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(54) PROCESS FOR THE PROVISION OF A 3D CARDIOVASCULAR MODEL.

(57) To create a 3D model of part of a cardiovascular
system, two 2D images taken of different orientations of
the cardiovascular system may be combined. The 2D
images originate from video streams taken at different
points in time, which comprise frames showing a beating
heart, and thus a moving cardiovascular system. Be-
cause of this movement, not just any random set of two
2D images may result in useable 3D model. To select a

proper set of two 2D images, a method is provided where-
in said selection is based on cardiac cycle data. The car-
diac cycle data may comprise heart activity data as a
function of time and timing data on cycle events. These
cycle events may be repetitive, as the same events occur
with every heartbeat. The selected frames are preferably
selected at, or approximately at, similar events.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to a device for and method
of building a 3D model of part of a cardiovascular system.

BACKGROUND

[0002] 3D models of the cardiovascular system are
used in different applications, for example by medical
professionals. To create a 3D model, a minimum of two
2D images need to be combined, wherein the two 2D
images comprise image data of different views of the
cardiovascular system. The two 2D images are often
made by the same imaging device, which has to be re-
oriented between capturing the first and the second 2D
image for obtaining the two different views of the cardi-
ovascular system. Because of the reorientation, the two
2D images are disjoint in time. A manual selection of the
2D images has to be made to find a compatible set of 2D
images for creating the 3D model.

SUMMARY

[0003] It is preferred to provide a method for automat-
ically building a 3D model of at least a part of a cardio-
vascular system.
[0004] A first aspect provides a method of building a
3D model of at least a part of a cardiovascular system,
comprising receiving a first video stream comprising first
frames comprising image data on a cardiovascular sys-
tem over a first period of time, receiving a second video
stream comprising second frames comprising image da-
ta on the cardiovascular system over a second period of
time, wherein the first period of time is in disjunction from
the second period of time, obtaining cardiac cycle data
related to the cardiovascular system from the first period
of time and the second period of time, selecting one of
the first frames and one of the second frames based on
the cardiac cycle data, and building the 3D model of part
of the cardiovascular system using the selected frames.
[0005] The first video stream and the second video
stream may have been captured by a medical imaging
device such as an X-ray imaging device, CT-scanner,
MR-scanner, or using intravascular imaging devices,
such as IntraVascular UltraSound (IVUS) or Optical Co-
herence Tomography (OCT), or using any other imaging
technique on any other medical imaging device.
[0006] The video streams comprise a plurality of con-
secutive frames of a certain period of time, which may
for example be in the order of seconds or minutes. The
first period of time being in disjunction from the second
period of time here means that the first period of time
does not overlap with the second period of time. Hence,
a time gap is present between the first period of time and
the second period of time. The time gap may comprise
any amount of time, for example in the order of several

