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(57) ABSTRACT

A method for analysing medical data in view of a specific
clinical question, the method including the steps of a) provid-
ing one or several medical datasets having data acquired by
means of one or several diagnostic modalities from one
patient; b) providing a clinical question to be answered by the
medical dataset(s); c) selecting one or several evaluation
methods which are generally suitable for returning relevant
information with regard to the clinical question; and d) auto-
matically analysing the medical dataset(s) with regard to their
suitability to be used for the one or several evaluation meth-
ods and calculating corresponding quality factors for each

A61B 5/00 (2006.01) pair of medical dataset and evaluation method.
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METHOD FOR ANALYSING MEDICAL DATA

TECHNICAL FIELD

[0001] The invention relates to a method for analysing
medical data, and in particular a method for selecting one or
several evaluation methods for analysing medical data in
view of a specific clinical question.

BACKGROUND

[0002] Due to the ongoing research and advances in the
acquisition and analysis of clinical/medical data, in particular
medical imaging data, a large number of evaluation methods
has been developed in the past years. Thus, for each particular
clinical question, a vast number of different evaluation meth-
ods are available.

[0003] In addition, it is becoming more and more common
for clinical institutions such as hospitals to collect medical
data in multi-modal platforms such as Picture Archiving and
Communication Systems (PACS) such asa CVIS (Cardiovas-
cular Information Solution) or a RIS (Radiology Information
System) or a Hospital Information Systems (HIS). Thus, it is
often the case that several types of medical datasets are col-
lected from one patient. Since in addition, a varied spectrum
of different evaluation methods is available, it has become
difficult for the clinical practitioner to make proper use of the
advanced technology which is now available.

[0004] According to the prior art, the medical practitioner
has to decide from his own experience which evaluation
method he or she is going to use for a specific clinical ques-
tion, and on which medical datasets to use the evaluation
method. Once he has made a decision, the medical dataset is
loaded into the selected evaluation tool, with which it can be
viewed and evaluated. In the following, the term “evaluation
method” and “evaluation tool” are used interchangeably.
Essentially, an evaluation tool is a software for evaluating
medical data by a certain evaluation method and for returning
respective results. Normally, the evaluation tool does not
recognise whether a specific medical dataset is suitable for
the particular evaluation method or not. Thus, the user can
only judge from the display whether the medical dataset is
suitable for this particular evaluation method. Or in the worst
situation, the evaluation method when applied to the selected
medical dataset yields a result which appears satisfactory, but
which is in fact incorrect, or not comparable to the standards
in the field, because the medical dataset was in fact not suit-
able for the selected evaluation method. For example, an
evaluation of left ventricular ejection fraction from Ultra-
sound data by a single plane Simpson’s method only works
when the single plane is cutting through the center of the
ventricle including apex and base. If the plane is off-centre,
single plane Simpson’s method can deliver misleading
results.

[0005] Thus, at present, the user who wishes to evaluate
medical datasets has to first choose an evaluation method,
usually among several evaluation methods which are avail-
able for a particular clinical question. Then, he has to load one
medical dataset after the other into the selected evaluation
tool and view the data critically in order to see whether the
evaluation method will yield a good result. This is time con-
suming and the quality of the results of the evaluation method
depends largely on the skill of the user. This, in turn, has the
consequence that the evaluation results can have high inter-
observer variabilities and thus are difficult to compare to
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clinical standards. Thus, whether the right clinical diagnosis
is found depends on the know-how of the user with regard to
the different evaluation tools. For example, in one and the
same hospital, the same clinical question could be tackled
with different evaluation methods by different users. For
example, different users might determine left ventricular
ejection fraction by monoplane Simpson’s method, biplane
Simpson’s method or a 3D method. With each evaluation
method, the result will be an ejection fraction, but there will
be no information on the quality of the evaluation result, i.e.
the probability that the result is correct. Thus, some users may
always choose the fastest method, which is usually not the
most reliable.

[0006] In addition, the users have to be very well experi-
enced and knowledgeable in the different evaluation methods
and technologies for the different clinical questions. If such
experience is missing, one often does not use the whole band-
width of clinical information which is in fact available in the
form of medical datasets for one patient.

BRIEF SUMMARY

[0007] The invention facilitates the selection of suitable
evaluation techniques for a specific clinical question, and to
improve the quality of the evaluation results.

[0008] More specifically, the invention provides a method
comprising the following steps:

[0009] a)providing one or several medical datasets com-
prising data acquired by means of one or several diag-
nostic modalities from one patient;

[0010] b)providing a clinical question to be answered by
the medical dataset(s);

[0011] c) selecting one or several evaluation methods
which are generally suitable for returning relevant infor-
mation with regard to the clinical question;

[0012] d)automatically analysing the medical dataset(s)
with regard to their suitability to be used for the one or
several evaluation methods and calculating correspond-
ing quality factors for each pair of medical dataset and
evaluation method.

