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Description

Field of the invention

[0001] The present invention relates to an ultra-
sound-based apparatus for monitoring one or more mor-
phological and physiological parameters that are related
to the progress of a childbirth.

Background of the invention

[0002] A need is particularly felt of a method and an
equipment that allow to monitor the conditions of a preg-
nantwoman and her foetus before entering the childbirth
room, and during the childbirth itself, in particular in child-
birth stage 2 but even in stage 1 and 3. In particular, it is
important to monitor such morphological and physiolog-
ical parameters as uterine contractions intensity, fre-
quency and duration, foetal cardiac frequency, endocer-
vical canal dilation, endocervical canal length, foetal
head station, in particular the distance of the foetal head
from an anatomical reference, such as a parturient’s
bone, pubis, and the like, as well as the foetal head ro-
tation, umbilical cord unwinding, and the evolution of all
these parameters.

[0003] Various techniques are known for evaluating
the imminence of the childbirth, and monitoring the child-
birth progress. These methods provide the introduction
of an operator’s finger and/or such objects as sensors
and/or instruments into the vagina, to reach the uterine
cervix or the head of the foetus. These invasive tech-
niques may also lead to infections and/or lesions of the
parturient and/or the foetus.

[0004] Furthermore, in most cases the accuracy of the
data that can be obtained depend upon the operator’'s
sensitivity, therefore objectivity and precision of the
measurement cannot be guaranteed. To cope with this
problem, ultrasound devices have been developed such
as the Barnev’s cervicometer, described in Sharf et al.,
"Continuous monitoring cervical dilation and foetal head
station during labor" (Med. Eng. Phys. 2007; 29:61-71).
Barnev’s cervicometer comprises three ultrasound trans-
mitters to be located on the abdomen of the pregnant
woman, and a plurality of receivers to be located, typi-
cally, on the foetal head and at the edges of the cervical
os. The analysis of the response time of the waves, and
a subsequent triangulation of the distance obtained this
way, allow to univocally evaluate the endocervical canal
dilation and the foetus position. However, this device is
stillan invasive one, as well as the devices and the meth-
ods described in Sharf etal., "Continuous monitoring cer-
vical dilation and foetal reaction during labor" Medical
Engineering & Physics 29 (2007) 61-71, in "Novel tech-
nologies for minimally invasive therapies”, Lupensis Bi-
omedical Publications, as well as in W0O199849942,
W02008084486 and W02005015499. Apart from the
nuisance they can cause to the pregnant woman, these
techniques can only be employed if the pregnant woman
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keeps a lying-down position.

[0005] Furthermore, the operator must hold the ultra-
sound probe and continually adjust its position on the
woman’s abdomen.

[0006] Moreover, only a limited number of parameters
can be displayed and monitored at the same time, nor-
mally no more than two, by means of known equipment.
[0007] In US20030114779 a method is disclosed of
monitoring the progress of labor in a mother during child-
birth. The method is carried out by using a position sensor
to measure a predetermined point on the mother moni-
toring the location of the position sensor in three-dimen-
sional space and monitoring the location of the fetal pre-
senting part with respect to the predetermined point on
the mother.

[0008] DocumentUS20030114779discloses anappa-
ratus for measuring a labour progress parameter by ech-
ographic images obtained by ultrasonic pulses, wherein
theimages include an series of images showing progres-
sive dilation wherein one of the images can be described
as areference image, and a control unit for receiving and
analysing signals from said echographic probe, and
wherein the user can mark selected points, which may
be described as regions of interest, on the images dis-
played and thereby enabling the spatial distance be-
tween the BPD and the head to be computed and mon-
itored, and wherein the ultrasonic sensor has position
sensors attached to it.

Summary of the invention

[0009] Itis therefore an object of the invention to pro-
vide an apparatus for measuring morphological param-
eters that allow monitoring the progress of a labor, such
as, in particular, the endocervical canal dilation of a par-
turient, the position of the foetus before and during the
descent through the endocervical canal, as well as phys-
iological parameters of the parturient and of the foetus,
without requiring the introduction of any foreign matter
into the pregnant woman'’s body.

[0010] Itis, furthermore, an object of the invention to
provide an apparatus for real-time monitoring such pa-
rameters, by qualitatively and/or quantitatively displaying
them on a user interface.

[0011] It is another object of the invention to provide
an apparatus that allows automatic measurement of such
parameters.

[0012] It is still an object of the invention to provide an
apparatus that allows objectively measuring such param-
eters, i.e. independently from the sensitivity and the skills
of the operator.

[0013] Itis aparticular object of the invention to provide
such an apparatus for monitoring at the same time a
number of morphological and physiological parameters
as desired by the operator.

[0014] It is a further particular object of the invention
to provide such an apparatus that allows the parturient
to assume any desired position during the childbirth, for
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example a standing or a sitting position, as well as a
lying-down position.

[0015] These and other objects are achieved through
an apparatus for measuring a labor progress parameter
during childbirth by ultrasound images obtained by ultra-
sonic pulse as defined in claim 1.

[0016] The automatic tracking means allow to track,
substantially in real time and with a predetermined level
of accuracy, before and during the childbirth, one or more
morphological and physiological labor parameters that
are related with the progress of the childbirth, and that
allow evaluating the correct evolution of the childbirth it-
self, without inserting in the parturient’s body foreign ob-
jects, such as intrusive instruments and sensors.
[0017] Furthermore, the device is adapted to integrate
existing ultrasound instruments.

[0018] Advantageously, the control unit is adapted to
select afurther region of interest that is substantially cen-
tred about the portion of the parturient’s body, the labor
progress parameter during childbirth defined by a com-
bination of the region of interest and of the further region
ofinterest. This way, the parameter is totally defined with-
out any reference to reference points external to the par-
turient’s body or the foetus, and the tracking of the regions
of interest is more reliable, in particular it is independent
from movements of the parturient. The same do not apply
to the case of one anatomic reference point only, even
if the position of the probe with respect to an absolute
coordinate system is known to the control unit. In this
case, a point of the probe itself provides the second ref-
erence, which is needed to define together with the an-
atomic point a distance parameter or a line which defines
an angle parameter.

[0019] Advantageously, the user interface is adapted
to provide to the operator an option of selecting a further
reference image among one of the subsequent ultra-
sound images, such that a first and a second tracking on
two pluralities of pixels are carried out contemporane-
ously, the means for iteratively calculating adapted to
perform the steps of:

- comparing values of the local pixel function calculat-
ed at pixels of the region of interest of the reference
ultrasound image, and values of the local pixel func-
tion calculated at pixels of the region of interest of a
subsequent ultrasound image, such that a first posi-
tion of the derived region of interest is identified;

- comparing between values of the local pixel function
calculated at pixels of the further reference image,
and values of the local pixel function calculated at
pixels of the region of interest of a subsequent ultra-
sound image, such that a second position of the de-
rived region of interest is identified;

- identifying afurther derived region of interest through
a comparison between the trackings of the first and
the second positions of the derived region of interest
according to a prefixed criterion.
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[0020] This way, with the first tracking it is possible to
take into maximum account any possible change of the
tissues during the childbirth, whereas with the second
tracking it is possible to eliminate artifacts that may affect
the calculation of the derived region of interest.

[0021] Advantageously, the user interface is adapted
to provide to said operator an option of selecting the cri-
terion for carrying out the comparison between the first
and the second tracking.

[0022] Preferably, such criterion is selected from the
group comprised of:

- the position that is identified by the lowest object
function value;
- the position that is closer to a predetermined set of

values;

- the position that is farther from a predetermined set
of values;

- anaverage position between the firstand the second
position.

[0023] In particular, the portions of the mother’s body

and of the child that are included in the visual field of the
probe are those portions that markedly change their con-
figuration and their position during the childbirth, in par-
ticular the edges of the external os and the head of the
foetus; furthermore, portions of the foetus may be includ-
ed in the visual field, for example the shoulders, which
provide an absolute reference for evaluating the rotation
of the head.