minutes.
[0007] Image data may be represented as one or more
matrices of pixels which correspond to an image obtained
by the imaging device. The matrix may comprise any
amount of pixels, and the pixels may represent a certain
colour, intensity, grayscale value, or any other value.
[0008] During the first period of time, the first frames
comprising image data on the cardiovascular system
over the first period of time have been obtained by the
imaging device. During the second period of time, the
second frames comprising image data on the cardiovas-
cular system over the period of time have been obtained
by an imaging device, which preferably is the same im-
aging device as used in the first period of time to prevent
the need of a second imaging device - yet, use of two
imaging devices that capture image data simultaneously,
during overlapping periods or non-overlapping periods
in time is not excluded. The imaging device and the car-
diovascular system have to be reoriented relative to each
other in order to obtain 2D images from different orien-
tations to create the 3D model. This reorientation may
be performed in the time gap between the first period of
time and the second period of time.
[0009] The image data on the cardiovascular data may
comprise image data on arteries which may be at least
partially filled with a contrast dye based on for example
iodine or any other suitable material known and/or
available . The contrast dye may increase visibility of the
arteries in the image data.
[0010] As the video streams comprise consecutive
frames captured over a certain time window during which
the heart of the patient, human or animal, has been beat-
ing, the cardiovascular system may be depicted in vari-
ous orientations and/or various positions in different
frames. Picking a random frame from the first video
stream and a random frame from the second video
stream may very likely result in a non-optimal 3D model.
[0011] Whereas in the state of the art the selection of
one of the first frames and one of the second frames is
done manually, i.e. based solely on user input, according
to the first aspect this is now done based on the obtained
cardiac cycle data. Using this cardiac cycle data, two
frames may be found which show the cardiovascular sys-
tem in a similar state within the cardiac cycle. The cardiac
cycle data comprises data on the states of the heart be-
tween the beginning of a heartbeat up until the beginning
of the next heartbeat, and thus the diastole and systole
periods and starts and ends thereof, for one or more
heartbeats or parts of heartbeats.
[0012] Having an automatic method for selecting im-
ages for creating the 3D model may decrease working
time and errors by a medical professional which may in
turn decrease costs of creating the 3D model. Also, the
quality of the 3D model may increase when an optimal
set of frames is found within the first video stream and
the second video stream. Selected images may be pro-
vided to a user for confirmation prior to creation of the
3D model.
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[0013] The cardiac cycle data may thus comprise heart
activity data as a function of time. With heart activity, any
data related to the cardiovascular system should be un-
derstood, including for example ventricular activity data
and/or atrial activity data.
[0014] The cardiac cycle data may comprise timing da-
ta on a first cycle event within the first period of time and
timing data on a second cycle event within the second
period of time. In such a case, the selection of the one
of the first frames may be based on the timing data of
the first cycle event and the selection of the one of the
second frames may be based on the timing data of the
second cycle event. The second cycle event may be
equivalent to the first cycle event.
[0015] The timing data may comprise an absolute time,
such as 2.02 AM or 5.17 PM, optionally on a specific data
in a specific time-zone, or a relative time from a starting
time, for example 0 minutes 2 seconds, or 10 minutes 25
seconds. The timing data may also be linked to a frame,
considering that the video streams comprise frames at a
known certain framerate, such as 30 or 60 frames per
second. The starting time of capturing a video stream
and the starting time of capturing cardiac cycle data may
be linked, for example by a common trigger, such that
the timing data of the cardia cycle data may be easily
correlated to the frames of the video stream.
[0016] The cardiac cycle data may thus comprise a
plurality of data points, wherein each data point is related
to a certain point in time comprised by the timing data.
Interpolation between discrete points in time of the timing
data may be applied to obtain an interpolated data point
at a point in time between two discrete points in time.
[0017] The first cycle event and the second cycle event
may correspond to the end of diastole. At this event,
movement of the cardiovascular system may be the least
in the heart cycle, which may be advantageous for the
quality of the image data of the first frames and the sec-
ond frames. A higher quality of these frames may result
in a higher quality 3D model. A higher quality may relate
to a higher contrast, sharpness, any other image quality
parameter or a combination thereof.
[0018] An embodiment of the first aspect comprises
selecting, from the first frame, based on the first cycle
event, multiple first selected frames related to the events
and selecting, from the second frames, based on the sec-
ond cycle event, multiple second selected frames related
to the event. In at least a first of the first selected frames
and the second selected frames, an image region is iden-
tified depicting a cardiovascular structure. In at least two
frames of the first of the first selected frames and the
second selected frames, values of at least one charac-
teristic of the identified image region are compared and
based on the comparing, from the selected first of the
first selected frames and the second selected frames, a
first model frame is selected. The 3D model is built using
the first model frame. This example provides for auto-
matic selection of a particular frame from a set of frames
related to a particular event in the cardiac cycle data.