[0013] In the first step, the user would select patient, and
therewith the file containing all available medical datasets of
that patient acquired by different diagnostic modalities. The
diagnostic modalities may comprise imaging modalities such
as Magnetic Resonance Imaging (MRI), Positron Emission
Tomography (PET), Single Photon Emission Computed
Tomography (SPECT), Computed Tomography, ultrasound
(e.g. B-mode, M-mode, Doppler of three-dimensional ultra-
sound), X-Rays or Infrared Imaging. In addition, the diagnos-
tic modalities may comprise electromedical techniques such
as electrocardiogram (ECG), or also simple diagnostic tech-
niques such as blood pressure measurements or hemody-
namic measurements. In an embodiment, the medical
datasets of the particular patient may comprise different
imaging datasets acquired by different imaging modalities,
such as image datasets of the heart acquired by ultrasound and
angiographic data acquired by X-Rays, in addition to an
electrocardiogram and possible another 4D ultrasound
dataset comprising a time sequence of 3-dimensional ultra-
sound images of the heart.

[0014] In the next step, the user has to select a clinical
question, for example the left ventricular function.

[0015] Once the clinical question is defined, one or several
evaluation methods are selected which are generally suitable
for returning relevant information with regard to the clinical
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question. Preferably, this step is performed automatically by
the system or device which is carrying out the invention and
involves scanning the available evaluation tools for their suit-
ability. To this end, each evaluation tool will be tagged with
the clinical question(s) for which it may be used. Beforehand,
the system might scan the relevant IT device for installed
software. Alternatively, a table may be accessed where all
available evaluation tools are listed and connected to the
clinical questions for which they are relevant.

[0016] Once one or several suitable evaluation methods are
identified, the medical datasets will be analysed with regard
to their suitability to be used for the one or several evaluation
methods, and corresponding quality factors will be calcu-
lated. This step is preferably performed fully automatic, i.e.
without user input.

[0017] According to the invention, each possible combina-
tion or pair of evaluation method and medical dataset will be
marked with a quality factor. The quality factor may for
example take into consideration the quality of the medical
dataset, the quality of the evaluation method (for example 3D
methods are generally better reproducible than 2D methods),
and/or further information which is not directly derived from
the medical dataset or the evaluation method, but which may
help in the decision whether the specific medical dataset is
suitable for the specific evaluation method.

[0018] Optionally, the calculated quality factors are output-
ted, for example on a printer, a screen or a display, or by
sending them electronically (e.g. by email) to the user.
[0019] The quality factors are then used to select at least
one medical dataset as suitable to be evaluated by at least one
evaluation method. The selection is usually done by choosing
the pair of medical dataset and evaluation method with the
highest quality factor. The selection may be fully automatic.
[0020] The invention covers two different ways of select-
ing: According to the first alternative, one evaluation method
is selected for at least one of the medical datasets. This is
generally done if several evaluation methods are available for
at least one medical dataset. In this case, the inventive method
has to select the best evaluation method.

[0021] According to another alternative, one evaluation
method is already pre-selected as the preferred one. This may
be advantageous if one clinical institution wants to make sure
that all data are assessed by the same evaluation method, since
there are often systematic differences in the results of differ-
ent evaluation methods for the same clinical question. For
example, a volume measurement of a heart chamber on MRI
yields slightly different values to a measurement on ultra-
sound. In this case, the selection is in one of several medical
datasets. In other words, several different datasets are analy-
sed and the one having the best prerequisites for giving good
results with the pre-selected preferred evaluation method is
selected.

[0022] Inanembodiment, the method comprises the further
steps of:
[0023] g) evaluating the selected at least one medical

dataset by the selected or preferred evaluation method;
[0024] h) outputting the result of the evaluation method;
and
[0025] 1) outputting the quality factor associated with the
outputted result.
[0026] According to another embodiment, the selected
evaluation method will not be automatically executed on the
selected medical dataset. Rather, all calculated quality factors
will be outputted. This gives the user the chance to select a
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suitable pair of medical dataset/evaluation method, knowing
the expected quality of the result. Thus, if two pairs give
approximately similar quality factors, he may choose the
second best evaluation method and medical dataset for rea-
sons of personal preference. He may also decide to run both,
or several of the pairs of evaluation method/medical dataset.

