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Description

[0001] This invention relates to medical diagnostic sys-
tems and, in particular, to ultrasonic diagnostic imaging
systems for diagnosing the fetal heart by three dimen-
sional (3D) imaging.
[0002] Ultrasound is well suited for fetal imaging be-
cause it performs noninvasive imaging without exposing
either the mother or the fetus to ionizing radiation. An
objective of many fetal examinations is to assess the de-
velopment of the fetal anatomy to determine whether the
fetus is developing normally. As ultrasound image quality
has improved over the years, more areas of the anatomy
can be visualized for development assessment and in
greater detail. Consequently fetal ultrasound exams
have become more thorough with increased require-
ments for anatomy which is to be inspected. One area
of the anatomy which is greatly scrutinized is the devel-
oping fetal heart. In recent years the outflow tracts of the
heart have become a focus of greater attention. The car-
diac outflow tracts of the fetal heart can be difficult to
image, however. One reason for this is the small size of
this fetal anatomy. Another reason is that it is desirable
to not simply view the anatomy, but also the dynamics
of the flow characteristics through the outflow tracts over
the full fetal heart cycle. A further reason is that the out-
flow tracts undergo considerable development as the fe-
tus grows, and consequently can have varying appear-
ances and complexity depending on fetal age. The out-
flow tracts can thus be difficult to identify on the ultra-
sound display, and it can be even more difficult to acquire
an image frame of the proper orientation for an adequate
diagnosis.
[0003] Some of these demands have been eased by
the recent use of 3D ultrasound to image the fetal heart.
With 3D imaging, the full fetal heart can be imaged and
a sequence of 3D image data sets can be acquired for
later replay and diagnosis. When data of the full fetal
heart is acquired in the data sets, the image data can be
examined during post-acquisition diagnosis to locate the
outflow tracts of the heart. Different varying 2D image
planes can be extracted from the 3D data in multiplanar
reconstruction (MPR), so that an image plane of a desired
orientation can be examined. Three dimensional imaging
thus addresses many of the static imaging challenges
which are problematic with 2D fetal imaging. Recently
the problem of analyzing the temporal dynamics of fetal
blood flow have been addressed by a technique called
"spatial-temporal image correlation," or STIC. With STIC,
a sweep is made through the fetal heart with ultrasound
and many image frames are acquired over a sequence
of heart cycles. When done by manually scanning with
a 2D ultrasound probe, this image acquisition can take
ten seconds or longer. The same acquisition can be per-
formed with a mechanical 3D probe which mechanically
sweeps the image plane through the fetal heart region,
but 3D mechanical probes often have poorer elevation
focus which leads to inaccuracies when constructing

MPR images in the elevation dimension. After the acqui-
sition is complete and the image frames are stored, image
frames of the desired anatomy, created by MPR recon-
struction if necessary, are reassembled into a loop of
images according to their phase sequence in the fetal
heart cycle. This task is made difficult by the fact that no
ECG signal of the fetal heart is available for this reorder-
ing. A fetal ECG cannot be acquired during imaging since
ECG electrodes cannot be attached to the fetus and the
fetal electrical impulses are overwhelmed by the mother’s
own ECG signals. Consequently it is necessary to extract
a synthetic timing signal of the fetal heart cycle from the
fetal heart images. This is done by determining event
triggers based on fetal tissue movement at or near the
heart as described in US Pat. 7,261,695 (Brekke et al.)
The synthetic heart cycle trigger signals are then used
to reorder the images from multiple heart cycles into one
loop.of a heart cycle in which the frames are in heart beat
phase order.
[0004] The STIC technique is not without its difficulties
however. One is the robustness of the reassembly algo-
rithm. Since the typical acquisition creates far too many
images to reorder manually, algorithms have been de-
veloped to do the reordering of the frames automatically.
These algorithms are dependent upon image data qual-
ity, which can be less than adequate. Efforts have been
made to improve this situation by using recommended
manipulation of the probe to acquire optimal data sets,
but this is technique-dependent and its use of anatomical
statistics can cause it to be individual patient-dependent.
But a greater problem is that the fetus frequently moves
and may not remain stationary during the full ten or more
seconds needed for data acquisition. When the fetus
moves the orientation of the desired image data relative
to the probe will change, and may leave the field of view
entirely, resulting in an absence of the desired anatomy
from the acquired data set. Also, fetal movement during
the acquisition limits the accuracy of the derived synthetic
fetal heart cycle, which introduces artifacts into the re-
constructed 3D data.
[0005] An alternative to STIC which addresses these
problems is described in Brekker S. et al, "Tissue Doppler
Gated (TDOG) Real-Time Stitching in Three-Dimension-
al Fetal Echocardiography", 2006 IEEE ULTRASONICS
SYMPOSIUM, pages 764-767. That article, representing
the closest prior art document for the invention, suggests
a real-time gating signal for fetal echocardiography. An
ultrasound system discussed in the article was set up to
acquire 3D gray-scale data and 3D tissue Doppler data
simultaneously, with only the gray-scale data visible to
the sonographer. Derived from the Doppler data, a gating
signal was calculated in real-time. The gating signal trig-
ger events were used to induce changes in the geometry
setup of the 3D gray-scale scan, ensuring that data from
consecutive cardiac cycles were captured from separate
parts of the total volumetric scan.
[0006] Similar problems were addressed in U.S. patent
application publication US 2012/0123267A1 by Jago et

