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Description

[0001] The invention relates to a method for operating
an ultrasound imaging apparatus in combination with an
ECG unit for ultrasound imaging of contrast agent, ac-
cording to the preamble of claim 1.
[0002] A problem involved in the use of contrast agents
consists in the need to limit ultrasonic pulse intensity to
provide little destruction or damaging of contrast agent
microbubbles.
[0003] Such intensity limitation has the side effect of
decreasing the signal-to-noise ratio, thereby affecting im-
age quality which is particularly important particularly in
cardiology for assessment of ventricular wall motion.
[0004] Intensity reduction also generates problems in
that reflected signals produced by contrast agent micro-
bubbles have a typical frequency which is of the order of
harmonics of the fundamental frequency of the ultrasonic
beams transmitted to the body under examination, par-
ticularly of the second harmonic. Obviously, the ampli-
tude of the second harmonic signal is lower, as compared
with the one having the fundamental frequency whereby,
in order to achieve sufficient intensities of second har-
monic reflected signals, the power of the ultrasonic
beams emitted by the probe shall normally be increased.
If the intensity of second harmonic or higher-order har-
monic reflected echoes is not sufficient, the fundamental
frequency reflected signal, related to more echogenic tis-
sues is similar to or higher than the second harmonic
reflected signal related to contrast agents, whereby these
echo signals from contrast agents can no longer be de-
tected, the probe being somehow "dazzled" by funda-
mental frequency signals.
[0005] In order to obviate this drawback, several dif-
ferent scan protocols are known which allow to limit mi-
crobubble destruction to a certain predetermined
amount.
[0006] According to US 5,735,281, the control signal
provided by an electrocardiogram is used to identify the
heart cycle phase during which scanning is to be per-
formed. In this document, at the beginning of same heart
cycle phases an image (referred to as image frame) is
acquired by using high or full intensity ultrasonic scan
beams, and this first image acquisition is followed, within
the predetermined phase of each heart cycle, by a suc-
cession of image acquisitions with low intensity ultrasonic
beams referred to as locator frames.
[0007] These subsequent low intensity scans/image
acquisitions are used to form a real-time image only al-
lowing to make sure that the probe is properly positioned.
Due to the above reasons, image acquisitions which use
low intensity ultrasonic beams do not allow to detect use-
ful second harmonic signals, and for instance the pres-
ence of contrast agents in the object region, i.e. the co-
incidence of the scan with the presence of contrast
agents in the object region cannot be detected. Contrast
agents take a certain time before spreading in the object
region.

[0008] According to the above mentioned document,
the high or full intensity acquisition beam is repeatedly
transmitted in same heart cycles at different times or
phases of the cycle, which are defined on the basis of a
predetermined variation rule, which may be also a sta-
tistically random rule. Images acquired at a high intensity
are processed and displayed after acquisition. Such
method does indeed at least limit the destruction of the
micobubbles of the contrast agent due to the high me-
chanic index of the transmitted beam. However the meth-
od disclosed teaches to wait for the next hearth cycle for
acquiring the next image frame. Thus the acquisition of
the useful images useful for diagnostic investigation is
limited approximately to only a frame for each heart cy-
clus or to very long time periods between successive
image frame acquisitions. This leads to a very low frame
rate for the diagnostic useful image frame. The image
refresh rate is very low.
[0009] Another draw back relates to the fact that only
some image frames are taken in considering the physi-
ological meaning of the heart cycle. In fact acquiring dif-
ferent image frames distributed during the entire hearth
cycles leads to mixing up images taken in different con-
ditions of the blood circulation and may lead to incorrect
interpretations of the results.
[0010] US 5,957,845 provides a scan/acquisition pro-
tocol similar to the previous document, only differing in
that the heart cycle phase during which high or full inten-
sity scanning, i.e. image frame acquisitions, and the sub-
sequent low intensity locator frame acquisitions are per-
formed, is identical in each cycle, i.e. has an identical
time location and an identical length in each heart cycle.
Although this method discloses a multiple image frame
acquisition in each hearth cycle, according to the disclo-
sure of US 5,957,845, the time delay between the acqui-
sition of high intensity image frames is very long, so that
also in this case there is a very low image refresh rate of
the diagnostically useful high resolution and quality im-
ages. Furthermore also the teaching of US 5,957,845
does not consider the physiological effect on the condi-
tions of circulation of the blood of the different phases of
the heart cycle.
[0011] Document WO 00/30541 teaches to acquire on-
ly a high intensity image frame for each heart cycle. No
particular choice of the time of acquisition of the image
frame within the heart frame is made and no reason for
the particular choice disclosed is given. The physiological
meaning of the heart cycle on the condition of the blood
circulation is totally ignored.
[0012] The above acquisition methods have serious
limits, especially as regards the definition of the image
obtained by the transmission of low or limited intensity
ultrasonic beams. Reflected signals do not provide real-
time images having a high definition, or anyway such a
definition as to allow the use thereof for diagnostic pur-
poses, but are only limited to the function of verifying the
proper orientation of the probe with respect to the heart.
[0013] Moreover, in order to obtain high signal-to-
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noise ratio images, these methods require long scanning
times distributed over a considerable number of heart
cycles, to obtain a diagnostically valid image. Therefore
they do not allow a real-time display of the ultrasound
image derived by reflected echoes of high intensity ultra-
sonic signals.
[0014] A further drawback consists in that the images
acquired by low intensity ultrasonic beams are not adapt-
ed to generate echoes having a sufficient intensity at the
frequency of the second harmonic or of higher-order har-
monics. This actually prevents a real-time detection of
the presence of contrast agents which, as is known, re-
flect in a non linear manner, i.e. the echoes produced
thereby have frequencies equal to the second harmonic
of the fundamental frequency of illuminating ultrasonic
beams, or to higher-order harmonics. In these conditions,
i.e. with low intensity beam acquisitions, the reflected sig-
nal having frequencies equal to the second harmonic,
i.e. relating to contrast agents, has a lower intensity as
compared to the one having the fundamental frequency
and relating to echogenic or hyperechogenic tissues.
Therefore, it is apparent that low intensity acquisitions
do not allow to verify in real-time and with due certainty
that acquisition takes place while contrast agents are
present in the object region.
[0015] Since images obtained by high or full intensity
acquisition cannot be displayed in real-time, and since
contrast agents have a short-time permanence in the ob-
ject regions and/or a short-time activity, it is likely that
acquisition has to be repeated, with a new injection of
contrast agents, thereby increasing examination inva-
siveness.
[0016] Another drawback is caused by the fact that im-
age acquisition takes place with no particular attention
to the characteristics of physiologic implications of the
phases of each heart cycle.
[0017] Therefore, the invention is based on the need
to improve an ultrasound imaging method, which pro-
vides little destruction of contrast agents and allows a
real-time display of an ultrasound image being valid for
interpretation/diagnosis, without requiring expensive ad-
aptations or changes to the equipment as compared to
prior art methods.
[0018] The invention achieves the above purposes by
providing a method according to claim 1.
[0019] It has to be underlined that contrary to the state
of the art, the present invention takes advantage of the
recognition of the physiological meaning of the different
phases of the hearth cycle and of their characteristics.
On the basis of this knowledge the present invention
takes a precise choice of the phase of the hearth cycle
during which the images have to be acquired.
[0020] The particular choice of acquiring only during
the systolic phase has two important advantages.
[0021] The first advantage consists in the fact that the
systolic phase is in good approximation equal in any in-
dividual. This means that the phase takes place at con-
stant times from the R-peak and that the duration is nearly

