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FIGURE 2
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FIGURE 3
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FIGURE 4

64 channel intra-cardiac ultrasound image scanning and triggering

Hemo Pressure signals
403,

Non-uniform function triggering
(64 channel) H_H ﬂ H H_H H

405




Patent Application Publication  Aug. 19,2010 Sheet 5 of 9 US 2010/0210945 A1l

FIGURE 5
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FIGURE 6
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FIGURE 7
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SYSTEM FOR CARDIAC ULTRASOUND
IMAGE ACQUISITION

[0001] This is a non-provisional application of provisional
application Ser. No. 61/153,067 filed Feb. 17, 2009, by H.
Zhang.

FIELD OF THE INVENTION

[0002] This invention concerns an ultrasound medical
imaging system for adaptively acquiring anatomical images
involving activating different transducer groups for acquisi-
tion of ultrasound imaging information presented in a com-
posite ultrasound image.

BACKGROUND OF THE INVENTION

[0003] Ultrasound medical imaging is used for imaging the
heart and surrounding intra-thoracic structures. However
known ultrasound image scanning and acquisition systems
typically employ a fixed time interval between frames and fail
to effectively scan for optimum imaging results for real time
clinical monitoring and diagnosis. Known systems employ
surface ECG signals for image gating to avoid cardiac con-
traction noise, for example, but offer limited gating capability
for studying particular cardiac functions. Continuous image
scanning and acquisition, such as intra-cardiac ultrasound
imaging is used to study cardiac operation and treatment.
However, known systems fail to comprehensively perform
cardiac function tracking of maximum size and volume of
ventricle chambers, for example, in the presence of cardiac
tissue movement.

[0004] Known intra-cardiac ultrasound imaging usually
captures a tissue dynamic image with 30-60 frames per sec-
ond (fps) speed. However cardiac depolarization and repolar-
ization, such as a QRS complex and contraction procedure are
desirably imaged at a higher speed for accurate determination
of detail of cardiac pathology changes. In known ultrasound
systems, the time interval between image frame acquisition is
typically equal and fixed (uniform scanning). This may result
in missing capture of a fast contraction image frame, such as
EoS (end of systolic) and EoD (end of diastolic) time image
frame. In known systems for performing continuous ultra-
sound imaging, the image resolution, scanning speed/rate and
sensitivity is not controllable once an image scanning proce-
dure is initiated. Some known systems employ faster, multi-
channel (crystal) intra-cardiac ultrasound image scanning
with high power (intensity). These systems may over heat
intra-cardiac ultrasound sensors and a catheter and may over
scan (perform redundant scanning) without capturing useful
information, such as during rest time of a heart cycle. Further
because of an upper limit on ultrasound image scanning
speed, intra-cardiac ultrasound may be distorted by cardiac
contraction, patient movement, and other bio-noise (such as
respiration). A system according to invention principles
addresses these deficiencies and related problems.

SUMMARY OF THE INVENTION

[0005] An ultrasound medical imaging system automati-
cally determines image resolution, scanning frequency and
acquisition speed in response to data indicating a clinical
application and cardiac function signals including hemody-
namic (blood pressure) signals and vital sign (such as SPO2,
respiration, NIBP) signals used to trigger and synchronize
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image scanning and data acquisition. An ultrasound medical
imaging system adaptively acquires anatomical images using
an ultrasound image acquisition device. The ultrasound
image acquisition device initiates acquisition of anatomical
images of a portion of patient anatomy in response to a heart
rate related synchronization signal. The ultrasound image
acquisition device includes multiple ultrasound transducers
for generating sound waves. The ultrasound transducers are
arranged in different transducer groups oriented to enable
acquisition of different ultrasound imaging information used
in generating a single composite ultrasound image. A syn-
chronization processor derives the heart rate related synchro-
nization signal from a patient cardiac function blood flow
related parameter. The synchronization signal enables adap-
tive activation of a particular group of the different transducer
groups for acquisition of ultrasound imaging information
used in generating the single composite ultrasound image. A
display processor presents the single composite ultrasound
image, acquired by the ultrasound image acquisition device,
to a user on a reproduction device.

