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(57) ABSTRACT

A method and a device (1) for ultrasound measurement of
the blood flow through a heart valve are proposed. To permit
a simple, automated measurement, it is proposed that the
measurement area (9) of a measurement beam (7) is moved
three-dimensionally by means of a multi-array transducer
(11) and continuously evaluated for characteristic Doppler
signals. It is further proposed to evaluate several measure-
ment beams (7) with offset spatial, partially overlapping
measurement areas (9) and/or several reference beams (8)
with offset spatial measurement areas (10) for determination
of the opening surface area, the volumetric flow rate, the
flow volume and/or a value proportional thereto.
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METHOD AND DEVICE FOR ULTRASOUND
MEASUREMENT OF BLOOD FLOW

[0001] The present invention relates to a method for
ultrasound measurement in accordance with the preamble of
claim 1 and to a device for ultrasound measurement in
accordance with the preamble of claim 21.

[0002] In particular, the present invention relates to the
ultrasound measurement of the blood flow in the human or
animal body through a dynamic or irregular orifice, for
example an insufficient or stenosed heart valve, a constricted
vein or artery or similar. It is desirable, for example, to
determine the cross-sectional surface area of flow, herein-
after shortened to (effective) opening surface area, the
volumetric flow rate and/or the flow volume in a diseased
heart valve, in particular the return flow through a diseased
heart valve, in order thereby to be able to determine the
severity of a valve defect and, if appropriate, perform a heart
valve operation with optimum results.

[0003] WO 00/51495 A1, which forms the starting point
of the present invention, discloses an ultrasound measure-
ment method in which pulsed ultrasound signals are emitted
and the backscattered ultrasound signals are evaluated on the
basis of the Doppler technique.

[0004] For example, in the case of an insufficient heart
valve, in order to determine the opening surface area, the
volumetric flow rate, the flow volume and/or a value pro-
portional thereto (hereinafter also shortened to measurement
values) of the blood return flow, the measurement area of a
reference beam must lie within the vena contracta (beam
constriction) in the return flow of the blood through the heart
valve, and the measurement area of a measurement beam
must completely cover the vena contracta of the return flow
through the insufficient heart valve. The positioning of the
measurement areas has hitherto only been possible manu-
ally, and it requires great manual dexterity and considerable
experience on the part of the operator. Moreover, a problem
of the known method is that the orifice of an insufficient
heart valve can be several centimetres at its maximum extent
and for this reason the orifice can no longer be completely
covered by the measurement area of a conventional mea-
surement beam.

[0005] U.S. Pat. No. 6,464,642 B1 discloses a two-dimen-
sional, so-called multi-array transducer for ultrasonic diag-
nostic in general, wherein a three-dimensional region of
interest, e.g. the heart of a patient, can be displayed and
Doppler signals evaluated.

[0006] In the present invention, a spatial area/volume is
sonified, i.e. exposed to ultrasound, by a transmit beam. The
backscatter of different sample volumes of this sonified
volume is detected and evaluated, wherein the sample vol-
umes are located at least essentially in a common plane and
have different cross sections transversal to beam direction,
but at least essentially the same extension in beam direction.
In the present invention, the term “measurement area”
designates the sample volume with the respective cross
section transversal to beam direction. The backscattered
ultrasound waves are called “measurement beam” and “ref-
erence beam”, wherein the measurement beam has a greater
measurement area than the reference beam. Preferably, the
measurement area of the reference beam lies within the
measurement area of the measurement beam. Thus, the
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terms “measurement beam” and “reference beam” designate
in particular Doppler signals backscattered from the respec-
tive measurement area.

[0007] The object of the present invention is to provide a
method and a device for ultrasound measurement of at least
one of the opening surface area of a dynamic or irregular
orifice through which a fluid flows, in particular blood, of the
volumetric flow rate, and of flow volume through the orifice,
permitting simple and preferably automated operation and/
or an accurate measurement, in particular on a relatively
large or irregularly shaped or dynamic orifice.

[0008] The above object is achieved by a method accord-
ing to claim 1 or 13 or a device according to claim 21.
Advantageous embodiments are subject of the subclaims.

