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(54) Methods and apparatus for defining a protocol for ultrasound machine

(57) A protocol-based ultrasound system (100) is
described comprising a memory (136) storing a tem-
plate (140) comprised of cells, each of the cells contain-
ing scan parameters (138) defining a scan sequence for
acquisition of ultrasound images along at least two scan
planes trough an object. The system includes a user in-
put (134) for entering, prior to scanning the object, pa-

rameter values for the scan parameters (138) associat-
ed with the cells in the template (140) to define the scan
sequences along the at least two scan planes. Also in-
cluded is a probe (106) scanning the object to automat-
ically and successively acquire ultrasound images along
the at least two scan planes based on the parameter
values for the scan parameters (138) in the cells.
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Description

[0001] The present invention relates to diagnostic ul-
trasound methods and systems. In particular, the
present invention relates to methods and apparatus for
defining a protocol in accordance with which ultrasound
scans are automatically performed.
[0002] Numerous ultrasound methods and systems
exist for use in medical diagnostics. Various features
have been proposed to facilitate patient examination
and diagnosis based on ultrasound images of the pa-
tient. For example, in stress-echo type heart studies,
portions of the heart may be scanned before and after
a stress test to provide corresponding base-line and
stress-level images of the selected portions of the heart.
[0003] However, scanning the same portions of the
heart during the base-line and stress levels of the tests
is difficult using current technology. The operator may
have difficulty in capturing the same portion of the heart
repeatedly during the stress test because, for example,
the patient is breathing harder at each stress level and
because the heart is beating faster and moving to a
greater extent within the patient's body than during the
base-line acquisition. The operator may have difficulty
positioning the probe to obtain the same reference
views and angles of the scanned object at advanced
stress levels as before stress for base-line recording.
The base-line and stress-level image slices may not
show the same portions and/or views of the heart such
that a physician may have to mentally visualize the anat-
omy based on the differing 2D scans and correct for the
differences between the before and after slices.
[0004] Further, the user normally obtains multiple ul-
trasound images while the patient is in a base-line state
and an equal number of ultrasound images at each
stress level. At base-line and at each stress level, the
ultrasound images are recorded continuously to form a
cine loop of real-time images of the myocardium along
a select scan plane. Also at each base-line and stress
level, cine loops of ultrasound images are acquired
along multiple scan planes.
[0005] Heretofore, the user manually adjusted a se-
ries of scan parameters between acquisition along each
scan plane. The manual adjustment process was re-
peated for each scan plane at base-line and at each
stress level. This process was slow and awkward for us-
ers and delayed completion of a stress test.
[0006] A need exists for methods and systems that
are able to define a protocol for automated acquisition
of ultrasound images along multiple scan planes.
[0007] A protocol-based ultrasound method is provid-
ed according to the invention. The ultrasound method
provides a template comprised of cells. Each of the cells
contain scan parameters defining a scan sequence for
acquisition of ultrasound images along scan planes
through an object. Prior to scanning the object, param-
eter values for the scan parameters associated with
cells in the template are entered by the user to define

the scan sequences along at least two scan planes. The
object is scanned with an ultrasound probe to automat-
ically and successively acquire ultrasound images along
at least two scan planes based on the parameter values
for the scan parameters in the cells.
[0008] In accordance with an alternative embodiment,
a method displays ultrasound images of an object that
is changing states in accordance with a protocol. Each
of the ultrasound images is acquired along a corre-
sponding scan plane through the object. A collection of
ultrasound images is provided. Each of the ultrasound
images is acquired along an associated scan plane
while the object is in an associated state. The display is
segmented into at least two quadrants or regions. A cor-
responding ultrasound image is presented in the quad-
rants, wherein co-displayed ultrasound images corre-
spond to one of a common state of the object and a com-
mon scan plane through the object.
[0009] In accordance with yet another embodiment,
an ultrasound system is provided with memory for stor-
ing a template comprised of cells. Each of the cells con-
tains parameters defining acquisition for an ultrasound
image along a corresponding scan plane through an ob-
ject. The configuration includes an input for entering, pri-
or to scanning the object, parameter values for the scan
parameters associated with the cells in the template.
The system includes a probe for scanning the object to
automatically acquire ultrasound images along at least
two scan planes based on the parameter values for the
scan parameters in the cells.
[0010] The invention will now be described in greater
detail, by way of example, with reference to the draw-
ings, in which:-

Figure 1 is a block diagram of an ultrasound system
formed in accordance with an embodiment of the
present invention.

Figure 2 is a block diagram of an ultrasound system
formed in accordance with an embodiment of the
present invention.

