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7) ABSTRACT

A device for determining the position of a medical instru-
ment that is introduced into an object to be examined is also
used for imaging the vicinity of the medical instrument. In
order to enable the acquisition of instantaneous position
information and image information from the vicinity of the
medical instrument for all kinds of medical instruments, a
localization device that is arranged in the end zone of the
medical instrument that is to be introduced determines the
position of the medical instrument within the object to be
examined; at the same time image information is acquired in
the vicinity of the medical instrument by an image acquisi-
tion device that is arranged on the medical instrument and on
the basis of the position thus determined the position of the
medical instrument (3) is reproduced in a survey image of
the object to be examined and images of the vicinity of the
object to be examined are displayed on the basis of the
image information acquired.

14 Claims, 1 Drawing Sheet
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METHOD AND APPARATUS FOR
INTRAVASCULAR LOCALIZATION AND
IMAGING WITHOUT X-RAYS

BACKGROUND OF THE INVENTION

The invention relates to a method for determining the
position of a medical instrument introduced into an object to
be examined and for imaging the vicinity of the medical
instrument. The invention also relates to a corresponding
device as well as to a corresponding medical instrument and
to a computer program.

U.S. Pat. No. 5,638,819 discloses a method via which a
medical instrument, notably a biopsy needle or an
endoscope, can be introduced into a patient along a desired
trajectory, notably into the brain of a patient. For the
localization of the instrument a sensor is arranged at the end
of the instrument which is not introduced into the patient; the
position of this sensor relative to a reference co-ordinate
system can be determined by means of an appropriate
measuring device. For the navigation of the instrument the
position thereof is reproduced in a two-dimensional tomo-
graphic image while a live video image of the endoscope is
displayed at the same time. However, the known method is
suitable only for the localization and navigation of rigid
medical instruments, because it is only in the case of a rigid
instrument that reliable information concerning the position
of the part of the instrument that is present within the patient
can be derived from the position of the sensor arranged on
the part of the instrument that is situated outside the patient.

OBJECTS AND SUMMARY OF THE
INVENTION

Therefore, it is an object of the present invention to
provide a method and a device which enable localization and
navigation of any medical instrument introduced into an
object to be examined.

In accordance with the invention this object is achieved
by means of a method wherein the position of the medical
instrument within the object to be examined is determined
by means of a localization device that is arranged in the end
zone of the medical instrument that is to be introduced,
image information concerning the vicinity of the medical
instrument being acquired at the same time by means of an
image acquisition device arranged on the medical
instrument, the position of the medical instrument being
reproduced in a survey image of the object to be examined
on the basis of the position determined, and images of the
vicinity of the object to be examined which are associated
each time with the relevant position being displayed on the
basis of the image information acquired.

This object is also achieved by means of a device which
includes

localization means for determining the position of the
medical instrument in the object to be examined, a
localization device being arranged in the end zone of
the medical instrument that is to be introduced,

imaging means for the acquisition at the same time of
image information concerning the vicinity of the medi-
cal instrument, an image acquisition device being
arranged on the medical instrument, and

data processing and display means for determining and
displaying the position of the medical instrument in a
survey image of the object to be examined, that is, on
the basis of the position thus determined, and for
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2
determining and displaying images of the vicinity of
the object to be examined, said images being associated
with the relevant position, on the basis of the image
information acquired.

The invention is based on the idea that, as opposed to the
known method, notably in the case of flexible medical
instruments, for example catheters which are used above all
for intravascular interventions, it is not possible to arrange
a localization device for determining the medical instrument
on the part of the instrument that is not introduced into the
object to be examined. This is because in that case the
mounting of optical sensors or markers on the end of a
catheter which projects from the object to be examined and
the determination of the position of these sensors or markers,
for example by means of an optical position measuring
system, would not provide reliable information as regards
the position of the tip of the catheter or the course of the
catheter introduced into the object to be examined.
Therefore, in accordance with the invention the localization
device is arranged in the zone of the medical instrument
which is also introduced into the object to be examined,
notably in the inserted end zone of the medical instrument,
because particularly the position thereof during the inter-
vention is of interest. In order to acquire also image infor-
mation from this zone at the same time, in accordance with
the invention it is also proposed to arrange in said zone an
image acquisition device which serves to acquire image
information concerning the vicinity of the introduced medi-
cal instrument simultaneously with the determination of the
position thereof. The image information and the position
information thus acquired is used in accordance with the
invention to display the instantaneous position of the medi-
cal instrument each time in a survey image of the exami-
nation zone, for example in an angiogram or in a so-called
Road Map in the case of an intravascular intervention, and
to display at the same time one or more instantaneous
images of the vicinity of the medical instrument.