[0009] According to one aspect of the present invention,
the measurement area of the measurement beam, particu-
larly within the heart, is moved three-dimensionally before-
hand in a search mode, in particular by means of a suitably
controlled matrix array transducer, while Doppler signals are
continuously detected and are evaluated in respect of the
occurrence of a Doppler spectrum characteristic of a vena
contracta. For example, the measurement area is moved in a
meandering configuration and in different planes in succes-
sion, in order to locate a spatial region in which there is a
vena contracta of the fluid flowing through an orifice.

[0010] This greatly facilitates the practical application of
the measurement method and the operation of a measure-
ment device. In particular, automated detection of a vena
contracta is possible without the operator requiring great
experience or manual dexterity.

[0011] According to a further aspect of the present inven-
tion, and one which can also be realized independently,
several measurement beams with offset spatial, partially
overlapping measurement areas covering the orifice com-
pletely, and/or several reference beams with offset spatial
measurement areas are evaluated for determination of the
measurement values. This leads to several advantages.

[0012] The detection and evaluation of several offset
measurement areas (these can optionally be the mea-
surement areas of several measurement beams and/or
of several reference beams) permit fine adjustment and,
if appropriate, correction of motion or location during
the measurement, so that it is possible to achieve a
reliable complete coverage of the orifice by the mea-
surement beams and/or a reliable positioning of a
measurement area of a reference beam in the inside of
the vena contracta of the fluid flowing through the
orifice.

[0013] The mutually overlapping measurement areas of
the measurement beams permit a reliable coverage of
larger orifices t0o, so that improved and more accurate
determination of the measurement values is made pos-
sible.

[0014] In particular, it is proposed to use what is called a
matrix array transducer to generate preferably only one
transmit beam to sonify a broad volume and to detect,
preferably simultaneously if possible or sequentially, the
measurement beams of different broad measurement areas
and preferably the reference beams of different narrow
measurement areas. This permits a simple, versatile struc-
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ture, in which the directions of the beams and the depth
range evaluated, and consequently the position of the mea-
surement areas, can be controlled, in particular moved and
adapted, electronically.

[0015] Further advantages, features, properties and
aspects of the present invention will become evident from
the following description of a preferred illustrative embodi-
ment with reference to the drawing, in which:

[0016] FIG. 1 shows a diagrammatic illustration of a
proposed device for ultrasound measurement of the return
flow through an insufficient heart valve;

[0017] FIG. 2 shows a diagrammatic illustration of a
transmit beam in ultrasound measurement of a vena con-
tracta in an orifice;

[0018] FIG. 3 shows a diagrammatic illustration of a
measurement beam and of a reference beam in ultrasound
measurement of a vena contracta in the orifice;

[0019] FIG. 4 shows a Doppler spectrum of a vena
contracta;
[0020] FIG. 5 shows a diagrammatic illustration of the

device and method in a search mode;

[0021] FIG. 6 shows a diagrammatic illustration of an
insufficient heart valve and different positions of the mea-
surement areas of the measurement beam and of reference
beam in the ultrasound measurement; and

[0022]

[0023] The diagrammatic illustration in FIG. 1 shows a
proposed device 1 and a proposed method for ultrasound
measurement of the opening surface area of a dynamic
and/or irregular orifice 2 through which a fluid flows, in
particular blood 3, and/or of the volumetric flow rate and/or
flow volume through the orifice 2.

[0024] In the diagrammatic illustration in FIG. 1, only
part of a body 4 is indicated, with a heart 5 which is to be
examined and through which blood 3 flows. A heart valve,
in this case the mitral valve 15, is insufficient and therefore
does not close completely during the contraction of the
ventricles (hereinafter called systole), but instead forms the
orifice 2 indicated diagrammatically in FIG. 1. During the
systole, blood 3 flows back through the orifice 2.

[0025] By means of the proposed device 1 and the pro-
posed method, it is possible to determine “measurement
values”, namely the effective opening surface area (for
example a mean value, or the profile varying during the
measurement or flow period) of the orifice 2, the volumetric
flow rate of blood 3, in particular of the returning blood 3,
which varies over time during the measurement or flow
period, the total flow volume of the (returning) blood 3,
and/or a proportional value.