Figure 3 is a flowchart of an exemplary method for
use of a protocol template in performing stress
scans.

Figure 4 illustrates a screen display divided into four
quadrants in accordance with an embodiment of the
present invention.

Figure 5 illustrates a template of cells in accordance
with an embodiment of the present invention.

Figure 6 illustrates a screen display divided into four
quadrants in accordance with an embodiment of the
present invention.

Figure 7 illustrates a screen display that displays
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volumetric 3D/4D stress echo scans in accordance
with an embodiment of the present invention.

Figure 8 illustrates a portion of a template formed
in accordance with an embodiment of the present
invention.

Figure 9 illustrates a storage format for organizing
ultrasound images taken during a patient examina-
tion formed in accordance with an embodiment of
the present invention.

[0011] Figure 1 is a block diagram of an ultrasound
system 100 formed in accordance with an embodiment
of the present invention. The ultrasound system 100 is
configurable to acquire ultrasound information corre-
sponding to a plurality of two-dimensional (2D) repre-
sentations or images of a region of interest (ROI) in a
subject or patient. One such ROI may be the human
heart or the myocardium of a human heart. The ultra-
sound system 100 is configurable to acquire 2D image
planes in two or three different planes of orientation. The
ultrasound system 100 includes a transmitter 102 that,
under the guidance of a beamformer 110, drives a plu-
rality of transducer elements 104 within an array trans-
ducer 106 to emit pulsed ultrasound signals into a body.
The elements 104 within the array transducer 106 are
excited by an excitation signal received from the trans-
mitter 102 based on control information received from
the beamformer 110.
[0012] When excited, the transducer elements 104
produce ultrasonic waveforms that are directed along
transmit beams into the subject. The ultrasound waves
are back-scattered from density interfaces and/or struc-
tures in the body, like blood cells or muscular tissue, to
produce echoes which return to the transducer ele-
ments 104. The echo information is received and con-
verted into electrical signals by the transducer elements
104. The electrical signals are transmitted by the array
transducer 106 to a receiver 108 and subsequently
passed to the beamformer 110. In the embodiment de-
scribed below, the beamformer 110 operates as a trans-
mit and receive beamformer.
[0013] The beamformer 110 receives and uses scan
parameters 138 to control the operation of the transmit-
ter 102 to generate ultrasound scan beams and the re-
ceiver 108 to collect echo information. The beam former
through the use of information provided in the scan pa-
rameters 138 produces received beam information that
may be used in generating ultrasound images. Beam-
former 110 delays, apodizes and sums each electrical
signal with other electrical signals received from the ar-
ray transducer 106. The summed signals represent ech-
oes from the ultrasound beams or lines. The summed
signals are output from the beamformer 110 to an RF
processor 112. The RF processor 112 may generate in
phase and quadrature (I and Q) information. Alternative-
ly, real value signals may be generated from the infor-

