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Apparatus and method for generating an image of a vascular system

The invention relates to an apparatus and method for generating an image of a
vascular system using an angiogram.

An angiogram is usually produced in order to diagnose and treat diseases of a
patient’s vascular system. Said angiogram is a two-dimensional or three-dimensional image
which shows the vascular tree or part thereof either on its own or emphasized with respect to
the background. Angiograms are typically produced by means of an X-ray apparatus and with
injection of an X-ray contrast agent. Moreover, a method for producing a three-dimensional
angiogram by means of magnetic resonance tomography is known from US 6 073 042,

Furthermore, the generation of local intravascular images in order to examine
a vascular system and to navigate within the vascular system is known. In this case, a catheter
comprising a suitable probe (e.g. ultrasound probe) is pushed through a patient’s vascular
system, and two-dimensional sectional images of the interior of the vessels or of the
surrounding tissue around the vessel are taken in each case at desired positions. The local
intravascular images thus obtained are usually displayed on a separate monitor in real time.
Furthermore, the sectional images may be locally combined by image processing means to
form a volume image.

Against this background,' it is an object of the present invention to provide
means for generating an image of a vascular system, said image comprising a large amount of
information for the user.

This object is achieved by an apparatus having the features of claim 1 and by a

~method having the features of claim 8. Advantageous refinements are given in the dependent

claims.

The apparatus according to the invention for generating an image of a vascular
system comprises the following components:
a) an angiography device for producing an angiogram of the vascular system. As
mentioned, an angiogram is an image in which the vessels of a body volume are shown on
their own or emphasized with respect to the background. An angiogram may be either two-
dimensional, for example as a section through the vascular system or a projection of the

vascular system, or three-dimensional.
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b) a probe for generating local intravascular images from the vascular system.
The intravascular images are usually two-dimensional (e.g. sectional images). .
c) a position determination unit for determining the spatial position (i.e. the
position and preferably also the orientation) of the probe at the point in time at which the
latter generates a local intravascular image.

d) a display unit which is designed to assign a local intravascular image of the
type mentioned above to the associated position in the angiogram. By virtue of the
assignment, in respect of each image point in the local intravascular image it is known to
which image point in the angiogram it corresponds (in a geometrically and anatomically
correct manner) and vice versa. The display unit is furthermore designed to display the local
intravascular image in an image together with the angiogram. This display may in principle
be two-dimensional or three-dimensional, although in the present case the case of a three-
dimensional display is preferred, it being possible for this display to take place in particular
by means of a volume rendering. Moreover, the display preferably takes place by means of
an embedding of one image in the other, that is to say that image information from both
images should be recognizable in the overlapping area.

The described invention has the advantage that it combines information from
two high-performance imaging methods, namely the angiogram and the intravascular image,
with one another and links them to one another by the assignment of the images together with
the joint display of the respective information. This is a considerable aid for the treating
physician who can optimally use the information obtained in the respective imaging modes
and supplement it with information from the other mode. Furthermore, the joint spatial

display of intravascular image and angiogram provides a particularly clear and informative

- representation of the vascular system.

The angiography device may in principle be any imaging device suitable for
producing an angiogram. In particular, the angiography device may be an X-ray apparatus
that is customary in a catheter laboratory. X-ray apparatuses are widely used and are suitable
for producing informative angiograms with the aid of contrast agents.

The probe may in particular be an ultrasound probe. Ultrasound probes for
generating local intravascular images that are integrated into the tip of a catheter are likewise
known and availablé in many catheter laboratories. One advantage of ultrasound systems is
that the generation of images essentially does not entail any side effects for the patient, so

that local ultrasound recordings can be taken without any problems at a number of locations.
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As the position determination unit for determining the position of the probe,
use may in principle by made of any known locating system that is suitable for this purpose.
In particular, use may be made of position determination units which can locate with the aid
of electromagnetic fields. In this case, for example, there may be attached to the probe a
magnetic sensor which allows position determination in a magnetic field impressed on the
space by means of a field generator.

There are various possibilities for the joint displaying of a local intravascular
image and of the angiogram. According to a first Variaﬁt, the display unit is designed to
display at least one local intravascular image at the associated position of the angiogram.
This means that the angiogram and the local intravascular image are displayed (in an
overlapping manner) in the same image, with the intravascular image being displayed at the
geometrically and hence also anatomically correct position. This may be effected in
particular in the form of an embedding or mixing, in which in the overlapping area image
points from both images are taken into account in the representation so that one image does
not hide the other. The physician can therefore link the information from the local
intravascular image and from the angiogram at a glance and in a particularly intuitive
manner.