1 2 



EP 2 582 302 B1

4

5

10

15

20

25

30

35

40

45

50

55

al. and entitled THREE DIMENSIONAL FETAL HEART
IMAGING BY NON-ECG PHYSIOLOGICAL GATED AC-
QUISITION. In that application, a diagnostic ultrasound
system is described which acquires 3D fetal heart data
sets gated to the fetal heart cycle by a physiologically
derived gating signal. The fetal heart is imaged by either
1D, 2D or 3D imaging and echo signals from a target
exhibiting suitable motion are acquired. For fetal heart
imaging the target could be the heart muscle of the fetus
or motion of blood in the fetal carotid artery, for example.
The motion signals are processed to produce a gating
signal synchronized to the fetal heart cycle, which is used
to gate 3D image data acquisition. Three dimensional
data sets are then acquired in timed relation to the phase
of the fetal heartbeat using this physiologically derived
gating signal. Gating of acquisition in 3D is much easier
to achieve with a 2-dimensional matrix transducer incor-
porating a micro-beamformer, since in this case imaging
planes can be generated electronically in any sequence
or orientation. Using such a matrix transducer, a loop of
a heart cycle can generally be acquired in less than one
second and several loops can be acquired in only a few
seconds. Since the acquired image data is already in
phase with the fetal heart cycle there is no need to reorder
the image data, and since the acquisition takes only a
few seconds, fetal movement is less of a concern. One
other advantage of this approach, compared to STIC, is
that the user can be presented with reconstructed images
that show the quality of the acquisition, so that the use
can decide if any motion artifacts are present before com-
pleting the data acquisition. If the fetus does move during
the short acquisition interval the probe can be reposi-
tioned and another 3D data acquisition performed. The
successfully acquired 3D data can thereafter be carefully
analyzed during post-acquisition diagnosis. It is desirable
to provide a workflow for the clinician which makes such
a system easy to use. In particular it is desirable for the
system workflow to easily and reliably acquire the phys-
iologically derived gating signal, to know when a stable
gating signal is being produced, and to enable the clini-
cian to promptly acquire the desired loops of the fetal
heart with the gating signal.
[0007] In accordance with the principles of the present
invention, a diagnostic ultrasound has a workflow and
controls which facilitate acquisition of a loop of 3D fetal
heart images with a synthetically derived heart gating
signal. The heart rate is derived during 3D imaging with-
out the need to exit to another imaging mode. The work-
flow enables the clinician to set a 3D region of interest
(ROI) about the fetal heart, then automatically acquire
the fetal heart rate. When the clinician presses the "trig-
gered" control, the system begins to acquire the fetal
heart rate, and provides feedback to the clinician when
a suitable heart rate signal is being acquired. The clinician
then presses a "start" control to initiate triggered 3D ac-
quisition. Within a second or two the triggered 3D image
acquisition is complete and the image loops are ready
for post-acquisition analysis.

[0008] In the drawings:

FIGURE 1 illustrates in block diagram form an ultra-
sonic diagnostic imaging system constructed in ac-
cordance with the principles of the present invention.
FIGURE 2 illustrates a typical ultrasound system on
which a 3D fetal heart imaging system of the present
invention has been implemented.
FIGURE 3 is a flowchart of a workflow of the present
invention for acquiring a trigger signal for fetal heart
imaging, then using the trigger signal for 3D image
acquisition.
FIGURE 4 illustrates a control panel in accordance
with the present invention for setting an ROI of the
fetal heart.
FIGURE 5 illustrates a 3D display which is suitable
for use in carrying out the fetal heart acquisition work-
flow of the present invention.
FIGURES 6a and 6b illustrate a control panel for
optionally acquiring a trigger signal either manually
or automatically.
FIGURE 7 illustrates one technique for automatically
acquiring a fetal heart trigger signal.
FIGURE 8 illustrates a 3D display which additionally
displays an M mode image which supports and pro-
vides user confidence in the synthetically derived fe-
tal heart rate signal.

