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(57) ABSTRACT

A method of and a computer readable medium comprising a
program for calculating total left ventricular (LV) volume
during a cardiac cycle. The LV volume is estimated using
only endocardial contours in a cardiac 3D image that was
acquired at end diastole (ED), i.e. the moment at which the
heart is fully relaxed. These contours are manually specified
or (semi-)automatically derived. Based on these contours
and on the pixel intensity in all other images, the LV volume
is estimated based on intensity variations within the area
enclosed by the contours (ED LV blood pool). These varia-
tions are proportional to the change in size of the ventricle.
Hence ventricle volume and other derivable cardiac func-
tionality parameters as well as the phase in the cardiac cycle
are derived. The 3D image is previously to the method
captured by means of a device for imaging inside parts of a
mammal body, such as Magnetic Resonance (MR), Com-
puter Tomography (CT), Nuclear Medicine (NM) or Ultra-
sound (US) devices.
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NON-INVASIVE LEFT VENTRICULAR VOLUME
DETERMINATION

[0001] This invention pertains in general to the field of
four dimensional image analyses and more particularly to
the analysis of a cine sequence of captured cardiac images
and even more particularly to left ventricular volume deter-
mination from a cine sequence of captured cardiac images.

[0002] The assessment of the blood volume of the left
ventricle (LV) of the heart as a function of time is of
importance for the evaluation of the pump function of the
heart. Magnetic Resonance Imaging (MRI) is more and
more getting accepted as the golden standard for this volume
assessment because of its superior spatio temporal and
‘anatomical’ resolution. Magnetic (MRI) is an imaging
technique used primarily in medical settings to produce high
quality images of the inside of the human body. MRI is
based on the principles of nuclear magnetic resonance
(NMR) and has advanced to a volume imaging technique.
Slices having a defined slice thickness are composed of
several volume elements or voxels. The volume of a voxel
is calculated as the inplane resolution within the slice, e.g.
3 mm™ multiplied with the through-plane resolution, i.e. the
slice distance, e.g. 3 mm, which results in a voxel volume of
3mm® for the given example. The magnetic resonance image
is composed of several picture elements called pixels. The
intensity of a pixel is proportional to the NMR signal
intensity of the contents of the corresponding volume ele-
ment or voxel of the object being imaged.

[0003] A short-axis study of the heart consists of multiple
slices covering a certain portion of the heart and multiple
phases within the cardiac cycle. The study is captured by
means of a device for imaging inside parts of a mammal
body, such as e.g. Magnetic Resonance (MR), Computer
Tomography (CT), Ultrasound (US) or Nuclear Medicine
(NM) devices. The sequence of images is available for
further analysis.

[0004] For the assessment of LV volume the left and right
ventricle are covered from apex (bottom) to base (valvular
plane) in such a study. Thus four-dimensional images of the
heart are available. Multiple slices (approximately 10 to 15)
compose a three dimensional image of the heart. The fourth
dimension is time. A full cardiac contraction cycle, i.e. one
heartbeat from end-diastole (heart fully relaxed, ED) to
end-systole (heart fully contracted, ES) and back to ED, is
typically obtained at approximately 20 phases in the cardiac
cycle.

[0005] The approach that is generally taken to measure the
LV volume from MR images consists of two steps. First the
endocardial contours, i.e. the inner myocardium boundaries,
are delineated in all MR images of a MR cardiac study,
usually short-axis slices. The myocardium is the heart’s
muscular wall. It contracts to pump blood out of the heart,
then relaxes as the heart refills with returning blood. Its outer
surface is called the epicardium and its inner lining is called
the endocardium. Thereafter the LV volume is calculated on
the basis of the area within the contour and knowledge about
the slice distance and thus the voxel volume.

[0006] Several methods for automatic delineation of the
LV endocardial contours have been proposed. However, so
far none of these can perform a true automatic delineation,
since the clinical user has to perform a significant number of
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manual contour corrections. In the presence of papiliary
muscles and trabeculae, at apical positions in the myocar-
dium or when delineating the ES phase, spurious results are
produced by the methods according to the prior art. The vast
amount of clinician time is required to perform a set of
delineations on a typical MRI cine series, i.e. approximately
400 delineations per series or several hours of manual work.
For instance 20 phases times 10 slices times 2 contours=400
contours times 10 sec per contour=1 hour and 11 minutes; in
reality however this may have to be done for 4-5 stress
levels, so the total time can be up to 5 hours. This time
constraint is prohibitive to the routine incorporation of
manual delineation in LV volume determination.