[0027] According to another embodiment, the method

comprises the further steps of:

[0028] g) evaluating the selected at least one medical
dataset by the preferred evaluation method and, in addition,
by one or more of the other generally suitable evaluation
methods;

[0029] h) outputting the results of each evaluation method;
and
[0030] 1) outputting the quality factor associated with each

outputted result.
[0031] Thus, several or all possible evaluation methods are
carried out on one or several, or all possible medical datasets.
However, the associated quality factors are outputted together
with each result, so that the user may choose to consider only
such results with a good quality factor.
[0032] Theevaluation methods may require user input, as is
generally accepted for medical evaluation tools. Therefore, a
mark given to the user for his skills in the respective evalua-
tion methods may be incorporated into the quality factor.
Such mark may for example be correlated to the number of
years of experience of the user, or may be freely given by the
clinical institution based on the user’s experience.
[0033] The one or several medical datasets may for
example be image datasets, such as two-dimensional, three-
dimensional or four-dimensional image datasets. The fourth
dimension is time, i.e. a 4D image dataset is a time sequence
of 3D datasets, for example to capture the contraction of the
heart during the heart cycle. Such 4D image datasets of the
heart can be acquired by ultrasound, MRI or X-Ray, in par-
ticular an interventional system such as a C-arm system. An
image dataset may also be an angiographic or 2D or 3D CT,
ultrasound or MRI image. Further available image datasets
may be 2D or 3D stress echo datasets, which are medical
images acquired during different workout levels of the heart.
[0034] The one or several medical datasets can also com-
prise non-image data, for example electromedical datasets
such as electrocardiograms (ECG) or electroencephalogram
(EEG) datasets. Further available medical datasets may be
hemodynamic measurement values, blood pressure datasets
or electric measurements of the heart.
[0035] The clinical question is preferably related to the
cardiovascular system. In this case, it may for example be
selected from the group comprising:

[0036] determining the risk for a vascular disease;

[0037] determining whether the patient has a coronary
heart disease;
[0038] determining the left ventricular function, e.g. the
ejection fraction;
[0039] determining whether an intraventricular dissyn-
chrony is present.
[0040] The ventricular ejection fraction is defined as the
difference between the maximum ventricular volume and the
minimum ventricular volume divided by the maximum ven-
tricular volume. For example, a left ventricular ejection frac-
tion of 60% would be considered normal, while an ejection
fraction of 30% would be considered diseased. To calculate
the ejection fraction, end-systolic and end-diastolic ventricu-
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lar volume must be estimated. Several evaluation methods are
available for these measurements:

[0041] According to the single plane Simpson’s method,
one 2D image slice through the ventricle in the end-systolic
and end-diastolic phases are used only. On such 2D images,
the contour of the ventricle is defined (by hand or automati-
cally), and the ventricle is assumed to be circular in cross-
section for the volume calculation. The 2D image can for
example be a 4-chamber view of the heart.

[0042] Inbiplane Simpson’s method, two 2D images which
are each oriented along the long axis of the ventricle, but at a
right angle to each other, are used for determining the ven-
tricular volumes. Again, the contour of the ventricle on each
2D image is determined, and the ventricle is assumed to be an
ellipse in cross-section. Evidently, biplane Simpson’s method
is more precise.

[0043] Even more precise methods for determination of
ventricular ejection fraction use 3D volume measurements,
i.e. ventricular volume at end-diastole and end-systole is
determined from a 3D image dataset of the heart.

[0044] The above is an example for three different evalua-
tion methods which are in principle available for answering
the same clinical question.

[0045] Another clinical question which may be posed is
that of intra-ventricular dissynchrony. According to estab-
lished medical guidelines, indications for intra-ventricular
dissynchrony are a ventricular ejection fraction of <35%, a
lengthened QRS-complex in the electrocardiogram, and fur-
thermore a low general quality of life, as determined by the
NYHA (New York Heart Association) classification. Intra-
ventricular dissynchrony can be treated by implanting a pace-
maker.

[0046] Inthe case of this—or any other—clinical question,
the system carrying out the inventive method may first ensure
that all relevant medical datasets are available, for example
the necessary image datasets for determining ventricular
ejection fraction, and an ECG, and the NYHA class. In an
embodiment of the invention, the system will output an alert
if any one of the necessary medical datasets are missing.
[0047] In addition to the above described evaluation meth-
ods, the available evaluation methods may comprise:

[0048] 2D evaluation methods for image datasets;

[0049] 3D evaluation methods for image datasets;

[0050] 4D evaluation methods for image datasets;

[0051] measurement of blood flow;

[0052] volume measurements of lesions or tumours;

[0053] measurement of the synchrony of the movement
of a heart chamber;

[0054] measurement of the cross-section of a blood ves-
sel;