BRIEF DESCRIPTION OF THE DRAWING

[0006] FIG.1shows anultrasound medical imaging system
for adaptively acquiring anatomical images, according to
invention principles.

[0007] FIG. 2 shows a multi-channel intra-cardiac ultra-
sound catheter having different ultrasound scanning regions,
according to invention principles.

[0008] FIG. 3 illustrates non-uniform ultrasound imaging
in response to invasive blood pressure of a left ventricle,
according to invention principles.

[0009] FIG. 4 illustrates multi-channel intra-cardiac ultra-
sound image scanning triggered in response to a cardiac func-
tion signal (such as a pressure signal), according to invention
principles.

[0010] FIG. 5 illustrates non-uniform intra-cardiac ultra-
sound image scanning using different groups of ultrasound
crystals in response to derived cardiac function signal gating
pulse sequences, according to invention principles.

[0011] FIG. 6 shows a multi-channel ultrasound catheter
with different groups of ultrasound crystals arranged at dif-
ferent angles on the catheter triggered by corresponding dif-
ferent respective pulse sequences to acquire a synchronized
cardiac function image, according to invention principles.
[0012] FIG. 7 shows an ultrasound image derived using
combined hemodynamic and vital sign signal triggering,
according to invention principles.

[0013] FIG. 8 shows a flowchart of a process used by an
ultrasound imaging system performing cardiac function sig-
nal based patient image acquisition, according to invention
principles.

[0014] FIG. 9 shows a flowchart of a process used by an
ultrasound medical imaging system for adaptively acquiring
anatomical images, according to invention principles.

DETAILED DESCRIPTION OF THE INVENTION

[0015] A system improves medical imaging using non-uni-
form and nonlinear cardiac functional signals such as hemo-
dynamic signals (invasive blood pressure, non-invasive blood
pressure, blood flow speed), electrophysiological signals
(surface ECG, intra-cardiac electrograms, both unipolar and
bipolar signals), and vital signs signals (SPO2, respiration), to
trigger and synchronize image scanning and data acquisition.
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The image resolution, scanning frequency and acquisition
speed of the ultrasound image system is automatically deter-
mined in response to cardiac functions and a clinical appli-
cation. The system uses ultrasound imaging for better quan-
titative and qualitative diagnosis and characterization of
cardiac function and patient health status.

[0016] The system image gating and synchronization func-
tion is advantageously adaptively dynamically configured to
use one or a combination of signals for different kinds of
clinical applications and procedures. The combination of sig-
nals include, for example, blood pressure (hemodynamic)
signals and a signal derived from heart chamber size or vol-
ume estimation. The clinical applications and procedures
include an intra-cardiac blood pressure based 3D image
reconstruction application and intra-cardiac electrograms
(electrophysiological) and vital signal based motion toler-
ance ultrasound image acquisition applications. The system
optimizes image frame acquisition time for image scanning
and data acquisition and employs image gating for synchro-
nization based on heart functions, such as cardiac systolic and
diastolic functions which may require different speeds for
image scanning and acquisition. The gating reduces over
heating risk associated with continuous intra-cardiac ultra-
sound imaging and reduces need to adaptively adjust scan-
ning speed and improves continuous ultrasound image acqui-
sition.

[0017] The system advantageously provides non-uniform
(controllable and function adaptive) time interval image scan-
ning to improve continuous capture of cardiac function detail
and tissue movement. The system facilitates EoD and EoS
based maximum ventricle volume calculation and analysis by
using precise cardiac function gating and synchronization to
acquire a series of cardiac images each having the same
particular time stamp. The time stamp identifies a particular
point in a heart cycle that starts from a designated time origin
(time equals zero) heart cycle point. The system facilitates 3D
ultrasound image reconstruction of a particular cardiac func-
tion with the same particular time stamp in different cardiac
cycles. In contrast, known ultrasound image scanning in 3D
provides a reconstructed image typically involving substan-
tial deviation and distortion resulting from combining images
with different time stamps. The system is usable with a multi-
channel intra-cardiac ultrasound transducer and catheter
capable of adaptive adjustment and modification during real
time continuous scanning.