constant in any individual.
[0022] Thus the machine can work with a constant tim-
ing for acquisition. Furthermore there is a common basis
from the physiological point of view for comparing images
relating to different patients, which may help the doctor
in carrying out comparative analysis. This advantage is
enhanced by the fact that according to the invention the
image frames are acquired only during the systolic
phase, i.e. always and for every patient in the same phys-
iological conditions for what it concernes the circulation
of the blood.
[0023] It has also to be stressed out that while the
methods according to the state of the art modulates the
global energy transmitted to the body and to the contrast
agent by modulating the time periods between image ac-
quisition pulses, the method according to the invention
modulates the global power transmitted to the body and
to the contrast agent by modulating the intensity of each
transmitted pulse.
[0024] Furthermore it must also be stressed out that
with the method according to the invention, several
frames in rapid sequence are acquired, during the same
systolic phase, i.e. during the same hearth cycle.
[0025] From the physiological point of view the choice
of the systolic phase is advantageous because in this
phase the blood flow is increased due to the ventricular
contraction and a certain flow of blood may be present
and detected also in the microvascular regions which is
not the case in other phases of the hearth cycle.
[0026] Particularly besides image frames also several
lacator frames may be acquired during the other phases
of the hearth cycle different from the systolic phase and/or
alternatively or in combination also during the systolic
phase. The locator frames are acquired by transmitting
low power pulses in a similar way as disclosed in the
state of the art.
[0027] The intensity of the ultrasonic beams emitted
by the probe is in a range having such maximum and
minimum values as to provide Mechanical Indexes of 0.2
to 1.0, preferably of 0.3 to 0.6.
[0028] The determination of the Mechanical Index for
controlled destruction of contrast agent microbubbles
may be calibrated based on an experimentally estab-
lished empirical scale, or these values are known and
indicated by the contrast agent supplier.
[0029] The intensity or power of the ultrasonic beams
may be held constant or varied in a predetermined man-
ner, so that the total delivered power within a whole heart
cycle phase during which the predetermined number of
image acquisitions is performed is substantially constant
and corresponding to an average predetermined value
of the intermediate Mechanical Index.
[0030] By this arrangement, the intensity of the indi-
vidual acquisitions may be modulated in accordance with
any pattern whatever, for instance within each phase of
each heart cycle, with reference to the predetermined
number of acquisitions per heart cycle phase.
[0031] Advantageously, within a heart cycle phase se-
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lected for performing the predetermined number of ac-
quisitions, in order that proper probe positioning may be
substantially detected in the first image acquisitions, a
certain number of first image acquisitions is performed
by using ultrasonic beams whose intensity corresponds
to a low Mechanical Index, particularly to the lower limit
of the provided intermediate Mechanical Index, the en-
ergy which has not been delivered during the first acqui-
sitions is redistributed as a corresponding intensity in-
crease over a certain number of last acquisitions of the
number of acquisitions predetermined for the heart cycle
phase.
[0032] This results in a controlled destruction of con-
trast agent microbubbles which remains substantially
constant within the heart cycle phase during which the
successive acquisitions are performed. However, addi-
tionally, the first acquisitions using ultrasonic beams
whose intensities are equal to or lower than the lower
limit of the predetermined range of intensities corre-
sponding to the intermediate Mechanical Index are used
to locate the image formed thereby and to assess simul-
taneity with the presence of contrast agents, whereas
the subsequent acquisitions whose intensities are inter-
mediate between the two limits of said range of prede-
termined intensities corresponding to intermediate Me-
chanical Indexes and having intensities equal to or higher
than said higher limit, are the ones which produce images
being actually valid for diagnostic purposes.
[0033] Ultrasonic beam intensities over the individual
acquisitions of the same phase of the same heart cycle
may vary from a predetermined minimum value to a pre-
determined maximum value and in such a manner as to
maintain the total power transmitted onto the contrast
agents in the predetermined number of image acquisi-
tions at a constant level, in accordance with distribution
and increase rules for the individual acquisitions which
may be random, linear or non-linear and anyway selected
at will based on specific needs.
[0034] In accordance with a further characteristics, if
the total mechanical power delivered during the acquisi-
tion stage, comprising the predetermined number of in-
dividual acquisitions per heart cycle phase is held as a
reference constant, then both parameters may be mod-
ulated, i.e. the intensity of illuminating ultrasonic beams
in each acquisition and the number of acquisitions within
each heart cycle phase during which said acquisitions
are performed.
[0035] Synchronism with the systolic phase of each
heart cycle is achieved by acquiring the electrocardio-
gram and using the R-wave of said cycle. Acquisition
takes place within 350 ms after the R-wave, which rep-
resent, to a high degree of approximation, the systolic
phase.
[0036] Systolic phase acquisition is advantageous
from the physiological point of view, because in said
systolic phase, coronaries having a higher circulatory ac-
tivity in the microcirculatory system are compressed. This
results in an increased dynamism which adds useful in-