In accordance with an advantageous version the survey
image may be formed from a three-dimensional or four-
dimensional image data set, the four-dimensional image data
set having a temporal resolution in addition to the spatial
resolution. This means that different image data sets are
obtained at different instants, for example, during the cardiac
motion phase; in such different image data sets above all
different positions of the anatomy examined at the various
instants are taken into account or corrected. The image data
sets themselves may have been acquired by means of an
arbitrary imaging method, for example, by means of mag-
netic resonance tomography, computed tomography, an
X-ray method, notably a three-dimensional rotation X-ray
method, or by means of an ultrasound method.

Furthermore, the survey image may be advantageously
formed from a motion-compensated image data set for
which notably the cardiac motion and/or the respiratory
motion is compensated; such motions have different effects
on the anatomy in dependence on the region examined.
Appropriate methods are known for such compensation. For
example, for the compensation of the cardiac motion it is
possible to form an electrocardiogram during the acquisition
of the image data in order to associate the image data with
a respective given cardiac phase and to correct the effects of
the cardiac motion on the anatomy in the individual cardiac
motion phases on the basis of a cardiac model. For the
correction of the respiratory motion there are appropriate
models and sensors that monitor the respiratory motion and
determine and compensate the effects thereof on the
anatomy.
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Various advantageous embodiments of the localization
device used. This device may be a magnetic field sensor
whose position is determined by means of an external
measuring device, or an active or a passive microcoil whose
position can be determined by means of a magnetic reso-
nance device, or also an ultrasound sensor which can be
detected by means of an ultrasound device. Moreover, the
medical instrument may also consist at least partly of a
material that can be detected by means of an ultrasound
device or a magnetic resonance device. Also feasible is any
other punctiform signal source that can be arranged on the
medical instrument and whose signal can be detected by an
external detector device so as to determine the position of
the signal source therefrom.

Advantageous further possibilities for the use of an image
acquisition device are provided. That is, it is a common
aspect of all image acquisition devices that they are prefer-
ably arranged in the end zone of the medical instrument that
is to be introduced, because notably image information from
this region is of interest. The transfer of the acquired image
data may take place in a contactless manner or via leads.
Many further embodiments of the image acquisition device
additionally require external image acquisition means for the
acquisition of image information. For example, one embodi-
ment of the MR device which is preferably implemented as
a microcoil requires an external excitation coil as it is used
in a magnetic resonance tomography device. Other further
embodiments, for example an internal excitation and mea-
suring coil, an endoscope or an intravascular ultrasound
device, however, do not require additional external image
acquisition means.

For the navigation and continuous monitoring of the
position of the medical instrument during an intervention,
the localization and imaging are preferably performed con-
tinuously or at regular intervals, the instantaneous position
and the associated images being displayed each time.

It is particularly advantageous to use the invention for the
navigation in blood vessels such as, for example the coro-
nary vessels, during an intravascular intervention. The
invention, however, can also be used for navigation in other
cavities of an object to be examined, for example in the
intestine or the esophagus of a patient.

The invention is used particularly advantageously in
conjunction with flexible medical instruments such as, for
example catheters as used notably also for the examination
and treatment of coronary vessels. The invention provides
the physician with instantaneous information concerning the
position of the catheter as well as with image information
from the end zone of the catheter during the travel of the
catheter inside the patient, thus enabling very precise navi-
gation in reaching the target area.