[0009] Referring first to FIGURE 1, an ultrasound sys-
tem 10 constructed in accordance with the principles of
the present invention is shown in block diagram form.
The ultrasound system is configured by two subsystems,
a front end acquisition subsystem 10A and a display sub-
system 10B. An ultrasound probe is coupled to the ac-
quisition subsystem which includes a two-dimensional
matrix array transducer 70 and a micro-beamformer 72.
The micro-beamformer contains circuitry which control
the signals applied to groups of elements ("patches") of
the array transducer 70 and does some processing of
the echo signals received by elements of each group.
Micro-beamforming in the probe advantageously reduc-
es the number of conductors in the cable between the
probe and the ultrasound system and is described in US
Pat. 5,997,479 (Savord et al.) and in US Pat. 6,436,048
(Pesque).
[0010] The probe is coupled to the acquisition subsys-
tem 10A of the ultrasound system. The acquisition sub-
system includes a beamform controller 74 which is re-
sponsive to a user control 36 and provides control signals
to the microbeamformer 72, instructing the probe as to
the timing, frequency, direction and focusing of transmit
beams. The beamform controller also control the beam-
forming of echo signals received by the acquisition sub-
system by its control of analog-to-digital (A/D) converters
18 and a beamformer 20. Echo signals received by the
probe are amplified by preamplifier and TGC (time gain
control) circuitry 16 in the acquisition subsystem, then
digitized by the A/D converters 18. The digitized echo
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signals are then.formed into fully steered and focused
beams by a beamformer 20. The echo signals are then
processed by an image processor 22 which performs dig-
ital filtering, B mode and M mode detection, and Doppler
processing, and can also perform other signal processing
such as harmonic separation, speckle reduction, and oth-
er desired image signal processing.
[0011] The echo signals produced by the acquisition
subsystem 10A are coupled to the display subsystem
10B, which processes the echo signals for display in the
desired image format. The echo signals are processed
by an image line processor 24, which is capable of sam-
pling the echo signals, splicing segments of beams into
complete line signals, and averaging line signals for sig-
nal-to-noise improvement or flow persistence. The image
lines for a 2D image are scan converted into the desired
image format by a scan converter 26 which performs R-
theta conversion as is known in the art. The image is then
stored in an image memory 28 from which it can be dis-
played on a display 38. The image in memory is also
overlaid with graphics to be displayed with the image,
which are generated by a graphics generator 34 which
is responsive to the user control 36. Individual images or
image sequences can be stored in a cine memory 30
during capture of image loops or sequences.
[0012] For real-time volumetric imaging the display
subsystem 10B also includes a 3D image rendering proc-
essor 32 which receives image lines from the image line
processor 24 for the rendering of real-time three dimen-
sional images. The 3D images can be displayed as live
(real time) 3D images on the display 38 or coupled to the
image memory 28 for storage of the 3D data sets for later
review and diagnosis.
[0013] In accordance with the principles of the present
invention a fetal heart rate synthesizer produces a heart
rate trigger signal for gated 3D acquisition of fetal heart
images. In the implementation of FIGURE 1, the fetal
heart rate synthesizer comprises a motion estimator 40
which receives temporally discrete echo signals from a
designated location of the imaged anatomy, an ROI, and
processes the echoes to produce a signal representative
of motion at the designated location. The location in the
anatomy from which the temporally discrete echo signals
are acquired can be a default image location such as the
center of the image, or it can be a location designated
by the user by manipulation of a control of the user con-
trols 36. For instance, the user can manipulate a joystick,
trackball, or other control of the user controls to locate a
sample volume in the carotid artery of the fetus. Motion
estimation can then be performed from samples of the
moving fetal tissue or blood. Some of this processing
may be performed by the image processor, such as Dop-
pler processing of echo signals from the sample volume
location. Flow or tissue motion velocity estimates pro-
duced by the image processor can then be forwarded
directly to the motion estimator, for example. If the sample
volume is placed on tissue such as the fetal heart muscle,
the echo signals from the fetal heart can be processed