[0026] However, the proposed method is not limited to
determining the measurement values in a mitral valve, and
instead can be used to determine the measurement values in
any heart valve or in any other dynamic and/or irregular
orifice 2, particularly one through which blood 3 flows, for
example a hole in the cardiac septum, a stenosed vein or
artery. or similar. Moreover, the proposed method is not
limited to determining the measurement values in a single
orifice 2, and instead can also determine the measurement

FIG. 7 shows a display unit of the device.
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values of several orifices 2 in succession (for example
during systole in an insufficient mitral valve and during
diastole (relaxation and filling of the ventricles) in an
insufficient aortic valve) or simultaneously (for example in
the case of two orifices 2 in an insufficient mitral valve or in
an insufficient mitral valve and a stenosed aortic valve).

[0027] FIGS. 2 and 3 illustrate the basic principle of
ultrasound measurement. A fluid, such as blood 3, flows
through the diagrammatically indicated orifice 2, and forms
adjacent to the orifice 2 in a region 6 a flow constriction with
at least substantially laminar flow that is therefore also
designated as vena contracta. Depending on several factors,
as the shape of the orifice 2 and the blood 3, this laminar
flow region 6 further narrows and merges increasingly into
a turbulent current, as indicated diagrammatically in FIGS.
2 and 3.

[0028] In particular, the proposed method relates to locat-
ing and/or measuring a vena contracta with a flow constric-
tion of factor 0.65 to 0.85 (surface area or diameter of the
narrowed area 6 to surface area or diameter of the orifice 2).

[0029] Pulsed ultrasound signals are emitted in an ultra-
sound beam (transmit beam), as is indicated in FIG. 2, and
the backscatter of ultrasound Doppler signals of a measure-
ment beam 7 and of a reference beam 8 for determination of
the measurement values is detected and evaluated, as is
indicated in FIG. 3. The measurement beam 7 has a larger
or wider measurement area 9. By contrast, the reference
beam 8 has a smaller or narrower measurement area 10,
which preferably lies centrally within the measurement area
9.

[0030] To generate and to receive or detect the ultrasound
waves, a multi-array transducer 11 is preferably used. The
transducer 11 has a multiplicity of ultrasound generators, for
example piezo elements, which are arranged in particular in
a matrix formation and whose phase and amplitude can be
controlled in such a way that the ultrasound waves are
emitted as transmit beam 12, as indicated in FIG. 2, and the
direction of the transmit beam 12 and its width or cross
section can be controlled electronically.

[0031] Accordingly, a spatial area/volume is sonified by
the transmit beam 12. The measurement areas 9, 10 relate to
different sample volumes of this sonified volume that are
located at least essentially in a common plane and have
different cross sections transversal to beam direction and
that backscatter the measurement beam 7 and the reference
beam 8, respectively.

[0032] As regards the transducer 11 and the behaviour of
the ultrasound waves, it should be noted that ultrasound
generation across a large surface area (aperture) on the
transducer 11 results in a converging transmit beam 12, that
is to say a transmit beam which is relatively narrow or thin
in the target area. By contrast, a relatively wide transmit
beam 12, that is to say a transmit beam 12 which is of greater
cross section or less convergent, shown diverging in FIG. 2
for illustration, is obtained when the ultrasound waves are
emitted only from a small transducer area or aperture, that
is to say when ultrasound waves are emitted by only a
relatively small number of ultrasound generators, for
example those lying at the centre of the transducer 11.

[0033] The ultrasound waves also show the aforemen-
tioned behaviour when received. The size of the measure-
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ment area 9, 10 can be controlled by suitable choice of the
receiving transducer aperture or area and evaluation. FIG. 3
shows that, with a small receiving transducer aperture or
area, that is to say activation and evaluation of only some of
the ultrasound generators/ultrasound receivers or piezo ele-
ments of the transducer 11, the received measurement beam
7 has a relatively wide measurement area 9, i.e. of large
cross section. Conversely, the reference beam 8 has a narrow
measurement area 10, i.e. of small cross section, with a large
receiving transducer aperture or area, that is to say activation
of many or all of the ultrasound generators/ultrasound
receivers or piezo elements of the transducer 11.