[0018] FIG.1shows ultrasound medical imaging system 10
for adaptively acquiring anatomical images. System 10 inte-
grates image scanning system 15 including computer 29, with
real time patient signal monitoring and recording system 12
which provides patient monitoring signals including cardiac
function signals used by synchronization processor 19 to
control and manipulate image scanning and acquisition. The
patient monitoring signals (such as invasive blood pressure
signals) provided by system 12 are used by synchronization
processor 19 to generate gating and triggering signals
employed by ultrasound imaging system 15 to synchronize
ultrasound image scanning and acquisition with a cardiac
function. A gating trigger signal provided by processor 19
using a patient monitoring system signal may be uniform or
non-uniform depending on clinical application. A feedback
signal 41 provided by imaging system 15 is used by processor
19 in providing gating signals compensating for circuit delay
and other sources of delay.
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[0019] Ultrasound image acquisition catheter device 36 ini-
tiates acquisition of anatomical images of a portion of patient
9 anatomy in response to a heart rate related synchronization
signal. Device 36 includes multiple ultrasound transducers
for generating sound waves. The multiple ultrasound trans-
ducers are arranged in different transducer groups and ori-
ented to enable acquisition of different ultrasound imaging
information used in generating a single composite ultrasound
image. Synchronization processor 19 derives the heart rate
related synchronization signal from a patient cardiac function
blood flow related parameter. The synchronization signal
enables adaptive activation of a particular group of the differ-
ent transducer groups for acquisition of ultrasound imaging
information used in generating the single composite ultra-
sound image. Display processor 26 presents the single com-
posite ultrasound image, acquired by the ultrasound image
acquisition device, to a user on a reproduction device 39.

[0020] FIG. 2 shows a multi-channel intra-cardiac ultra-
sound catheter 36 comprising a multi-channel crystal based
intra-cardiac ultrasound imaging device having different
ultrasound scanning regions. Specifically, catheter 36 has a
first scan zone i 203 provided by crystal i and a second scan
zone j 205 provided by crystal j. A transducer as used herein
comprises one or more ultrasound generation crystals in a
group, for example. A 32-64 channel ultrasound transducer is
typically used in obtaining an intra-cardiac ultrasound image,
with penetration up to 16 centimeters. Theoretically, the time
for an ultrasound echo to travel 16 cm and return is around 1
ms, which provides adequate time resolution in acquisition of
an ultrasound image of a cardiac function that usually is
longer than 3-5 ms in duration, such as P wave or QRS
complex.

[0021] FIG. 3 illustrates adaptive non-uniform ultrasound
imaging performed by system 10 (FIG. 1) in response to
measured invasive blood pressure of a left ventricle. In clini-
cal hemodynamic and EP monitoring in hospital, invasive
blood pressure (indicated by a hemodynamic signal) reflect-
ing change in heart tissue and function is typically used for
monitoring internal blood pressure of cardiac chambers. An
EoD (end of diastolic) phase gating signal 305 is generated by
processor 19 from pressure waveform 303 showing systolic
and diastolic pressure switching in a cardiac cycle. Synchro-
nization processor 19 derives synchronization waveform 307
using EoD (end of diastolic) phase gating signal 305 includ-
ing leading edge synchronize pulse 320. During systolic
stages, cardiac tissue is squeezing and there is substantial
movement, which may be advantageously acquired using fast
image scanning and data acquisition, such as for tracking
valve functionality and tissue contraction mode and pattern.
Also for a diastolic procedure of a cardiac cycle, blood is
filling a chamber and cardiac tissue is much less dynamic and
slow image scanning is sufficient to capture cardiac function
information. The hemodynamic function signal based image
scanning efficiently captures cardiac cycle, systolic and dias-
tolic procedures. During a systolic stage, the heart is in a fast
squeezing and contracting mode requiring relatively fast
image scanning and low image resolution triggering 311
within synchronization waveform 307. During a diastolic
stage, relatively slow scanning and high resolution imaging
triggering 313 within synchronization waveform 307 is suf-
ficient. Resolution as used herein means pixel resolution of an
acquired image and corresponding image data processing
resolution.
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[0022] Synchronization processor 19 generates a synchro-
nization waveform for gated ultrasound image acquisition of
maximum and minimum volume of a ventricle (correspond-
ing to EoD and EoS points) in a cardiac cycle using time
stamps. System 10 adaptively employs different types of non-
uniform ultrasound image scanning including, non-uniform
triggering by time for all or a substantial portion of all crystals
of an ultrasound catheter in response to a signal identifying a
particular cardiac function time. System 10 uses non-uniform
triggering of sequential crystals in response to a signal iden-
tifying a particular cardiac function time in a particular car-
diac region. Ultrasound systems have multiple channel crys-
tals (e.g., 80-128 channel crystals) for fast scanning speed
(for example, from 30 fps (frames per second) to 100 fps, or
higher). Power applied to ultrasound crystals to increase
sound intensity may be increased to increase the sensitivity
and quality of an intra-cardiac ultrasound image. However
this may increase safety concerns. Usually a thermister is
used at the tip of an intra-cardiac ultrasound transducer, how-
ever heat generation may not be uniform and result in local
over-heating of a multi-channel ultrasound transducer even
though continuous ultrasound high intensity scanning may be
unnecessary.