[0019] Another embodiment comprises determining, in
at least a first of the first selected frames and the second
selected frames, a length of the cardiovascular structure
wherein the at least one characteristic is the determined
length. For proper assessment of any stenotic regions in
the vessel and effects thereof, it is preferred to assess a
long as possible section of the vessel under scrutiny.
[0020] A further embodiment comprises determining,
within an image region comprising the identified cardio-
vascular structure, in at least a first of the first selected
frames and the second selected frames, a brightness
level of at least one of the image regions or sub-regions
thereof, wherein the at least one characteristic is the de-
termined brightness. For detection of stenotic areas, a
high contrast between the inner volume of the vessel and
the surrounding tissue is preferred.
[0021] In again another embodiment, the comparing is
applied to least two selected frames subsequent in time.
As the contrast fluid travels through the vessel under
scrutiny, the contrast dilutes in the blood - in particular
when no further contrast fluid is introduced. By comparing
brightness and/or length of the vessel filled with contrast
fluid, increase or decrease of the length and/or dilution
may be determined. Based on that determination or those
determinations, a model frame may be selected.
[0022] In yet a further embodiment, the first model
frame is selected as the frame having the longest length
and of which the brightness in the identified image region
or a sub-region thereof is lower than of the identified im-
age region or a sub-region thereof in a subsequent frame.
This embodiment provides for selection of a model frame
that is the longest, without dilution at the start of the vessel
or outlet of the contrast fluid injecting catheter.
[0023] In examples of the method, the first cycle event
and the second cycle event correspond to other events
such as ventricular diastole, atrial systole, ventricular
systole, atrial diastole, the start of ending of an event, or
any other identifiable heart event.
[0024] When electrocardiographic (ECG) data of the
first period of time and the second period of time is re-
ceived, at least part of the cardiac cycle data may be
obtained from this electrocardiographic data. Such elec-
trocardiographic data may comprise a recording of elec-
trical activity, for example expressed as a voltage, of the
cardiovascular system and more specifically of the heart
motion over the first period of time and the second period
of time.
[0025] From the electrocardiography data the different
states of the heart corresponding to cycle events during
the cardiac cycle may be identified, as will be appreciated
by a person skilled in the art.
[0026] When photoplethysmography data of the first
period of time and the second period of time is received,
at least part of the cardiac cycle data may be obtained
from the photoplethysmography data. Such photop-
lethysmography data may have been obtained by a pulse
oximeter, which may for example have been placed on
a body part of the patient during the first period of time
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and the second period of time, for example on a fingertip,
earlobe, forehead or foot.
[0027] From the photoplethysmography data the dif-
ferent states of the heart corresponding to cycle events
during the cardiac cycle may be identified, as will be ap-
preciated by a person skilled in the art.
[0028] Preferably, the image data comprised by the
first video stream and the second video stream is ob-
tained by a single medical imaging device. This prevents
the need for a second medical imaging device, and the
image data of the first video stream and the second video
stream may be more compatible for building the 3D model
out of when obtained by the same medical imaging de-
vice.
[0029] The cardiac cycle data in the first period of time
may be obtained from the first video stream and the car-
diac cycle data in the second period of time may be ob-
tained from the second video stream.
[0030] Obtaining cardiac cycle data from a video
stream may for example be based on varying distances
between main arteries and branches and distances be-
tween branch points or angulations between branches,
which are visible in the image data. For example, minima
and maxima of these distances may indicate certain
events in the cardiac cycle.
[0031] When the cardiac cycle data is obtained from
the video streams, the method advantageously requires
only the receiving of the first video stream and the second
video stream and no additional data. Furthermore, when
the cardiac cycle data is obtained from the video streams,
it may be simpler to correlate the timing data of cycle
events to particular frames in the video streams which
may be selected for building the 3D model.
[0032] The method according to any of the examples
may be carried out by a computer for building a 3D model
of at least part of a cardiovascular system of a human or
animal from selected frames of the first video stream and
the second video stream.
[0033] A second aspect provides a data processing
system comprising means for carrying out the method of
building a 3D model of at least a part of a cardiovascular
system according to any of the examples of this descrip-
tion.
[0034] A third aspect provides a computer program
product comprising instructions which, when the program
is executed by a computer, cause the computer to carry
out any of the examples of the method of building a 3D
model of at least a part of a cardiovascular system.
[0035] A fourth aspect provides a computer-readable
storage medium comprising instructions which, when ex-
ecuted by a computer, cause the computer to carry out
any of the examples of the method of building a 3D model
of at least a part of a cardiovascular system.

DESCRIPTION OF THE FIGURES

[0036] The various aspects and examples will now be
discussed in conjunction with figures. In the figures:

Fig. 1A shows a schematic view of a medical imaging
device;
Fig. 1B shows an example of a data processing sys-
tem;
Fig. 2 shows a flowchart of a method of building a
3D model of at least a part of a cardiovascular sys-
tem; and
Fig. 3 shows a visualised representation of part of
the method.