[0007] Another method of determining LV volume is
disclosed in U.S. Pat. No. -B1-6,438,403. A seed voxel is
within the image area of the LV chamber is identified and the
intensity values of neighbouring voxels are compared to a
threshold to determine whether the voxel corresponds to
blood or muscle tissue. For each neighbour voxel corre-
sponding to blood, its neighbour voxels are identified and
compared to the threshold, whereby this process is repeated
until a pre-established spatial boundary is encountered or the
number of new neighbour voxels indicates that processing is
migrating into an adjacent cardiac chamber. The number of
identified blood voxels is used for calculating ventricular
volume. A large number of voxels has to be compared to
neighbouring voxels. This method is complicated and
demanding with regard to computational power. Depending
on the power of the computer equipment used to perform the
calculations, it takes either a long time to get a calculated
result or if fast equipment is used, this means that it is
expensive in terms of money to carry out the calculation.
Another drawback of this method is the fact that a seed voxel
has to be identified either manually or automatically, which
in both cases is prone to errors. Furthermore the method of
seeded region growing has the general disadvantage that it
can only detect the volume in which the seed is positioned.
If, for example, due to the specific geometry of the papillary
muscles the LV volume consists of two non-connected
subvolumes one of the two may be missed and the LV
volume calculated according to the method of U.S. Pat. No.
-B1-6,438,403 is not correct.

[0008] One object of the invention is a reliable way of
non-invasively determining LV volume during a cardiac
cycle. Another object is to provide a method being less
computational demanding than the prior art methods, so that
results are faster available.

[0009] The present invention overcomes the above-iden-
tified deficiencies in the art and solves at least the above
identified problems by providing a method and a computer
readable medium comprising a computer program according
to the appended patent claims.

[0010] The general solution according to the invention is
to estimate LV volume using only endocardial contours in
the 3D image that was acquired at end diastole (ED), i.e. the
moment at which the heart is fully relaxed. These contours
may be manually specified or (semi-)automatically derived.
Based on these contours and on the pixel intensity in all
other images, the LV volume is estimated.

[0011] More particularly, the image based LV volume
determination method according to the invention is based on
intensity variations within the cine series. The theory behind
this is based on the following:
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[0012] The signal intensity of blood is approximately
constant through out the cardiac cycle independently of the
imaging method used for acquiring the images, such as e.g.
MR, CT, US, NM.

[0013] The intensity of blood significantly differs from
that of the myocardium; for CT and MR blood is brighter
than the myocardial tissue and the blood intensity is very
strong, much stronger than that of myocardium or lung
tissue, and of comparable intensity to any epicardial fat that
may be present. In US and NM blood is usually dark and the
myocardial tissue is brighter. Thus there is a intensity
contrast between myocardial tissue and blood, indepen-
dently from the imaging device/method used.

[0014] Changes in the histogram across the cardiac cycle
are dominated by the strong signal coming from the blood in
the ventricles as they change size.

[0015] This change is proportional to the change in size of
the ventricles, this measure provides hence a way for deter-
mining the ventricle volume and other derivable cardiac
functionality parameters as well as the phase in the cardiac
cycle.

[0016] According to aspects of the invention, a method
and a computer-readable medium for determining total left
ventricular (LV) volume during a cardiac cycle from a by
means of a device for imaging inside parts of a mammal
body captured cine series of cardiac images are disclosed.
Preferably the device for imaging inside parts of a mammal
body are a Magnetic Resonance (MR), Computer Tomog-
raphy (CT) or Nuclear Medicine (NM) modality or a Ultra-
sound (US) Device.

[0017] According to one aspect of the invention, a method
is provided, wherein the method determines total left ven-
tricular (LV) volume during a cardiac cycle from a cardiac
cine series. The method comprises the steps of delineating
endocardial and epicardial contours of a left ventricle in all
slices of the cardiac cine series at end-diastole (ED) and
subsequently applying these endocardial contours, which
were delineated at ED, to all phases of the cardiac cycle, and
calculating the total LV volume based on intensity values
inside these endocardial contours delineated at ED.