[0055] measurement of the intima-media thickness
(IMT) of a blood-vessel;
[0056] measurement of the degree of stenosis of a blood-
vessel;
[0057] measurement of muscle mechanics such as strain,
displacement velocity, thickening.
[0058] The latter measurements may be used if the clinical
question is coronary heart disease or generally a risk of vas-
cular diseases.
[0059] Further possible evaluation tools may include Car-
diac Performance Analysis, a 2D measurement of the syn-
chrony of the heart chamber, or 4D LV-Analysis, a tool devel-
oped by the applicant Tomtec Imaging Systems GmbH,
which allows a 3D measurement allowing assessment of the
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synchronicity of different parts of a ventricle wall. Another
evaluation tool is “Q-Angio XA®”, a tool allowing measure-
ments of the cross-section of coronary arteries. A further
possible evaluation tool is the software package “M'ATH®”,
which allows different measurements related to arterioscle-
rosis, for example the measurement of the thickness of the
intima-media, but also of the grade of stenosis of a vessel or
the elasticity of a vessel.
[0060] The analysis step is preferably carried out automati-
cally by the system. It usually involves at least two of the
following principle steps:
[0061] analysing the medical datasets;
[0062] determining a merit factor associated with the
evaluation tool;
[0063] Taking into account further information (usually
stored data), for example accessing a database of clinical
a priori knowledge concerning the clinical question.
[0064] Concerning the first point mentioned above, the
medical datasets may be analysed in a number of ways. In an
embodiment, all available medical datasets are first pre-
analysed to pre-select those medical datasets which are gen-
erally suitable for returning relevant information with regard
to the clinical question. For example, the pre-analysis may
comprise scanning the header data of all available medical
datasets to find out what kind of images they are, i.e. with
what modality they have been acquired (Ultrasound, CT,
MRI), whether they are 2D, 3D or 4D data, and what body
part they are showing. Such information is usually contained
in the header of the data stored under the DICOM-standard.
Alternatively, or in addition thereto, the pre-analysis step may
comprise OCR (optical character recognition). This is rel-
evant in particular for digitalised data, where the relevant
information is written in the image margins and can be read
out by OCR. In one embodiment, the information obtained by
OCR or from the headers is used to filter the available medical
datasets first, and only a sub-selection of the available medi-
cal datasets is thus identified and analysed further. In another
embodiment, all available medical datasets are fully analysed
with regard to their suitability to be used for the one or several
evaluation methods.
[0065] The pre-selected (or all) medical datasets can be
further analysed, for example by determining the content of a
medical image dataset. This is generally difficult, of course,
but in particular if the system knows from the header e.g. that
the image shows the heart, it can find out by contour recog-
nition whether a certain 2D image is a 2-chamber-view, a
3-chamber-view or a 4-chamber-view.
[0066] Another content-related information which can be
automatically extracted is whether an image is native or con-
trast-enhanced. In contrast-enhanced images, the blood-ves-
sels appear lighter. The content-recognition step may also be
part of the pre-analysis.
[0067] Another step which may be carried out by the pre-
analysis or analysis step is the determination of the quality of
an image dataset in terms of noise level. This can for example
be done by preparing and analysing a histogram of grey
values of the image dataset. Thereby, different images show-
ing essentially the same content can be compared and the best
image selected.
[0068] Another possible analysis step is the determination
of'the contrast profile of a medical image dataset. Thereby, the
image with the best contrast can be selected.
[0069] Further factors which may be extracted from the
header, by OCR or by any other means, and which may be
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used in the pre-analysis or analysis step, are the acquisition
mode (e.g. B-mode, M-mode, Doppler or 4D for ultrasound),
the time resolution of a sequence of images, the spatial reso-
lution of medical image datasets, or the field-of-view of an
image. The field-of-view means the size and shape, but
optionally also the position of the field-of-view within the
body.

[0070] From the above-described analysis steps, one com-
ponent of the quality factor is derived. For example, a mark
out of 10 could be given for each result, for example one mark
for the noise level, one mark for the content, and an average
thereof is calculated. This will constitute the dataset-related
component of the quality factor.

[0071] However, the quality factor always relates to a pair
of medical dataset and evaluation method. Therefore, the
evaluation method also contributes to the quality factor. To do
this, in an embodiment, the system accesses a list of pre-
determined merit factors of the available evaluation methods.
Such merit factors can for example be determined by an
independent organisation, such as the American Society of
Echocardiography. For example, a left ventricular function
which has been determined by a 3D-method will have a
higher merit factor than the left ventricular function measured
by monoplane or biplane Simpson’s method. These merit
factors evidently need not to be calculated afresh, but are
accessed in the form of a pre-determined list.

[0072] According to the third point mentioned above, the
quality factor may yet be influenced by further information,
which is usually available in the form of stored data, and is
usually not directly calculated from either the medical dataset
or the specific evaluation method. For example, the further
information may be related to the clinical question. These can
be, for example, the skill of the user, as already mentioned
above. A further kind of information which may be used is a
database of clinical a priori knowledge. For example, a sys-
tem needs to know if more than one kind of evaluation method
has to be carried out to answer a specific clinical question. For
example, intra-ventricular dissynchrony requires the analysis
ofboth the ejection fraction and of the ECG. Another example
of clinical a priori knowledge would be the fact that certain
evaluation methods do not work well in diseased hearts. For
example, the ejection fraction can well be measured with
monoplane Simpson’s method in reasonably normal hearts,
but can give very poor results if the patient is suffering from
severe heart failure. Therefore, the clinical a priori knowledge
may comprise the fact that the NYHA-class has to be con-
sulted before selecting an evaluation method, and if the
NYHA-class is poor, 3D evaluation methods will be given
preference.