for motion discrimination by tissue Doppler processing.
Another way to detect motion is by tracking the movement
of speckle at a given tissue location in the image. Yet
another way to detect motion is by comparing changes
in tissue location over consecutive images by MSAD
block matching as described in US Pat. 6,299,579 (Pe-
terson et al.) Still another technique for detecting motion
is to use M mode with the M line positioned through the
fetal heart. This is illustrated in FIGURE 7, which shows
an M mode image 60 produced by an M line located by
positioning the M line cursor on the ultrasound image so
that it extends through the left ventricle (LV) of the fetal
heart. When positioned in this manner the M line will pass
through the myocardial wall 12 on one side of the fetal
heart, through the chamber of the LV, and through the
myocardial tissue 14 on the other side of the heart. An
ultrasound beam is transmitted along this M line direction
through the LV periodically, and the received A-line from
each transmission is shown on the display in a scrolling
manner along the previously received A-lines. The result
is an M mode image as shown in FIGURE 7 where the
opposite sides of the heart are most greatly separated
when the fetal heart is relaxed at the end diastole point
in the heart cycle as indicated by arrow 52’. The opposite
walls of the heart are in closest proximity at the peak
systole phase of the heart cycle as indicated by arrow
54’. FIGURE 7 illustrates this cyclical pattern of the move-
ment of the heart wall as the fetal heart contracts and
expands with each heart beat. By tracking the changing
position (motion) of the heart wall 12 or 14, a waveform
in phase with the heart cycle can be produced by a heart
cycle synthesizer 42 coupled to receive the fetal heart
motion signals.
[0014] Other techniques of fetal heart rate detection
such as frequency estimation of the fetal heart motion
with peak frequency detection can also be used to de-
velop a heart rate trigger signal. Once a trigger signal
has been produced by these or any other technique, the
heart rate trigger signal is applied to the beamformer con-
troller 74 where it is used to gate the acquisition of fetal
heart images. The heart rate signal is also coupled to the
graphics generator 34 where it may be displayed as feed-
back to the user as discussed more fully below.
[0015] FIGURE 2 illustrates an ultrasound system 50
on which an embodiment of the present invention has
been implemented. The system 50 includes a display 56
on which the acquired ultrasound images are displayed.
Control of the ultrasound system is provided in two ways.
One is the control panel 36 at the front of the system,
which includes the trackball, buttons, and controls used
for basic system operation. A touch screen display 58 is
at the top of the control panel and displays softkeys for
advanced features which can be changed periodically or
for each step of a procedure. The softkeys of the touch
screen display 58 are used extensively in the implemen-
tation of the present invention as described below.
[0016] FIGURE 3 is a flow chart showing the sequence
of workflow of an implementation of the present invention.
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This workflow sequence begins with a step 70 when the
sonographer touches a softkey button on the touch
screen display to enter the 3D biplane mode from the
normal 3D imaging mode. FIGURE 4 illustrates the touch
screen buttons displayed when the sonographer has en-
tered the biplane mode. The 3D biplane mode is de-
scribed in US Pat. 6,709,994 (Frisa et al.), and is a mode
in which two planes of a volumetric region of the body
are alternately imaged in rapid succession, thereby pro-
ducing live images of each plane of the body. When the
imaging system first enters the biplane mode, two images
aligned with the center of the 2D array transducer and of
orthogonal planes are scanned and displayed. With the
biplane images shown on the image display 56, the
sonographer in step 72 touches the "3D ROI" button
shown on the touch screen display of FIGURE 4 at the
bottom of the screen. This button turns on a dashed ROI
outline on each biplane image which is produced by the
graphics generator 34. FIGURE 5 illustrates two biplane
images 102 and 104, each with a dashed trapezoidal ROI
outline 106, 108 in the center of the image. When the
fetal heart is positioned in the center of the initial 3D im-
age, the two ROI outlines 106 and 108 will each define
a region of interest which includes the fetal heart in the
center of each biplane image 102 and 104.
[0017] With the fetal heart thus indicated by the ROIs,
the sonographer enables auto-acquisition of a trigger sig-
nal in step 74 for gated acquisition of 3D images of the
fetal heart. The sonographer first determines whether a
manually set heart rate or an automatically determined
heart rate is to be used for gated acquisition. This is done
by setting an auto-acquisition mode button to the desired
mode as shown by the "Acq Mode" button in FIGURES
6a and 6b. This button has two modes of operation, one
in which the sonographer sets the heart rate manually
(FIGURE 6a), and another where the trigger signal is
automatically acquired (FIGURE 6b). When the manual
mode has been selected, the notation "Estim HR" ap-
pears on the "Acq Mode" button as seen in FIGURE 6a.
The sonographer then sets the heart rate manually by
tapping on incrementing and decrementing arrows on
either side of the heart rate number of the "Heart Rate"
button just below the "Acq Mode" button. In the example
of FIGURE 6a the heart rate value has been set to 60
bpm. The sonographer may elect to set the heart rate to
the value previously indicated by the M mode display of
heart motion, for instance.
[0018] If the "Acq Mode" button is in the manual mode,
the sonographer can touch the button to toggle to the
automatic mode, in which case "Auto" appears on the
"Acq Mode" button as shown in FIGURE 6b. The sonog-
rapher then touches the "Triggered" button above the
"Acq Mode" button to acquire the fetal heart rate auto-
matically as indicated by step 76 in FIGURE 3. The sys-
tem then begins to estimate the fetal heart rate automat-
ically by use of, for instance, one of the measurement
techniques described above. As the system does this,
the current automatically estimated heart rate value ap-