[0034] The transducer 11 generates the transmit beam 12
and receives the measurement beam 7 and the reference
beam 8 in brief succession and iteratively one after another,
and in this connection it is preferable for only a wide
transmit beam 12 to be generated which insonates both
measurement areas 9 and 10 at the same time, so that the
measurement beam 7 and the reference beam 8 can be
detected and evaluated simultaneously, with on the one hand
only a small receiving transducer aperture of the transducer
11 being evaluated and on the other hand a large receiving
transducer aperture of the transducer 11 being evaluated, this
preferably being done by parallel data processing at suffi-
cient speed and simultaneously.

[0035] In particular, through the emission of pulsed ultra-
sound signals and the Doppler effect, it is possible to
determine and fix the position and depth of the measurement
areas 9, 10.

[0036] Therefore, by means of the multi-array transducer
11 preferably provided, or by means of any other suitable
sound generator and receiver, both the spatial position and
also the size (in particular the cross section and depth) of the
measurement areas 9, 10 can be controlled or fixed by
appropriate evaluation in the proposed ultrasound measure-
ment method.

[0037] To perform the ultrasound measurements and to
control the transducer 11, the device 1 preferably comprises,
in addition to the transducer 11 itself, a control unit 13 and
an associated display unit 14, as indicated in FIG. 1.

[0038] The power and velocity spectra of the Doppler
signals and of the measurement beam 7 and reference beam
8 are detected and evaluated in particular.

[0039] FIG. 4 shows by way of example a diagrammatic
Doppler spectrum (velocity as a function of time) of a vena
contracta in a mitral valve, i.e. the return flow of blood 3
during two consecutive systoles. The Doppler spectrum does
not in fact show a sharply contoured curve, but instead, per
time, a spectrum of Doppler signals with different velocities
and a spectrum of different backscattering power which
varies with the partial measurement areas of different veloc-
ity, as is indicated by the dotted area in FIG. 4.

[0040] The integral of the power values over velocity or
the velocity spectrum at a given time represents a measure
of the opening surface area of the orifice 2 if the measure-
ment area 9 completely encloses or covers the orifice 2. The
reference beam 8 is chosen so that its measurement area 10
lies completely within the vena contracta, wherein the area
(cross section) of the measurement area 10 is known or can
be calculated.
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[0041] By means of the reference beam 8, it is then
possible, by suitable integral formation, to determine a
calibration coeflicient of the power backscattered from mea-
surement area 10. This calibration coefficient, the known
area (cross section) of the measurement area 10, and the
power integral value obtained from the measurement beam
7 are used to determine the absolute value of the effective
opening surface area of the orifice 2.

[0042] The effective opening surface area is the cross
sectional area of flow actually acting in the vena contracts
and is smaller by the factor 0.65-0.85 than the geometric
opening surface area. The effective opening surface area is
simply called “opening surface area” hereinafter and in the
claims.

[0043] Accordingly, by integration of the product of
power and velocity over the velocity or the velocity spec-
trum, it is possible to determine the absolute volumetric flow
rate and, with additional integration over time, the absolute
flow volume.

[0044] Thus, the measurement values can be obtained.
Further details, in particular concerning the aforementioned
measurement and determination of the measurement values
or other aspects of the measurement, are set out in WO
00/51495 Al, which is herewith incorporated in its full
scope as supplementary disclosure.

[0045] FIG. 5 shows a diagrammatic illustration of the
proposed device 1 and the proposed method in a search
mode. Here, preferably only the wide transmit beam 12 and
wide measurement beam 7 are used. The detection and
evaluation of the reference beam 8 may, if necessary, be
omitted in the search mode with a view to rapid processing.

[0046] The transmit beam 12 (not shown in FIG. 5) and
the indicated measurement beam 7 are preferably moved in
a meandering pattern, through corresponding control of the
transducer 11, in order to scan or travel through the entire
heart 5, e.g. as shown in FIG. 5 with broken lines in a
pyramid shape, or through a partial volume of interest, e.g.
one defined by an operator. Here, by means of suitable
evaluation, the measurement area 9 of the measurement
beam 7 is also positioned along the measurement beam 7 at
different locations, so that, in view of the movement of the
measurement beam 7, the measurement area 9 is moved in
three dimensions, while Doppler signals are continuously
detected and are evaluated in respect of the occurrence of a
Doppler spectrum characteristic of a vena contracta.