According to one embodiment of the apparatus, the latter may comprise a
memory for storing a number of local intravascular images. Such a storing of intravascular
images is of use in particular in conjunction with the above-described display mode, since by
using the memory it is possible not only for current images but also for earlier images and/or
images which in spatial terms lie in an area of interest (e.g. an adjacent area) to be displayed,
at the respectively associated positions of the angiogram.

According to an alternative embodiment, the display unit is designed to
display a local intravascular image together with the associated section of the angiogram.
This means that the part of the angiogram in which the local intravascular image is situated is
accordingly enlarged and superposed on the local intravascular image.

The invention furthermore relates to a method of generating an image of a
vascular system, said method comprising the following steps:

a) recording an angiogram of the vascular system, where the angiogram may be
two-dimensional or three-dimensional.

b) recording at least one local intravascular image from the vascular system.

c) determining the spatial position of the abovementioned local intravascular

image.
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d) assigning the abovementioned local intravascular image to the geometrically
associated position in the angiogram and displaying it together with the angiogram. This
display may in principle be two-dimensional or three-dimensional, although in the present
case the case of a three-dimensional display (in particular in the form of a volume rendering)
is preferred.

As has been mentioned in connection with the above-described apparatus,
such a method combines the information from a local intravascular image and an angiogram
by means of geometric association and joint display, thus producing a considerable
synergistic effect

If the angiogram is two-dimensional, for example an X-ray projection of the
vascular system, it is preferably embedded in a three-dimensional display space prior to being
displayed together with the local intravascular image. In said three-dimensional space, the
geometrically and anatomically correct assignment and joint displaying of the angiogram and
of the at least one local intravascular image may then take place, with it being possible for the
latter to be either two-dimensional or three-dimensional.

According to a preferred embodiment of the method, a number of local
intravascular images are displayed at the same time together with the angiogram. In this way
it is possible for the information obtained during an examination, said information coming
from a number of local intravascular images, to be retained or stored and embedded jointly in
the angiogram. In this case, it is optionally possible for recordings taken only recently to be
emphasized to a greater extent in the representation and for older recordings to be diminished
—e.g. by virtue of a greater transparency.

The invention will be further described with reference to an example of

embodiment shown in the drawing to which, however, the invention is not restricted.

The single figure schematically shows an apparatus according to the invention

for generating a combined image of a vascular system.

A section of the vascular system 2 of a patient is shown symbolically in the
upper part of the figure. A catheter 1 can also be seen, which catheter is pushed into the
vascular system 2 up to a defined position. The catheter 1 has, at its tip, an ultrasound probe 4

by means of which two-dimensional sectional images can be generated, it being possible, for
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example, for a local intravascular image of a volume 5 around the ultrasound probe 4 to be
generated by virtue of a succession of such sectional images. The recording data of the
ultrasound probe 4 are passed via the catheter 1 to a data processing unit 8, where image
processing takes place in a known manner. Using the intravascular image, representations of
the inside of the vessel wall or volumetric information from the surrounding tissue in the area
5 can be obtained. The generation of local intravascular images may be repeated step by step
at as many points in the vessel tree 2 as desired, in order in this way to obtain volumetric data
about the surrounding tissue of the entire vessel or vessel tree.

The figure also shows an X-ray apparatus comprising an X-ray radiation
source 3 and an X-ray detector 7, which are likewise connected to the data processing unit 8.
Using the X-ray apparatus 3, 7 it is possible to generate an X-ray projection image of the
vascular system 2. If a contrast agent is injected into the vascular system it is thereby possible
to generate an emphasized representation of the vessel (angiogram). The angiogram may be
two-dimensional (e.g. an X-ray projection) or three-dimensional, depending on the type of
X-ray apparatus and on the image generation thus carried out.

In known examination systems, the local intravascular images of the
ultrasound probe 4 are displayed two-dimensionally on a separate, special display device.
This display takes place in real time, that is to say an image is displayed directly at the time
of its generation. The display is thus restricted to showing the last local sectional image
without any correlation with the location at which the image was taken in the vessel structure
under examination.

By contrast, in the apparatus shown in the figure there is a combined three-
dimensional display of the local intravascular image and of the angiogram. In order to be able
to carry this out, a position determination unit (not shown) is provided at the catheter tip and
coupled to the data processing unit 8, by means of which it is possible for the spatial position
of the ultrasound probe 4 and hence also the position of the locally imaged area 5 to be
determined. Various methods of locating visually hidden objects may be used for the position
determination system, e.g. a location using an external magnetic field 6 measured on the
ultrasound probe 4. Alternatively, it is also possible to make use of image processing
methods in order to evaluate the (e.g. two-dimensional) angiogram or another current image
of the vascular system with respect to the position of the ultrasound probe 4 as the
intravascular image is being taken.