pears on the "Heart Rate" button and changes as the
system updates its estimate of the fetal heart rate. When
the estimate becomes stable, the system is ready for
triggered acquisition of 3D fetal heart images. This sta-
bility is indicated by audible or visual feedback as indi-
cated in step 78. For example, the dashed ROI outline
can be one color initially (e.g., white or yellow) and can
change to a second color (e.g., green) when the auto-
matically detected heart rate has become stable. Another
alternative is for the number of beats per minute on the
"Heart Rate" button to turn green when the estimated
heart rate has become stable. When the detected heart
rate has become stable, the sonographer touches the
"Start" button (step 80 of FIGURE 3) at the upper left of
the touch screen display 58 as seen in FIGURE 6b. The
ultrasound system will then use the automatically deter-
mined trigger signal to acquire gated 3D fetal images
over a number of heartbeats, such as four heartbeats.
The acquired images are stored and are ready for sub-
sequent replay and diagnosis.
[0019] At the end of 3D image acquisition, the con-
structed system displays the biplane images 102, 104 as
shown in FIGURE 8 with an M mode display 110 below
the biplane images. A M line such as M line 112 or M line
114 indicates the location in the anatomy where the M
mode display was acquired. The sonographer can have
confidence in the automatically acquired gated 3D imag-
es by viewing the M mode display 110, which was ac-
quired at the same time as the gated 3D images. When
the M mode display shows a steady cyclical pattern of
heart motion, the sonographer can be confident that the
trigger signal estimated from the M mode display was
stable and suitable for use as a fetal gating signal.

Claims

1. An ultrasonic diagnostic imaging system (10) for gat-
ed acquisition of 3D fetal heart images comprising:

an ultrasound probe including a two dimensional
array transducer (70) adapted for 3D fetal imag-
ing;
an image processor (22) adapted to process im-
age signals from the probe for display;
an image display (38) coupled to the image proc-
essor (22);
a user control (36) having a plurality of user-
operable controls;
a graphics generator (34) responsive to a user
control (36) which identifies a region of interest
(ROI) in an ultrasound image;
a user control adapted to initiate processing of
ultrasound data identified by the ROI to deter-
mine a fetal heart rate;
an indicator responsive to the processing of ul-
trasound data to determine a fetal heart rate
which indicates that a fetal heart rate has been
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determined; and
an acquisition control adapted to be actuated by
a user to acquire gated 3D fetal heart images
when the indicator indicates that a fetal heart
rate has been determined.

2. The ultrasonic diagnostic imaging system of Claim
1, wherein the user control adapted to initiate
processing of ultrasound data identified by the ROI
is further adapted to actuate a heart cycle synthe-
sizer (42) responsive to echo signals received from
the ROI to produce a synthetic fetal heart rate signal.

3. The ultrasonic diagnostic imaging system of Claim
2, wherein the heart cycle synthesizer is responsive
to estimates of motion produced by a motion estima-
tor (40) in response to echo signals received from
the ROI.

4. The ultrasonic diagnostic imaging system of Claim
2, wherein the heart cycle synthesizer is responsive
to estimates of frequency produced in response to
echo signals received from the ROI.

5. The ultrasonic diagnostic imaging system of Claim
1, wherein the indicator produces a visual or audible
indication when a fetal heart rate has been deter-
mined.

6. The ultrasonic diagnostic imaging system of Claim
5, wherein the indicator produces a visual indication
in conjunction with the display of an ultrasound im-
age.

7. The ultrasonic diagnostic imaging system of Claim
5, wherein the visual indication is produced in con-
junction with a user control.

8. The ultrasonic diagnostic imaging system of Claim
1, wherein the acquisition control is further adapted
to acquire gated 3D fetal heart images for a plurality
of heart cycles in synchronism with the determined
fetal heart rate.