[0047] The scanning or search process can take place
quasi continuously or steplessly on account of the rapid data
processing and short operating times. However, a large
number of measurements are in fact carried out iteratively in
suiccession, the position of the detected and evaluated mea-
surement area 9 being changed in incremental stages in
order to scan the whole of the possible or the intended
volume for occurrence of a Doppler spectrum characteristic
of a vena contracta. It also becomes clear that, from this
systematic scanning a three-dimensional data set (volume)
with the information of the spatial distribution of velocity
and volume flow can be obtained and that this data set can
be used later after the scanning has been completed to
determine the occurrence of a vena contracta or even the
measurement values of the vena contracta.

[0048] From what has been stated above, it will be clear
that the proposed transducer 11 is preferably constructed in
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such a way that the ultrasound beams 7, 8, 12 can be moved
in, for example, a conical spatial area with great spatial angle
or cone angle. Accordingly, the transducer 11 is preferably
what is called a two-dimensional matrix-array transducer, in
other words an arrangement of ultrasound generators/ultra-
sound receivers or piezo elements which covers a large
transducer aperture or area and extends in both area or
aperture dimensions.

[0049] To determine whether there is a Doppler spectrum
which is characteristic of a vena contracta, a filtering process
is preferably carried out first. For example, all velocity
values below a minimum limit Vy,p of, for example, 100
cmy/s are not taken into consideration and/or only velocity
values are considered which show a bell-shaped or approxi-
mately normal-distribution velocity profile and/or lie above
a minimum value of, for example, 20-50% of the maximum
value of the respective spectrum. Thereafter, for the spectra
or values preferably filtered or prepared in some other
suitable way, a check is preferably made to ascertain

[0050] whether the mean velocity exceeds a minimum
value, or the mean velocity of a selected spectrum or
measurement area 9 is maximal for all spectra and/or
measurement areas 9,

[0051] whether the width of the Doppler or velocity
spectrum falls below a maximum value, or the width of
a selected Doppler or velocity spectrum is minimal for
all spectra and/or measurement areas 9,

[0052] whether the power or the power integral over the
velocity spectrum exceeds a minimum value, or the
power or the power integral over a selected spectrum is
maximal for all spectra and/or measurement areas 9,

[0053] whether the Doppler spectrum shows an at least
substantially continuous or constant line of maximal
velocity. as is indicated in FIG. 4, and/or

[0054] whether the velocity spectrum at a given time, in
particular at maximum velocity, as is indicated in FIG.
4, shows at least substantially a Gaussian distribution
or normal distribution.

[0055] Ttis only when at least one, two or preferably all of
the aforementioned conditions are satisfied that the occur-
rence of a vena contracta is established or at least provi-
sionally assumed, or displayed to an operator for selection,
by the proposed method and proposed device 1, it being
possible, if necessary, to switch to an imaging mode which
depicts the spatial location of the suspected vena contracta.

[0056] After the occurrence of a vena contracta has been
established, it is possible, either automatically or in response
to a corresponding confirmation signal from an operator, to
direct the measurement area 9, 10 of the measurement beam
7 and the reference beam 8 to the suspected vena contracta
and then perform an ultrasound measurement to determine
the measurement values, as already explained above or in
particular as described in more detail below. The proposed
device 1 and the proposed method thus permit automated
navigation to, location, and measurement of a dynamic
and/or irregular orifice 2 through which a fluid flows, such
as blood 3, and/or of the volumetric flow rate and/or flow
volume through the orifice 2.

[0057] A preferred approach in the actual measurement or
determination of the measurement values is explained below
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with reference to FIG. 6. FIG. 6 shows a diagrammatic
illustration of an insufficient heart valve, in particular a
mitral valve which does not properly close during systole
and accordingly presents the orifice 2. The orifice 2 can have
a considerable size, in particular a length of several centi-
metres.

[0058] As indicated in FIG. 6, the maximum extent of the
orifice 2 can be greater than the area that can be covered by
the measurement area 9 of one measurement beam 7. In this
connection, it should be borne in mind that the measurement
area 9 cannot be arbitrarily enlarged, since the power or
power density both of the transmit beam 12 and also of the
measurement beam 7 decreases as the size or cross-sectional
area increases; for an accurate measurement, however, a
certain power or a certain signal-to-noise ratio is necessary
in the signals that can be evaluated.