mation received from the beamformer 110. The RF proc-
essor 112 gathers information (e.g. I/Q information) re-
lated to one frame and stores the frame information with
time stamp and orientation/rotation information into an
image buffer 114. Orientation/rotation information may
indicate the angular rotation one frame makes with an-
other. For example, in a tri-plane situation whereby ul-
trasound information is acquired simultaneously for
three differently oriented planes or views, one frame
may be associated with an angle of 0 degrees, another
with an angle of 60 degrees, and a third with an angle
of 120 degrees. Thus, frames may be added to the im-
age buffer 114 in a repeating order of 0 degrees, 60 de-
grees, 120 degrees, ...0 degrees, 60 degrees, 120
degrees, .... The first and fourth frame in the image buff-
er 114 have a first common planar orientation. The sec-
ond and fifth frames have a second common planar ori-
entation and the third and sixth frames have a third com-
mon planar orientation.
[0014] Alternatively, in a biplane situation, the RF
processor 112 may collect frame information and store
the information in a repeating frame orientation order of
0 degrees, 90 degrees, 0 degrees, 90 degrees, etc. The
frames of information stored in the image buffer 114 are
processed by the 2D display processor 116.
[0015] The 2D display processors 116, 118, and 120
operate alternatively and successfully in round-robin
fashion processing image frames from the image buffer
114. For example, the display processors 116, 118, and
120 may have access to all of the data slices in the im-
age buffer 114, but are configured to operate upon data
slices having one angular orientation. For example, the
display processor 116 may only process image frames
from the image buffer 114 associated with an angular
rotation of 0 degrees. Likewise, the display processor
118 may only process 60 degree oriented frames and
the display processor 120 may only process 120 degree
oriented frames.
[0016] The 2D display processor 116 may process a
set of frames having a common orientation from the im-
age buffer 114 to produce a 2D image or view of the
scanned object in a quadrant 126 of a computer display
124. The sequence of image frames played in the quad-
rant 126 may form a cine loop. Likewise, the display
processor 118 may process a set of frames from the im-
age buffer 114 having a common orientation to produce
a second different 2D view of the scanned object in a
quadrant 130. The display processor 120 may process
a set of frames having a common orientation from the
image buffer 114 to produce a third different 2D view of
the scanned object in a quadrant 128.
[0017] For example, the frames processed by the dis-
play processor 116 may produce an apical 4-chamber
view of the heart to be shown in the quadrant 126.
Frames processed by the display processor 118 may
produce an apical 2-chamber view of the heart to be
shown in the quadrant 130. The display processor 120
may produce frames to form an apical long-axis
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(APLAX) view of the heart to be shown in the quadrant
128. All three views of the human heart may be shown
simultaneously in real time in the three quadrants 126,
128, and 130 of the computer display 124.
[0018] A 2D display processor, for example the proc-
essor 116, may perform filtering of the frame information
received from the image buffer 114, as well as process-
ing of the frame information, to produce a processed im-
age frame. Some forms of processed image frames may
be B-mode data (e.g. echo signal intensity or amplitude)
or Doppler data. Examples of Doppler data include color
Doppler velocity data (CDV), color Doppler energy data
(CDE), or Doppler Tissue data (DTI)). The display proc-
essor 116 may then perform scan conversion to map
data from a polar to Cartesian coordinate system for dis-
play on a computer display 124.
[0019] Optionally, a 3D display processor 122 may be
provided to process the outputs from the other 2D dis-
play processors 116, 118, and 120. Processor 122 may
combine the 3 views produced from 2D display proces-
sors 116, 118, and 120 to form a tri-plane view in a quad-
rant 132 of the computer display 124. The tri-plane view
may show a 3D image, e.g. a 3D image of the human
heart, aligned with respect to the 3 intersecting planes
of the tri-plane. In one embodiment, the 3 planes of the
tri-plane intersect at a common axis of rotation. In other
embodiments, any number of planes may have any ori-
entation. For example, the user may want to acquire a
number of short-axis scan planes simultaneously from
the parasternal window at different levels from apex to
mitral plane in the heart. In this case, N number of planes
are acquired with same rotation angle but different tilt
angle.
[0020] A user interface 134 is provided which allows
the user to input scan parameters 138. The scan param-
eters 138 are associated with the cells of a template 140
stored in a memory 136. The scan parameters 138 may
allow the user to designate whether a biplane or tri-plane
scan is desired, and rotation and tilt angles between
planes. The scan parameters 138 may allow for adjust-
ing the depth and width of a scan of the object for each
of the planes of the biplane or tri-plane. The scan pa-
rameters 138 may include parameters for gain, frequen-
cy, focus position, mode, contact, and zoom. When per-
forming simultaneous acquisition of scan data from
three planes of a tri-plane, the beamformer 110 in con-
junction with the transmitter 102 signals the array trans-
ducer 106 to produce ultrasound beams that are fo-
cused within and adjacent to the three planes that slice
the scan object. The reflected ultrasound echoes are
gathered simultaneously to produce image frames that
are stored in the image buffer 114. As the image buffer
114 is being filled by the RF processor 112, the image
buffer 114 is being emptied by the 2D display processors
116, 118, and 120. The 2D display processors 116, 118,
and 120 form the data for viewing as 3 views of the scan
object in corresponding computer display quadrants
126, 130, and 128. The display of the 3 views in quad-