[0073] Further information which may contribute to the
quality factor is already available measurement data, for
example, the NYHA-class of the patient or for example an
already completed analysis of an ECG.

[0074] Another part of the further information which can
contribute to the quality factor is the age of the patient. It may
be known that certain evaluation tools do not work well on
aged patients. Finally, further information may also be the
type of device on which the evaluation method is to be carried
out. If the device for example has no possibility of user
interaction, all evaluation methods requiring such user inter-
action will automatically receive a quality factor of 0. Alter-
natively, the type of device may influence the speed with
which the evaluation can be carried out. If the device has low
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computing capacity, 3D evaluation methods should be
avoided and therefore receive low quality factors.

[0075] In an embodiment, the quality factor is first calcu-
lated by combining the merit factor related to the evaluation
method, and the component related to the medical dataset.
This may for example be done by simply multiplying the
merit factor with the component related to the medical
dataset, or by calculating an average. This provisional quality
factor is then further modified, or not, depending on the
further information such as clinical a priori knowledge,
patient age, available measurement data and/or user skill. The
user skill, for example, should only influence the quality
factor if the specific evaluation tool requires user interaction.
[0076] The clinical a priori knowledge and the available
measurement data may also be used during the selection step
and/or during the evaluation step.

[0077] In an embodiment, the analysis step d) may also
comprise a step of preselecting one or several evaluation
methods according to a pre-determined list of pre-selected
evaluation methods. The pre-selection may be done by the
clinical institution if some evaluation methods are preferred,
for example in order to better compare the results between
different patients.

[0078] In an embodiment, the analysis step comprises one
or several of the following sequential steps: Optionally, those
medical datasets which are generally suitable for returning
relevant information with regard to the clinical question are
pre-selected. This may be done, for example, by extracting
the type of dataset (image dataset, ECG, etc.), the imaging
modality (MRI, CT, Ultrasound) and the imaging mode (For
Ultrasound: e.g. Doppler, B-mode, M-mode and the images
sector) from each medical dataset, for example from the
header or by OCR. In an embodiment, the above-described
pre-analysis is carried out on all medical datasets. Thereby, a
subset of the available medical dataset is pre-selected and
further analysed.

[0079] The pre-selected (or all) medical datasets are then
loaded into a working memory for further analysis.

[0080] Further analysis is then carried out, such as evalua-
tion of the image content, the contrast profile, the image
quality in terms of noise, etc. The further analysis will pref-
erably comprise the more time-intensive operations of the
above described steps, and may also comprise accessing the
merit factors of the available evaluation methods and taking
into account the further information.

[0081] Part of the analysis step may also be the modifica-
tion of an image dataset to make it suitable for the available or
preferred evaluation method(s). In particular, partial datasets
may be extracted from a medical dataset. For example, if the
analysis step finds out that a 2D evaluation method such as
biplane Simpson’s is the preferred evaluation method, but
only a 3D dataset is available, the system may extract the two
required 2D image slices, namely two long axis views of the
ventricle, from the 3D image dataset. If such modification of
at least one medical dataset has been carried out, the further
analysis and calculation of a quality factor will be performed
on the modified medical dataset.

[0082] In an embodiment, the component of the quality
factor related to the medical datasets is combined with the
merit factors of each evaluation tool, and optionally the fur-
ther information mentioned above (user skill, patient age,
etc.). The result can be outputted in the form of a quality factor
for each pair of evaluation tool and medical dataset or modi-
fied medical dataset. One of these combinations will be
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selected as the best. Alternatively, if one of the evaluation
methods is pre-selected as preferred, the system will output
the medical dataset which is most suitable for this preferred
evaluation tool. Optionally, the user may select one combi-
nation of dataset/evaluation tool.

[0083] In one embodiment, the evaluation tool selected
automatically or by the user is then carried out. In an embodi-
ment, the evaluation method may comprise the use of already
available measurement values for the patient. For example, if
the length of the QRS complex has already been determined
previously, the evaluation method may perform the calcula-
tion of the left ventricular ejection fraction and may yield
information on intraventricular dissynchrony.

[0084] The invention is also directed to a computer pro-
gram adapted for performing the inventive method, when the
computer program is executed on a computer. The computer
program may comprise software code portions which induce
a computer to carry out the method. As part of the method, the
computer may also prompt the user to make selections or
interact where necessary, for example to perform the evalua-
tion method. For example, monoplane Simpson’s method
may require the user to draw in the end-diastolic and end-
systolic ventricle contours.