DESCRIPTION OF THE EXAMPLES

[0037] Fig. 1A shows a schematic view of a medical
imaging device 310, comprising an imaging unit 312
shown in a first position and in a second position, wherein
the imaging unit in the second position has reference
numeral 312’. The medical imaging device 310 further
comprises a table 314 with placed thereon a patient 316.
In this example, the medical imaging device 310 is an X-
ray imaging device, though devices using other imaging
methods may be employed as well.
[0038] The medical imaging device 310 may be pro-
vided with a data processing system 300 as an example
of the second aspect, which may be connected with a
link 318 to the imaging unit 312 such that the system 300
may receive frames with image data directly from the
imaging unit 312. The data processing system 300 may
be further embodied as a dedicated computer, a general
purpose computer, other, or a combination thereof. The
system 300 will be elaborated on in conjunction with Fig.
1B.
[0039] In the second position, the imaging unit 312 has
been rotated over an angle α relative to the table 314.
The angle α is preferably within a range of 25° and 50°
and more preferably within a range between 35° and 40°.
This allows the imaging unit 312 to capture a first video
stream in the first position comprising first consecutive
frames comprising image data on the cardiovascular sys-
tem of the patient 316 in a first orientation, and to capture
a second video stream in the second position comprising
second consecutive frames comprising image data on
the cardiovascular system of the patient 316 in a second
orientation.
[0040] Fig. 1B shows the data processing system 300
in further detail. The data processing system 300 com-
prises means for carrying out a method of building a 3D
model of at least a part of a cardiovascular system ac-
cording to any of the examples of this description, based
on images acquired by means of the medical imaging
device 310.
[0041] The system 300 comprises a communication
module 302 for receiving the first video stream and the
second video stream. The communication module 302
may be directly interconnected with the medical imaging
device 310 via link 318. The communication module 302
is in communicative connection with a memory module
304 such that data may be transferred between the com-
munication module 302 and the memory module 304.
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[0042] The system 300 further comprises a processing
unit 306 arranged for performing one or more steps of
examples of the method of building a 3D model of at least
a part of a cardiovascular system. The processing unit
306 is in communicative connection with the memory
module 304 such that the processing unit 306 may at
least retrieve data from the memory module 304 and
store data on the memory module 304.
[0043] The communication module 302 may comprise
one or more inputs, such as input ports such as USB
ports, Ethernet ports, Bluetooth, any other input, or any
combination thereof for receiving data. Connected to an
input port of the communication module 302 may be one
or more user input devices such as a mouse, keyboard,
touchscreen, joystick, any other user input device, or any
combination thereof, such that the system 300 may re-
ceive data related to a user input.
[0044] The communication module 302 may further
comprise one or more outputs such as output ports such
as USB ports, Ethernet ports, any other output, or any
combination thereof for outputting data. Such outputting
of data may be to a display device like a screen, a printer,
a force feedback device, other, or a combination thereof.
A communication port of the communication module 302
may also be simultaneously arranged for receiving data
and outputting data.
[0045] Data received by the communication module
302 may be in the form of video streams comprising
frames comprising image data such as the first video
stream and the second video stream. Such video streams
may be stored on the memory module 304 such that they
may be accessed by the processing unit 306. Video
stream data may be received directly from a medical im-
aging device 310 for example via link 318 and/or via an
additional data storage medium, such as a USB stick,
hard disk drive, solid state drive, or a remote location on
the Internet, an intranet, or any other remote location.
[0046] The communication module 302 may further be
arranged for receiving cardiac cycle data, for example
from an electrocardiography device, a photoplethysmog-
raphy device, or any other device for obtaining cardiac
cycle data. The cardiac cycle data may be stored on the
memory module 304 such that it may be accessed by
the processing unit 306. Cardiac cycle data may either
be received directly from such a device for obtaining car-
diac cycle data or via an additional data storage medium,
such as a USB stick, hard disk drive, solid state drive, or
a remote location on the Internet, an intranet, or any other
remote or local location. In the latter case, the cardiac
cycle data may be combined with the first video stream
and the second video stream, with the cardiac cycle data
and the image data being aligned in time.
[0047] Data outputted by the communication module
302 may for example be the 3D model of part of the car-
diovascular system built using an example the method
of building a 3D model of at least a part of a cardiovascular
system.
[0048] The memory module 304 may comprise a tran-