rants 126, 130, and 128, as well as an optional display-
ing of the combination of the 3 views in quadrant 132,
is in real time. Real time display makes use of the scan
data as soon as the data is available for display.
[0021] Figure 2 is a block diagram of an ultrasound
system 200 formed in accordance with an embodiment
of the present invention. The system includes a probe
202 connected to a transmitter 204 and a receiver 206.
The probe 202 transmits ultrasonic pulses and receives
echoes from structures inside of a scanned ultrasound
volume 208. The memory 212 stores ultrasound data
from the receiver 206 derived from the scanned ultra-
sound volume 208. The volume 208 may be obtained
by various techniques (e.g., 3D scanning, real-time 3D
imaging, volume scanning, 2D scanning with transduc-
ers having positioning sensors, freehand scanning us-
ing a voxel correlation technique, 2D or matrix array
transducers and the like).
[0022] The probe 202 is moved, such as along a linear
or arcuate path, while scanning a region of interest
(ROI). At each linear or arcuate position, the probe 202
obtains scan planes 210. Alternatively, a matrix array
transducer probe 202 with electronic beam steering may
be used to obtain the scan planes 210 without moving
the probe 202. The scan planes 210 are collected for a
thickness, such as from a group or set of adjacent scan
planes 210. The scan planes 210 are stored in the mem-
ory 212, and then passed to a volume scan converter
214. In some embodiments, the probe 202 may obtain
lines instead of the scan planes 210, and the memory
212 may store lines obtained by the probe 202 rather
than the scan planes 210. The volume scan converter
214 may process lines obtained by the probe 202 rather
than the scan planes 210. The volume scan converter
214 receives a slice thickness setting from a control in-
put 216, which identifies the thickness of a slice to be
created from the scan planes 210. The volume scan
converter 214 creates a 2D frame from multiple adjacent
scan planes 210. The frame is stored in slice memory
218 and is accessed by a volume rendering processor
220. The volume rendering processor 220 performs vol-
ume rendering upon the frame at a point in time by per-
forming an interpolation of the values of adjacent
frames. The output of the volume rendering processor
220 is passed to the video processor 222 and the display
224.
[0023] The position of each echo signal sample (vox-
el) is defined in terms of geometrical accuracy (i.e., the
distance from one voxel to the next) and ultrasonic re-
sponse (and derived values from the ultrasonic re-
sponse). Suitable ultrasonic responses include gray
scale values, color flow values, and angio or power Dop-
pler information. Power Doppler information is not suit-
able for surface rendering of quantitative information.
Surface rendering of quantitative information requires
the aquisition of a B mode (or gray scale) slice. Interpo-
lation of adjacent frames or planes at different depths is
performed in first and second scan planes that intersect
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with one another along a common axis to derive syn-
thetic ultrasound data estimating a surface of the object.
[0024] Figure 3 is a flowchart 300 of an exemplary
method for use of a protocol defined in a template for
performing stress echo examination of a patient. The
method provides at 302 a template comprised of cells.
Each cell contains scan parameters defining acquisition
of data along a corresponding scan plane through an
object. The object may be a patient. The ultrasound sys-
tem 100 acquires one or a series of ultrasound images
along each scan plane based on the associated values
for the scan parameters. The type of multiplane acqui-
sition, e.g. biplane, tri-plane, or N-plane, may be spec-
ified in a cell of the template by the user. The system
100 sets the angles, orientation, tilt, and the like for a
given type of multiplane scan for the planes with respect
to one another based on predefined default values or
user entered parameter values. For example, if the user
designates tri-plane imaging for the template, the user
may then set parameter values for the angles of the
planes to be 0 degrees, 60 degrees and 120 degrees
with respect to a base reference plane. The system 100
uses the user entered parameters values during a base-
line examination, and the same parameter values are
remembered and used by the system 100 during exam-
ination at each stress level in the test. In one example,
the template corresponds to a stress echo examination
for a patient and each of the cells corresponds to one of
a base line and discrete stress levels.
[0025] Prior to scanning the object, parameter values
may be entered by the user at 304 for the scan param-
eters associated with cells in the template defining the
protocol. Generic scan parameters may be set before
the patient arrives for the exam, such as based on the
type of stress exams to be performed. The scan param-
eters may include patient-specific scan parameters in
addition to generic scan parameters, which are set when
the patient arrives for the examination. For example, if
the dimensions of a patient's heart are larger or smaller
than normal, the patient-specific scan parameters may
need to be adjusted accordingly.
[0026] The parameter values for all of the cells in the
template are entered by a user before beginning any
portion of the complete examination. For example, the
second and third cells may specify scan parameters for
the plane angles, tilt and the like that are set to default
levels or by the user based on the type of multiplane
scan that may be specified in the first cell.
[0027] The scan parameters include protocol generic
parameters. The scan parameters may define three
scan planes intersecting along a common axis extend-
ing from the probe. The object is scanned substantially
simultaneously along the three scan planes based on
the parameter values of an associated cell. Alternative-
ly, the scan parameters may define two scan planes in-
tersecting along a common axis extending from the
probe. The object is scanned substantially simultane-
ously along the two scan planes based on the parameter