[0085] The invention is further directed to a digitally read-
able medium such as a computer hard disk, a CD-Rom or a
DVD, on which the above-described computer program is
stored. The invention is also directed to a computer program
product.

[0086] Further, the invention may also be embodied in a
device (also called system above) for performing the inven-
tive method. Such device must comprise at least a storage
device for storing the one or several medical datasets, and a
computing device for performing the analysis and selection
steps. The actual evaluation step may be carried out by a
different device or by the same device. The device may be an
ordinary computer such as a PC or workstation. It may be
connected to a PACS or hospital information system (HIS) for
accessing the medical datasets of a particular patient. The
device may also be a computer integrated into an ultrasound
machine or another medical imaging device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0087] The invention shall now be described in relation to
specific embodiments with reference to the appended draw-
ings. In the drawings:

[0088] FIG. 1 is a flow chart showing an overview of a
method according to an embodiment of the invention;
[0089] FIG. 2is a flow chart demonstrating the input to the
analysis step according to a first embodiment;

[0090] FIG. 3 is a flow chart showing the input to the
analysis step according to a second embodiment;

[0091] FIG. 4 is a flow chart showing the analysis step in
more detail:

[0092] FIG. 5 is a schematic representation of a device
according to an embodiment of the invention.

DETAILED DESCRIPTION

[0093] FIG. 1 shows a general overview of an embodiment
of the inventive method.

[0094] Instep 10, a patient is selected by the user 62, and in
step 20, a clinical question is selected by the user 62. For
example, the user may type in the patient name or receive it
from a DICOM modality work list and, before or afterwards,
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will select the medical question from a list of available clini-
cal questions. In one embodiment, all clinical questions are
related to the heart and circulation.

[0095] The system will then automatically identify suitable
evaluation tools related to the clinical question in step 22.
This is usually done by accessing a pre-determined list listing
all available evaluation tools for each clinical question. This
list may also contain information if one of the available evalu-
ation tools is preferred by the clinical institution.

[0096] The next steps are all part of the automatic analysis
step 40. First, the medical datasets which are available for this
patient are loaded into a working memory in step 41. As
described above, previous to this step the system may pre-
select those medical datasets which are generally suitable for
returning relevant information with regard to the clinical
question.

[0097] Instep 42, the up-loaded medical datasets are analy-
sed and corresponding quality factors are calculated. The
quality factors may incorporate pre-determined merit factors
of evaluation tools, and further information unrelated to the
specific medical datasets, such as patient age, user skill, etc.,
as mentioned above.

[0098] The result of the analysis step 40 is a number of
quality factors for each pair of medical dataset/evaluation
tool. These quality factors are preferably outputted in step 50.
[0099] Inthenextstep 52, a combination of medical dataset
and evaluation tool is selected. This may be done either auto-
matically by the system selecting the pair with the best quality
factor. Alternatively, the selection may be done by the user,
but of course being aware of the associated quality factor.
[0100] Finally, in step 60, the selected evaluation tool is
carried out on the selected medical data. This evaluation may
or may not require interaction by a user 62. The dotted line in
FIG. 1 indicates that user interaction may or may not take
place.

[0101] FIGS. 2 and 3 illustrate two alternative ways in
which the pair of medical dataset and evaluation method may
be selected. FIG. 2 concerns a case in which several medical
datasets 71, 72, . . . 75 and several evaluation tools 81, 82, . .
., 85 are available. All of these are inputted into the analysis
step 40, and a quality factor is calculated for each pair of
medical dataset and evaluation method. Thus, in total 5x5=25
quality factors are calculated. To reduce this number, the
system may pre-select certain medical datasets prior to cal-
culating the quality factors. In addition or alternatively, the
system may pre-select one or several evaluation methods
according to a pre-determined list of pre-selected evaluation
methods.

[0102] Independent of any pre-selection, the system will
output at least the pair of medical dataset and evaluation
method having the best quality factor. In the present case, this
will be medical dataset 73 if evaluated with evaluation tool
84, which is given the quality factor 91. Alternatively, the
system may output the combinations having the best 2, 3 or 4
quality factors, or may simply output all calculated quality
factors, thus giving the user a comprehensive overview over
his choices of datasets and evaluation tools.

[0103] FIG. 3 concerns a slightly different case, namely
where one evaluation method 81 is pre-selected as preferred.
This may be done by the clinical institution to ensure that all
clinical questions are handled by the same evaluation method
81, even if other evaluation methods 82 are theoretically also
possible for this clinical question. In this case, the analysis
step 40 simply analyses the medical datasets 71, 72, 73 for



US 2011/0275908 A1

their suitability with regard to the one preferred evaluation
method 81, and outputs respective quality factors 91, 92.
Again, the system may output only the best quality factor(s)
or all quality factors.