[0024] The regions of interest may be used for auto-
matically tracking one of the moving portions in the im-
ages thatfollows the reference image, in terms of position
with respect to portions of the woman’s body that remains
substantially fixed during the childbirth, for example the
head of the foetus with respect to the pelvis.

[0025] Preferably, the apparatus comprises a means
for measuring a position parameter of the ultrasound
probe with respect to a coordinate system external to the
parturient, and the control unit has a means for receiving
the position parameter and a means for summing said
position parameter and the position of said derived region
of interest with respect to said probe, such that said
means for comparing performs a comparison between
the actual position of said regions of interest taking into
account said coordinate system external to said parturi-
ent.

[0026] This way, an alignment is possible between the
position of the region of interest in the reference image,
and of the corresponding regions of interest on the sub-
sequent images, and an univocal coordinate system, ex-
ternal to the woman'’s body, in particular a fixed coordi-
nate system, in order to take into account the movements
of the woman during the childbirth, more precisely during
the time since the reference image is taken until the sub-
sequent images are elaborated.

[0027] In particular the user interface is adapted to de-
fine as input a plurality of regions of interest selected by
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an operator on the reference image.

[0028] In particular, each region of interest defines a
same labor progress parameter.

[0029] The labor progress parameter defined by the
selected region of interest may be the dilation of the par-
turient’s endocervical canal, which may be associated to
a distance between two regions of interest selected on
the edge of the endocervical canal.

[0030] The labor progress parameter defined by the
selectedregion of interest may be the position of the head
of the foetus during the descent along the outlet path
through the endocervical canal, i.e. the "foetal head sta-
tion"; the position may be associated with a region of
interest that is selected on a fixed portion of the parturi-
ent’s body and with a region of interest that is selected
on the head of the foetus. In particular, the fixed portion
of the parturient's body may be the pubis.

[0031] The labor progress parameter defined by the
region of interest may be the rotation of the head of the
foetus, i.e. the "foetal head position"; the rotation is then
associated with an angle that is formed by a line that is
defined by two regions of interest that are centred on a
fixed portion of the parturient’'s body and by a line that is
defined by two regions of interest integral to the foetus.
[0032] This way, the system allows reading all the
physiological parameters of the foetus and of the partu-
rient during the childbirth, in particular vital parameters
by which the safety conditions for the foetus and the par-
turient can be monitored.

[0033] Reliable measures of this angle may be ob-
tained by having as a reference the only the line that is
defined by two regions of interest of the foetus.

[0034] In particular, the length of the endocervical ca-
nal is evaluated by measuring the dilation of an upper
part and the dilation of a lower part of the endocervical
canal, a computing means calculating the length by com-
paring the dilation of the upper part and of the dilation of
the lower part.

[0035] In particular the ultrasound reference image
and/or the subsequent ultrasound images are images of
any cross sectional plane of the visual field selected by
the operator.

[0036] Preferably, the region of interest is a region of
a three-dimensional space.

[0037] In particular, the region of interest is a three-di-
mensional region that is directly obtained through a 3D
real time or native matricial acquisition.

[0038] In alternative, the region of interest may be ob-
tained as an union of regions of interest of a plurality of
ultrasound images of plane sections of the visual field,
wherein the plurality of reference images are obtained
by rotating the visual field about an axis that is common
to the plane sections.

[0039] The technique of reconstructing three-dimen-
sional images starting from two-dimensional images re-
duces the calculations that are needed to obtain the ref-
erence three-dimensional image, with respectto the case
of a direct acquisition of a volumetric image, i.e. a 3D-
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image.
[0040] Advantageously, the means for iteratively cal-
culating positions of the region of interest comprises:

- a means for calculating the local pixel function in a
plurality of domains of the subsequent ultrasound
images;

- ameans for calculating a predetermined object func-
tion in each of the domains, the object function as-
sociating to each domain a deviation value between
the local pixel function as calculated in the domain
and thelocal pixel function as calculated in the region
of interest;

- ameans for determining a domain of a subsequent
ultrasound image in which the object function has a
minimum value.

[0041] Preferably, the object function is the sum of the
square of the differences between a value of the local
pixel function as calculated at each pixel of the region of
interest of an ultrasound image, and the value of the local
pixel function as calculated at each corresponding pixel
in a domain of a subsequent ultrasound image, which
may not immediately follow the reference image.
[0042] Advantageously, the images of the plurality of
subsequent images in which the derived region is iden-
tified are selected by sampling at a predetermined fre-
quency.

[0043] Preferably, the position of the head of the foetus
is associated with a further region of interest that is se-
lected on a fixed portion of the parturient’s body and/or
with a further region of interest that is selected at the
head of the foetus.

[0044] For example, the local pixel function is a func-
tion that associates to a number each pixel of the region
of interest and of the domains. In particular, the number
that is associated by the local pixel function to a pixel
may be related to a grey tonality of a grey scale. In alter-
native, such number may be a value that is deduced by
a radiofrequency spectral analysis of an ultrasound im-
age. In alternative, but not exclusively, such number may
deduced by an analytic technique that is different from
radiofrequency spectral analysis.

[0045] Preferably, the userinterface provides a means
for signalling an anomalous value of a labor progress
parameter or of a phoetus physiological parameter with
respect to a predetermined range, or an anomalous com-
bination of a plurality of labor progress parameters and/or
of physiological parameters.

[0046] Such anomalous values may represent a con-
dition thatis dangerous for the foetus and/or for the moth-
er, with consequent risks for the onset of critical and po-
tentially harmful configurations.

[0047] Preferably, the apparatus comprises a means
for storing values of the labor progress parameters, in
particular the anomalous value and the anomalous com-
bination of values. This way, an off-line consultation of
the childbirth history is possible, which is useful in case
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of doubts concerning the correct application of a safety
procedure or of a good childbirth practice by a medical
team, in particular, in case of unexpected complications
that may have occurred during the childbirth. In some
cases, for instance, the uterine contractions are not fol-
lowed by cervix dilation, which causes foetal suffering;
this is normally overcome by Caesarean section. The
apparatus according to the invention enables the medical
team to evaluate on an objective basis whether a Cae-
sarean section is necessary, and to supportby documen-
tary evidence the need of such a practice.

[0048] An anomalous parameter value may also be
generated that is far away from a physically acceptable
range of parameter values, which requires checking
equipment reliability, and/or resetting the means for cal-
culating and/or starting again the calculations.

[0049] Advantageously, the apparatus comprises a
means for displaying the parameter on the ultrasound
images. A simplified image of the portions of the partu-
rient’s genital and reproductive system, as well as of the
foetus, may be useful for evaluating the progression
stage and the correct evolution of the childbirth. The nu-
meric values of monitored parameters and/or of physio-
logical data and/or of other useful parameters or images
of various types measured with compatible devices may
usefully accompany the ultrasound images on a same
user interface or on a separate interface.

[0050] The aforementioned objects are still achieved
through an ultrasound-based method for measuring a
labor progress parameter, the method providing the
steps of:

- fastening an ultrasound probe onto the body of a
parturient so that the probe has a visual field that
includes a portion of the parturient’s body and of a
foetus, in particular the parturient’s endocervical ca-
nal and/or the pubis;

- providing a control unit for receiving and analysing
signals from the ultrasound probe, creating or receiv-
ing as input by said probe a reference ultrasound
image and a plurality of subsequent ultrasound im-
ages, which are taken in succession after the refer-
ence ultrasound image;

- selecting through a userinterface atleast one region
of interest in the reference ultrasound image, the re-
gion of interest substantially centred about the por-
tion of the parturient's body, the region of interest
comprising a plurality of pixels;

- automatic tracking the region of interest and identi-
fying respective derived regions of interest in select-
ed images of the plurality of subsequent ultrasound
images, the derived regions of interests correspond-
ing to the region of interest that is selected in the
reference ultrasound image, the tracking step com-
prising in turn the steps of:

- calculating a predetermined local pixel function
for each pixel or group of pixels of the region of
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interest of the reference ultrasound image and
in each selected image of the plurality of subse-
quent ultrasound images,

- iteratively calculating, starting from the refer-
ence ultrasound image, the position of the de-
rived region of interest in each selected image,
and carrying out a comparison between:

- values of the local pixel function calculated
at the pixels of the region of interest of an
image of the selected images;

- values of the local pixel function calculated
at pixel of the region of interest of a subse-
quent ultrasound image;

- comparing each position of the derived region of in-
terest with the position of the region of interest in the
reference ultrasound image and calculating a labor
progress parameter, in particular of a previous im-
age.