sient memory and/or a non-transient memory, and may
comprise one or more of a hard-disk drive, solid state
drive, flash memory, RAM memory, any other type of
memory or any combination thereof.
[0049] Stored on the memory module 304 may be a
computer program product comprising instructions
which, when the program is executed by the system 300,
cause the system 300 to carry out the method of building
a 3D model of at least a part of a cardiovascular system
according to any of the examples disclosed herein. As
such, the memory module 304 may be a computer-read-
able storage medium comprising instructions which,
when executed by the system 300, cause the system 300
to carry out the method of building a 3D model of at least
a part of a cardiovascular system according to any of the
examples disclosed herein.
[0050] The memory module 304 may thus be provided
on its own outside the system 300, and may be connected
to a generic computer device arranged for communica-
tion with the memory module 304 and executing instruc-
tions stored on the memory module 304. As such, the
memory module 304 may be arranged as a USB stick,
compact disc, DVD, flash drive, SD card, or any other
memory device.
[0051] The processing unit 306 may comprise one or
both of a Central Processing Unit (CPU) and a Graphical
Processing Unit (GPU) for executing one or more steps
of the method 100. The processing unit 306 may further
be arranged for retrieving the first video stream and the
second video stream from the memory module 304.
[0052] When executing some of the examples of the
method of building a 3D model of at least a part of a
cardiovascular system on the system 300, the cardiac
cycle data may be present on the memory module 304
and may thus be retrieved from the memory module 304
by the processing unit 306.
[0053] Cardiac cycle data may comprise heart activity
data on a particular state of the heart at a particular point
in time. For ECG data, it represents neural activity of the
heart; for photoplethysmography data it represents blood
density in, for example, a tip of a finger or an earlobe.
From this heart activity data, a state of the heart or a
particular cycle event in a cardiac cycle and timing data
related to such an event may be determined. Depending
on the method of acquisition and resolution of cardiac
cycle data, the start or end of a systolic or diastolic event
may be determined, with data on timing of the start or
the end thereof. In other examples, a particular point be-
tween start and end may be determined.
[0054] When executing some other examples of the
method of building a 3D model of at least a part of a
cardiovascular system on the system 300, the cardiac
cycle data may be obtained by the processing unit 306,
for example from the first video stream and the second
video stream, from electrocardiography data or from pho-
toplethysmography data.
[0055] In such examples, the processing unit 306 is
arranged to generate cardiac cycle data by for example
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analysing the first video stream and the second video
stream. Such an analysis may comprise detecting points
of interest or regions of interest in frames of the video
streams, which may correspond to locations of arteries
or locations of specific points in the arteries, like branch-
es. When using X-ray, such points may be made visible
or more visible by injecting contrast dye in the arteries.
By analysing the position of branch points or regions of
interest in consecutive frames, movement of the points
or regions of interest in time may be detected from which
cardiac cycle data may be deducted. To this end, com-
puter vision techniques such as vessel segmentation,
centerline detection, object tracking and motion detec-
tion, or any combination thereof may be used. Alterna-
tively or additionally, a user may provide one or more
points or regions of interest.
[0056] When the processing unit 306 is arranged to
generate cardiac cycle data from electrocardiographic
data or from photoplethysmography data, the processing
unit 306 is arranged for analysing these types of data
and deducing cardiac cycle data from said types of data.
To this end, signal processing techniques such as high-
frequency filtering, derivative calculation, QRS-complex
detection and adaptive signal thresholding may be ap-
plied for the electrocardiographic data.
[0057] Techniques such as machine learning or artifi-
cial intelligence may be applied by the processing unit
306 to eventually obtain cardiac cycle data from the first
period of time and the second period of time to be later-
on used for selecting one of the first frames and one of
the second frames for building the 3D model of part of
the cardiovascular system using the selected frames.
[0058] The processing unit 306 may thus be arranged
for selecting one of the first frames out of the first video
stream and selecting one of the second frames out of the
second video stream based on the cardiac cycle data in
steps 110 and 112.
[0059] The processing unit 306 may be arranged for
combining data from the selected one of the first frames
and the selected one of the second frames for building
the 3D model of part of the cardiovascular system.
[0060] Fig. 2 shows a flowchart of a method 100 for
building a 3D model of at least a part of a cardiovascular
system and will be used in conjunction with Fig. 3 to de-
scribe examples of the method 100.
[0061] The method 100 starts at terminator 102, and
continues with receiving a first video stream comprising
first frames comprising image data on a cardiovascular
system over a first period of time at step 104. Step 104
is followed by receiving a second video stream compris-
ing second frames comprising image data on the cardi-
ovascular system over a second period of time in step
106.
[0062] The method 100 further comprises obtaining
cardiac cycle data based on data obtained from the pa-
tient 316 over the first period of time and the second
period of time in step 108. In Fig. 3, an example of cardiac
cycle data 202 from the first period of time 204 and the