[0104] Another aspect of the analysis step is also illustrated
in FIG. 3. Namely, if the analysis of one dataset 73 results in
the finding that this dataset is not suitable to be evaluated with
the preferred evaluation method 81, the system may modify
the dataset 73 in the modification step 45, to result in another
dataset 74, which is subjected to further analysis. The modi-
fication 45 may for example be the extraction of partial
datasets from a medical image dataset.

[0105] FIG. 4 shows the analysis step 40 in more detail. In
particular, it should describe what exactly is happening to one
medical dataset 71, when tested with regard to its suitability to
be used for one particular evaluation tool 81.

[0106] The medical dataset 71 is analysed in order to
extract certain information from it. In particular, the file
header 30 may be scanned, or the image may be subjected to
OCR 32, to extract information such as the type of medical
dataset, imaging modality, the covered sector or field of view,
spatial resolution, etc. (see above). Optionally, this extracted
information may be used to either pre-select the dataset 71 for
further use, or discard it as not suitable.

[0107] In addition, the medical dataset 71 may be scanned
for image content 34 and/or image quality 36, for example
image quality in terms of image contrast and/or image noise.
[0108] The extracted information is collected in the quality
factor calculation unit 48. This unit (which is preferably a
piece of software) controls the analysis step, and combines
the collected information to calculate the resulting quality
factor 91. It may, for example, conclude from the file header
information 30 that the medical dataset 71 is not directly
suitable for the evaluation tool 81, but may be made suitable
by modifying the medical dataset in some way. In this case,
the control unit 48 will initiate the necessary modification
step 45, which will return a modified medical dataset 71. This
may then be subjected to further analysis in terms of image
content 34 and image quality 36.

[0109] The evaluation tool 81 has a pre-determined merit
factor 44, which is also inputted into the control unit 48.
[0110] Optionally, further information may be inputted into
the control unit 48, such as clinical a priori knowledge 46a,
already available measurement data 465 from the patient, or a
measure of user skill 46¢. The already available measurement
data 465 may for example be the NYHA-class of the patient,
the patient age, results of ECG measurements and results of
previous evaluations, possibly with the same evaluation tool
81.

[0111] All this information is collected in a control unit 48
and used to calculate quality factor 91 connected to the par-
ticular combination of medical dataset 71 and evaluation tool
81. The quality factor may be a multiplication of the merit
factor with the contribution related to the medical dataset,
possibly modified by further information, or it may be the
average of different contributions, etc. How exactly the qual-
ity factor is calculated will depend on the priorities of the
specific clinical institution, but it is expected that standards
will evolve with time.

[0112] The quality factor 91 is then outputted and further
used according to FIG. 1.

[0113] FIG. 5 is a schematic drawing of a device 1 with
which the present invention can be carried out. The device 1
may comprise a computer 2 comprising at least a processing
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unit 3 such as a CPU, and a storage 4. The data storage 4 may
be a random access memory (RAM). In addition, a hard disk
and other storage means may be present. The device may also
be part of the imaging modality itself, e.g. the CPU of an
ultrasound system.

[0114] The method may be installed on the device 1 by
means of a digitally readable medium such as a DVD 5 or via
network connection. As means for user interaction, the com-
puter 2 is connected to input devices such as a keyboard 6, a
mouse 7 and one or several displays 8.

[0115] The medical datasets of the patient can be stored on
the computer 2. Preferably, however, they are stored on a
multimodal platform 9 such as a PACS, CVIS, RIS or Hos-
pital Information System (HIS), which is accessed via a net-
work connection 12, for example a local area network or via
the internet. In this case, suitable encryption techniques
should be used to ensure patient privacy. The user of the
device 1 will usually be medical personnel, such as doctors
and medical, technical and radiology assistants. By the inven-
tive method, the user is spared from tediously going through
a multitude of medical datasets to select the best images or
medical datasets for further evaluation.

1. A method for analysing medical data in view of a specific
clinical question, the method comprising the following steps:
e) providing one or several medical datasets comprising
data acquired by means of one or several diagnostic
modalities from one patient;

f) providing a clinical question to be answered by the
medical dataset(s);

g) selecting one or several evaluation methods which are
generally suitable for returning relevant information
with regard to the clinical question;

h) automatically analysing the medical dataset(s) with
regard to their suitability to be used for the one or several
evaluation methods and calculating corresponding qual-
ity factors for each pair of medical dataset and evaluation
method.

2. The method according to claim 1, further comprising the

step of

e) outputting the calculated quality factors.

3. The method according to claim 2, further comprising the

step of
f) selecting at least one medical dataset as suitable to be
evaluated by at least one evaluation method, the selec-
tion comprising:
on the basis of the calculated quality factors, selecting
one evaluation method for at least one of the medical
dataset(s); and/or

on the basis of the calculated quality factors, selecting
one of several medical datasets to be evaluated by one
preferred pre-selected evaluation method.