formation for perfusion detection or monitoring. Con-
versely, during diastole blood flow is almost essentially
present in large vessels.
[0037] The acquisition of several images (frames) by
using ultrasonic scan beams having such an intensity as
to obtain an intermediate Mechanical Index and to deter-
mine a controlled destruction of contrast agent microbub-
bles, allows to harmonize the needs of achieving a suf-
ficient intensity of second harmonic echoes, a high
number of acquisitions at said intensity, and a limited
destruction of contrast agent microbubbles. The advan-
tages consist in a real-time display of images and in the
possibility to remove artifacts thanks to multiple image
acquisitions in the same heart cycle phase.
[0038] The method of the invention may be also im-
plemented in combination with the so-called stress-echo.
Stress echo technique is known in the art and described
in its basics, for instance in "Dobutamine Stress Echocar-
diography Identifies Hybernating Myocardium and Pre-
dicts recovery of Left Ventricular Function After Coronary
Revascularisation", by Cigarros et al. from "Circulation",
Vol. 88, no. 2 of August 1993.
[0039] In this case, the heart may imaged when the
patient is in both rest and stress conditions, the latter
being obtained by motor activity or by pharmacological
action.
[0040] The method according to the invention may be
also provided in combination with any kind of imaging
modalities, such as harmonic imaging, 2D and or 3D im-
aging, color flow, power doppler, doppler tissue coloriza-
tion, pulse inversion, pulse difference, B-mode imaging
and or combinations of two or more of the said listed
modalities.
[0041] The invention further relates to further improve-
ments which will form the subject of the appended claims.
[0042] The characteristics of the invention and the ad-
vantages derived therefrom will appear more clearly from
the following description of a few non limiting embodi-
ments, illustrated in the annexed drawings, in which:

Fig. 1 is a simplified block diagram of an ultrasound
apparatus for implementing the method of the inven-
tion.
Fig. 2 is a schematic view of an echocardiographic
diagram of the heart cycle.
Figs. 3 and 4 show different examples of image ac-
quisition types according to the invention combined
with a heart cycle.

[0043] Referring to Fig. 1, an ultrasound apparatus in-
cludes a probe 1 having a transducer for emitting ultra-
sonic beams and for receiving reflected echoes, as well
as for transforming them into corresponding signals.
[0044] The probe 1, i.e. the transducers, are controlled
by an exciting and beamforming unit 2 which is intended
to excite the transducers of the probe 1 for transmission
and to control focusing of said beams along scan lines,
planes and/or volumes, depending on the type of probe

5 6 



EP 1 169 966 B1

5

5

10

15

20

25

30

35

40

45

50

55

in use. The exciting and beamforming unit 2 is controlled
by a control unit 4, e.g. a microprocessor which receives
output signals from a physiological signal processing unit
(ECG) 3 and transforms them, with the help of a timer 5,
into control signals for activation and deactivation of the
probe 1, i.e. of the exciting and beamforming unit 2. The
control unit 4 is also connected to a unit 6 for setting the
minimum and maximum intensity values assigned to the
ultrasonic beams emitted by the probe 1 and the number
of image acquisitions per unit time and for controlling the
total power delivered within a predetermined number of
successive acquisitions.
[0045] These values may be directly set manually, or
through conventional setting means, not shown in detail
and connected to the unit 6, or may be selected from a
plurality of preset combinations by using any type of hard-
ware and software selectors, e.g. even a pop-up menu.
[0046] Obviously, the synchronization signal provided
by the ECG unit 3 to the control unit 4 is also provided
to the RX and processing control unit 7. This unit 7 is
also advantageously of the microprocessor type and con-
trols, together with the unit 4, a RX and reconstructing
unit denoted by numeral 8, as well as one or more storage
units 9 of any type and the displaying media 10, such as
a monitor, and/or a printer, and/or the like.
[0047] Fig. 2 shows a portion of an electrocardiogram
plot wherein the peak of the so-called R-wave is recog-
nizable. Lines T1 and T2 define the time limits of the
systolic phase during which successive image acquisi-
tions are performed. The number of image acquisitions
n is predetermined and distributed over the duration of
the systolic phase T1 to T2, which is of about 350 ms.
[0048] The acquisition of images during the systolic
phase has a considerable diagnostic relevance, particu-
larly when combined with contrast agents, which, as is
known, have the purpose to allow the display of blood
flow conditions, with blood being intrinsically non echo-
genic and allowing little or no displaying thereof with nor-
mal ultrasound imaging techniques.
[0049] During the systolic phase, coronaries are com-
pressed, which results in an increased circulatory activity
in the microcirculatory system. This results in an in-
creased dynamism which adds useful information for per-
fusion detection or monitoring.
[0050] With reference to figs. 1 and 2, the invention
provides that the control unit 4 is or may be programmed
for execution of a number n of image acquisitions within
the period of 350 ms after the synchronization pulse cor-
responding to the R-wave of the electrocardiogram. The
intensity of the transmitted ultrasonic beams is controlled
by the unit 6 which holds it at a level corresponding to a
Mechanical Index intermediate between the maximum
allowed value and the minimum useful level. Particularly,
ultrasonic beam intensity is controlled in such a manner
that the corresponding Mechanical Index is of 0.3 to 0.6,
considering 1.9 as a maximum allowed index.
[0051] The unit 4 and the unit 6 may be also pro-
grammed in a different manner.