9. The ultrasonic diagnostic imaging system of Claim
1, further comprising a user control by which a user
can manually set a fetal heart rate.

10. A method for acquiring 3D fetal heart images gated
by a synthetic fetal heart rate signal comprising:

acquiring ultrasound images of a fetal heart;
defining a region of interest (ROI) in an ultra-
sound image which delineates the fetal heart in
the image;
using echo signals returned from the ROI to au-
tomatically estimate the fetal heart rate;
producing an indication that the fetal heart rate

has been estimated; and
following the indication that the fetal heart rate
has been estimated, acquiring gated 3D fetal
heart images in synchronism with the estimated
fetal heart rate.

11. The method of Claim 10, wherein producing an in-
dication further comprises producing an audible or
visual indication that a stable fetal heart rate has
been estimated.

12. The method of Claim 10, wherein using echo signals
to automatically estimate the fetal heart rate further
comprises estimating the fetal heart rate by one of
motion estimation or frequency estimation.

13. The method of Claim 10, wherein acquiring further
comprises acquiring biplane images of the fetal
heart;
wherein defining an ROI further comprises defining
an ROI (106,108) in each biplane image (102, 104).

14. The method of Claim 10, wherein acquiring gated
3D fetal heart images further comprises acquiring
gated 3D fetal heart images for a plurality of fetal
heart cycles.

15. The method of Claim 10, further comprising display-
ing an ultrasound image with an ROI defined therein,
together with an M mode image (110) produced from
ultrasound echo signals received from the ROI.

Patentansprüche

1. Diagnostisches Ultraschall-Bildgebungssystem (10)
zur getriggerten Erfassung von 3D-Bildern des feta-
len Herzens, das Folgendes umfasst:

- einen Schallkopf mit einem zweidimensionalen
Array (70), das für die fetale 3D-Bildgebung aus-
gelegt ist,
- einen Bildprozessor (22), der für die Verarbei-
tung von vom Schallkopf kommenden Bildsig-
nalen für die Darstellung ausgelegt ist,
- einen Monitor (38), der mit dem Bildprozessor
(22) verbunden ist,
- eine Benutzersteuerung (36) mit einer Vielzahl
von vom Benutzer bedienbaren Bedienelemen-
ten,
- einen Grafikgenerator (34), der auf eine Be-
nutzersteuerung (36) reagiert, die eine interes-
sierende Region (ROI) in einem Ultraschallbild
identifiziert,
- eine Benutzersteuerung, die für die Initiierung
der Verarbeitung von Ultraschalldaten ausge-
legt ist, die von dem ROI identifiziert wurden,
um eine fetale Herzfrequenz zu ermitteln,

9 10 



EP 2 582 302 B1

8

5

10

15

20

25

30

35

40

45

50

55

- eine Anzeige, die auf die Verarbeitung von Ul-
traschalldaten zur Ermittlung einer fetalen Herz-
frequenz reagiert und anzeigt, dass eine fetale
Herzfrequenz ermittelt wurde, und
- ein Aufnahme-Bedienelement, das für die Be-
tätigung durch einen Benutzer ausgelegt ist, um
getriggerte 3D-Bilder des fetalen Herzens zu er-
fassen, wenn die Anzeige anzeigt, dass eine fe-
tale Herzfrequenz ermittelt wurde.

2. Diagnostisches Ultraschall-Bildgebungssystem
nach Anspruch 1, wobei die Benutzersteuerung, die
für die Initiierung der Verarbeitung von Ultraschall-
daten ausgelegt ist, die von dem ROI identifiziert
wurden, ferner dafür ausgelegt ist, einen Herzzyk-
lus-Synthesizer (42) zu aktivieren, der auf von dem
ROI empfangene Echosignale reagiert, indem er ein
synthetisches fetales Herzfrequenzsignal erzeugt.

3. Diagnostisches Ultraschall-Bildgebungssystem
nach Anspruch 2, wobei der Herzzyklus-Synthesizer
auf Schätzungen der Bewegungen reagiert, die von
einer Bewegungsermittlungseinheit (40) als Reakti-
on auf die von dem ROI empfangenen Echosignale
erzeugt werden.

4. Diagnostisches Ultraschall-Bildgebungssystem
nach Anspruch 2, wobei der Herzzyklus-Synthesizer
auf Schätzungen der Frequenz reagiert, die als Re-
aktion auf die von dem ROI empfangenen Echosig-
nale erzeugt werden.

5. Diagnostisches Ultraschall-Bildgebungssystem
nach Anspruch 1, wobei die Anzeige eine optische
oder akustische Anzeige erzeugt, wenn eine fetale
Herzfrequenz ermittelt wurde.