4. The method according to claim 3, further comprising the

steps of:

g) evaluating the selected at least one medical dataset by
the selected or the preferred evaluation method;

h) outputting the result of the evaluation method; and

1) outputting the quality factor associated with the output-
ted result.

5. The method of claim 3, further comprising the steps of:

g) evaluating the selected at least one medical dataset by
the preferred evaluation method and, in addition, by one
or more of'the other generally suitable evaluation meth-
ods;
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h) outputting the results of each evaluation method; and

i) outputting the quality factor associated with each out-

putted result.
6. The method according to claim 1, wherein the one or
several medical datasets are selected from the group compris-
ing:
image datasets, such as two-dimensional, three-dimen-
sional or four-dimensional image datasets acquired by
means of Ultrasound, Computed Tomography, Mag-
netic Resonance Imaging (MRI), Infrared or X-Ray;

electromedical datasets such as ECG-datasets or EEG-
datasets;

hemodynamic datasets, and

blood pressure datasets.

7. The method according to claim 1, wherein the one or
several evaluation methods may comprise:

2D evaluation methods for image datasets;

3D evaluation methods for image datasets;

4D evaluation methods for image datasets;

measurement of the synchrony of the movement of a heart

chamber;

measurement of the cross section of a blood vessel;

measurement of the intima-media thickness (IMT) of a

blood-vessel;

measurement of the degree of stenosis of a blood vessel;

measurement of muscle deformation such as strain, dis-

placement velocity, thickening;

determination of a ventricular ejection fraction by means

of single plane Simpson’s method to measure the ven-
tricular volume;

determination of a ventricular ejection fraction by means

of biplane Simpson’s method to measure the ventricular
volume;

determination of a ventricular ejection fraction by means

of 3D volume measurements of the ventricular volume.

8. The method according to claim 1, wherein the clinical
question is related to the cardiovascular system and in par-
ticular is selected from the group comprising:

determining the risk for a vascular disease;

determining the risk for a heart disease;

determining whether the patient has a coronary heart dis-

ease;

determining the ventricular function, e.g. the ejection frac-

tion;

determining whether an intraventricular dissynchrony is

present;

determining the valvular function.

9. The method according to claim 1, wherein the analysis
step d) comprises one or several of the following steps related
to the analysis of the provided medical dataset(s):

the readout of data included in the file header(s) of the one

or several medical datasets;

OCR of text data on a digital image;

extracting one or more of the imaging modality, the acqui-

sition mode, the dimension of the dataset (2D, 3D; 3D),
the time resolution, the spatial resolution and/or the
field-of-view of an image dataset, preferably by readout
of data contained in the file header(s) of the one or
several image datasets or by OCR;
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determination of the content of a medical image dataset;

determination of the quality of a medical image dataset in
terms of the content of the image in view of the medical
question;

determination of the contrast profile of a medical image
dataset;

determination of the quality of an image dataset in terms of
noise level,

determination of the quality of an image dataset in terms of
spatial resolution and/or field-of-view;

determining the type of'a medical image dataset in terms of
imaging modality, 2D, 3D, 4D.

10. The method according to claim 1, wherein the analysis
step d) comprises accessing a list of pre-determined merit
factors for the available evaluation methods.

11. The method according to claim 1, wherein the quality
factor for each pair of medical dataset and evaluation method
is calculated on the basis of one or both of the following:

a component related to the medical dataset, in particular as

determined by the analysis step of claim 12;

a pre-determined merit factor of the evaluation method.

12. The method according to claim 1, wherein the quality
factor for each pair of medical dataset and evaluation method
is calculated by accessing and taking into account of one or
several of the following further information:

already available measurement values (465) for the patient;

the skill of the user (46¢);

clinical a priori knowledge (46a) concerning the clinical
question;

the age of the patient;

the type of device on which the evaluation is to be carried
out.

13. The method according to claim 1, wherein the analysis

step d) comprises one or several of the following steps:

dl) optionally preselecting those medical datasets which
are generally suitable for returning relevant information
with regard to the clinical question;

d2) loading the provided or preselected medical datasets
into a working memory;

d3) performing an analysis on the medical datasets in the
working memory to calculate a quality factor for each
available or pre-selected evaluation method.

14. The method according to claim 1, wherein the analysis
step d) or the evaluation step f) comprises a step of modifying
the at least one medical dataset to make it suitable for the
available or preferred evaluation method(s), in particular a
step of extracting partial datasets from at least one medical
dataset.

15. A computer program adapted for performing the
method according to claim 1, when the computer program is
executed on a computer.

16. A device for performing the method according to claim
1, comprising

a storage device for storing the one or several medical
datasets;

a computing device for performing the analysis steps d).
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