[0051] Advantageously, a step is provided of selecting
at least a further region of interest that is substantially
centred about said portion of the parturient’s body, the
labor progress parameter during childbirth defined by a
combination of the region of interest and of the further
region of interest.

[0052] Advantageously, a step is provided of selecting
by the operator a further reference image among one of
the subsequent ultrasound images, such that a first and
a second tracking on two pluralities of pixels are carried
out contemporaneously; in this case, further steps are
provided of:

- comparing values of the local pixel function calculat-
ed at pixels of the region of interest of the reference
ultrasound image, and values of the local pixel func-
tion calculated at pixels of the region of interest of a
subsequent ultrasound image, such that a first posi-
tion of the derived region of interest is identified;

- comparing between values of the local pixel function
calculated at pixels of the further reference image,
and values of the local pixel function calculated at
pixels of the region of interest of a subsequent ultra-
sound image, such that a second position of the de-
rived region of interest is identified;

- identifying afurther derived region of interest through
a comparison between the trackings of the first and
the second positions of the derived region of interest
according to a prefixed criterion.

[0053] Advantageously, a step is provided of selecting
the above-mentioned criterion, which is selected, in par-
ticular, from the group comprised of:

- an average position between the first ad the second
position;
- the position that is identified by the lowest object
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function value;

- the position that is closer to a predetermined set of
values;

- the position that is farther from a predetermined set
of values.

[0054] Preferably, further steps are provided of:

- measuring a position parameter of the ultrasound
probe with respect to a coordinate system external
to the parturient,

- summing the position parameter and the position of
the derived region of interest with respect to the
probe, such that the means for comparing performs
a comparison between the actual position of the re-
gions of interest taking into account the coordinate
system external to the parturient.

[0055] In particular, the step of receiving and analysing
signals provides:

- receiving a plurality of 2-D ultrasound images that
are obtained by rotating the visual field about an axis
that is common to the plane sections along which
respective 2-D image extends;

- joining together said 2-D images such that a 3-D ul-
trasound image is reconstructed, and such that a
3-D region of interest, i.e. a region of interest of a
three-dimensional space, is also reconstructed.

[0056] Advantageously, the step of iteratively calculat-
ing positions of the region of interest provides:

- calculating the local pixel function in a plurality of
domains of the subsequent ultrasound images;

- calculating a predetermined object function in each
of the domains, the object function associating to
each domain a deviation value between the local pix-
el function as calculated in the domain and the local
pixel function as calculated in the region of interest;

- determining a domain of the subsequent ultrasound
image in which the object function has a minimum
value.

[0057] Preferably, the object function is the sum of the
squares of the differences between a value of the local
pixel function as calculated at each pixel of the region of
interest of an ultrasound image, and the value of the local
pixel function as calculated in a domain of a subsequent
ultrasound image, which may not immediately follow the
reference image.

[0058] Advantageously, a step is provided of selecting
the images in which the derived region is identified from
the plurality of subsequent ultrasound images by sam-
pling at a predetermined frequency.

[0059] The use of the procedure may be continuous or
intermittent, responsive to the childbirth stage and to
monitoring needs.
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[0060] Preferably, the position of the head of the foetus
is associated with a further region of interest that is se-
lected on a fixed portion of the parturient’s body and/or
with a further region of interest that is selected on the
head of the foetus.

[0061] Preferably, the method provides a step of sig-
nalling an anomalous value of a labor progress param-
eter with respect to a predetermined range, or an anom-
alous combination of a plurality of the labor progress pa-
rameters.

[0062] Preferably, the method provides a step of stor-
ing values of the labor progress parameters, in particular
the anomalous value and the anomalous combination of
values.

Brief description of the drawings

[0063] The invention will now be shown with the fol-
lowing description of an exemplary embodiment thereof,
exemplifying but not limitative, with reference to the at-
tached drawings, in which:

- Fig. 1is a schematic views of the apparatus accord-
ing to the invention, for monitoring one or more mor-
phological and physiological childbirth-related pa-
rameters, considered at different instants during the
tracking of a parameter;

- Fig. 2 shows more in detail the displaying unit 15 of
the apparatus, along with a reference ultrasound im-
age;

- Fig. 3 diagrammatically shows a region of interest
that is produced for identifying and tracking points
on subsequent ultrasound images;

- Fig. 4 shows a subsequent ultrasound image;

- Fig. 5 diagrammatically shows the steps of scanning
the ultrasound image of Fig. 4, by which previously
defined anatomic points are retrieved;

- Fig. 6 shows the displaying unit of Fig.2, where an
ultrasound image is displayed subsequent to refer-
ence image.

- Fig. 7 represents more in detail a genital and repro-
ductive apparatus of a parturient;

- Fig. 8 is a block diagram that represents the steps
to be performed by an operator who interacts with
the apparatus according to the invention;

- Fig. 9is ablock diagram of the method that s carried
out by the algorithm-based program means that is
resident in the control unit of the apparatus.

Description of preferred exemplary embodiments

[0064] With reference to Figs. 1 to 7, an apparatus 10
is described, according to the invention, for monitoring
one or more morphological and physiological parameters
that are related to the labor progress during childbirth. In
a basic exemplary embodiment, the apparatus compris-
es an ultrasound probe 1, which is equipped with a
means, not shown, for fixing the probe itself on the skin
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of a parturient 2 outside the upper ventral region or just
below the sternum (fig. 1), depending on the configura-
tion that is actually most suitable for obtaining a satisfac-
tory visualization of the desired portions of the woman’s
body and of the foetus 3. In the case displayed in Fig.1,
visual field 7 of ultrasound probe 1 includes substantially
the whole foetus 3, in particular the head 4 as well as the
whole endocervical canal 8 and a portion of the umbilical
cord 5. As shown in Fig. 7, another possible suitable po-
sition of probe 1, is close to the pubis.

[0065] Ultrasound probe 1 is connected to a control
unit 13 that provides an ultrasound image 11 on a dis-
playing unit 15, substantially in real time to. In the exem-
plary embodiment, displaying unit 15 is integrated in an
interactive graphic user interface 14 that comprises fur-
thermore a device 16 for introducing the parameters 25
to be monitored; displaying unit 15, which is shown more
in detail in Fig. 2, is used both for displaying ultrasound
images 11 and for indicating the parameters 25 to be
monitored by selecting anatomic reference points
28',28",29 directly on the reference ultrasound image 11.
Graphic user interface 14 is also provided with a section
17 for displaying the numerical values of the selected
parameters.

[0066] In order to monitor parameters 25, an operator
interacts with apparatus 10, in particular with control unit
13, according to the steps of Fig. 8, which are referred
to within parentheses.

[0067] The operator firstly fastens ultrasound probe 1
to the parturient’s body 2 (51), in a position suitable for
obtaining a satisfactory ultrasound image 11 (52) of the
desired portions of the woman’s body 2 and of foetus 3,
as previously described.

[0068] Then, through device 16, the operator selects
parameters 25 to be monitored during the next labor stag-
es (53). Such parameters 25 may be selected, in partic-
ular among:

- the dilation 26 of endocervical canal 8 (Fig. 7);

- the length of endocervical canal 8;

- the "foetal head station", i.e. the position of head 4
of foetus 3 with respect to a coordinate measured
along the outlet path;

- the "foetal head position" 30 (Fig.2), i.e. the rotation
of head 4 of foetus 3 with respect to a predetermined
axis 31;

- uterine contractions intensity, frequency, duration;

- the position of one or more points of umbilical cord 5.