[0018] According to another aspect of the invention, a
computer-readable medium having embodied thereon a
computer program for processing by a computer for calcu-
lating total left ventricular (LV) volume during a cardiac
cycle from a cardiac cine series is provided. The computer
program comprises a first code segment for delineating
endocardial and epicardial contours of a left ventricle in all
slices of a cardiac cine series at end-diastole (ED), a second
code segment for applying the endocardial contours delin-
eated at ED to all phases of the cardiac cycle, and a third
code segment for calculating the total LV volume based on
intensity values inside the endocardial contours delineated at
ED.

[0019] The present invention has the advantage over the
prior art that it provides a reliable non-invasive fast evalu-
ation of LV volume during cardiac cycles. Furthermore the
determination of LV volume according to the invention is
highly accurate and reproducible.

[0020] Further objects, features and advantages of the
invention will become apparent from the following descrip-
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tion of embodiments of the present invention, reference
being made to the accompanying drawings, in which

[0021] FIG. 1 is a perspective view schematically illus-
trating the term “short axis”;

[0022] FIG. 2A is a cardiac MR image showing delin-
eated endo- and epicardial walls of the LV myocardium in
ED;

[0023]

[0024] FIG. 3A is a cardiac MR image showing delin-
eated endo- and epicardial walls of the LV myocardium in
ES;

[0025] FIG. 3B is a schematic illustration of FIG. 3A;

[0026] FIG. 4A is a cardiac MR sequence of 8 MR images
during the cardiac cycle from ED to ES with delineations of
the endocardial and epicardial wall of the LV myocardium
derived at ED and copied to the subsequent phases;

[0027] FIG. 4B is a schematic illustration of FIG. 4A;

[0028] FIG. 5 is a flow chart illustrating an embodiment
of the method according to the invention;

[0029] FIGS. 6 and 7 are graphs illustrating the variation
of total LV volume during a cardiac cycle calculated accord-
ing to the method of the invention for two patients compared
to manual delineated calculation of the whole sequence;

[0030] FIG. 8 is a set of graphs illustrating the variation
of LV volume in different MR slices during a cardiac cycle
calculated according to the method of the invention for six
patients compared to manual delineated calculation of the
whole sequence; and

[0031] FIG. 9 is a schematic diagram illustrating an
embodiment of the computer-readable medium according to
the invention.

[0032] In an embodiment of the invention according to
FIG. 5, a method 10 is shown. According to the method 10,
the LV volume is calculated over a cardiac cycle by evalu-
ating a short-axis MRI cine series of the heart consisting of
multiple slices covering the whole heart and multiple phases
within the cardiac cycle. The MRI cine series of the cardiac
cycle is not limited to MRI cine series and the MRI cine
series of the embodiment as described herein is not limiting.
Moreover the method according to the invention may deter-
mine LV volume from any cardiac cine series, independently
from the method or device by means of which the cardiac
cine series is captured. The definition of a short-axis slice is
illustrated in FIG. 1, wherein a long axis 2 and a short-axis
slice 3 are shown. Furthermore the schematic illustration of
cardiac components 1 shows the left ventricle 6, the right
ventricle 7, the myocardium 4, the epicardium 8 and the
endocardium 5.

[0033] Tt is assumed in the method that the first image in
a MRI cine series corresponds to the ED phase in the cardiac
cycle. This assumption is not true for all of the image sets
that are used; the first image is however at most two images
away from the ED phase. The ED phase being defmed here
as the phase at which the in-slice volume contained by a
manually created endocardial contour is greatest. In case the
ED image is at another position of the cine sequence, a
simple re-ordering of the images can be done so that it
becomes the first image.

FIG. 2B is a schematic illustration of FIG. 2A;
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[0034] Following this assumption, the blood volume at
any subsequent phase in the cardiac cycle will be less than
the blood volume at ED. Manual observation of the heart
shows a tendency for the epicardial contour, i.e. the outer
boundaries of the myocardium, to stay relatively fixed
throughout the cardiac cycle, and the endocardial surface to
move inwards, approximately towards the centroid of the
left ventricular blood pool, as it approaches ES. This can be
seen in the exemplary image sequence shown in FIG. 4.

[0035] Endocardial delineation performed at ED will thus
contain the LV blood pool for all slices, when the ED
endocardial delineation is copied onto all subsequent phases.
It is also, due to the relatively stationary nature of the
epicardial surface, unlikely to contain the epicardial surface,
or any organs beyond that Such a delineation, copied to all
subsequent phases will hence contain signals that originate
solely from the LV myocardium and LV blood pool. Any
motion of the heart may automatically be compensated with
(rigid) registration techniques such as motion compensation
used for 1%-pass myocardial perfusion MR image series, as
e.g. described in M. Breeuwer, M. Quist, L. Spreeuwers, 1.
Paetsch, N. Al-Saadi and E. Nagel, “Towards automatic
quantitative analysis of cardiac MR perfusion images”,
Proceedings CARS 2001, June 2001, Berlin, Germany.