By knowing the spatial position of the local volume 5, it is possible to assign

this in a geometrically/anatomically correct manner to the angiogram of the vascular system
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2. This means that the position of the recorded local volume 5 in the angiogram can be
determined. The known assignment can then be used on a monitor 9, which is coupled to the
data processing unit 8, for a joint three-dimensional display 13 of the angiogram 12 and of
the current intravascular image 11. For this purpose, the volumetric data provided by the
ultrasound system 4 are subjected to a local volume rendering in the data processing unit 8,
so that they can be displayed together with the angiogram 12, which is either two-
dimensional or three-dimensional. In a volume rendering (e.g. by contrast to surface
rendering), each point of a volume is taken into account in the representation in accordance
with the characteristic properties assigned to it (cf. Richard A. Robb, “Three-Dimensional
Biomedical Imaging”, Chapter 4.4). Typically, an image is generated with the aid of virtual
beams sent through the volume.

If the angiogram 12 is two-dimensional, it is embedded beforehand in the
three-dimensional display space. This may be effected, for example, through a surface
bearing the image data. The locally volume-rendered information about the surrounding
tissue is then placed in the angiogram 12 at the position at which it was obtained. In the case
of a three-dimensional angiogram 12, the locally volume-rendered information 11 is placed
in the vessel or vascular tree at the position at which it was obtained, as shown in the figure
on the schematic monitor display 13. Upon embedding, the image information both of the
intravascular images and of the angiogram remains recognizable in the overlapping area,
since the corresponding volumes are displayed with a certain transparency.

With the above-described embedding of the local intravascular image 11 in the
angiogram 12, it is possible for a number or all of the local intravascular images obtained up
to now to be displayed in the angiogram 12 at the same time. In the figure this is shown for
an earlier local intravascular image 10. Optionally, the representation of earlier and/or
remoter images 10 may be weaker than that of more recent and/or nearer images (or of the
last image 10) in order to emphasize the current position.

Alternatively, the joint displaying of angiogram and intravascular image could
also be effected in that the last intravascular image 11 obtained is assigned to the position at
which it was obtained and is displayed in the vessel or vascular tree of the angiogram 12 at
the same time with the position at which it was obtained.

By means of the apparatus described, it is possible for local volumetric
information from an intravascular imaging device to be displayed in a two-dimensional or
three-dimensional angiogram. In this way, new and improved methods for diagnosis and

treatment planning can be pursued since characteristics of the surrounding vascular tissue can
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be correlated with the anatomical location at which the image was obtained and with the local
anatomical situation in the vessel or vascular structure. The apparatus may be used in
particular in a catheter laboratory and in the case of targeted medication in which the

distribution of the medicament in a vascular tree or vascular structure can be visualized.
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CLAIMS:
1. An apparatus for generating an image (13) of a vascular system (2), said
apparatus comprising:
a) an angiography device (3, 7) for producing an angiogram (12) of the vascular
system (2);
b) a probe (4) for generating local intravascular images (10, 11) from the vascular
system (2); '
c) a position determination unit for determining the spatial position of the probe

(4) while a local intravascular image is being generated,;
d) a display unit (8, 9) which is designed to assign a local intravascular image
(10, 11) to the associated position in the angiogram (12) and to display it in a preferably

three-dimensional image (13) together with the angiogram.

2. An apparatus as claimed in claim 1, characterized in that the angiography

device comprises an X-ray apparatus (3, 7).

3. An apparatus as claimed in claim 1, characterized in that the probe is an
ultrasound probe (4).
4, An apparatus as claimed in claim 1, characterized in that the position

determination unit is designed to locate with the aid of electromagnetic fields.

5. An apparatus as claimed in claim 1, characterized in that the display unit (8, 9)
is designed to display at least one local intravascular image (10, 11) at the associated position

of the angiogram (12).

6. An apparatus as claimed in claim 1, characterized in that it comprises a

memory for storing local intravascular images (10, 11).
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7. An apparatus as claimed in claim 1, characterized in that the display unit is
designed to display a local intravascular image together with the associated section of the

angiogram.

8. A method of generating an image (13) of a vascular system (2), said method

comprising the following steps:

a) recording an angiogram (12) of the vascular system (2);

b) recording at least one local intravascular image (10, 11) from the vascular
system (2);

c) determining the spatial position of the local intravascular image (10, 11);

d) assigning the local intravascular image (10, 11) to the associated position in

the angiogram (12) and displaying it, preferably three-dimensionally, together with the
angiogram (12).

9. A method as claimed in claim 8, characterized in that the angiogram is two-
dimensional and is embedded in a three-dimensional display area prior to being displayed

together with the local intravascular image.

10. A method as claimed in claim 8, characterized in that a number of local
intravascular images (10, 11) are displayed at the same time together with the angiogram
(12).
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