[0069] The operator selects, directly on reference ul-
trasound image 11 as displayed by screen 15, anatomic
reference points 28°,28" that are needed for real-time cal-
culation of the value of each parameters 25 that have
been selected (54). For example, for monitoring dilation
26 of endocervical canal 8, the operator selects a couple
of points 28" on the edges 9 of the endocervical canal 8
(Fig. 7), or, preferably, a plurality of couples of points that
are distributed along edges 9. In the case of the foetal
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head position 30, instead, the operator may select for
instance a reference axis 31 integral with pelvis 6 of the
parturient 2 and a couple of points 28’ that identify bipa-
rietal diameter 27 of foetus 3 (Figs. 1, 2 and 7), whose
inclination with respect to reference axis 31 represents
a rotation that is the above-mentioned foetal head posi-
tion 30. Also in this case, this evaluation is preferably
done in a redundant way, for instance by considering
more than one couple of points 28’; in alternative to ref-
erence axis 31 integral with pelvis 6, the operator may
choose a reference axis that is defined by a couple of
points 28" that have been selected for monitoring dilation
26 of endocervical canal 8 (Fig.7).

[0070] Through the above described technique of se-
lection of anatomical reference points, the operator can
define a parameter of interest, which may be different
from the above-listed ones, provided that the new pa-
rameter can be expressed as a distance between two
points or as a rotation angle of an axis with respect to a
reference axis defined on foetus head or on parturient’s
body, for instance on parturient’s pelvis 6. For the sake
of conciseness, reference will be made only to the case
of foetal head position 30, which is the only parameter
shown through Figs 2-6, even if the apparatus is adapted
to track a virtually unlimited plurality of parameters, pro-
vided that a suitable computing power is available.
[0071] Once parameters 25 to be monitored, and re-
spective anatomic reference points 28,28",29, have
been selected, and options 55, 56, described hereinafter,
have been fulfilled, the operator starts the elaboration
(57), which is carried out by control unit 13 according to
an algorithm-based program means that is resident in it.
Control unit 13 works as described hereinafter, perform-
ing the steps of the block diagrams of Fig. 9, to which
reference is made within parentheses.

[0072] The algorithm carries out a monitoring phase,
or automatic "tracking", of specific "pixel patterns"
through a sequence of consecutive ultrasound images.
More in detail, and with reference to Figs. 2 and 3, control
unit 13 creates a region of interest (ROI) 21 about each
reference point (61). Each ROI 21 has a prefixed size
and comprises a set of pixels 23, which represents the
pixel pattern 24 to be retrieved in the subsequent ultra-
sound images. For each pixel 23, the value of a prefixed
local pixel function f is calculated. For example, the local
pixel function f may associate a numerical value to a grey
tonality of a pixel 23 in a grey scale, where the low-
est/highest value is used for a white pixel and a highest/
lowest value for a black pixel, respectively, or vice-versa.
[0073] Atatimet,, controlunit13 definesan ultrasound
image 12 (62; Fig. 4) that has been taken by the ultra-
sound probe, subsequent to reference image 11, in
whose pixels the above mentioned reference function f
is calculated; as shown in Fig. 5, control unit 13 carries
out then a scanning step of subsequent image 12 (63),
defining a plurality of domains 36 that have the same
shape and size of ROl 21 (64), in order to track a group
of pixels which has features that match the features of
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pixel pattern 24 as initially defined by the algorithm. To
this purpose, and still by means of the resident algorithm,
control unit 13 compares the set of the values calculated
in ROI 21 with the values calculated in each domain 36,
and finds out the domain 22 where the distribution of the
values is the most similar to the distribution of the values
calculated in ROI 21. The identified domain 36 is the do-
main where a predetermined object function F, or dis-
tance function, has a minimum value 34. For instance,
according to a known method, the object function F may
be the sum of the squares of the differences of values of
the local pixel function f calculated for corresponding pix-
els in ROI 21 and in the domain 22. The coordinates x4,
X, of this recognized or tracked or derived ROl 22 are
displayed substantially in real time on displaying unit 15
(66; Fig. 6), along with a line or a plurality of lines that
represent the parameter of interest corresponding to se-
lected groups of anatomic reference points (67), i.e. with
simplified images of anatomic details, overlapped to the
ultrasound current image. The anatomic detail may be,
for example, the head of the foetus, together with such
orientation parameters as foetal head position 30 or the
inclination or the rotation with respect to the shoulders.

[0074] The computing means calculate then the dis-
tance and the angles of inclination that are needed for
quantitatively expressing parameters 25, and the corre-
sponding values are displayed in section 17 of displaying
unit 15. Afterwards, the derived ROls 22 that are retrieved
in the subsequentimage 12 are used in an iterative proc-
ess, for recognizing the ROls in further subsequent ul-
trasound images, not shown, up to the end of the session
(70).

[0075] Parameter values 25 may furthermore be dis-
played as graphs 40 on a section 39 of graphic user in-
terface 14 (68,69), in order to highlight their temporal
evolution. Parameter values 25 may also be recorded in
a mass memory unit 18, to be displayed in an off-line
session. Anomalous parameter values and anomalous
combinations of parameter values are advantageously
saved in a separate memory device, preferably after be-
ing highlighted in a separate display unit or mode, not
shown. The off-line consultation of the data recorded in
mass memory unit 18 is useful, for instance, in case of
doubts concerning a correct application of safety proce-
dures and/or of good childbirth practice, in particular in
case of unexpected complications that may have oc-
curred during the childbirth.

[0076] In the above description, it has been assumed
that the reference pixel patterns 24 to be tracked are
identified in the initial image 11; however, for any ana-
tomic reference point, in subsequent image 12 a pixel
pattern 24 may be used which is identified in another
ultrasound image, advantageously in an image that is
produced immediately before image 12.

[0077] The algorithm will also offer the operator the
option 55 (Fig. 8) of considering both types of pixel pat-
terns, in order to maximize the accuracy in ROl recogni-
tion, at the expenses of some reduction in temporal res-

10

15

20

25

30

35

40

45

50

55

olution of the analysis. In this specific case, the operator
will be also prompted to define the criterion (56) to be
employed by control unit 13 to determine, in each elab-
orated image, the derived ROI 22 for each initially select-
ed ROI 21. In fact, in this case, for each initial ROl 21 the
algorithm will first provide two possible derived ROIs 22
as the result of two independent pattern trackings, and
then a choice will be automatically made based on the
operator-defined criterion. For instance, the position of
each derived ROI 22 can be chosen as the average po-
sition between two alternatives that are provided by the
algorithm, or it can be chosen as the position of the ROI
that has the lowest object function F value 34 between
the two values that are provided, or it can be chosen as
the position that is closer to or farther from a determined
range of possible "expected values", etc.

[0078] An external coordinate system 20 may be em-
ployed to correct, due, forinstance to a parturient’s move-
ment. This way, any possible displacements of probe 1
can be taken into account, due for instance to an inci-
dental movement of the parturient 2, starting from the
control of the reference image up to the control of the
subsequent images, and the position of ROI 21 of refer-
ence image 11 and of the corresponding derived ROls
22 on subsequent images 12. To this purpose, (Fig. 1)
an external or "absolute" coordinate system 20 may be
provided, as well as a position sensor that can be asso-
ciated to probe 1 and connected to control unit 13, in
such a way that the absolute position of probe 1 with
respect to coordinate system 20 is detected by control
unit 13 that is provided with a summing means, which is
adapted to sum the position of ROI 21 in the reference
ultrasound image 11 and the position of the derived dis-
placed ROI 1.2 with their corresponding positions in the
fixed coordinate system 20. This way, a comparison is
made between the positions of the ROIs 21,22 that takes
into account the coordinate system 20 external to the
parturient 2. The position sensor and the summing
means may be easily implemented by a skilled person,
therefore they are not described in detail here.

[0079] Notwithstanding reference has been made to
pixels and local pixel functions, it is clear to a skilled per-
son that they include both 2D and 3D pixels.

[0080] The foregoing description of a specific embod-
iment will so fully reveal the invention according to the
conceptual point of view, such that others, by applying
current knowledge, will be able to modify and/or adapt
for various applications such embodiment without further
research. It is to be understood that the phraseology or
terminology employed herein is for the purpose of de-
scription and not of limitation.