6. Diagnostisches Ultraschall-Bildgebungssystem
nach Anspruch 5, wobei die Anzeige eine optische
Anzeige zusammen mit der Darstellung eines Ultra-
schallbildes erzeugt.

7. Diagnostisches Ultraschall-Bildgebungssystem
nach Anspruch 5, wobei die optische Anzeige zu-
sammen mit einer Benutzersteuerung erzeugt wird.

8. Diagnostisches Ultraschall-Bildgebungssystem
nach Anspruch 1, wobei das Aufnahme-Bedienele-
ment ferner für die Erfassung von getriggerten 3D-
Bildern des fetalen Herzens während einer Vielzahl
von Herzzyklen synchron mit der bestimmten fetalen
Herzfrequenz ausgelegt ist.

9. Diagnostisches Ultraschall-Bildgebungssystem
nach Anspruch 1, das ferner ein Bedienelement um-
fasst, mit dem der Benutzer manuell eine fetale Herz-
frequenz einstellen kann.

10. Verfahren zur Erfassung von 3D-Bildern des fetalen
Herzens, die durch ein synthetisches fetales Herz-
frequenzsignal getriggert wird, wobei das Verfahren
Folgendes umfasst:

- Erfassen von Ultraschallbildern eines fetalen
Herzens,
- Festlegen einer interessierenden Region (ROI)
in einem Ultraschallbild, die das fetale Herz in
dem Bild abgrenzt,
- Verwenden von Echosignalen, die von dem
ROI zurückkehren, um automatisch die fetale
Herzfrequenz zu ermitteln,
- Erzeugen einer Anzeige, dass die fetale Herz-
frequenz ermittelt wurde und
- im Anschluss an die Anzeige, dass die fetale
Herzfrequenz ermittelt wurde, Erfassen von ge-
triggerten 3D-Bildern des fetalen Herzens syn-
chron mit der ermittelten fetalen Herzfrequenz.

11. Verfahren nach Anspruch 10, wobei die Erzeugung
einer Anzeige ferner die Erzeugung einer akusti-
schen oder optischen Anzeige, dass eine stabile fe-
tale Herzfrequenz ermittelt wurde.

12. Verfahren nach Anspruch 10, wobei die Verwen-
dung von Echosignalen zur automatischen Ermitt-
lung der fetalen Herzfrequenz ferner die Ermittlung
der fetalen Herzfrequenz entweder durch die Ermitt-
lung von Bewegungen oder durch die Ermittlung von
Frequenzen umfasst.

13. Verfahren nach Anspruch 10, wobei die Erfassung
ferner die Erfassung von Zweiebenen-Bildern des
fetalen Herzens umfasst,
wobei die Festlegung eines ROI ferner die Festle-
gung eines ROI (106, 108) in jedem Zweiebenen-
Bild (102, 104) umfasst.

14. Verfahren nach Anspruch 10, wobei die Erfassung
von getriggerten 3D-Bildern des fetalen Herzens fer-
ner die Erfassung von getriggerten 3D-Bilden des
fetalen Herzens während einer Vielzahl von fetalen
Herzzyklen umfasst.

15. Verfahren nach Anspruch 10, das ferner die Darstel-
lung eines Ultraschallbildes mit einem darin festge-
legten ROI zusammen mit einem M-Mode-Bild (110)
umfasst, das ausgehend von den von dem ROI emp-
fangenen Ultraschall-Echosignalen erzeugt wurde.

Revendications

1. Système d’imagerie diagnostique ultrasonique (10)
pour l’acquisition synchronisée d’images cardiaques
foetales 3D, comprenant :
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- une sonde ultrasonore comprenant un trans-
ducteur en réseau bidimensionnel (70) adapté
pour l’imagerie foetale 3D ;
- un processeur d’image (22) adapté pour traiter
des signaux d’image à partir de la sonde pour
l’affichage ;
- un affichage d’image (38) couplé au proces-
seur d’image (22) ;
- une commande utilisateur (36) comportant une
pluralité de commandes utilisables par
utilisateur ;
- un générateur graphique (34) répondant à une
commande utilisateur (36) qui identifie une ré-
gion d’intérêt (ROI) dans une image
ultrasonore ;
- une commande utilisateur adaptée pour com-
mencer le traitement de données ultrasonores
identifiées par la ROI pour déterminer une fré-
quence cardiaque foetale ;
- un indicateur répondant au traitement de don-
nées ultrasonores pour déterminer une fréquen-
ce cardiaque foetale qui indique qu’une fréquen-
ce cardiaque foetale a été déterminée ; et
- une commande d’acquisition adaptée pour être
actionnée par un utilisateur pour acquérir des
images cardiaques foetales 3D synthétisées
lorsque l’indicateur indique qu’une fréquence
cardiaque foetale a été déterminée.