[0059] The proposed method and device 1 are preferably
characterized by the fact that several measurement beams 7
with offset spatial, partially overlapping measurement areas
9 are detected and evaluated for determination of the mea-
surement values. These measurement areas 9 are arranged,
located and, if necessary, corrected to that the overlapping
measurement areas 9 cover the orifice 2 completely, at least
during the measurement.

[0060] In particular, a central measurement beam 7 with
central measurement area 9 is surrounded, in a rosette
formation, by the further measurement beams 7 with their
measurement areas 9, as can be seen from the measurement
areas 9 shown in FIG. 6. However, other configuration, e.g.
two or more lines with offset measurement areas 9, can be
provided, wherein the measurement areas 9 overlap in a
similar manner.

[0061] Several measurement beams 7 with measurement
areas 9, in particular all measurement beams 7 with mea-
surement areas 9, are preferably detected and evaluated
simultaneously or in succession iteratively within a mea-
surement or measurement period. All measurement areas 9
are preferably evaluated cumulatively, it being possible for
their overlaps areas 9 to be compensated, if necessary, so
that it is possible to achieve a homogeneous power distri-
bution which is as uniform as possible over the area formed
by all the individual measurement areas 9.

[0062] The preferably peripheral superposition or any
other suitable superposition of the measurement areas 9 has
the result that the orifice 2 is covered completely by the
measurement areas 9 and, accordingly, an accurate determi-
nation of the measurement values can be guaranteed.

[0063] Each measurement beam 7 is preferably assigned a
reference beam 8, as indicated in FIG. 6 by the measurement
areas 10 of reference beams 8 assigned to the measurement
areas 9 of the measurement beams 7. In particular, the
detection and evaluation for each measurement beam 7 and
the reference beam 8 assigned to it take place simulta-
neously.

[0064] All the reference beams 8 are preferably detected
and evaluated in succession iteratively within a measure-
ment or measurement period.

[0065] The several offset measurement areas 9 of the
measurement beams 7 permit fine adjustment and correction
during the measurement period. If the power integral of the
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central measurement beam 7 or another measurement value
no longer shows the highest value in relation to another
measurement beam 7 with laterally offset measurement area
9, the measurement areas 9, 10 are corrected in such a way
that the central measurement beam 7 with its measurement
area 9 lies again in the centre of the orifice 2. This adjust-
ment or correction is important in particular when the spatial
position of orifice 2 is dynamic, that is to say changes during
a measurement period, in particular moves laterally and/or
when the position of the transducer 11 in relation to the vena
contracta changes.

[0066] Alternatively or in addition, the aforementioned
fine adjustment or correction can also be effected by evalu-
ation of the values provided by the reference beams 8 or of
values proportional thereto, the position of the central ref-
erence beam 8 with its measurement area 10 being continu-
ously corrected particularly in such a way that the central
measurement area 10, during the entire measurement period,
preferably remains completely within the vena contracta.

[0067] To evaluate the reference beams 8, it should further
be noted that a reference beam 8 is chosen to form a
calibration coefficient for all the measurement beams 7, and
in particular the highest calibration coefficient of all the
reference beams 8 can be used as calibration coefficient for
all the measurement beams 7.

[0068] The calibration coefficient of the reference beams 8
are preferably also continuously determined, and the posi-
tion of the measurement areas 9, 10 is corrected, as a
function of the calibration coeflicient during a measurement
period, particularly in such a way that the measurement
areas 9, 10 are displaced in parallel into the direction from
the central measurement area 9, 10 to where a higher
calibration coeflicient has occurred.

[0069] In the evaluation of the measurement beams 7 and
reference beams 8 and determination of the measurement
values, it is possible, if necessary, to ignore those backscat-
ters or measurement beams 7 and reference beams 8 for
which a correct position of the measurement areas 9, 10 was
not present or not guaranteed, for example if the abovemen-
tioned criteria for the presence of a Doppler spectrum
characterizing a vena contracta were not satisfied.