values of an associated cell. In general, the scan pa-
rameters may define multiple planes that are scanned
along based on the parameter values of an associated
cell. Examples of a template format of cells that may be
used to define scan protocols are provided in Figures 5
and 8.
[0028] Figure 5 illustrates a template 500 of cells
502-516 in accordance with an embodiment of the
present invention. In the embodiment exemplified by
Figure 5, a cell contains information about all the planes
for a recording, e.g. a biplane or a tri-plane recording. A
cine recording may be acquired for all planes specified
by the parameter information of a cell and stored into an
image file that is associated with the cell. For example,
by selecting and populating the cell 502, the user has
selected for the ultrasound system 100 (Figure 1) to per-
form some type of biplane scan, e.g. a PLAX-PSAX
scan, for the patient. By selecting and populating the cell
510, the user has selected to have the ultrasound sys-
tem 100 perform a tri-plane scan for the patient. Param-
eters P1 and P2 of cell 502 may correspond to the scan
width and depth of the scan, and may require valuing by
the user. Other parameters may correspond to the gain,
frequency and focus depths. Once parameters within
the cell 502 that require valuing by the user are valued,
the template may automatically populate values for the
remaining parameters of the cell 502 based on the val-
ues entered for required parameters. The cells 504, 506,
and 508 correspond to scan parameters for defining a
stress level 1 (SL1), stress level 2 (SL2), and stress level
3 (SL3) acquisition of data. The parameters of cells 504,
506, and 508 may be automatically populated from the
parameters of cell 502, in which case the scan data is
collected in a similar fashion as the data for cell 502.
Differences in the images produced for base-line and
SL1-SL3 occur due to the inducement of the different
stress levels in the patient.
[0029] The user may select and populate cells 502
and 510 of the template 500 to designate acquiring scan
data for both biplane and tri-plane recordings. In select-
ing and entering parameter information for both columns
(biplane and tri-plane) of the template 500, the system
100 of Figure 1 acquires scan data for both a biplane
and tri-plane view. The biplane and tri-plane acquisitions
in one stress level may be done as follows, for example.
First a biplane acquisition from the parasternal window
(trans-thoracic window) is performed to get PLAX and
PSAX projections, then the probe 106 (Figure 1) is
moved to perform the tri-plane acquisition from the api-
cal window (trans-thoracic window) to get 4-ch, 2-ch and
APLAX projections.
[0030] Figure 8 illustrates a portion of a template 800
formed in accordance with an embodiment of the
present invention. The embodiment exemplified by Fig-
ure 8 is different from that exemplified by Figure 5 in that
multiple cells contain the parameter information for the
planes of a recording. For example, a biplane recording
may populate cells 802, 804, 806, and 808 in Figure 8,
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while in only the cell 502 is populated in Figure 5 to spec-
ify a biplane recording. The template 800 shows a row
of cells 802, 804, 806, 808, 810, and 812 that define for
a patient an ultrasound test to be performed on the pa-
tient. The values for the row of cells 802-812 may be
used for a base-line test and remembered by the system
100 (Figure 1) for successive stress-level tests. The cell
802 is valued with the patient's name and information.
The valuing or population of values for the cells 802-812
may be done before the patient arrives for testing. The
cell 804 identifies the protocol name or test type to be
performed on the patient, which may also include or de-
termine the number of scan planes along which to col-
lect scan information. The number of scan planes may
determine the number of succeeding cells in the row
needing valuing. The cell 806 defines scan parameter
information for a scan plane #1. The cell 808 defines
scan parameter information for a scan plane #2, and the
cell 810 for a scan plane #3. An angle 814 and a tilt 816
are examples of scan parameters. As an example, the
cell 806 may have the angle 814 valued with 0 degrees
and the tilt 816 valued with 0 degrees. The cell 808 may
have the angle 814 valued with 60 degrees and tilt 816
valued with 0 degrees. The cell 810 may have the angle
814 valued with 120 degrees and the tilt 816 valued with
10 degrees. A template 800 may be provided with a de-
fault number of columns or cells in a row, e.g. the cell
812 being for an Nth scan plane.
[0031] Some scan parameters may be automatically
valued with normally preferred default values as the us-
er enters values for the scan parameters. For example,
the user may value the cell 804 with a protocol name
indicating that a 4-chamber PLAX tri-plane scan test is
needed. The system 100 may then value the angle 814
and the tilt 816 of cells 806, 808, and 810 with appropri-
ate default values for a patient with a normal heart size
and shape. If after the patient arrives for testing, the pa-
tient's heart size and/or shape are not normal, the user
may adjust the values for the angle 814 and the tilt 816
parameters accordingly. Such changes to the scan pa-
rameter values may be remembered by the system 100
for performing successive stress tests. In an alternative
embodiment, selecting the name of a column in the tem-
plate (e.g. "Par LAX SAX") will result in default scan pa-
rameters for the number of planes and angles (e.g. 2
planes with rotation angle 90 degrees and tilt angle -5
degrees).
[0032] Returning to Figure 3, at 306, the object is
scanned with an ultrasound probe to automatically ac-
quire ultrasound images along at least two scan planes
based on the parameter values for the scan parameters
in the cells. The object is scanned first and second times
that are separated by an interval during which a state of
the object is changed. The object is scanned at least
first and second times substantially simultaneously (e.
g., within 0.02 seconds) along first and second scan
planes without moving the probe between the at least
first and second times and without adjustment by the