Claims
1. An apparatus (10) for measuring a labor progress

parameter during childbirth by ultrasound images
obtained by ultrasonic pulses, said apparatus (10)
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comprising:

- an ultrasound probe;

- afastening means for fastening said ultrasound
probe (1) onto the body of a parturient (2) so that
said probe (1) has a visual field (7) that includes
a portion of the body of said parturient (2) and
of a foetus (3), in particular the endocervical ca-
nal (8) or the pubis of said parturient (2);

- a control unit (13) for receiving and analysing
signals from said ultrasound probe (1), said con-
trol unit (13) creating or receiving as input by
said probe a reference ultrasound image (11)
and a plurality of subsequent ultrasound images
(12), which are taken in succession after said
reference ultrasound image (11);

- a user interface (14) for selecting a region of
interest (21) in said reference ultrasound image
(11) by an operator, said user interface (14)
adapted to selectsaid region ofinterest (21) sub-
stantially centred about said portion of the par-
turient’s body, said region of interest (21) com-
prising a plurality of pixels (23);

wherein said control unit (13) comprises:

- an automatic tracking means for tracking
said region of interest (21), said automatic
tracking means adapted to identify derived
regions of interest (22) in selected images
of said plurality of subsequent ultrasound
images (12), said derived regions of interest
(22)deriving from said region of interest (21)
thatis selected in said reference ultrasound
image (11), said tracking means compris-
ing:

- a means for calculating a predeter-
mined local pixel function for each pixel
(23) or group of pixels of said region of
interest (21) in said reference ultra-
sound image (11) and in each selected
image of said plurality of subsequent
ultrasound images (12),

- a means for iteratively calculating,
starting from said reference ultrasound
image (11), the position of said derived
region of interest (22) in each selected
image, said means for iteratively calcu-
lating adapted to perform comparisons
between:

- values of said local pixel function
calculated at the pixels (23) of said
region of interest (21) of an image
of the selected images;

- values of said local pixel function
calculated at pixels of said region
of interest (22) of a subsequent ul-
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trasound image (12);

- a means for comparing each position of said
derived region of interest (22) with the position
of said region of interest (21) in said reference
ultrasound image (11) or in another image of
said selected images and for calculating a labor
progress parameter.

An apparatus (10) according to claim 1, wherein said
control unit (13) is adapted to select a further region
of interest (21) that is substantially centred about
said portion of said parturient's body, said labor
progress parameter during childbirth defined by a
combination of said region of interest (21) and of said
further region of interest (21).

An apparatus (10) according to claim 1, wherein said
user interface (13) is adapted to provide to said op-
erator an option of selecting a further reference im-
age among one of said subsequent ultrasound im-
ages, such that a first and a second tracking on two
pluralities of pixels (23) are carried out contempora-
neously, said means for iteratively calculating adapt-
ed to perform the steps of:

- comparing values of said local pixel function
(f) calculated at pixels (23) of said region of in-
terest (21) of said reference ultrasound image
(11), and values of said local pixel function (f)
calculated at pixels (23) of said region of interest
(22) of a subsequent ultrasound image (12),
such that a first position of said derived region
of interest is identified;

- comparing between values of said local pixel
function (f) calculated at pixels of said further
reference image, and values of said local pixel
function (f) calculated at pixels (23) of said re-
gion of interest (22) of a subsequent ultrasound
image (12), such that a second position of said
derived region of interest is identified;

- identifying a further derived region of interest
through a comparison between the trackings of
the first and said second positions of said de-
rived region of interest according to a prefixed
criterion,

such that with said first tracking it is possible to
take into maximum account any possible
change of the tissues during the childbirth,
whereas with the second tracking it is possible
to eliminate artifacts that may affect the calcu-
lation of said derived region of interest.

4. Anapparatus (10) according to claim 3, wherein said

user interface (14) is adapted to provide to said op-
erator an option of selecting said criterion among:

- a position that is identified by the lowest object
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function (F) value (34);

- the position that is closer to a predetermined
set of values;

-the position thatis farther from a predetermined
set of values;

- an average position between said first and said
second position.

An apparatus (10) according to claim 1, wherein a
means is provided for measuring a position param-
eter of said ultrasound probe (1) with respect to a
coordinate system (20) external to said parturient
(2), and said control unit (13) has a means for re-
ceiving said position parameter and a means for
summing said position parameter and the position
of said derived region of interest (22) with respect to
said probe, such that said means for comparing per-
forms a comparison between the actual position of
said regions of interest (21) taking into account said
coordinate system (20) external to said parturient (2).

An apparatus (10) according to claim 1, wherein said
user interface (14) is suitable for defining as input a
plurality of regions of interest (21) selected by an
operator in said reference image (11), in particular,
each region of interest (21) defining a same labor
progress parameter.

An apparatus (10) according to claim 1, wherein said
labor progress parameter (25) is selected from the
group comprised of:

- the dilation (26) of the endocervical canal (8)
of said parturient (2), said dilation (26), in par-
ticular, associated to a distance between at least
one couple of regions of interest (12) selected
on the edge (9) of said endocervical canal (8);
- the position of the head (4) of said foetus (3)
during the descent along the outlet path through
said endocervical canal (8), i.e. the foetal head
station, said position associated, in particular,
with a region of interest (12) that is selected on
a fixed portion of said body of said parturient (2)
and with a region of interest (12) that is selected
on the head (4) of said foetus (3);

- the rotation of the head (4) of said foetus (3),
i.e. the foetal head position (30), said rotation
associated with an angle that is formed by a line
that is defined by two regions of interest (21)
centred on a fixed portion of said body of said
parturient (2) and by a line that is defined by two
regions of interest (21) integral to said foetus (3).

An apparatus (10) according to claim 1, wherein said
ultrasound reference image (11) and/or said subse-
quent ultrasound images (12) are images of any
cross sectional plane of said visual field (7) selected
by said operator.
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10.

1.

12.

13.

14.

15.

An apparatus (10) according to claim 1, wherein said
region of interest (21) is a region of a three-dimen-
sional space, in particular, a three-dimensional re-
gion, said three-dimensional region, in particular, ob-
tained as an union of regions of interest (21) of a
plurality of ultrasound images of plane sections of
said visual field (7), said plurality of ultrasound im-
ages obtained by rotating said visual field (7) about
an axis common to said plane sections.

An apparatus (10) according to claim 1, wherein said
region of interest (21) is a region of a three-dimen-
sional space, in particular, obtained directly through
a 3D real time matricial acquisition.

An apparatus (10) according to claim 1, wherein said
means for iteratively calculating positions of said re-
gion of interest (22) comprises:

- ameans for calculating said local pixel function
(f) in a plurality of domains (36) of said subse-
quent ultrasound images (12);

- ameans for calculating a predetermined object
function (F) in each of said domains (36), said
object function associating to each of said do-
mains (36) a deviation value between said local
pixel function (f) as calculated in said domain
(36) and said local pixel function (f) as calculated
in said region of interest (12);

- a means for determining a domain (22) of a
subsequent ultrasound image in which said ob-
ject function (F) has a minimum value (34).

An apparatus (10) according to claim 1, wherein said
images of said plurality of subsequent images (12)
in which said derived region (22) is identified by sam-
pling at a predetermined frequency.

An apparatus (10) according to claim 1, wherein said
position of the head (4) of said foetus (3) is associ-
ated with a further region of interest (22) that is se-
lected on a fixed portion of said body of said partu-
rient (2) and/or with a further region of interest (22)
that is selected at the head (4) of said foetus (3).

An apparatus (10) according to claim 1, wherein said
user interface (14) provides a means for signalling
an anomalous value of a labor progress parameter
or a phoetus physiological parameter (25) with re-
spect to a predetermined range, or an anomalous
combination of a plurality of labor progress param-
eters and/or or of phoetus physiological parameters
(25).

An apparatus (10) according to claims 1 or 14, com-
prising a means (18) for storing values of said labor
progress parameters (25), in particular said anoma-
lous value and said anomalous combination of val-
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ues.