[0070] According to a further embodiment, the proposed
method and the proposed device 1 are characterized by the
fact that the measurement values for several separate orifices
2 can be determined either in succession or simultaneously
during a measurement period. Thus, it is possible, for
example, that two separate orifices 2, with in each case a
Doppler spectrum characterizing a vena contracta, are
detected in the search mode and are thereafter measured
either in succession or simultaneously to determine the
measurement values. The measurement values can then be
displayed to the operator, for example by means of the
display unit 14 shown diagrammatically in FIG. 7. Depend-
ing on the temporary status (systole or diastole) and the flow
(positive or negative), it will be evident to the trained
operator what type of heart valve and disease are involved,
for example an insufficient mitral valve in the display
shown, where positive speeds denote flow in the direction
towards the transducer 11 and negative speeds denote flow
in the direction away from the transducer 11.

[0071] The proposed device 1 and the proposed method
are universally applicable, and the proposed automation in
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particular permits simple and safe operation and a rapid
examination or measurement.

[0072] Preferably, the transducer 11 is not held manually
by an operator, but fixed by means of a suitable support not
shown or the like, in particular on the breast of a patient not
shown.

1-42. (canceled)

43. Method for ultrasound measurement of at least one of
an opening surface area of a orifice through which a fluid
flows, in particular blood, and of the volumetric flow rate
and of the flow volume through the orifice,

with evaluation of the backscatter of a measurement beam
having a spatial measurement area and of a reference
beam having a spatial measurement area, wherein the
spatial measurement area of the reference beam lies
within the spatial measurement area of the measure-
ment beam,

wherein several measurement beams with offset spatial,
partially overlapping measurement areas covering the
orifice completely and at least one of one reference
beam and of several reference beams with offset spatial
measurement areas are evaluated for determination of
at least one of the opening surface area, the volumetric
flow rate, the flow volume, and any value proportional
thereto.

44. Method according to claim 43, wherein the orifice is
at least one of dynamic and irregular.

45. Method according to claim 43, wherein a central
measurement area of a measurement beam is surrounded in
a rosette pattern by several measurement areas of further
measurement beams.

46. Method according to claim 43, wherein, for each
measurement beam, a reference beam is evaluated whose
measurement area lies inside the measurement area of the
associated measurement beam.

47. Method according to claim 43, wherein the several
measurement beams are evaluated cumulatively, with over-
laps of their measurement areas being compensated, in order
to generate a power profile which is as homogeneous as
possible across the entire area.

48. Method according to claim 43, wherein the measure-
ment area of a central reference beam is surrounded in a
rosette formation by several measurement areas of further
reference beams.

49. Method according to claim 43, wherein the measure-
ment area of a reference beam is directed into the inside of
a vena contracta of the fluid flow through the orifice.

50. Method according to claim 43, wherein one reference
beam forms a reference value for all the several measure-
ment beams.

51. Method according to claim 43, wherein the reference
values of several reference beams are continuously deter-
mined and the position of the measurement areas is cor-
rected as a function of the reference values during a mea-
surement period, so that the measurement area of a central
reference beam remains within a vena contracta of the fluid
flow through the orifice.

52. Method according to claim 43, wherein the reference
values of several reference beams are continuously evalu-
ated during a measurement period, and the measurement
areas of the reference beams and of the measurement beams
are shifted during a measurement period when the reference
value of the central reference beam reaches or drops below
a reference value of another reference beam into the direc-
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tion from the central measurement area to the measurement
area of the last-mentioned reference beam.

53. Method according to claim 43, wherein power spectra
of Doppler signals of the backscattered measurement beams
and the at least one reference beam are evaluated as back-
scatter to determine at least one of the opening surface area,
the volumetric flow rate, the flow volume and the value
proportional thereto.

54. Method according to claim 43, wherein pulsed ultra-
sound Doppler signals are used.

55. Method according to claim 43, wherein a transmit
beam is generated by means of a matrix array transducer and
directed to desired measurement areas.

56. Method according to claim 43, wherein the several
measurement beams and the at least one reference beam are
detected by means of a matrix array transducer as a function
of the measurement areas.

57. Method according to claim 43, wherein during a
measurement period, at least one of the opening surface
area, the volumetric flow rate, the flow volume and the value
proportional thereto is determined separately for two or
more separate orifices.