[0036] By means of endocardial delineation 21 and epi-
cardial delineation 20 for the first image in the cine series
(approximately ED) the mean voxel intensity of myocar-
dium 23 (between delineations 20,21) is calculated. This is
shown in FIGS. 2A and 2B in an exemplary MR image 200
(FIG. 2A) and a corresponding schematic illustration 201
(FIG. 2B) with the LV blood volume 22 inside the endocar-
dial delineation 21. When the endocardial delineation 21 is
copied and pasted to subsequent phases (as shown in FIGS.
da and 4B) and the contained voxels are integrated, the
integral is principally due to the intensities of the blood and
the myocardium contained, that is:

Ir=lp=tlyvo (1)

[0037] Where I} is the total signal intensity, I the signal
intensity due to the blood and I, the signal intensity due
to any myocardium that is contained by the contour. As can
be seen in FIGS. 3A, 3B and FIGS. 4A, 4B the endocar-
dium moves towards the centroid of the LV blood volume.
FIG. 3A is an exemplary MR image 300 (FIG. 3A) and a
corresponding schematic illustration 301 is shown in FIG.
3B. The endocardium delineation at ES is delineated with
the line 31 indicated in FIGS. 3A and 3B. The LV blood
pool at ES is shown at 32. The epicardium delineation 30 at
ES is approximately the same as the epicardium delineation
20 at ED. Thus the contribution of the myocardium to the
total intensity will increase from ED (image 41 in FIG. 4A)
to ES (image 42 in FIG. 4A) and decrease from ES back to
ED. Other contributions may arise from the lung, the right
ventricular blood pool and epicardial fat. These will only
occur if the heart moves sufficiently for these to be covered
by the endocardial contour at subsequent phases.

[0038] FIGS. 4A and 4B illustrate a cine sequence from
ED 41 to ES 42 over time t. FIG. 4A is an exemplary MR
cine sequence 400 and a corresponding schematic illustra-
tion 401 is shown in FIG. 4B. Line 45 indicates the
endocardium boundary at subsequent phases after ED and
contains the blood pool 46. The dotted line 21 from ED to
ES indicates the endocardium delineation made at ED.
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[0039] The total area contained by the contour (A;), is
equal to the sum of the areas due to the blood (Ay) and the
myocardium (Ay), such that:

A=A+, (2)

[0040]

[0041] Calculating the mean intensity per voxel, for both
myocardium (S, o) and blood (Sg), is performed in step 52
of the method, wherein both are calculated from the initial
endocardial and epicardial delineations, and assuming that
the signal intensity is proportional to the area contained, it
is:

These areas are calculated in step 51.

Tg=dpxSs (3)
and

hryo=dnyoxSuvo (4)
[0042] Solving equations 1, 2, 3 and 4 for the signal
intensity due to the blood I (equation 5), gives an improved
estimate for the integral intensity due to blood. This includes
compensation for signal originating from any myocardium
that may be present.

1 = Splr ~SpSuvoAr ®)
? Sg—=Smyo
[0043] The total LV volume V, filled with blood in a

certain phase of a CMR cardiac cycle is thus calculated as:

n
Ir; (6)
Vi = Z Vepi——
Py It rp

[0044] wherein n is the total number of slices comprising
the LV total volume, Vg, ; is the calculated volume of slice
number i of the LV at end-diastole of the LV, Ir; is the
detected intensity of slice 1 within the endocardial delimi-
tation and IT, ED is the total intensity at ED. This is
performed in step 53 of the illustrated method.

[0045] V., is a function of time t and varies during the
cardiac cycle as described above (maximum at ED, mini-
mum at ES). Two examples of calculated V , (t) are shown
as continuous lines in FIGS. 6 and 7. Therefore it is checked
in step 54 of the method, if the LV volume has been
calculated for all phases of the examined cardiac cycle from
the MR cine 20. series. Until all LV volumes for all phases
are calculated, the method branches back to step 53, by
increasing to the next phase slices in step 55 and calculating
the intensities within the copied ED endocardial delineation
as described above. In this way the LV volume for all slices
is summed up to a total LV volume for each phase, fmally
resulting in the total LV volume over the whole MR cine
series as shown in the graphs in FIGS. 6 and 7.