user of the scan parameter. Series of consecutive ultra-
sound images acquired along each of the at least two
scan planes may be recorded for playback as a cine-
loop. The base-line may be recorded for playback as a
cine-loop as well as the different stress levels.
[0033] Ultrasound images of an object that is chang-
ing states in accordance with a protocol are collected at
308. Each of the ultrasound images is acquired along a
corresponding scan plane through the object. A collec-
tion of ultrasound images is stored in memory 114. Each
of the ultrasound images is acquired along an associat-
ed scan plane while the object is in an associated state.
[0034] Figure 9 illustrates a storage format 900 for or-
ganizing ultrasound images 906 taken during a patient
examination. The storage format 900 is an array of cells
910 organized into rows 902 and columns 904. Each
column 904 is associated with an acquisition state de-
fined by scan parameters, e.g. scan plane #1, scan
plane #2, scan plane #3, or scan plane #4. Each row
902 is associated with an object or patient state, e.g.
base-line, stress level #1, stress level #2, stress level
#3, or stress level #4. For example, the cell 910 stores
an ultrasound image 906 for a scan acquired along scan
plane #4 when the patient is at base-line with no induced
stress. A real-time series of ultrasound images forming
a cine loop 908 may be stored in a cell 912. The cine
loop 908 of the cell 912 provides for a playback of the
images acquired along scan plane #4 when the patient
is at stress level #1. In an alternative embodiment, the
four columns shown in Figure 9 for scan plane #1, scan
plane #2, scan plane #3, and scan plane #4 may be col-
lapsed into one column such that a cell is provided for
the baseline row. The embodiment in this case may as-
sociate the cine loop for all planes for a given object
state (e.g. baseline) to one cell.
[0035] Returning to Figure 3, at 310, the display is
segmented into at least two quadrants. Four quadrants
may be shown, and the quadrants may contain ultra-
sound images acquired along a common scan plane
while the object is in four different states.
[0036] At 312, corresponding ultrasound images are
presented in the quadrants, wherein co-displayed ultra-
sound images correspond to one of a common state of
the object and a common scan plane through the object.
Three quadrants, containing ultrasound images ac-
quired at three different scan planes while the object is
in a common state may be presented. A recorded series
of consecutive ultrasound images may be played back
in at least two of the quadrants.
[0037] Figure 4 illustrates a screen display 400 divid-
ed into four quadrants 402, 404, 406, and 408 in accord-
ance with an embodiment of the present invention. The
quadrants 402 and 404 in the left side or column of the
screen display 400 show a base-line scan along two
planes (biplane scan) of an object, e.g. a patient's heart.
Quadrant 402 displays a scan image of the patient's
heart along an parasternal long-axis (PLAX) plane, and
quadrant 404 displays a scan image of the patient's
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heart along an parasternal short-axis (PSAX) plane. A
series of consecutive ultrasound images may be ac-
quired along each of the two planes to form a cine loop
for each of the two planes. The images shown in quad-
rants 402 and 404 are at base-line. The base-line PLAX
and PSAX scans are taken before the patient is submit-
ted to stress. The selected right column 410 of the
screen display 400 shows a stress-level scan, e.g. a
stress level 1 (SL1) scan, of the patient's heart after the
patient has been submitted to stress. The image shown
in quadrant 406 is from the same orientation and portion
of the heart as the image shown in quadrant 402, except
the image of quadrant 406 is after stress has been in-
duced in the patient.
[0038] In comparing the views in quadrants 402 and
406, the user is able to see the same area of the heart
correspondingly before and after stress inducement.
Likewise, quadrants 404 and 408 show a same view of
the heart before and after stress inducement. The base-
line quadrants 402 and 404 may be a cine loop of imag-
es acquired during base-line, while the quadrants 406
and 408 may show live images of the patient after un-
dergoing a stress level 1 (SL1). To acquire or collect 308
the images displayed in the quadrants 402-408, a stress
template may be used.. Although Figure 4 shows only
the column 410 for display of stress test images, a user
may alternate between displaying images acquired for
SL1, SL2, and SL3 in the column 410 by sequentially
clicking a mouse pointer, for example, in the column
410. Figure 4 illustrates the situation in protocol acqui-
sition (live scanning) when the left side of the screen
shows the reference image (base-line) and the right side
shows a live image. After acquisition of all stress levels
is completed, the user may review a combination of im-
ages in protocol analysis, e.g. by selecting images with
a mouse cursor, or more typically by recalling a protocol
analysis group. A tri-plane view or display is similar to
the display of the biplane view in screen display 400,
with the addition of a third row in the tri-plane display for
a third scan plan.
[0039] Figure 6 illustrates a screen display 600 divid-
ed into four quadrants 602, 604, 606, and 608 in accord-
ance with an embodiment of the present invention. Each
quadrant shows a view along the same scan plane, but
at different times, e.g. at base-line, SL1, SL2, and SL3.
The screen display 600 provides the user a view of the
patient along the same scan plane at different levels of
induced stress. The user interface 134 (Figure 1) may
provide through use of a mouse, for example, a method
for selecting a different scan plane to view in the four
quadrants 602-608 that correspond to base-line, SL1,
SL2, and SL3. When analyzing a scan plane from four
different levels from biplane or tri-plane recordings, a
Next button may be implemented in the user interface
134 that sequences through all scan planes in the re-
cordings. If currently seeing the last scan plane and hit-
ting Next, the system may sequence to the next analysis
group of recordings..