58. Method according to claim 43, wherein at least one of
the opening surface area, the volumetric flow rate, the flow
volume and the value proportional thereto is displayed.

59. Method according to claim 43, wherein the measure-
ment area of the measurement beam is moved free-dimen-
sionally beforehand in a search mode, while Doppler signals
are continuously detected and evaluated in respect of the
occurrence of a Doppel spectrum characteristic of a vena
contracta, so that thereafter for the determination, the mea-
surement area of the reference beam is directed into the
inside of the vena contracta of the fluid flow through the
orifice and the measurement area of the measurement beam
is directed into the area of the vena contracta of the fluid flow
through the orifice.

60. Method according to claim 59, wherein, in order to
detect a vena contracta, at least one of the following con-
ditions are evaluated:

whether the mean speed of the floor determined by means
of the Doppler signals exceeds a minimum value or is
maximal;

whether the width of the speed spectrum of the floor
determined by means of the Doppler signals falls below
a maximum value;

whether the power or the power integral over the speed of
the floor determined by means of the Doppler signals
exceeds a minimum value or is maximal;

whether the Doppler spectrum shows an at least substan-
tially continuous or constant line of maximal speed;
and

whether the speed spectrum of the floor determined by
means of the Doppler signals at a given time and at
maximum speed shows at least one of a substantially
Gaussian distribution or normal distribution.

61. Device for ultrasound measurement of at least one of
an opening surface area of a dynamic or irregular orifice
through which a fluid flows, in particular blood, of the
volumetric flow rate and of the flow volume through the
orifice,

with means for evaluation of the power spectrum of
Doppler signals of a measurement beam having a
spatial measurement area and of a reference beam
having a spatial measurement area, wherein the spatial
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measurement area of the reference beam lies within the
spatial measurement area of the measurement beam,

wherein the device has a matrix array transducer for
generating a transmit beam and for detecting the mea-
surement beam and reference beam, and is adapted
such that several measurement beams with offset spa-
tial, partially overlapping measurement areas covering
the orifice completely and at least one of one measure-
ment beam and of several reference beams with offset
spatial measurement areas can be detected and evalu-
ated for determination at least one of the opening
surface area, the volumetric flow rate, the flow volume
and any value dependent thereon.

62. Method for ultrasound measurement of the opening
surface area of a dynamic or irregular orifice through which
a fluid flows, in particular blood, and/or of the volumetric
flow rate and/or flow volume through the orifice, with
evaluation of the backscatter of a measurement beam having
a spatial measurement area and of a reference beam having
a spatial measurement area, wherein the spatial measure-
ment area of the reference beam lies within the spatial
measurement area of the measurement beam,

wherein the measurement area of the measurement beam
is moved three-dimensionally beforehand in a search
mode, while Doppler signals are continuously detected
and are evaluated in respect of the occurrence of a
Doppler spectrum characteristic of a vena contracta, so
that thereafter, for determination of at least one of the
opening surface area, the volumetric flow rate, the flow
volume and any value proportional thereto, the mea-
surement area of the reference beam is directed into the
inside of the vena contracta of the fluid flow through the
orifice and the measurement area of the measurement
beam is directed into the area of the vena contracta of
the fluid flow through the orifice.
63. Method according to claim 62, wherein, in order to
detect the vena contracta, at least one of the following
conditions are evaluated:

whether the mean speed of the floor determine by means
of the Doppler signals exceeds a minimum value or is
maximal;

whether the width of the speed spectrum of the floor
determine by means of the Doppler signals falls below
a maximum value;

whether the power or the power integral over the speed of
the floor determine by means of the Doppler signals
exceeds a minimum value or is maximal;

whether the Doppler spectrum of the floor determine by
means of the Doppler signals shows an at least sub-
stantially continuous or constant line of maximal speed,
and

whether the speed spectrum at a given time and at
maximum speed shows at least one of a substantially
Gaussian distribution or normal distribution.

64. Method according to claim 62, wherein a three-
dimensional data set with the information of the spatial
distribution of velocity and volume flow is obtained in the
search mode and stored so that this data set can be used later
to determine at least one of the occurrence of a vena
contracta, the opening surface area, the volumetric flow rate,
the flow volume and a value dependent thereon.
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