2. Système d’imagerie diagnostique ultrasonique se-
lon la revendication 1, dans lequel la commande uti-
lisateur adaptée pour commencer un traitement de
données ultrasonores identifiées par la ROI est en
outre adaptée pour actionner un synthétiseur de ré-
volution cardiaque (42) répondant à des signaux
d’écho reçus à partir de la ROI pour produire un si-
gnal de fréquence cardiaque foetale synthétique.

3. Système d’imagerie diagnostique ultrasonique se-
lon la revendication 2, dans lequel le synthétiseur de
révolution cardiaque répond à des estimations de
mouvement produites par un estimateur de mouve-
ment (40) en réponse à des signaux d’écho reçus à
partir de la ROI.

4. Système d’imagerie diagnostique ultrasonique se-
lon la revendication 2, dans lequel le synthétiseur de
révolution cardiaque répond à des estimations de
fréquence produites en réponse à des signaux
d’écho reçus à partir de la ROI.

5. Système d’imagerie diagnostique ultrasonique se-
lon la revendication 1, dans lequel l’indicateur produit
une indication visuelle ou audible lorsqu’une fré-
quence cardiaque foetale a été déterminée.

6. Système d’imagerie diagnostique ultrasonique se-
lon la revendication 5, dans lequel l’indicateur produit

une indication visuelle conjointement avec l’afficha-
ge d’une image ultrasonore.

7. Système d’imagerie diagnostique ultrasonique se-
lon la revendication 5, dans lequel l’indication visuel-
le est produite conjointement avec une commande
utilisateur.

8. Système d’imagerie diagnostique ultrasonique se-
lon la revendication 1, dans lequel la commande
d’acquisition est en outre adaptée pour acquérir des
images cardiaques foetales 3D synchronisées pour
une pluralité de cycles cardiaques en synchronisme
avec la fréquence cardiaque foetale déterminée.

9. Système d’imagerie diagnostique ultrasonique se-
lon la revendication 1, comprenant en outre une
commande utilisateur par laquelle un utilisateur peut
régler manuellement une fréquence cardiaque foe-
tale.

10. Procédé pour acquérir des images cardiaques foe-
tales 3D synchronisées par un signal de fréquence
cardiaque foetale synthétique comprenant :

- l’acquisition d’images ultrasonores d’un coeur
foetal ;
- la définition d’une région d’intérêt (ROI) dans
une image ultrasonore qui délimite le coeur foe-
tal dans l’image ;
- l’utilisation de signaux d’écho renvoyés à partir
de la ROI pour estimer automatiquement la fré-
quence cardiaque foetale ;
- la production d’une indication que la fréquence
cardiaque foetale a été estimée ; et
- suivant l’indication que la fréquence cardiaque
foetale a été estimée, l’acquisition d’images car-
diaques foetales 3D synchronisées en synchro-
nisme avec la fréquence cardiaque foetale es-
timée.

11. Procédé selon la revendication 10, dans lequel la
production d’une indication comprend en outre la
production d’une indication audible ou visuelle
qu’une fréquence cardiaque foetale stable a été es-
timée.

12. Procédé selon la revendication 10, dans lequel l’uti-
lisation de signaux d’écho pour estimer automati-
quement la fréquence cardiaque foetale comprend
en outre l’estimation de la fréquence cardiaque foe-
tale par une parmi l’estimation de mouvement ou
l’estimation de fréquence.

13. Procédé selon la revendication 10, dans lequel l’ac-
quisition comprend en outre l’acquisition d’images
en deux plans du coeur foetal ;
dans lequel la définition d’une ROI comprend en
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outre la définition d’une ROI (106,108) dans chaque
image en deux plans (102, 104).

14. Procédé selon la revendication 10, dans lequel l’ac-
quisition d’images cardiaques foetales 3D synchro-
nisées comprend en outre l’acquisition d’images car-
diaques foetales 3D synchronisées pour une plura-
lité de cycles cardiaques foetaux.

15. Procédé selon la revendication 10, comprenant en
outre l’affichage d’une image ultrasonore avec une
ROI définie dans celle-ci, conjointement avec une
image en mode M (110) produite à partir de signaux
d’écho ultrasonore reçus à partir de la ROI.
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