[0040] Figure 7 illustrates a screen display 700 that
displays volumetric 3D/4D stress echo scans in accord-
ance with an embodiment of the present invention. Fig-
ure 7 illustrates an embodiment of a screen display 700
with four quadrants 702, 704, 706, and 708, and a small-
er quadrant 710. Typically, one volume is acquired for
each stress level, and various views of the volume at a
stress level are displayed in the quadrants 702-708 of
the screen display 700. In an alternative embodiment,
two or more volumes may be acquired for a stress level
corresponding to two or more views or probe positions.
In the alternative embodiment, each quadrant of a
screen display may display a view of a different volume
acquired for one or more stress levels. Figure 7 shows
a view of the same volume acquired at base-line or at a
predetermined stress level in quadrant 710.
[0041] The quadrant 710 may display a 2D view of the
volume at base-line. A corresponding view may be
shown in one of the other quadrants, e.g. the quadrant
702, at a stress level, e.g. at stress level 1 (SL1). The
quadrants 704 and 706 may show two different 2D views
of the volume at SL1. For example, the view presented
in quadrant 704 may be viewing the volume for a short-
axis heart view at SL1. The view presented in quadrant
706 may be viewing the volume for a 2-chamber heart
view at SL1. The view presented in quadrant 702 may
be viewing the volume for a 4-chamber heart view at
SL1. Quadrant 708 shows a 3D view from SL1 with at
least two cut planes 712 and 714 that indicate the views
shown in quadrants 702 and 706. The horizontal cut
plane 716 indicates to the user at what depth a short-
axis view is shown in quadrant 704. The user via the
user interface 134 (Figure 1) may adjust the scan pa-
rameters 138 to elevate or lower the horizontal cut plane
716 along the LDV axis to vary the depth of the short-
axis view displayed in quadrant 704. In other embodi-
ments of the present invention a short-axis display from
each of a number of stress levels may be shown, allow-
ing the user to elevate or lower the cut plane synchro-
nously for all displays (also known as short-axis (SAX)
sliding). This may be done either in live scanning or after
acquiring all stress levels during the analysis phase of
the examination.
[0042] Similar to the use of the template 500 for mul-
tiplane acquisition stress testing, a template may be pro-
vided and populated for the volumetric 3D/4D stress
echo scan. After valuing the user required parameters,
e.g. patient-specific parameters and selected views to
be displayed, generic parameters may be determined
automatically, for example, whether ECG stitching is to
be used and if so, the number of stitches to be used.
Parameters may be automatically populated in the
stress-level cells of the template from the baseline cell.
The 3D/4D template preserves the same geometric ori-
entation and/or volume geometry used for base-line for
acquisition of volumes for stress-level tests. For exam-
ple, the quadrants 702, 704, and 706 display views at
SL1 of a volume acquired with the same geometric ori-
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entation and/or volume geometry as used for the volume
of the base-line view in quadrant 710. Preserving the
base-line volume geometry for use in collecting volumes
for stress levels is accomplished by the automatic pop-
ulation of parameters in the template cells for the stress
levels. The cut planes 712 and 714 of the reference view
in quadrant 708 may be rotated. When rotating the ref-
erence view in quadrant 708, the views in quadrants
702, 704, 706, and 710 are correspondingly rotated.
Thus, the orientation of the views presented in quad-
rants 702, 704, 706, and 710 are synchronized to the
view orientation presented to the user in the reference
view of the quadrant 708.
[0043] In an alternative embodiment, a protocol tem-
plate may have volume (3D/4D), 2D multiplane record-
ings, and single plane recordings combined. The tem-
plate may be populated for a patient (generic parame-
ters valued) before the patient's arrival for stress tests
that include volume, multiplane and single plane stress
tests.
[0044] Exemplary embodiments of diagnostic ultra-
sound systems are described above in detail. The sys-
tems are not limited to the specific embodiments de-
scribed herein, but rather, components of each system
may be utilized independently and separately from other
components described herein. Each system component
can also be used in combination with other system com-
ponents.