[0052] Figs. 3 and 4 show different modes of perform-
ing n successive image acquisitions in the systolic phas-
es.
[0053] Graph a) shows an enlarged heart cycle and
the two vertical lines T1 and T2 define the start and end
times of the systolic phase, during which acquisition is
performed.
[0054] Graphs b), c), d), e) and f) show different modes
of performing the n acquisitions.
[0055] The example is only illustrated by way of indi-
cation and it can provide no quantitative information, but
only principle information.
[0056] In this case, 8 image acquisitions are performed
in the interval from T1 to T2. The horizontal lines I inf. I
sup. show the lower and the upper limit of the range
wherein ultrasonic beam intensity corresponds to Me-
chanical Indexes of 0.3 to 0.6.
[0057] I max. shows the maximum allowed intensity
value, corresponding to the maximum allowed Mechan-
ical Index.
[0058] With reference to graph a), eight acquisitions
A1, A2, A3, A4, A5, A6, A7, A8 are performed during the
systolic phase (T1, T2), all at the same intensity, which
corresponds to an intermediate Mechanical Index, in the
range defined by I inf. and I sup. Ultrasonic beams have
such an intensity as to cause a predetermined and con-
trolled percentage destruction or degradation of contrast
agent microbubbles, which is sufficient to obtain second
harmonic echo signals whose degree is acceptable for
discriminating them from fundamental echo signals and
for displaying diagnostically valid images.
[0059] In accordance with a variant embodiment of the
method according to the invention, the intensity of ultra-
sonic beams for each of the n, in this case eight acqui-
sitions may be variable. This variation may be provided
in such a manner that in each acquisition the intensities
of the relevant ultrasonic beams only change within the
predetermined range, extending from I inf. and I sup. or
that intensities may also be higher and/or lower than one
or both of said limits as defined by I inf. and I sup.
[0060] In this case, in order that controlled microbubble
destruction may still be provided, it is possible to hold,
as constant values, the number of acquisitions n (in this
example being without limitation equal to 8) and the total
energy delivered over the n image acquisitions, while
maintaining the correspondence of said total energy of
the n image acquisitions with a predetermined value in
said range from I Inf. to I Sup.
[0061] The distribution of intensity changes over n ac-
quisitions may be at random, as shown in chart b) of Fig.
3. In this case, the area of each bar of the histogram
represents power, whereas height indicates intensity. As
is shown, the ultrasonic beam intensity reduction during
the acquisitions A3, A6 and A8 is compensated for by a
corresponding intensity increase in the acquisitions A2,
A4 and A5. The acquisitions A1 and A7 are performed
at the predetermined normal intensity, i.e. the one shown
in graph a). The total energy, which corresponds to the
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sum of all the areas of the bars A1 to A8 is the same in
all acquisition successions as shown in graphs b) and c).
[0062] The graph d) shows a further variant of ultra-
sonic beam intensity modulation in each acquisition of
the n acquisitions performed during the systolic phase.
[0063] In this case, the first acquisitions A1 to A3 are
performed with increasing intensities starting from the
intensity I inf. The acquisitions A4 and A5 are performed
at the normal intensity, i.e. at the same level as the ac-
quisition of graph b), whereas the acquisitions A6, A7
and A8 are performed at an intensity which increases in
inverse proportion to the lower intensity of the acquisi-
tions A1 and A3 as compared with the intensity being
considered as the normal value of the acquisitions A4
and A5. Here again, the total energy delivered to contrast
agents is the same as in the n acquisitions of graph b).
[0064] Referring now to Fig. 4, graphs e) and f) show
a few variants of intensity progression described with ref-
erence to the example of graph d).
[0065] The difference of the variant as shown in graph
e) consists in that the first four acquisitions A1 to A4 are
performed with ultrasonic beam intensities of I inf.,
whereas the other four acquisitions A5 to A8 are per-
formed with a higher intensity as compared with the nor-
mal value as defined in graph b), so that ultrasonic beam
intensity during acquisitions A5 to A8 is caused to exceed
the upper limit I Sup..
[0066] Here again the total energy delivered onto con-
trast agents is the same as in the previous examples of
graphs b), c), d), and so is substantially the percentage
of destroyed or inactivated microbubbles.
[0067] In the example of graph f), the intensity distri-
bution is such that, while the same pattern of lower levels
in the first acquisitions is maintained, the last acquisitions
do not exceed the upper limit I Sup. Here again the total
energy is the same as in the preceding examples.
[0068] Obviously, the above examples are to be in-
tended without limitation, since any ultrasonic beam in-
tensity variation or progression rule may be provided in
the individual acquisitions of each phase T1-T2. Moreo-
ver, the examples always refer to minimum intensities
which are never lower than the intensity level I inf. How-
ever, intensity distribution patterns may be provided
wherein some acquisitions, particularly the first acquisi-
tions have intensities below I Inf.
[0069] Intensity distribution according to examples d),
e) and f) is particularly advantageous, allowing to obtain
a reduced microbubble destruction during the first acqui-
sitions. In this case, the relevant information is the one
pertaining to proper probe positioning with respect to the
heart or to the organ or body being examined and to
assessment of contrast agent presence in the object re-
gion. Hence, such an intensity of ultrasonic beams is only
required as to obtain reliable information about position-
ing and about the presence of contrast agents, said in-
formation being sufficient to allow discrimination between
echoes having second harmonic frequencies and those
having the fundamental frequency.