[0046] Clinical studies were performed to validate the
method. Short axis electrocardiogram triggered steady state
free precession SENSE images were obtained in ten patients
undergoing cardiac MRI for the investigation of coronary
artery disease. Three slices corresponding to approximately
basal, mid and apical positions were selected from 8-9
contiguous slices, imaged with slice thickness 8-10 mm;
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field of view 350x344-390x390 mm; image size 256x256;
20-25 phases in the cardiac cycle; flip angle 50-55°; TE
1.56-1.68 ms; TR 3.11-3.37 ms. The images were acquired
on a Philips Gyrostan Intera 1.5 T with master gradients,
using a five-element cardiac synergy coil, and vector elec-
trocardiogram.

[0047] For each selected slice, of each image set, both
endocardial and epicardial delineations were manually per-
formed on the first image. From these delineations, A,
S, ad Sy were calculated. For each subsequent image, 11
was calculated by summing the intensity values of all of the
voxels contained by the endocardial delineation. Iy was then
calculated according to equation 5.

[0048] 1In order to verify the results, manual delineation
was performed for every image and the number of voxels
contained by that contour calculated. The number of voxels
was multiplied by the volume of a single voxel to get a total
endocardial volume for each image. The values of I, were
normalised to the endocardial volume in order for them to be
plotted on the same axes, by calculating the factor that forces
the integral value for the first image to coincide with the
volume contained by the manual delineation for that image.
This factor was then applied to the intensity sums of all of
the images of that slice. Graphs of the values produced can
be seen in FIG. 8. These traces, follow their manually
derived counterparts very well. The smooth nature of the
intensity derived traces suggest a more plausible description
of cardiac function than the ragged manually derived traces,
which is due to the inherent error present in manual delin-
eations.

[0049] The graphs in FIGS. 6 to 8 show similar shape and
features to the volumes produced by the manual delinea-
tions.

[0050] Further improvements to this method, or at least to
the results, may incorporate a delineation of papiliary
muscles and allow for their subsequent affect on volume
measurements. It is anticipated that such a modification
would serve to further improve the similarity of the graphs
obtained.

[0051] FIG. 9 shows a schematic diagram over another
embodiment 9 of the invention. A computer-readable
medium 90 has embodied thereon a computer program for
processing by a computer 91 for calculating total left ven-
tricular (LV) volume during a cardiac cycle from a MRI cine
series is provided. The computer program comprises a first
code segment 92 for delineating endocardial and epicardial
contours of a left ventricle in all slices of a MR cine series
at end-diastole (ED), a second code 93 segment for applying
the endocardial contours delineated at ED to all phases of the
cardiac cycle, and a third code segment 94 for calculating
the total LV volume based on intensity values inside the
endocardial contours delineated at ED. The computer is
generally a general purpose computer.

[0052] When using MR images, Steady State Free Preces-
sion (SSFP) MR images are especially well suited for the LV
volume determination according to the invention because
the signal intensity of blood in SSFP MR images is approxi-
mately constant through out the cardiac cycle.

[0053] Apart from the assessment of the LV volume, the
method can also be used as a first step in the temporal
registration of LV functional images acquired at different
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stress levels. LV function is usually assessed at a number of
(pharmacologically induced) stress levels (4-5 levels). The
temporal behaviour of the heart as a function of increasing
stress is highly non-linear, which means that the resulting
phases cannot simply be matched by linear scaling of the
temporal axis. The temporal scaling may be performed using
the measured LV volume curves as one of the inputs. In these
curves, the contraction and relaxation intervals may for
example be determined and these intervals may be matched
between the stress levels.

[0054] By means of the above described processing of
functional cardiac MR (CMR) images, it is possible to
determine at what point in the cardiac cycle a certain image
was taken. These include: the determination of equivalent
images in rest/stress data sets, the identification of ES for the
optimisation of registration strategies or the assessment of
tachycardia patients.

[0055] There are several manners in which one could
derive such phase information, the two principle manners
from which one might determine the phase are, from a
simultaneously recorded ECG signal, or from the actual
image data. An alternative, although extremely invasive
method, would be via an analysis of the measurements taken
by an intra-ventricular pressure catheter. According to an
embodiment of the invention, the determination of phase in
the cardiac cycle is performed via analysis of the MRI cine
image series.