Claims

1. An ultrasound system (100, 200), comprising:

memory (136) storing ( a template (140) com-
prised of cells (502-516, 802-812, 910-912),
each of said cells (502-516, 802-812, 910-912)
containing scan parameters (138) defining a
scan sequence for acquisition (308) of ultra-
sound images (906) along at least two scan
planes (210, 712, 714) through an object;
a user input (134) for entering (304), prior to
scanning (306) the object, parameter values for
said scan parameters (138) associated with
said cells (502-516, 802-812, 910-912) in said
template (140) to define said scan sequences
along the at least two scan planes (210, 712,
714); and
a probe (106, 202) scanning (306) the object to
automatically and successively acquire (308)
ultrasound images (906) along the at least two
scan planes (210, 712, 714) based on said pa-
rameter values for said scan parameters (138)
in said cells (502-516, 802-812, 910-912).

2. The ultrasound system (100, 200) of Claim 1, fur-
ther comprising a beamformer (110) utilizes said
scan parameters (138) during different stages of a

patient examination in accordance with a patient
protocol.

3. The ultrasound system (100, 200) of Claim 1,
wherein said probe (106, 202) acquires (308) said
ultrasound images (906) along both of said first and
second scan planes (210, 712, 714) without moving
said probe (106, 202).

4. The ultrasound system (100, 200) of Claim 1,
wherein said memory (136) record a series of con-
secutive ultrasound images (906) acquired (308)
along each of said at least two scan planes (210,
712, 714) for playback as a cine-loop (908).

5. The ultrasound system (100, 200) of Claim 1,
wherein said scan parameters (138) include at least
one of gain, depth, width, mode, zoom, rotation and
tilt (816).

6. The ultrasound system (100, 200) of Claim 1, fur-
ther comprising a processor (116, 118, 120, 122) for
automatically calculating said parameter values for
a second cell (502-516, 802-812, 910-912) in said
template (140) based on said parameter values for
a first cell (502-516, 802-812, 910-912) in said tem-
plate (140) that are entered (304) by a user.

7. The ultrasound system (100, 200) of Claim 1,
wherein said probe (106, 202) scans (306) the ob-
ject at least first and second times substantially si-
multaneously along first and second scan planes
(210, 712, 714) without moving the probe (106, 202)
between said at least first and second times and
without a user entering (304) new scan parameters
(138).

8. The ultrasound system (100, 200) of Claim 1,
wherein said scan parameters (138) include proto-
col generic parameters, said system including a
processor (116, 118, 120, 122) automatically enter-
ing (304) said parameter values for said protocol
generic parameters to said cells (502-516, 802-812,
910-912) of said template (140).

9. The ultrasound system (100, 200) of Claim 1,
wherein said scan parameters (138) define at least
three scan planes (210, 712, 714) intersecting
along a common axis extending from said probe
(106, 202), said probe (106, 202) scanning (306)
the object substantially simultaneously along said
at least three scan planes (210, 712, 714) based on
said parameter values of an associated said cell
(502-516, 802-812, 910-912).

10. A protocol-based ultrasound method (300), com-
prising:
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providing (302) a template (140) comprised of
cells (502-516, 802-812, 910-912), each of said
cells (502-516, 802-812, 910-912) containing
scan parameters (138) defining (304) a scan
sequence for acquisition (308) of ultrasound
images (906) along a scan plane (210, 712,
714) through an object;
prior to scanning (306) the object, entering
(304) parameter values (138) for said scan pa-
rameters (138) associated with said cells
(502-516, 802-812, 910-912) in said template
(140) to define (304) said scan sequences
along at least two scan planes (210, 712, 714);
and
scanning (306) the object with an ultrasound
probe (106, 202) to automatically and succes-
sively acquire (308) ultrasound images (906)
along at least two scan planes (210, 712, 714)
based on said parameter values for said scan
parameters (138) in said cells (502-516,
802-812, 910-912).
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