[0023] FIG. 4 illustrates multi-channel intra-cardiac ultra-
sound image scanning triggered in response to a cardiac func-
tion signal (such as an invasive pressure signal 403). System
10 optimizes ultrasound image acquisition in response to a
non-uniform image triggering signal for time and spatial
information capture. FIGS. 4 and 5 illustrate different kinds
of non-uniform image acquisition triggering for image scan-
ning and data acquisition using a multi-channel intra-cardiac
ultrasound system employing a multi-channel crystal based
intra-cardiac ultrasound catheter. Synchronization processor
19 adaptively generates a series of synchronization gating
pulses 405 for corresponding heart function analysis, such as
of stroke volume and cardiac output analysis and diagnosis in
response to a cardiac function signal (such as pressure signal
403).

[0024] FIG. 5 illustrates non-uniform intra-cardiac ultra-
sound image scanning using different groups of ultrasound
crystals in response to derived cardiac function signal gating
pulse sequences. The multi-channel ultrasound crystals are
grouped and programmed based on data identifying a clinical
application and user preferences. Catheter 36 (FIG. 1) advan-
tageously activates and triggers different group crystals 1to N
for image scanning and data acquisition in response to corre-
sponding 1 to N cardiac function signal gating sequences
509-515 derived from hemodynamic or vital sign signals 503.
Synchronization processor 19 similarly derives composite
non-uniform cardiac function gating signal 507 from hemo-
dynamic or vital sign signals 503. In catheter 36, groups of
multi-channel ultrasound transducers comprising multiple
individual sound generation crystals, are oriented in different
kinds of direction (in increments in a range 0 to 360 degrees
around the catheter), and this enables single catheter 36 to
achieve real time 3D intra-cardiac mapping and image acqui-
sition without need for additional catheter movement or twist-
ing. For example, group 1 crystals are oriented in a designated
0 degree location on catheter 36 and are triggered by gating
signal sequence 1 509 and group N crystals are oriented in a
designated relative 330 degree circular location on catheter
36 and are triggered by gating signal sequence N 515. The
trigger signal time stamps and corresponding acquired
images may be in different cardiac cycles. In this way, a
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composite image is derived from information from the N
transducer groups. A 3D image is reconstructed in real time
from the imaging information provided by the different trans-
ducers for physician review.

[0025] FIG. 6 shows a multi-channel ultrasound catheter
with different groups of ultrasound crystals arranged at dif-
ferent angles on the catheter triggered by corresponding dif-
ferent respective pulse sequences to acquire a synchronized
cardiac function image. Catheter 36 employs N groups of
crystals (N transducers) including crystal group 1 (609), crys-
tal group 1 (610) and crystal group N (615) electrically pow-
ered via wires 630. A temperature measurement thermister
620 is located at the tip of catheter 36. The groups of crystals
are linearly aligned along catheter 36 and in 30 degree incre-
ments around catheter 36. The N different groups of crystals
609, 610 and 615 are gated and triggered by corresponding
different pulse sequences to produce a synchronized cardiac
function image.