[0070] Obviously it is possible to combine the ultrason-
ic beam intensity variation with a variation of the number
n of acquisitions per phase, still with reference to a con-
stant total energy delivered through the n acquisitions.
[0071] Ultrasonic beam intensity changes through the
individual acquisitions, as well as the change of the ac-
quisition number per heart cycle phase may be provided
automatically by the ultrasonic beam intensity controlling
unit 6 which, when appropriately programmed, accounts
for the changes made and, based on the preset distribu-
tion rule, changes the intensities of ultrasonic beams in
each acquisition, to maintain the total delivered energy
and/or the destruction or inactivation of contrast agent
microbubbles associated thereto at a constant level.
[0072] Means for continuous variation and adjustment
of the parameters I Inf., I. Sup. of the ultrasonic beam
intensity distribution rule on the individual acquisitions
A1 to An and of the number n of acquisitions per heart
cycle may be provided.
[0073] Several different types of said parameters may
be also programmed, which may be selected by the user
by means of hardware selectors, such as switches or the
like or by means of software selectors, such as pop-up
menus or the like.
[0074] The method according to the invention may be
used in combination with the so-called stress echo tech-
nique.
[0075] This technique provides ultrasound imaging of
the heart, particularly of the left ventricle, while the patient
is both in rest and stress conditions. Stress may be in-
duced by physical exercise or by injection of dobutamine
or other drugs.
[0076] Stress echo technique is known in the art and
described in its basics, for instance in "Dobutamine
Stress Echocardiography Identifies Hybernating Myo-
cardium and Predicts recovery of Left Ventricular Func-
tion After Coronary Revascularisation", by Cigarros et al.
from "Circulation", Vol. 88, no. 2 of August 1993. Other
pertinent documents are: "Left Ventricle II: Quantification
of sequential Dysfunction" and "Left ventricle III coronary
Artery Disease- Clinical Manifestations and complica-
tions", Clinical Applications pp. 629 through 645 and pp.
677 through 681.
[0077] US 5,415, 171 provides the combination of the
use of contrast agents with the stress echo technique.
[0078] All these documents, and US 5,415,171 in par-
ticular do not allow to perform a stress echo examination
substantially in real-time, due to the problems outlined
above, i.e. by the destruction of contrast agents at high
ultrasonic beam intensities.
[0079] However, in combination with the characteris-
tics of the method of the invention, it is possible to first
acquire images with contrast agents when the patient is
in the normal position, and then to acquire images of the
patient in the stress condition and with contrast agents.
These images may be displayed individually or sequen-
tially in real-time and, images of the patient in the normal
condition may be displayed at the same time, by way of
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comparison, by recalling them from the memory individ-
ually or sequentially.
[0080] Real-time perfusion display, thanks to a proper
adjustment of ultrasonic beam intensity in the presence
of contrast agents allows to visualize phenomena, such
as particularly transient ischemia.
[0081] The invention is not limited to the embodiments
illustrated and described herein, but may be greatly var-
ied. Particularly, changes may be made to the structure
of the ultrasound apparatus for implementing the method
of the invention, wherein the hardware structure may be
greatly varied in accordance with the described features.

Claims

1. A method for operating an ultrasound imaging ap-
paratus in combination with an ECG unit for ultra-
sound imaging of contrast agents,
the ultrasound apparatus comprising:

a probe (1) having transducers for emitting ul-
trasonic beans and for receiving reflected ech-
oes, as well as for transforming them into cor-
responding signals;
a transducer transmission exciting and beam-
forming unit (2) being used to control focusing
of said beams along scan lines, planes and/or
volumes;
means (4, 3) for triggering the activation or the
deactivation of the probe (1) and of the control
unit (2) by a synchronization signal provided by
an ECG unit (3);
a unit (7) for controlling the reception and image
processing of the received echo signals, oper-
ating in synchronization with the probe (1);
one or more ultrasound image storage units (9)
and displaying media (10),
programmable means (6) for setting a minimum
intensity and a maximum intensity for ultrasonic
beams emitted by the probe (1) and the number
of image acquisitions per unit time,
the said method having the following steps:

operating the ECG unit (3) to detect elec-
trocardiographic signals (ECG);
transforming said signals or a part thereof
into synchronisation pulses for controlling
the activation and deactivation of the ultra-
sonic probe (1) pointed to the heart region,
to synchronise image acquisition with the
heart cycle;
performing image acquisitions (A1, A2, A3,
A4, A5, A6, A7, A8) at predetermined phas-
es (T1, T2) of the heart cycle for predeter-
mined limited times, with a predetermined
ultrasonic beam intensity (I);
processing the received signals and trans-

forming them into control signals which are
viewable on a display;
characterized in that
the said method further comprises the step
of setting a certain fixed number of said im-
age acquisitions (n) per unit time and setting
an intensity (I) of the ultrasonic beams emit-
ted by the probe (1) in a range between a
maximum value and a minimum value cor-
responding to a Mechanical Index in the
range of 0.2 to 1.0,

carrying out said image acquisitions (A1,
A2, A3, A4, A5, A6, A7, A8) in the symbolic
phase (T1-T2) of each heart cycle starting
with transmission of ultrasonic beams from
the end of diastole (R, T1) and ending at the
end of systole (T2), the number of said im-
age acquisitions being fixed and distributed
over the systolic phase from the end of di-
astole (R, T1) to the end of systole (T2),
for achieving destruction of a certain per-
centage of contrast agent microbubbles.

2. A method as claimed in claim 1, characterized in
that the intensity is determined by an experimentally
established empirical scale.

3. A method as claims 1 or 2 , characterized in that,
within each phase (T1, T2) of each heart cycle during
which said acquisition (A1, A2, A3, A4, A5, A6, A7,
A8) take place, ultrasonic beam intensity for the in-
dividual acquisitions (A1, A2, A3, A4, A5, A6, A7,
A8) is varied in accordance with a predetermined
distribution rule.

4. A method as claimed in one or more of the preceding
claims, characterized in that ultrasonic beam in-
tensities over the individual acquisitions (A1, A2, A3,
A4, A5, A6, A7, A8) of the same phase (T1, T2) of
the same heart cycle vary from a predetermined min-
imum value to a predetermined maximum value and
in such a manner as to maintain the total power trans-
mitted onto the contrast agents in the predetermined
number of image acquisitions (A1, A2, A3, A4, A5,
A6, A7, A8) at a constant level,

5. A method as claimed in one or more of the preceding
claims, characterized in that within each phase
(T1, T2) of each heart cycle, the same intensity is
used for the ultrasonic beams of each acquisition
(A1, A2, A3, A4, A5, A6, A7, A8).

6. A method as claimed in one or more of the preceding
claims, characterized in that two sets of ultrasound
images of the heart are acquired in the presence of
contrast agents, the first set providing ultrasound im-
ages of the heart when the patient is at rest, and the
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second set providing ultrasound images of the heart
in stress conditions obtained by motor activity or
pharmacological action.

7. A method as claimed in claim 6, characterized in
that the images acquired when the patient is in the
stress condition are displayed in real-time either in-
dividually or sequentially, while previously acquired
ultrasound images of the patient at rest are displayed
for comparison therewith.

8. A method according to one or more of the preceding
claims 1 to 7, characterized in that it is provided in
combination with any kind of imaging modalities,
such as harmonic imaging, 2D and or 3D imaging,
color flow, power doppler, doppler tissue coloriza-
tion, pulse inversion, pulse difference, B-mode im-
aging and or combinations of two or more of the said
listed modalities.

Patentansprüche

1. Verfahren zum Betreiben einer Ultraschallabbil-
dungsvorrichtung in Kombination mit einer EKG-Ein-
heit zur Ultraschallabbildung von Kontrastmitteln,
wobei die Ultraschallvorrichtung aufweiset:

eine Sonde (1) mit Messwandlern zum Ausge-
ben von Ultraschalistrahlen und zum Empfan-
den reflektierter Echos sowie zu deren Trans-
formierung in entsprechende Signale;
eine Messwandler-Übertragungserregungs-
und -Strahlformungs-Einheit (2), die zum Steu-
ern der Fokussierung der Strahlen entlang der
Abtastlinien, -ebenen und/oder -volumina ver-
wendet wird;
Vorrichtungen (4, 3) zum Triggern der Aktivie-
rung oder der Deaktivierung der Sonde (1) und
der Steuereinheit (2) durch ein Synchronisati-
onssignal, das von einer EKG-Einheit (3) aus-
gegeben wird;
eine Einheit (7) zum Steuern des Empfangs und
der Bildverarbeitung der empfangenen Echosi-
gnale, wobei die Einheit synchron mit der Sonde
(1) arbeitet;
eine oder mehrere Ultraschallbild-Speicherein-
heiten (9) und Anzeigemedien (10);
eine programmierbare Vorrichtung (9) zum Ein-
sehen einer minimalen Intensität und einer ma-
ximalen Intensität der von der Sonde (1) ausge-
gebenen Ultraschallstrahlen und der Anzahl der
Bilderfassungen pro Zeiteinheit,
wobei das Verfahren die folgenden Schritte um-
fasst:
Betätigen der EKG-Einheit (3) zum Detektieren
elektrokardiographischer Signale (EKG);
Transformieren der Signale oder eines Teils

derselben in Synchronisationsimpulse zum
Steuern der Aktivierung und Deaktivierung der
auf den Herzbereich ausgerichteten Ultraschall-
sonde (1), um die Bilderfassung mit dem Herz-
zyklus zu synchronisieren;
Durchrühren von Bilderfassungen (A1, A2, A3,
A4, A5, A6, A7, A8) zu vorbestimmten Phasen
(T1, T2) des Herzzyklus in einer vorbestimmten
begrenzten Häufigkeit mit einer vorbestimmten
Ultraschallstrahl-Intensität (I);
Verarbeiten der empfangenen Signale und
Transformieren derselben zu Steuersignalen,
die auf einem Display sichtbar sind;
dadurch gekennzeichnet, dass
das Verfahren ferner folgende Schritte umfasst:

Setzen einer bestimmten festen Anzahl der
Bilderfassungen (n) pro Zeiteinheit, und
Setzen einer Intensität (I) der von der Sonde
(1) ausgegebenen Ultraschallstrahlen in ei-
nem Bereich zwischen einem maximalen
Wert und einem minimalen Wert, der einem
mechanischen Index im Bereich von 0,2 bis
1,0 entspricht,
Ausführen der Bilderfassungen (A1, A2, A3,
A4, A5, A6, A7, A8) in der systolischen Pha-
se T1-T2) jedes Herzzyklus, beginnend mit
der Transmission von Ultraschallstrahlen
von dem Ende der Distole (R, T1) und en-
dend mit dem Ende der Systole (T2),
wobei die Anzahl der Bilderfassungen fest-
gelegt ist und von dem Ende der Distole (R,
T1) bis zu dem Ende der Systole (T2) über
die systolische Phase verteilt ist,
zwecks Erzielens der Zerstörung eines be-
stimmten Prozentanteils von Kontrastmit-
tel-Mikrobläschen.

2. Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Intensität mittels einer experi-
mentell erstellten empirischen Skala bestimmt wird.

3. Verfahren nach Anspruch 1 oder 2, dadurch ge-
kennzeichnet, dass in jeder Phase (T1, T2) jedes
Herzzyklus, während derer die Erfassung (A1, A2,
A3, A4, A5, A6, A7, A8) erfolgt, die Ultraschallstrahl-
Intensität der einzelnen Erfassungen (A1, A2, A3,
A4, A5, A6, A7, A8) gemäß einer vorbestimmten Ver-
teilungsregel variiert wird.

4. Verfahren nach einem oder mehreren der vorherge-
henden Ansprüche dadurch gekennzeichnet,
dass die Ultraschallstrahl-Intensitäten über die ein-
zelnen Erfassungen (A1, A2, A3, A4, A5, A6, A7, A8)
der gleichen Phase (T1, T2) des gleichen Herzzyklus
hinweg von einem vorbestimmten Minimalwert zu ei-
nem vorbestimmten Maximalwert und in einer der-
artigen Weise variieren, dass die Gesamt-Energie,
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die in der vorbestimmten Anzahl der Bilderfassun-
gen (A1, A2, A3, A4, A5, A6, A7, A8) auf die Kon-
trastmittel ausgegeben wird, auf einem konstanten
Niveau gehalten wird.

5. Verfahren nach einem oder mehreren der vorherge-
henden Ansprüche, dadurch gekennzeichnet,
dass in jeder Phase (T1, T2) jedes Herzzyklus für
die Ultraschallstrahlen jeder Erfassung (A1, A2, A3,
A4, A5, A6, A7, A8) die gleiche Intensität verwendet
wird.

6. Verfahren nach einem oder mehreren der vorherge-
henden Ansprüche, dadurch gekennzeichnet,
dass zwei Sätze von Ultraschallbildern des Herzens
bei Vorhandensein von Kontrastmitteln aufgenom-
men werden, wobei der erste Satz Ultraschallbilder
des Herzens im Ruhezustand des Patienten liefert
und der zweite Satz Ultraschallbilder des Herzens
bei Belastungszuständen liefert, die durch motori-
sche Aktivität oder pharmakologische Wirkung her-
beigeführt werden.

7. Verfahren nach Anspruch 6, dadurch gekenn-
zeichnet, dass die im Belastungszustand des Pa-
tienten aufgenommenen Bilder in Echtzeit einzeln
oder sequentiell angezeigt werden, während zum
Vergleich mit diesen Bildern Bilder angezeigt wer-
den, die zuvor im Ruhezustand des Patienten auf-
genommen wurden.

8. Verfahren nach einem oder mehreren der vorherge-
henden Anspruche 1 bis 7, dadurch gekennzeich-
net, dass das Verfahren in Kombination mit einer
beliebigen Art von Bilderzeugungsmodalitäten vor-
gesehen ist, wie z.B. Harmonie Imaging, 2D- und/
oder 3D-Bilderzeugzung, Color Flow, Power Dopp-
ler, Doppler Tissue Colorization, Impulsinversion,
Impulsdifferenz, B-Mode-Imaging oder Kombinatio-
nen aus zwei oder mehr der genannten Modalitäten.