second period of time 205 is shown plotted over a hori-
zontal time axis 206. The first period of time 204 extends
between a time t1 and a time t2, as indicated on the time
axis 206. The second period of time 205 extends between
a time t3 and a time t4, as indicated on the time axis 206.
[0063] Between the first period of time 204 and the
second period of time 205 a time gap 208 as a reorien-
tation time is present between capturing the first frames
of the first video stream during the first period of time 204
and capturing the second frames of the second video
stream during the second period of time 205. During the
time gap 208, the imaging device 312 may be reoriented
relative to the cardiovascular system as shown in Fig.
1A. The time gap may be seconds or minutes - or zero.
In yet another example, the first period of time 204 and
the second period of time may overlap partially or fully.
[0064] Note that the time scale 206 may not be a linear
scale as shown in Fig. 3, and that the time gap 208 may
comprise more seconds or minutes than the first period
of time 204 and/or the second period of time 205.
[0065] Further, note that the first period of time 204
and/or the second period of time 205 may comprise a
plurality of cardiac cycles, and therefor more than one
frame within the first video stream and/or second video
stream may correspond to a certain cardiac cycle event.
For example, in the first period of time 204 and the second
period of time 205 as shown in Fig. 3 comprise approx-
imately three cardiac cycles.
[0066] From data acquired from the patient 316, as dis-
cussed above, cardiac cycle data may be determined,
like the start or end of a systolic or diastolic phase of a
heartbeat cycle, at specific points on the timeline, for the
first period of time 204 and the second period of time 206.
[0067] Referring back to Fig. 2, next, respectively in
steps 110 and 112, the method 100 comprises selecting
one of the first frames and selecting one of the second
frames based on the cardiac cycle data.
[0068] As shown in Fig 3, one of the first frames 222
is selected based on the cardiac cycle data 202, wherein
the one of first frames 222 has been captured at a time
t1’ within the first period of time 204. In step 112, one of
the second frames 224 is selected based on the cardiac
cycle data 202, wherein the one of second frames 224
has been captured at a time t2’ within the second period
of time 205. The 3D model 226 is built using the one of
first frames 222 and the one of the second frames 224.
[0069] The times t1’ and t2’, and the corresponding
frames 222 and 224, have been automatically selected
based on the cardiac cycle data 202 according to the first
aspect. More in particular, t1’ and t2’ correspond to the
end of the diastolic phase. At the end of the diastolic
phase, the heart and the left ventricle in particular is at
its largest size. In this state, the arteries are stretched
and spaced apart as much as possible. This may en-
hance visibility of the arteries and minimize any foreshort-
ening.
[0070] To provide automated selection of frames from
the first video stream and the second video stream, the
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obtained cardiac cycle data is processed for detecting at
which point or points in time the start or end of the systolic
or diastolic cycle is, thus yielding cardiac cycle state data.
As discussed, preferably a frame or frames close to or
at the end of the diastolic phase is selected; these frames
are also referred to as ED frames.
[0071] The selected frame or frames may be proc-
essed further fully automatically. Alternatively, the select-
ed frame or frames are presented to a user on a screen,
for confirmation of the selection in case a single frame is
provided. In case multiple frames are provided, a user
may select one of the frames or confirm use of all frames
for setting up a model. In one example, a user may select
in one or more frames from each of the video streams
points of interest. Such identification aids in forming the
model by matching identical points of frames of the first
video stream and the second video stream.
[0072] In case multiple frames of the vessel under scru-
tiny at the end of the diastolic phase are selected, it may
be preferred to provide automatic selection, from the
group of earlier selected frames, of a frame that may be
considered as more appropriate for building the three-
dimensional model of the vessel under scrutiny. In one
embodiment, in subsequent selected frames, the vessel
under scrutiny is identified. Preferably, also a direction
of fluid flow is determined, which allows to optionally de-
termine an upstream end and a downstream end.
[0073] With the vessel identified, it is possible to de-
termine a trajectory of the vessel in which the contrast
fluid is provided. With this information, it is also possible
to determine the length of the vessel - or a least of the
trajectory in which contrast fluid is available. On one
hand, it is preferred to use a selected end diastolic frame
of which the longest vessel length can be used. On the
other hand, it may be preferred that the proximal end of
the vessel, at which side the catheter is provided for en-
tering the contrast fluid, comprises sufficient contrast fluid
for detecting this proximal end of the vessel.
[0074] The level of contrast fluid in the vessel may pref-
erably be above a particular level, i.e. where above a
particular level of dilution of contrast fluid in blood. In
order to facilitate selection an ED frame that may be con-
sidered best for building the 3D model, it is preferred to
select an ED frame that is best filled with contrast fluid,
yet least diluted.
[0075] Hence, for automatic selection of a preferred
ED frame, the vessel under scrutiny is identified in all ED
frames selected in step 110 and step 112. The detection
may be executed using any technology, such as image
edge detection. Subsequently, the length of the identified
vessel is determined in step 116, for example using im-
age processing algorithms, in each ED frame. The length
may be determined in pixels, one or more SI units, other,
or any combination thereof.
[0076] Subsequently or in parallel, brightness of pixels
within the region of the identified vessel is assessed.
Such assessment may take place on a per pixel basis,
over the whole region of the identified vessel or in a sub-