[0026] FIG. 7 shows an ultrasound image acquired using a
non-uniform trigger signal 710 derived by synchronization
processor 19 using a combination of hemodynamic 703, EP
707 and vital sign 705 signals and data identifying a clinical
application or procedure. Non-uniform triggering and gating
signal 710 in another embodiment, is also derived in response
to electrical shock stimulation or ablation signals. Synchro-
nization processor 19 (FIG. 1) determines an optimized time
stamp and gating trigger pulse sequence used by an ultra-
sound image system to capture the best quality images for
diagnosing a region of interest (ROI), cardiac function analy-
sis and cardiac event prediction. The derived trigger pulse
sequence reduces noise effects (blurring and distortion) and
provides optimum image resolution.

[0027] FIG. 8 (FIG. 1) shows a flowchart of a process used
by ultrasound imaging system 10 for performing cardiac
function signal based patient image acquisition. System 10 in
step 807 initializes and performs a self-test using EP, hemo-
dynamic and vitals sign signals acquired in step 803. Acqui-
sition parameters of ultrasound image acquisition device 15
are set in step 809. Imaging device 15 adaptively adjusts
image acquisition in response to cardiac function signals to
provide optimum image pixel resolution for a particular clini-
cal application, such as maximum chamber volume estima-
tion or motion noise rejection, for example. Imaging device
15 performs non-uniform imaging by adaptively adjusting
parameters used for image acquisition, including image pixel
resolution, scanning time of each image frame, image sensi-
tivity and image system movement speed. Imaging device 15
adaptively selects different image pixel resolutions at differ-
ent cardiac cycle stages in response to data identifying a
clinical application. Device 15 selects high pixel resolution
image acquisition during a resting stage of the heart and
selects low pixel resolution image acquisition during periods
of fast squeezing and contracting heart tissue. The acquired
low resolution images are mapped and registered against the
high resolution images to provide a high resolution MPEG
compatible real time image sequence for physician review.
[0028] Ultrasound image acquisition device 15 performs
ultrasound image scanning and acquisition in step 821 gated
and synchronized using a trigger signal derived by synchro-
nization processor 19 in step 841. System 10 adaptively
adjusts image scanning and acquisition parameters using car-
diac function based gating and synchronizing signals includ-
ing a patient signal (waveform or synchronization pulse) and
derived trigger signals (such as frequency, energy, spectrum,
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dominant time or frequency signal components). Synchroni-
zation processor 19 derives the trigger signal in step 841 using
input signals provided in step 839 including cardiac hemody-
namic signals (including an intra-cardiac blood pressure sig-
nal, temperature signals, a blood flow speed signal), vital
signs signals (including non-invasive (and invasive) blood
pressure signals, respiration signals, SPO2 signal) and car-
diac electrophysiological signals (including surface ECG sig-
nals, intra-cardiac electrograms, both unipolar and bipolar
signals). The input signals are acquired in step 836 and digi-
tized and conditioned by patient monitoring system 12 and
sent to imaging system 15 in step 839. System 10 tunes image
scanning and acquisition based on the signals, to obtain an
optimum image for a specific application such as maximum
chamber volume calculation with motion noise rejection.
Specifically, imaging device 15 parameters are selected in
step 809 and imaging acquisition is controlled in step 821, in
response to physician commands entered in step 813.

[0029] Two dimensional image data acquired in step 821 is
processed in step 822 by imaging device 15 to form a 3D
imaging dataset and to be suitable for automated and physi-
cian interpretation for diagnosis. In step 823 imaging device
15 selects a process to use for analysis of an acquired image
to determine, medical condition, severity, time step used
between image acquisitions, chamber volume and to derive a
3D image reconstruction from a 2D image, for example.
Selectable processes include a process for chamber edge
determination for maximum chamber area and volume analy-
sis and image registration for vessel and chamber analysis.