Revendications

1. Procédé pour faire fonctionner un appareil d’image-
rie ultrasonore en combinaison avec une unité de
type E.C.G. pour l’imagerie ultrasonore d’agents de
contraste,
l’appareil ultrasonore comprenant :

une sonde (1) comportant des transducteurs
servant à émettre des faisceaux ultrasonores et
à recevoir des échos réfléchis, ainsi qu’à les
transformer en signaux correspondants ;
une unité (2) d’excitation de transducteur pour
transmission et de formation de faisceaux, utili-
sée pour commander la focalisation desdits fais-
ceaux suivant des lignes, des plans et/ou des

volumes de balayage ;
des moyens (4, 3) servant à déclencher l’acti-
vation ou la désactivation de la sonde (1) et de
l’unité de commande (2) au moyen d’un signal
de synchronisation fourni par une unité (3) de
type E.C.G.;
une unité (7) servant à commander la réception
et le traitement d’image des signaux d’écho re-
çus, fonctionnant en synchronisation avec la
sonde (1) ;
un ou plusieurs média (10) d’affichage et unités
(9) de mise en mémoire d’images ultrasonores ;
des moyens programmables (6) servant à pré-
fixer une intensité minimale et une intensité
maximale pour des faisceaux ultrasonores émis
par la sonde (1) et le nombre d’acquisitions
d’image par unité de temps ;
ledit procédé comportant les opérations suivan-
tes consistant :

à faire fonctionner l’unité (3) de type E.C.G.
pour détecter des signaux électrocardiogra-
phiques (ECG) ;
à transformer lesdits signaux ou une partie
de ceux-ci en impulsions de synchronisa-
tion servant à commander l’activation et la
désactivation de la sonde ultrasonore (1) di-
rigée vers la région du coeur, afin de syn-
chroniser l’acquisition d’image avec le cycle
cardiaque ;
à effectuer des acquisitions d’image (A1,
A2, A3, A4, A5, A6, A7, A8) à des phases
préfixées (T1, T2) du cycle cardiaque pour
des temps limités préfixés, avec une inten-
sité (I) de faisceau ultrasonore préfixée ;
à traiter les signaux reçus et à les transfor-
mer en signaux de commande qu’il est pos-
sible de visionner sur un affichage ;
caractérisé en ce que
ledit procédé comprend en outre l’opération
consistant :

à préfixer un certain nombre fixe des-
dites acquisitions d’image (n) par unité
de temps et
à préfixer une intensité (I) des fais-
ceaux ultrasonores émis par la sonde
(1) dans un intervalle compris entre une
valeur maximale et une valeur minima-
le correspondant à un indice mécani-
que dans l’intervalle de 0,2 à 1,0,
à exécuter lesdites acquisitions d’ima-
ge (A1, A2, A3, A4, A5, A6, A7, A8)
dans la phase systolique (T1 - T2) de
chaque cycle cardiaque en commen-
çant avec une transmission de fais-
ceaux ultrasonores à partir de la fin de
la diastole (R, T1) et en terminant à la
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fin de la systole (T2),
le nombre desdites acquisitions d’ima-
ge étant fixé et réparti sur l’étendue de
la phase systolique allant de la fin de la
diastole (R, T1) à la fin de la systole
(T2),
afin d’obtenir une destruction d’un cer-
tain pourcentage de microbulles
d’agent de contraste.

2. Procédé tel que revendiqué à la revendication 1, ca-
ractérisé en ce que l’intensité est déterminée au
moyen d’une échelle empirique établie d’une maniè-
re expérimentale.

3. Procédé tel que revendiqué aux revendications 1 ou
2, caractérisé en ce que, dans chaque phase (T1,
T2) de chaque cycle cardiaque pendant laquelle la-
dite acquisition (A1, A2, A3, A4, A5, A6, A7, A8) a
lieu, l’intensité de faisceau ultrasonore pour les ac-
quisitions individuelles (A1, A2, A3, A4, A5, A6, A7,
A8) fait l’objet d’une variation conformément à une
règle de distribution préfixée.

4. Procédé tel que revendiqué dans une ou plusieurs
des revendications précédentes, caractérisé en ce
que les intensités de faisceau ultrasonore sur l’éten-
due des acquisitions individuelles (A1, A2, A3, A4,
A5, A6, A7, A8) de la même phase (T1, T2) du même
cycle cardiaque varient d’une valeur minimale pré-
fixée à une valeur maximale préfixée et de manière
à maintenir à un niveau constant la puissance totale
transmise sur les agents de contraste dans le nom-
bre préfixé d’acquisitions d’image (A1, A2, A3, A4,
A5, A6, A7, A8).

5. Procédé tel que revendiqué dans une ou plusieurs
des revendications précédentes, caractérisé en ce
que, dans chaque phase (T1, T2) de chaque cycle
cardiaque, la même intensité est utilisée pour les
faisceaux ultrasonores de chaque acquisition (A1,
A2, A3, A4, A5, A6, A7, A8).

6. Procédé tel que revendiqué dans une ou plusieurs
des revendications précédentes, caractérisé en ce
que deux groupes d’images ultrasonores du coeur
sont acquis en présence d’agents de contraste, le
premier groupe fournissant des images ultrasonores
du coeur lorsque le patient est au repos et le second
groupe fournissant des images ultrasonores du
coeur dans des conditions de stress obtenues par
une activité mécanique ou par une action pharma-
cologique.

7. Procédé tel que revendiqué à la revendication 6, ca-
ractérisé en ce que les images acquises lorsque le
patient est dans la condition de stress sont visuali-
sées en temps réel, soit individuellement, soit d’une

manière séquentielle, tandis que des images ultra-
sonores du patient au repos acquises précédem-
ment sont visualisées à des fins de comparaison
avec celles-ci.

8. Procédé selon une ou plusieurs des revendications
précédentes 1 à 7, caractérisé en ce qu’il est prévu
en combinaison avec n’importe quel type de moda-
lités d’imagerie, telles que l’imagerie harmonique,
l’imagerie 2D et/ou 3D, le flux colorisé, le Doppler
puissance, la colorisation de tissu Doppler, l’inver-
sion d’impulsion, la différence d’impulsion, l’imagerie
en mode B et/ou les combinaisons de deux desdites
modalités énumérées ou davantage.
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