region of the vessel region larger than a single pixel. In
case brightness of a region with multiple pixels is as-
sessed, average or median brightness may be assessed
and other statistical parameters may be used, like stand-
ard deviation and/or removal of outliers.
[0077] As indicated, it may be preferred that in a se-
lected frame, the contrast fluid is available at the up-
stream end of the vessel, at the outlet of the catheter
used for inserting contrast fluid. In such embodiment and
possibly also other embodiments, it is preferred to deter-
mine a location of the outlet of the catheter. This may be
done by selecting any frame, not necessarily an ED
frame, at the start of any sequence, prior to injection of
the contrast fluid in the vessel. In such frame, the catheter
is visible and may be identified.
[0078] Next, within the vessel region or vessel sub-
regions, brightness levels are compared over subse-
quent en DS frames. In a particular embodiment, bright-
ness levels in sub-regions at, adjacent to or near the iden-
tified catheter outlet are compared in subsequent ED
frames. Subsequently or concurrently, the lengths of the
identified vessels in the ED frames are compared in step
122, preferably for subsequent DS frames.
[0079] In step 124, a preferred ED frame is selected
for each angle under which the frames have been ac-
quired. In the selection step, results of the comparing of
the previous two steps may be taken into account. Var-
ious embodiments may use different criteria: the longest
identified vessel, the lowest brightness (most radiation
blocked by highest concentration of contrast fluid), the
lowest brightness at the catheter outlet, other, or a com-
bination thereof.
[0080] In a particularly preferred embodiment, the
longest identified vessel is selected that has the lowest
median or average brightness, either as a whole or in a
particular region, like the catheter outlet region. In anoth-
er preferred embodiment, the longest identified vessel is
selected that has a lower average or median brightness
than the subsequent ED frame, either over the whole
vessel frame region or a vessel sub-region, in particular
at or near the outlet end of the catheter.
[0081] Finally, the method 100 comprises building the
3D model of part of the cardiovascular system using the
selected frames in step 126 and ends in terminator 128.
Building of such model of the human cardiovascular sys-
tem based on two selected x-ray images is known to the
skilled person in cardiology.
[0082] Further required for building the 3D model may
be knowledge on the orientation and/or position of the
imaging device 312 relative to the cardiovascular system
of the patient during the capturing of the selected one of
the first frames and during the capturing of the selected
one of the second frames.
[0083] The ultimately selected one of the first frames
and the selected one of the second frames may be pre-
sented to a user prior to building the 3D model for iden-
tification of relevant parts of cardiovascular systems in
the frames and/or verification.
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[0084] Note that the different steps of method 100 may
be performed in the sequences as described in conjunc-
tion with Fig. 2, but may also performed in any other suit-
able order as will be appreciated by a person skilled in
the art.
[0085] In summary, to create a 3D model of part of a
cardiovascular system, two 2D images taken of different
orientations of the cardiovascular system may be com-
bined. The 2D images originate from video streams taken
at different points in time, which comprise frames show-
ing a beating heart, and thus a moving cardiovascular
system. Because of this movement, not just any random
set of two 2D images may result in useable 3D model.
To select a proper set of two 2D images, a method is
provided wherein said selection is based on cardiac cycle
data. The cardiac cycle data may comprise heart activity
data as a function of time and timing data on cycle events.
These cycle events may be repetitive, as the same events
occur with every heartbeat. The selected frames are pref-
erably selected at, or approximately at, similar events.
[0086] In the description above, it will be understood
that when an element such as layer, region or substrate
is referred to as being "on" or "onto" another element,
the element is either directly on the other element, or
intervening elements may also be present. Also, it will be
understood that the values given in the description
above, are given by way of example and that other values
may be possible and/or may be strived for.
[0087] The various aspects may be implemented in
hardware, software or a combination thereof. The data
to be processed may be digital or analogue or a combi-
nation thereof. In case analogue data is provided or re-
ceived and digital data is required for processing, ana-
logue to digital conversion may be used and subsequent-
ly, the digital data is processed.
[0088] Furthermore, the invention may also be embod-
ied with less components than provided in the examples
described here, wherein one component carries out mul-
tiple functions. Just as well may the invention be embod-
ied using more elements than depicted in the Figures,
wherein functions carried out by one component in the
example provided are distributed over multiple compo-
nents.
[0089] It is to be noted that the figures are only sche-
matic representations of examples of the invention that
are given by way of nonlimiting examples. For the pur-
pose of clarity and a concise description, features are
described herein as part of the same or separate exam-
ples, however, it will be appreciated that the scope of the
invention may include examples having combinations of
all or some of the features described. The word ’compris-
ing’ does not exclude the presence of other features or
steps than those listed in a claim. Furthermore, the words
’a’ and ’an’ shall not be construed as limited to ’only one’,
but instead are used to mean ’at least one’, and do not
exclude a plurality.
[0090] A person skilled in the art will readily appreciate
that various parameters and values thereof disclosed in

the description may be modified and that various exam-
ples disclosed and/or claimed may be combined without
departing from the scope of the invention.
[0091] It is stipulated that the reference signs in the
claims do not limit the scope of the claims, but are merely
inserted to enhance the legibility of the claims.

Claims

1. Method of building a 3D model of at least a part of a
cardiovascular system of a person, comprising:

- receiving a first video stream comprising first
frames comprising image data on a cardiovas-
cular system over a first period of time;
- receiving a second video stream comprising
second frames comprising image data on the
cardiovascular system over a second period of
time, wherein the first period of time is in dis-
junction from the second period of time;
- obtaining cardiac cycle data related to the car-
diovascular system from the first period of time
and the second period of time;
- selecting at least one of the first frames and at
least one of the second frames based on the
cardiac cycle data; and
- building the 3D model of part of the cardiovas-
cular system using the selected frames.