[0030] In step 825 imaging device 15 performs qualitative
and quantitative analysis of the dataset generated in step 822
using a process selected in step 823. Specifically, imaging
device 15 performs qualitative and quantitative analysis of the
dataset to identify and characterize abnormal cardiac func-
tions and pathologies to determine image associated param-
eters and calculate image associated values and identify a
particular medical condition by mapping determined param-
eters and calculated values to corresponding value ranges
associated with medical conditions using mapping informa-
tion in repository 17. Imaging device 15 also determines
medical condition severity and chamber volume, for
example. Steps 822 and 825 are iteratively repeated in
response to manual or automatic direction in step 828 to
identify medical condition characteristics in one or more
different acquired images. In response to completion of itera-
tive image analysis, imaging device 15 in step 831 determines
location, size, volume, severity and type of medical condition
as well as time within a heart cycle. Imaging device 15 ini-
tiates generation of an alert message for communication to a
user in step 837 and provides medical information for use by
a physician in making treatment decisions. Imaging device 15
in step 833 presents images synchronized with a synchroni-
zation signal, to a user on reproduction device 39 or a printer
and stores images in repository 17.

[0031] FIG. 9 shows a flowchart of a process used by ultra-
sound medical imaging system 10 (FIG. 1) for adaptively
acquiring anatomical images. In step 912 following the start
at step 911, image acquisition device 15 adaptively selects
image pixel resolution of individual image frames of ana-
tomical images in response to data identifying a heart cycle
segment so that successively acquired image frames have
different image pixel resolution within a single heart cycle.
Image acquisition device 15 comprises an ultrasound image
acquisition device for initiating acquisition of anatomical
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images of a portion of patient anatomy in response to a heart
rate related synchronization signal. In step 915 device 15 uses
multiple ultrasound transducers for generating sound waves
in response to a control signal. The multiple ultrasound trans-
ducers are arranged in different transducer groups in catheter
36 and oriented to enable acquisition of different ultrasound
imaging information.

[0032] In step 918 synchronization processor 19 derives
first and different second synchronization signals using a
patient cardiac function blood flow related parameter and an
ECG or ICEG signal. The patient blood flow related param-
eter indicates at least one of, (a) invasive blood pressure, (b)
non-invasive blood pressure, (¢) blood flow velocity, (d)
blood flow acceleration and (e) blood flow frequency. In one
alternative, the heart rate related synchronization signal com-
prises a signal synchronized with end-diastolic pressure in a
cardiac cycle and derived from a non-invasive blood pressure
monitoring device or from a blood oxygen saturation (SpO2)
monitoring device. In another alternative, the heart rate
related synchronization signal comprises a signal synchro-
nized with end-systolic pressure in a cardiac cycle derived
from a non-invasive blood pressure monitoring device or a
blood oxygen saturation (SpO2) monitoring device. In a fur-
ther alternative, the synchronization signal is derived from
parameter data derived from a patient blood flow related
parameter comprising a blood pressure gradient indicator.
Further, image acquisition device 15 acquires multiple 2D
anatomical images of a patient heart in substantially the same
operational phase over multiple heart beat cycles in response
to a synchronization signal derived from the patient blood
flow related parameter. The same operational phase com-
prises at least one of; (a) an end of diastolic pressure (ED)
phase and (b) an end of systolic pressure (ES) phase.

[0033] Device 15 in step 920 activates a first group of the
different transducer groups in response to the first synchro-
nization signal for acquiring first ultrasound imaging infor-
mation and in step 923 activates a second group of the differ-
ent transducer groups in response to the different second
synchronization signal for acquiring second ultrasound imag-
ing information. In one embodiment, the first group of the
different transducer groups is activated in response to a blood
flow related parameter and a second group of the different
transducer groups is activated in response to an ECG or ICEG
signal. In step 926 device 15 generates a single composite
ultrasound image from the acquired first and second ultra-
sound imaging information and in step 929 presents the single
composite ultrasound image on reproduction device 39. The
process of FIG. 9 terminates at step 931.

[0034] A processor as used herein is a device for executing
stored machine-readable instructions for performing tasks
and may comprise any one or combination of, hardware and
firmware. A processor may also comprise memory storing
machine-readable instructions executable for performing
tasks. A processor acts upon information by manipulating,
analyzing, modifying, converting or transmitting information
for use by an executable procedure or an information device,
and/or by routing the information to an output device. A
processor may use or comprise the capabilities of a controller
or microprocessor, for example. A processor may be electri-
cally coupled with any other processor enabling interaction
and/or communication there-between. A processor compris-
ing executable instructions may be electrically coupled by
being within stored executable instruction enabling interac-
tion and/or communication with executable instructions com-
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prising another processor. A user interface processor or gen-
erator is a known element comprising electronic circuitry or
software or a combination of both for generating display
images or portions thereof. A user interface comprises one or
more display images enabling user interaction with a proces-
sor or other device.