Patentanspriiche

1.

Vorrichtung (10) zum Messen eines Laborfort-
schrittsparameters wahrend der Geburt durch Ultra-
schallbilder, die durch Ultraschallpulse erhalten wer-
den, wobei die Vorrichtung (10) umfasst:

- einen Ultraschallkopf;

- ein Haltemittel zum Halten des Ultraschallkop-
fes (1) am Korper einer Gebarenden (2), sodass
die Probe (1) ein Sichtfeld (7) hat, das einen
Abschnitt des Korpers der <;ebarenden (2) und
eines Fotus (3), insbesondere den Geburtska-
nal (8) oder das Schambein der Gebarenden
(2), umfasst;

- eine Steuereinheit (13) zum Empfangen und
Analysieren von Signalen von dem Ultraschall-
kopf (1), wobei die Kontrolleinheit (13) ein Be-
zugsultraschallbild (11) erzeugt oder als Einga-
be des Kopfes empfangt, und einer Mehrzahl
von darauffolgenden Ultraschallbildern (12), die
in Folge nach dem Bezugsultraschallbild (11)
aufgenommen werden;

- eine Benutzerschnittstelle (14) zum Auswah-
len eines Interessenbereichs (11) in dem Be-
zugsultraschallbild (11) durch einen Benutzer,
wobei die Benutzerschnittstelle (14) ausgestal-
tet ist, um den Interessenbereich (21) im We-
sentlichen mittig bezliglich des Abschnitts des
Korpers der Gebarenden auszuwahlen, wobei
der Interessenbereich (21) eine Mehrzahl von
Pixeln (23) umfasst;

wobei die Steuereinheit (13) umfasst:

- ein automatisches Verfolgungsmittel zum
Verfolgen des Interessenbereichs (21), wo-
bei das automatische Verfolgungsmittel
ausgestaltet ist, um abgeleitete Interessen-
bereiche (22) in ausgewahlten Bildern der
Mehrzahl der darauffolgenden Ultraschall-
bilder (12) auszuwahlen, wobei die abgelei-
teten Interessenbereiche (22), die von dem
Interessenbereich (21) abgeleitet werden,
in den Bezugsultraschallbildern (11) ausge-
wahlt werden, wobei das Verfolgungsmittel
umfasst:

- ein Mittel zum Berechnen einer vor-
gegebenen lokalen Pixelfunktion fir je-
des Pixel (23) oder Pixelgruppe in dem
Interessenbereich (21) in dem Bezugs-
ultraschallbild (11) und in jedem aus-
gewahlten Bild der Mehrzahl der dar-
auffolgenden Ultraschallbildern (12);

- ein Mittel zum iterativen Berechnen,
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1"

ausgehend von dem Bezugsultra-
schallbild (11), der Position des abge-
leiteten Interessenbereichs (22) in je-
dem ausgewahlten Bild, wobei das Mit-
tel zum iterativen Berechnen ausge-
staltet ist, um einen Vergleich durchzu-
fihren zwischen:

- Werten der lokalen Pixelfunktion,
die an den Pixeln (23) des Interes-
senbereichs (21) auf einem Bild
der ausgewahlten Bilder berech-
net werden;

- Werten der lokalen Pixelfunktion,
die an Pixeln des Interessenbe-
reichs (22) eines darauffolgenden
Ultraschallbildes (12) berechnet
werden;

- ein Mittle zum Vergleichen jeder Position des
abgeleiteten Interessenbereichs (22) mit der
Position des Interessenbereichs (21) in dem Be-
zugsultraschallbild (11) oder in einem anderen
Bild der ausgewabhlten Bilder und zum Berech-
nen eines Laborfortschrittsparameters.

Vorrichtung (10) nach Anspruch 1, bei dem die Steu-
ereinheit (13) ausgestaltet ist, um einen weiteren In-
teressenbereich (21) auszuwahlen, der im Wesent-
lichen um den Abschnitt des Korpers der Gebéren-
den zentriert ist, wobei der Laborfortschrittsparame-
ter wahrend der Geburt durch eine Kombination des
Interessenbereichs (21) und des weiteren Interes-
senbereichs (21) festgelegt ist.

Vorrichtung (10) nach Anspruch 1, bei dem die Be-
nutzerschnittstelle (13) ausgestattet ist, um den Be-
nutzer eine Option zum Auswahlen eines weiteren
Bezugsbildes unter einem der darauffolgenden Ul-
traschallbildern auszuwahlen, so dass eine erste
und eine zweite Verfolgung von zwei Mehrheiten von
Pixeln (23) zur gleichen Zeit ausgefiihrt werden, wo-
bei das Mittel zum iterativen Berechnen ausgestaltet
ist, um die Schritte auszufiihren:

- Vergleichen von Werten der lokalen Pixelfunk-
tion (f), die an Pixeln (23) des Interessenbe-
reichs (21) des Bezugsultraschallbildes (11) be-
rechnet wurden, und von Werten der lokalen Pi-
xelfunktion (f), die fur Pixel (23) des Interessen-
bereichs (22) eines darauffolgenden Ultra-
schallbildes (12) berechnet wurden, so dass ei-
ne erste Position des abgeleiteten Interessen-
bereichs identifiziert wird;

- Vergleichen zwischen Werten der lokalen Pi-
xelfunktion (f), die beim Pixeln des weiteren Be-
zugsbildes berechnet werden, und von Werten
der lokalen Pixelfunktion (f), die an Pixeln (23)



21 EP 2 375 980 B1 22

des Interessenbereichs (22) eines darauffol-
genden Ultraschallbildes (12) berechnet wer-
den, so dass eine zweite Position des abgelei-
teten Interessenbereichs identifiziert wird;

- Identifizieren eines weiteren abgeleiteten In-
teressenbereichs durch einen Vergleich zwi-
schen der Verfolgungen der ersten und zweiten
Positionen des abgeleiteten Interessenbereichs
entsprechend einem vorgegebenen Kriterium;
so dass es mit dem ersten Verfolgen mdéglich
ist, im maximalen AusmaR jede mégliche Ande-
rung des Gewebes wahrend der Kindgeburt in
Betrachtzu ziehen, wohingegen es mitder zwei-
ten Verfolgung méglich ist, Artefakte aufschlie-
Ren, die die Berechnung des abgeleiteten Inter-
essenbereichs betreffen.

Vorrichtung (10) nach Anspruch 3, bei dem die Be-
nutzerschnittstelle (14) ausgestaltet ist, um den Be-
nutzer eine Option zum Auswéahlen des Kriteriums
zu bieten, unter:

- einer Position, die durch den niedrigsten Ob-
jektfunktionswert (F), (34) bestimmt ist;

- der Position, die naher an einem vorgegebe-
nen Wertesatz ist;

- der Position, die weiter von einem vorgegebe-
nen Wertesatz ist;

- einer mittleren Position zwischen der ersten
und der zweiten Position.

Vorrichtung (10) nach Anspruch 1, bei dem ein Mittel
vorgesehen ist, um einen Positionsparameter des
Clitraschallkopfes (1) in Bezug auf ein Koordinaten-
system (20) zu messen, das auflerhalb der Gebéa-
renden (2) ist, und wobei die Steuereinheit (13) ein
Mittel hat, um Positionsparameter zu empfangen,
und ein Mittel um den Positionsparameter und die
Position des abgeleiteten Interessenbereichs (22) in
Bezug auf den Probenkopf, so dass das Mittel zum
Vergleichen ein Vergleich zwischen der tatsachli-
chen Position des Bereichs des Interesses (21)
durchfiihrt, wobei das Koordinatensystem (20) au-
Rerhalb der Gebarenden (2) berlicksichtigt wird.

Vorrichtung (10) nach Anspruch 1, bei dem die Be-
nutzerschnittstelle (14) geeignet, ist, um als Eingabe
eine Mehrzahl von Interessenbereichen (21) festzu-
legen, die von einem Benutzer in dem Bezugsbild
(11) ausgewanhlt werden, insbesondere jeden Inter-
essenbereich (21), der den gleichen Laborfort-
schrittsparameter festlegt.