2. Method according to claim 1, wherein the cardiac
cycle data comprises heart activity data as a function
of time.

3. Method according to claim 1 or 2, wherein the cardiac
cycle data comprises timing data on a first cycle
event within the first period of time and timing data
on a second cycle event within the second period of
time, and the selecting of the one of the first frames
is based on the timing data of the first cycle event
and the selecting of the one of the second frames is
based on the timing data of the second cycle event.

4. Method according to claim 3, wherein the second
cycle event is equivalent to the first cycle event.

5. Method according to claim 3 or 4, wherein further
comprising:

- selecting, from the first frame, based on the
first cycle event, multiple first selected frames
related to the events;
- selecting, from the second frames, based on
the second cycle event, multiple second select-
ed frames related to the event;
- identifying, in at least a first of the first selected
frames and the second selected frames, an im-
age region depicting a cardiovascular structure;
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- comparing, in at least two frames of the first of
the first selected frames and the second select-
ed frames, at least one characteristic of the iden-
tified image region;
- based on the comparing, selecting from the
selected first of the first selected frames and the
second selected frames, a first model frame; and
- building the 3D model using the first model
frame.

6. Method according to claim 5, further comprising:

- identifying, in the second of the first selected
frames and the second selected frames, an im-
age region depicting a cardiovascular structure;
- comparing, in at least two frames of the second
of the first selected frames and the second se-
lected frames, at least one characteristic of the
identified image region;
- based on the comparing, selecting from the
selected second of the first selected frames and
the second selected frames, a second model
frame; and
- building the 3D model using the first model
frame and the second model frame.

7. Method according to claim 5 or claim 6, further com-
prising determining, in at least a first of the first se-
lected frames and the second selected frames, a
length of the cardiovascular structure;
Wherein the at least one characteristic is the deter-
mined length.

8. Method according to any one of the claims 5, 6 and
7, further comprising determining, within an image
region comprising the identified cardiovascular
structure, in at least a first of the first selected frames
and the second selected frames, a brightness level
of at least one of the image regions or sub-regions
thereof;
Wherein the at least one characteristic is the deter-
mined brightness.

9. Method according to any one of claims 5 through 8,
wherein the comparing is applied to least two select-
ed frames subsequent in time.

10. Method according to claim 9, to the extent dependent
on claim 8, wherein the first model frame is selected
as the frame of which the brightness in the identified
image region or a sub-region thereof is lower than
of the identified image region or a sub-region thereof
in a subsequent frame.

11. Method according to claim 9, to the extent dependent
on claim 7 and claim 8, wherein the first model frame
is selected as the frame having the longest length
and of which the brightness in the identified image

region or a sub-region thereof is lower than of the
identified image region or a sub-region thereof in a
subsequent frame.

12. Method according to any on of the claims 3 to 11,
wherein the first cycle event and the second cycle
event correspond to the end of diastole.

13. Method according to any of the preceding claims,
further comprising receiving electrocardiography da-
ta of the first period of time and the second period
of time, wherein the cardiac cycle data is obtained
from the electrocardiography data.

14. Method according to any of the preceding claims,
wherein

- the cardiac cycle data in the first period of time
is obtained from the first video stream; and
- the cardiac cycle data in the second period of
time is obtained from the second video stream.

15. A device for building a 3D model of at least a part of
a cardiovascular system of a person, comprising a
processing unit arranged to:

- receive a first video stream comprising first
frames comprising image data on a cardiovas-
cular system over a first period of time;
- receive a second video stream comprising sec-
ond frames comprising image data on the car-
diovascular system over a second period of
time, wherein the first period of time is in dis-
junction from the second period of time;
- obtain cardiac cycle data related to the cardi-
ovascular system from the first period of time
and the second period of time;
- select at least one of the first frames and at
least one of the second frames based on the
cardiac cycle data; and
- build the 3D model of part of the cardiovascular
system using the selected frames.
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摘要(译)

为了创建心血管系统的一部分的3D模型，可以组合从心血管系统的不同
方向拍摄的两个2D图像。 2D图像源自在不同时间点拍摄的视频流，这
些视频流包含显示心脏跳动的帧，进而显示运动的心血管系统。 由于这
种运动，不仅两个2D图像的任何随机集合都可能导致可用的3D模型。 
为了选择两个二维图像的适当集合，提供了一种方法，其中所述选择基
于心动周期数据。 心动周期数据可以包括作为时间的函数的心动数据和
关于周期事件的定时数据。 这些周期事件可能是重复的，因为每次心跳
都会发生相同的事件。 优选地，在相似事件处或近似在相似事件处选择
所选择的帧。
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