[0035] An executable application comprises code or
machine readable instructions for conditioning the processor
to implement predetermined functions, such as those of an
operating system, a context data acquisition system or other
information processing system, for example, in response to
user command or input. An executable procedure is a segment
of code or machine readable instruction, sub-routine, or other
distinct section of code or portion of an executable applica-
tion for performing one or more particular processes. These
processes may include receiving input data and/or param-
eters, performing operations on received input data and/or
performing functions in response to received input param-
eters, and providing resulting output data and/or parameters.
A user interface (UI), as used herein, comprises one or more
display images, generated by a user interface processor and
enabling user interaction with a processor or other device and
associated data acquisition and processing functions.

[0036] The UI also includes an executable procedure or
executable application. The executable procedure or execut-
able application conditions the user interface processor to
generate signals representing the Ul display images. These
signals are supplied to a display device which displays the
image for viewing by the user. The executable procedure or
executable application further receives signals from user
input devices, such as a keyboard, mouse, light pen, touch
screen or any other means allowing a user to provide data to
a processor. The processor, under control of an executable
procedure or executable application, manipulates the UI dis-
play images in response to signals received from the input
devices. In this way, the user interacts with the display image
using the input devices, enabling user interaction with the
processor or other device. The functions and process steps
herein may be performed automatically or wholly or partially
in response to user command. An activity (including a step)
performed automatically is performed in response to execut-
able instruction or device operation without user direct ini-
tiation of the activity.

[0037] The system and processes of FIGS. 1-9 are not
exclusive. Other systems, processes and menus may be
derived in accordance with the principles of the invention to
accomplish the same objectives. Although this invention has
been described with reference to particular embodiments, it is
to be understood that the embodiments and variations shown
and described herein are for illustration purposes only. Modi-
fications to the current design may be implemented by those
skilled in the art, without departing from the scope of the
invention. System 10 automatically adaptively triggers image
acquisition and selects image resolution, scanning frequency
and acquisition speed of an (e.g., ultrasound) image system in
response to cardiac functions and data indicating a clinical
application. Further, the processes and applications may, in
alternative embodiments, be located on one or more (e.g.,
distributed) processing devices on a network connecting the
elements of FIG. 1. Any of the functions and steps provided in
FIGS. 1-9 may be implemented in hardware, software or a
combination of both.
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What is claimed is:

1. An ultrasound medical imaging system for adaptively

acquiring anatomical images, comprising:

an ultrasound image acquisition device for initiating acqui-
sition of anatomical images of a portion of patient
anatomy in response to a heart rate related synchroniza-
tion signal and including a plurality of ultrasound trans-
ducers for generating sound waves, said plurality of
ultrasound transducers being arranged in different trans-
ducer groups and oriented to enable acquisition of dif-
ferent ultrasound imaging information used in generat-
ing a single composite ultrasound image;

a synchronization processor for deriving said synchroniza-
tion signal from a patient cardiac function blood flow
related parameter, said synchronization signal enabling
adaptive activation of a particular group of said different
transducer groups for acquisition of ultrasound imaging
information used in generating said single composite
ultrasound image; and

a display processor for presenting said single composite
ultrasound image, acquired by said ultrasound image
acquisition device, to a user on a reproduction device.

2. A system according to claim 1, wherein

said synchronization processor provides a heart rate related
synchronization signal derived from a patient cardiac
function blood flow related parameter and an ECG or
ICEG signal and a first group of said different transducer
groups is activated in response to a blood flow related
parameter and a second group of said different trans-
ducer groups is activated in response to an ECG or ICEG
signal.

3. A system according to claim 1, wherein

said image acquisition device adaptively selects image
pixel resolution of individual image frames of said ana-
tomical images in response to data identifying a heart
cycle segment so that successively acquired image
frames have different image pixel resolution within a
single heart cycle.