Vorrichtung (10) nach Anspruch 1, bei dem der La-
borfortschrittsparameter (25) ausgewahlt wird aus

der Gruppe mit:

- der Dilation (26) des Geburtskanals (8) der Ge-
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12

10.

1.

barenden (2), wobei die Dilation (26) insbeson-
dere mit einem Abstand zwischen zumindest ei-
nem Paar von Interessenbereichen (12) verbun-
den ist, die an der Kante (9) des Geburtskanals
(8) ausgewanhlt werden;

- der Position des Kopfes (4) des Fétus (3) wah-
rend des Absinkens entlang des Auslasswegs
durch den Geburtskanal (8), d.h. der Fotuskopf-
station, wobei die Position insbesondere mit ei-
nem Interessenbereich (12) verbunden ist, der
auf einem festen Abschnitt des Korpers der Ge-
barenden (2) ausgewahlt wird, und mit einem
Interessenbereich (12), der auf dem Kopf (4) des
Fotus (3) ausgewanhlt ist;

der Rotation des Kopfes (4) des Fétus (3), d.h.
der Fotuskopfposition (30), wobei die Rotation
mit einem Winkel verbunden ist, der durch eine
Linie festgelegt ist, die durch zwei Interessen-
bereiche (21), die an einem festen Abschnitt des
Korpers der Gebarenden (2) gemittelt ist, und
durch eine Linie, die durch zwei Interessenbe-
reiche (21), die zu dem Fétus (3) gehéren, fest-
gelegt ist.

Vorrichtung (10) nach Anspruch 1, bei dem das Ul-
traschallbezugsbild (11) und/oder die drauffolgen-
den Ultraschallbilder (12) Bilder von jeder Quer-
schnittsebene des Sichtfeldes (7) sind, die von dem
Benutzer ausgewahlt wurde.

Vorrichtung (10) nach Anspruch 1, bei dem der in-
teressenbereich (21) ein Bereich eines dreidimen-
sionalen Raums ist, insbesondere eines dreidimen-
sionalen Bereichs, wobei der dreidimensionale Be-
reich insbesondere als eine Union von Interessen-
bereichen (21) einer Mehrzahl von Ultraschallbildern
des Querschnitts des Sichtfeldes (7) erhalten wird,
wobei die Mehrzahl der Ultraschallbilder durch Ro-
tieren des Sichtfeldes (7) um eine Achse gemeinsam
mit den ebenen Ausschnitten erhalten wird.

Vorrichtung (10) nach Anspruch 1, bei dem der In-
teressenbereiche (21) ein Bereich eines dreidimen-
sionalen Raums ist, insbesondere direkt durch eine
dreidimensionale Echtzeit-Matrix-Akquisition erhal-
ten wird.

Vorrichtung (10) nach Anspruch 1, beidem das Mittel
zum iterativen Berechnen der Position des Interes-
senbereichs (22) umfasst:

- ein Mittel zum Berechnen der lokalen Pixel-
funktion (f) in einer Mehrzahl von Domains (36)
der drauffolgenden Ultraschallbilder (12);

- ein Mittel zum Berechnen einer vorgegebenen
Objektfunktion (F) in jeder Domain (36), wobei
die Objektfunktion jeder der Domains (36) einen
Abweichungswert zwischen der lokalen Pixel-
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funktion (f), der in der Domain (36) berechnet
wird, und der lokalen Pixelfunktion (f), wie sie in
dem Interessenbereich (12) berechnet wird, zu
weist;

- ein Mittel zum Bestimmen einer Domain (22)
eines darauffolgenden Ultraschallbildes, indem
die Objektfunktion (F) einen Minimalwert (34)
hat.

Vorrichtung (10) nach Anspruch 1, bei dem die Bilder
der Mehrzahl der darauffolgenden Bilder (12), in de-
nen der abgeleitete Bereich (22) identifiziert ist,
durch Abtasten mit einer vorgegebenen Frequenz
erhalten werden.

Vorrichtung (10) nach Anspruch 1, bei dem die Po-
sition des Kopfes (4) des Fétus (3) mit einem weite-
ren Interessenbereich (22) assoziiert wird, der von
einer festen Position des Korpers der Gebdrenden
(2) ausgewahlt wird und/oder mit einem weiteren In-
teressenbereich (22), der an dem Kopf (4) des Fétus
(3) ausgewanhlt wird.

Vorrichtung (10) nach Anspruch 1, bei dem die Be-
nutzerschnittstelle (14) ein Mittel zum Signalisieren
eines anomalen Wertes eines Laborfortschrittspara-
meters oder des physiologischen Fétusparameters
(25) in Bezug auf einen vorgegebenen Wertebereich
oder eine anomale Kombination einer Mehrzahl von
Laborfortschrittparametern und/oder von physiolo-
gischen Fétusparametern (25) signalisiert.

Vorrichtung (10) nach Anspriichen 1 oder 14 mit ei-
nem Mittel (18) zum Speichern von Werten der La-
borfortschrittsparameter (25), insbesondere des an-
omalen Werts und der anomalen Kombination von
Werten.

Revendications

Appareil (10) pour mesurer un parametre de pro-
gression du travail pendant 'accouchement a I'aide
d’'images ultrasoniques obtenues par desimpulsions
ultrasoniques, lequel Appareil (10) comprend :

- une sonde ultrasonique ;

- un moyen de fixation pour fixer ladite sonde
ultrasonique (1) sur le corps d’'une parturiente
(2) de sorte que ladite sonde (1) ait un champ
visuel (7) qui comprend une partie du corps de
ladite parturiente (2) et d'un foetus (3), notam-
ment le canal endocervical (8) ou le pubis de
ladite parturiente (2) ;

- une unité de commande (13) afin de recevoir
et d’analyser des signaux issus de ladite sonde
ultrasonique (1), laquelle unité de commande
(13) crée ou recoit comme entrée de ladite son-
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de une image ultrasonique de référence (11) et
plusieurs images ultrasoniques ultérieures (12)
prises successivement apres ladite image ultra-
sonique de référence (11) ;

- une interface utilisateur (14) afin qu’un opéra-
teur puisse choisir une région d’'intérét (21) dans
ladite image ultrasonique de référence (11), la-
quelle interface utilisateur est congue pour choi-
sir ladite région d’intérét (21) essentiellement
centrée autour de ladite partie du corps de la
parturiente, ladite région d’intérét (21) compre-
nant plusieurs pixels (23) ; laquelle unité de
commande (13) comprend :

- un moyen de suivi automatique afin de sui-
vre ladite région d’intérét (21), ledit moyen
de suivi automatique étant congu pour iden-
tifier des régions d'intérét dérivées (22)
danslesimages choisies parmilesdites plu-
sieurs images ultrasoniques ultérieures
(12), lesdites régions d’intérét dérivées (22)
étant dérivées de ladite région d’intérét (21)
choisie dans ladite image ultrasonique de
référence (11), lequel moyen de suivi
comprend :

- un moyen pour calculer une fonction
de pixellocale prédéterminée pour cha-
que pixel (23) ou groupe de pixels de
ladite région d’intérét (21) dans ladite
image ultrasonique de référence (11)
et dans chaque image choisie parmi
lesdites plusieurs images ultrasoni-
ques ultérieures (12) ;

- un moyen pour calculer itérativement,
a partir de ladite image ultrasonique de
référence (11), la position de ladite ré-
gion d’intérét dérivée (22) dans chaque
image choisie, leditmoyen de calcul ité-
ratif étant congu pour effectuer des
comparaisons entre :

- des valeurs de ladite fonction de
pixel locale calculées aux pixels
(23) de ladite région d’intérét (21)
d'une image parmi les images
choisies ;

- des valeurs de ladite fonction de
pixel locale calculées a des pixels
de ladite région d’intérét (22) d'une
image ultrasonique ultérieure
(12);

- un moyen pour comparer chaque po-
sition de ladite région d’intérét dérivée
(22) a la position de ladite région d’in-
térét (21) dans ladite image ultrasoni-
que de référence (11) ou dans une
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autre image desdites images choisies,
et pour calculer un paramétre de pro-
gression du travail.