[0056] The most obvious and most frequently used image
derived method of determining phase, is via manual obser-
vation of the cine series. Alternatively, an analysis of the
volume contained by delineations of the left ventricular
endocardial surface can be performed. This has been used to
identify end-diastole and end-systole in the commercially
available MASS package (Version 4.2, Medis, Leiden, the
Netherlands). However, although the ED and ES phases are
identified, where a representation of the entire cardiac cycle
is required, linear interpolation between these points has
been performed.

[0057] A set of endocardial delineations, whether manu-
ally, or automatically produced contain sufficient data to
perform a detailed analysis of the phase in the cardiac cycle.
Currently, automatic delineation techniques encounter dif-
ficulties when delineating as described above.

[0058] For those imaging modalities that show the myo-
cardium brighter than the left ventricular blood pool an
pre-processing step is to invert the images before applying
the LV volume measurement method according to the inven-
tion.

[0059] The method according to the invention is generally
implemented on a general purpose computer. However, the
method may also be implemented in dedicated solutions,
such as code segments for execution by e.g. a DSP chip, a
specifically designed integrated circuit such as an ASIC, etc.

[0060] The present invention has been described above
with reference to specific embodiments. However, other
embodiments than the preferred above are equally possible
within the scope of the appended claims, e.g. different ways
of delineating the endocardial and epicardial contours than
those described above, different ways of capturing the cine
series, different ways of calculating intensities in the cine
images, different slice thickness of the cine images, different
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number of phases/images representing the cardiac cycle,
performing the above method by hardware or software, other
image capturing devices or methods for acquiring the car-
diac cine series, etc.

[0061] Furthermore, the term “comprises/comprising”
when used in this specification does not exclude other
elements or steps, the terms “a” and “an” do not exclude a
plurality and a single processor or other units may fulfil the
functions of several of the units or circuits recited in the
claims.

1. A method of determining total left ventricular (LV)
interior volume during a cardiac cycle from a cardiac cine
series, said method comprising the steps of:

delineating endocardial and epicardial contours of a left
ventricle in all slices of said cine series at end-diastole
(ED),

applying the endocardial contours delineated at ED to all
phases of the cardiac cycle, and

calculating the total LV interior volume based on intensity
values inside the endocardial contours delineated at
ED.

2. The method according to claim 1, further comprising
calculating a mean intensity for myocardium and blood
voxels at ED based on the delineated endocardial and
epicardial contours.

3. The method according to claim 2, further comprising
using the mean intensities for compensating for myocardium
enclosed in the endocardial contours delineated at ED during
subsequent phases of the cardiac cycle.

4. The method according to claim 3, wherein the LV
interior volume is calculated as

n

It
Vi = 21: Vep; -
= 7

wherein

n is the total number of slices comprising the LV total
interior volume,

Ve, is the calculated interior volume of slice number i of
the LV at end-diastole of the LV,
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Iy, is the detected intensity of slice i within the endocar-
dial delimitation, and

It £p is the total intensity at ED.

5. The method according to claim 1, wherein the cine
series 1s a short-axis study of the heart consisting of multiple
slices covering at least the left ventricle and multiple phases
within the cardiac cycle.

6. The method according to claim 1, further comprising
determining the LV volume from cine sequences acquired at
different stress levels, whereby the temporal behaviour of
the heart as a function of increasing stress is determined.

7. The method according to claim 1, wherein said cine
series is/are captured previously to said method on a device
for imaging inside parts of a mammal body.

8. The method according to claim 7, wherein said device
for imaging inside parts of a mammal body is a Magnetic
Resonance (MR), Computer Tomography (CT), Nuclear
Medicine (NM) or Ultrasound (US) device.

9. The method according to claim 8, wherein an MRI
study comprises Steady State Free Precession (SSFP)
images.

10. The method according to claim 1, further comprising
compensating motion of the heart.

11. A computer-readable medium (90) having embodied
thereon a computer program for processing by a computer
(91) for calculating total left ventricular (LV) volume during
a cardiac cycle from a cine series, the computer program
comptrising:

a first code segment (92) for delineating endocardial and
epicardial contours of a left ventricle in all slices of said
cine series at end-diastole (ED),

a second code (93) segment for applying the endocardial
contours delineated at ED to all phases of the cardiac
cycle, and

a third code segment (94) for calculating the total LV
volume based on intensity values inside the endocardial
contours delineated at ED.

12. The computer-readable medium according to claim

11, wherein said first code segment automatically delineates
the endocardial and epicardial contours.
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