4. A system according to claim 1, wherein

said heart rate related synchronization signal comprises a
signal synchronized with end-diastolic pressure in a car-
diac cycle.

5. A system according to claim 4, wherein

the end-diastolic pressure synchronized signal is derived
from a non-invasive blood pressure monitoring device.

6. A system according to claim 4, wherein

the end-diastolic pressure synchronized signal is derived
from a blood oxygen saturation (SpO2) monitoring
device.

7. A system according to claim 1, wherein

said heart rate related synchronization signal comprises a
signal synchronized with end-systolic pressure in a car-
diac cycle.

8. A system according to claim 7, wherein

the end-systolic pressure synchronized signal is derived
from a non-invasive blood pressure monitoring device.

9. A system according to claim 8, wherein

the end-systolic pressure synchronized signal is derived
from a blood oxygen saturation (SpO2) monitoring
device.

10. A system according to claim 1, wherein

said patient blood flow related parameter indicates at least
one of, (a) invasive blood pressure, (b) non-invasive
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blood pressure, (c) blood flow velocity, (d) blood flow
acceleration and (e) blood flow frequency.

11. A system according to claim 1, wherein

said synchronization signal is derived from parameter data
derived from a patient blood flow related parameter.

12. A system according to claim 11, wherein

said parameter data derived from said patient blood flow
related parameter is a blood pressure gradient indicator.

13. A system according to claim 1, wherein

said image acquisition device acquires a plurality of 2D
anatomical images of a patient heart in substantially the
same operational phase over a plurality of heart beat
cycles in response to said synchronization signal derived
from said patient blood flow related parameter.

14. A system according to claim 13, wherein

said same operational phase comprises at least one of, (a)
an end of diastolic pressure (ED) phase and (b) an end of
systolic pressure (ES) phase.

15. A system according to claim 1, wherein

said plurality of ultrasound transducers generate sound
waves in response to a control signal.

16. An ultrasound medical imaging system for adaptively

acquiring anatomical images, comprising:

an ultrasound image acquisition device for initiating acqui-
sition of anatomical images of a portion of patient
anatomy and including a plurality of ultrasound trans-
ducers for generating sound waves and a first group of
said different transducer groups is activated in response
to a first synchronization signal and a second group of
said different transducer groups is activated in response
to a different second synchronization signal, said plural-
ity of ultrasound transducers being arranged in different
transducer groups and oriented to enable acquisition of
different ultrasound imaging information used in gener-
ating a single composite ultrasound image;

a synchronization processor for deriving said synchroniza-
tion signal from a patient cardiac function blood flow
related parameter, said synchronization signal enabling
adaptive activation of a particular group of said different
transducer groups for acquisition of ultrasound imaging
information used in generating said single composite
ultrasound image; and
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a display processor for presenting said single composite
ultrasound image, acquired by said ultrasound image
acquisition device, to a user on a reproduction device.

17. A system according to claim 16, wherein

said synchronization processor derives the first and second
synchronization signals from a patient cardiac function
blood flow related parameter and an ECG or ICEG sig-
nal.

18. A system according to claim 16, wherein

said image acquisition device adaptively selects image
pixel resolution of individual image frames of said ana-
tomical images in response to data identifying a heart
cycle segment so that successively acquired image
frames have different image pixel resolution within a
single heart cycle.

19. A method of ultrasound medical imaging, comprising

the activities of:

using a plurality of ultrasound transducers for generating
sound waves, said plurality of ultrasound transducers
being arranged in different transducer groups and ori-
ented to enable acquisition of different ultrasound imag-
ing information;

activating a first group of said different transducer groups
inresponseto a first synchronization signal for acquiring
first ultrasound imaging information;

activating a second group of said different transducer
groups in response to a different second synchronization
signal for acquiring second ultrasound imaging infor-
mation;

generating a single composite ultrasound image from the
acquired first and second ultrasound imaging informa-
tion; and

presenting said single composite ultrasound image on a
reproduction device.

20. A method according to claim 19, including the activity

of

deriving the first and different second synchronization sig-
nals using a patient cardiac function blood flow related
parameter.
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