Appareil (10) selon la revendication 1, dans lequel
ladite unité de commande (13) est congue pour choi-
sir une autre région d’'intérét (21) qui est essentiel-
lement centrée autour de ladite partie du corps de
la parturiente, ledit paramétre de progression du tra-
vail pendant I'accouchement étant défini par une
combinaison de ladite région d’'intérét (21) et de la-
dite autre région d’intérét (21).

Appareil (10) selon la revendication 1, dans lequel
ladite interface utilisateur (13) est congue pour four-
nir audit opérateur une option pour le choix d’'une
autre image de référence parmi l'une desdites ima-
ges ultrasoniques ultérieures, de sorte qu’un premier
et un second suivi sur deux pluralités de pixels (23)
soit effectués en méme temps, ledit moyen de calcul
itératif étant congu pour effectuer les étapes consis-
tanta:

- comparer des valeurs de ladite fonction de
pixel locale (f) calculées a des pixels (23) de
ladite région d’intérét (21) de ladite image ultra-
sonique de référence (11), et des valeurs de la-
dite fonction de pixel locale (f) calculées a des
pixels (23) de ladite région d’intérét (22) d’'une
image ultrasonique ultérieure (12) de sorte
qu’une premiére position de ladite région d’inté-
rét dérivée soit identifiée ;

- comparer des valeurs de ladite fonction de
pixel locale (f) calculées des pixels de ladite
autre image de référence, et des valeurs de la-
dite fonction de pixel locale (f) calculées a des
pixels (23) de ladite région d’intérét (22) d'une
image ultrasonique ultérieure (12) de sorte
qu’une seconde position de ladite région d’inté-
rét dérivée soit identifiée;

- identifier une autre région d’intérét dérivée par
le biais d'une comparaison entre les suivis des
premiére et seconde positions de ladite région
d’intérét dérivée en fonction d’un critére prédé-
terminé de sorte qu’il soit possible a l'aide dudit
premier suivi de prendre en compte au maxi-
mum tout changement possible des tissus pen-
dant I'accouchement, et qu’il soit possible, a
'aide du second suivi, d’éliminer des artéfacts
pouvant affecter les calculs de ladite région d’in-
térét dérivee.

Appareil (10) selon la revendication 3, dans lequel
ladite interface utilisateur (14) est congue pour four-
nir audit opérateur une option lui permettant de choi-
sir ledit critere parmi :

- une position qui estidentifiée par la valeur (34)
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de la fonction objet (F) la plus basse ;

- la position qui est la plus proche d’'un ensemble
prédéterminé de valeurs ;

- la position qui est la plus éloignée d’'un ensem-
ble prédéterminé de valeurs ;

- une position moyenne entre lesdites premiere
et seconde positions.

Appareil (10) selon la revendication 1, dans lequel
un moyen est utilisé afin de mesurer un paramétre
de position de ladite sonde ultrasonique (1) par rap-
port a un repere (20) externe a ladite parturiente (2),
et ladite unité de commande (13) comprend un
moyen pour recevoir ledit parametre de position et
un moyen pour additionner ledit parameétre de posi-
tion et la position de ladite région d’intérét dérivée
(22) par rapport a ladite sonde, de sorte que ledit
moyen de comparaison effectue une comparaison
entre la position réelle desdites régions d’intérét (21)
en tenant compte dudit repére (20) externe a ladite
parturiente (2).

Appareil (10) selon la revendication 1, dans lequel
ladite interface utilisateur (14) permet de définir com-
me entrée une pluralité de régions d’intérét (21) choi-
sies par un opérateur dans ladite image de référence
(11), en particulier chaque région d’intérét (21) défi-
nissant un méme parametre de progression du tra-
vail.

Appareil (10) selon la revendication 1, dans lequel
ledit parametre de progression du travail (25) est
choisi dans le groupe comprenant :

- la dilation (26) du canal endocervical (8) de
ladite parturiente (2), ladite dilatation (26) étant
notamment associée a une distance entre au
moins deux régions d’intérét (12) choisies sur le
bord (9) dudit canal endocervical (8) ;

-la position de la téte (4) dudit foetus (3) pendant
la descente le long du trajet de sortie a travers
ledit canal endocervical (8), c’est-a-dire la sta-
tion foetale de la téte, ladite position étant no-
tammentassociée a une région d’intérét (12) qui
est choisie sur une partie fixe dudit corps de la-
dite parturiente (2) et a une région d’intérét (12)
qui est choisie sur la téte (4) dudit foetus (3) ;

- la rotation de la téte (4) dudit foetus (3), c’est-
a-dire la position foetale de la téte (30), ladite
rotation étant associée a un angle qui est formé
par une ligne qui est définie par deux régions
d’intérét (21) centrées sur une partie fixe dudit
corps de ladite parturiente (2) et par une ligne
qui est définie par deux régions d’intérét (21)
faisant partie intégrante dudit foetus (3).

8. Appareil (10) selon la revendication 1, dans lequel

ladite image ultrasonique de référence (11) et/ou les-
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dites images ultrasoniques ultérieures (12) sont des
images d’un quelconque plan en couple dudit champ
visuel (7) choisi par ledit opérateur.

Appareil (10) selon la revendication 1, dans lequel
ladite réegiond’intérét (21) estune région d’'un espace
tridimensionnel, notamment une région tridimen-
sionnelle, notamment une région tridimensionnelle
obtenue en unissant des régions d’intérét (21) de
plusieurs images ultrasoniques de sections en plan
dudit champ visuel (7), lesdites plusieurs images ul-
trasoniques étant obtenues en faisant tourner ledit
champ visuel (7) autour d’'un axe commun auxdites
sections en plan.

Appareil (10) selon la revendication 1, dans lequel
ladite regiond’intérét (21) estune région d’'un espace
tridimensionnel, notamment obtenue directement
par acquisition matricielle en temps réel 3D.

Appareil (10) selon la revendication 1, dans lequel
ledit moyen pour calculer itérativement les positions
de ladite région d’intérét (22) comprend :

- un moyen pour calculer ladite fonction de pixel
locale (f) dans plusieurs domaines (36) desdites
images ultrasoniques ultérieures (12) ;

- un moyen pour calculer une fonction objet pré-
déterminée (F) dans chacun desdits domaines
(36), ladite fonction objet associant a chacun
desdits domaines (36) une valeur d’écart entre
ladite fonction de pixel locale (f) telle que calcu-
Iée dans ledit domaine (36) et ladite fonction de
pixel locale (f) telle que calculée dans ladite ré-
gion d'intérét (12) ;

- un moyen pour déterminer un domaine (22)
d’'uneimage ultrasonique ultérieure dans laquel-
le ladite fonction objet (F) a une valeur minimale
(34).

Appareil (10) selon la revendication 1, dans lequel
lesdites images de ladite pluralité d’images ultérieu-
res (12) dans lesquelles ladite région dérivée (22)
est identifiée sont obtenues par échantillonnage a
une fréquence prédéterminée.

Appareil (10) selon la revendication 1, dans lequel
ladite position de la téte (4) dudit foetus (3) est as-
sociée aune autre régiond’intérét (22) qui est choisie
sur une partie fixe dudit corps de ladite parturiente
(2) et/ou aune autre région d’'intérét (22) qui est choi-
sie au niveau de la téte (4) dudit foetus (3).

Appareil (10) selon la revendication 1, dans lequel
ladite interface utilisateur (14) offre un moyen pour
signaler une valeur anormale d’'un parameétre de pro-
gression du travail ou d’'un parametre physiologique
du foetus (25) par rapport a une plage prédétermi-
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née, ou une combinaison anormale de plusieurs pa-
rameétres de progression du travail et/ou parametres
physiologiques du foetus (25).

Appareil (10) selon les revendications 1 ou 14, com-
prenant un moyen (18) pour stocker des valeurs des-
dits paramétres de progression du travail (25), no-
tamment ladite valeur anormale et ladite combinai-
son anormale de valeurs.
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