving a blood
vessel which may be blocked.

15. The method of claim 13, wherein identifving a blood
vessel which may be blocked further comprises determining
the type of stroke as ischemic.

16. The method of claim 12, wherein diagnosing whether
a stroke has occurred further comprises identifving a region
of relatively diffuse blood flow

17. The method of claim 16, wherein identifving a region
of relatively diffuse blood flow further comprises determin-
ing the type of stroke as hemorrhagic.

18. The method of claim 12, further comprising: following
the diagnosis of a stroke, performing stroke thevapy,; and
delivering additional ultrasonic energy durving the stroke
therapy.

19. The method of claim 18, wherein delivering additional
ultrasonic energy during the stroke therapy further com-
prises delivering additional ultrasonic energy to the brain

10

15

from which the image of microbubbles in a blood vessel was >

Jormed to improve the effectiveness of therapy.

20. The method of claim 19, wherein the image of

microbubbles in a blood vessel further comprises a Doppler
ultrasonic image of microbubbles in a blood vessel.

21. A method for performing non-ultrasonic detection of

symptoms of stroke, the method comprising:

28

dynamically coupling an ultrasonic transducer/receiver

fo a patient,

performing ultrasound imaging with the ultrasonic trans-

ducer/receiver, the ultrasound imaging comprising
imaging microbubbles in the patient;

performing non-ultrasonic detection of symptoms of

stroke in which the non-ultrasonic detection comprises
at least one of the group consisting of computed tomog-
raphy scanning, magnetic resonance scanning, differ-
ential spectrophotometric methods, near-infrared
detection of tissue charactevistics, detection of a bio-
logical material, measurement of a biological material,
detection of a chemical, measurement of a chemical,

detection of SI100p, measurement of SI00P, use of

biological assay technigues, detection of change in
blood pressure, detection of change in pressure within
the eyve, detection of change in blood flow in arteries
serving ovgans other than the brain, and detection of
change in blood flow in the arteries serving the eye;
and

determining a diagnosis of stroke based at least in-part on

the ultrasound imaging and a detection of symptoms of
stroke when performing the non-ultrasonic detection of
systems of stroke.
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