The invention also relates to a corresponding device for
determining the position of a medical instrument in an
object. The invention furthermore relates to a medical instru-
ment to be introduced into an object to be examined, which
instrument includes a localization device that is arranged in
the end zone that is to be introduced and serves to determine
the position of the medical instrument in the object to be
examined, and also includes an image acquisition device for
the simultaneous acquisition of image information concern-
ing the vicinity of the medical instrument, the position
determined being intended for use in determining and repro-
ducing the position of the medical instrument in a survey
image of the object to be examined and the acquired image
information is intended to form and reproduce images of the
vicinity of the object to be examined which is associated
with the relevant instantaneous position. The device as well

10

15

20

25

30

35

40

45

50

55

60

65

4

as the medical instrument may be elaborated in accordance
with the invention so as to form advantageous embodiments
which are identical or analogous to the versions disclosed
above for the method.

The invention also relates to a computer program with
program sections for executing the method in accordance
with the invention and/or for controlling the device in
accordance with the invention or the medical instrument in
accordance with the invention during execution of the
computer program by a computer.

BRIEF DESCRIPTION OF THE DRAWING

The invention will be described in detail hereinafter with
reference to the sole FIGURE which is a schematic diagram
of a system according to the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The block diagram in the figure shows the essential
elements of a device in accordance with the invention. A
recumbent patient 1 is arranged on a patient table 2 in order
to perform an intravascular intervention in this device. A
catheter 3 in accordance with the invention is introduced
into a main artery of the patient 1 for a treatment of the
coronary arteries and is advanced as far as the coronary
vessels by a physician. The end zone of the catheter which
is introduced into the patient 1 is provided with an image
acquisition device 4 and a localization device 5. It is
assumed that the image acquisition device 4 of the embodi-
ment shown is formed by a microcoil which, after excitation
by an external excitation coil 6, can receive magnetic
resonance (MR) signals from its vicinity, said signals sup-
plying image information concerning the vicinity of the
image acquisition device 4. This procedure is known per se,
like a magnetic field coil for generating a steady magnetic
field (not shown), from the field of magnetic resonance
tomography, so that it will not be elaborated herein.

Furthermore, in the end zone of the catheter 3 there is
arranged a localization device § which is assumed to be
constructed as a magnetic field sensor in the embodiment
shown; such a sensor co-operates with a coil array 7 that is
arranged underneath the patient 1. Using the signals emitted
by the individual coils of the coil array 7, the position of the
magnetic field sensor, and hence the position of the end zone
of the catheter 3, can be determined on the basis of the
signals received from the magnetic field sensor 5. This
method of determining a position is also known per se and
will not be elaborated herein.

An image processing and control device 8 is provided for
the processing of the signals received by the microcoil 4 and
for the control of the microcoil 4 and the excitation coil 6;
this device converts the measured signals into image infor-
mation and applies this information to a data processing
device 12. A position processing and control unit 9 is
provided so as to process the signals acquired by the
magnetic field sensor 5 and to control the magnetic field
sensor and the coil array 7; this unit converts the measured
signals into position data which is applied to the data
processing device 12.

Moreover, in order to correct the measured position data
and image data in respect of cardiac motion there is provided
an electrocardiogram device 10 which includes one or more
appropriate sensors 11 and produces an electrocardiogram in
parallel with the determination of the position and the image
data acquisition. This data is also applied to the data
processing device 12.
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The data processing device 12 determines, on the basis of
the data received, the position of the magnetic field sensor
5, and hence of the end zone of the catheter 3, in relation to
astored image data set of the examination zone of the patient
1. This image data, formed directly before the intervention
or during an earlier diagnosis, is stored in a database 13
which is accessible by the data processing device 12. In
order to enable determination of a current position of the
magnetic sensor 5 relative to a survey image derived from
the database 13, moreover, suitable registration is required,
for example by means of suitable markers on the patient
which are also present in the survey images and are marked
as reference points directly before the intervention. In the
embodiment shown, relating to an intravascular
intervention, a three-dimensional angiogram (a so-called
road map) of the coronary vessels is preferably used as the
survey image. Finally, the data processing device 12 applies
the image information to a display device, for example a
monitor 14 on which the survey image 15 in which the
current position of the magnetic field sensor 5 or the tip of
the catheter 3 is also superposed is displayed on one side.
Moreover, the instantaneous image 16 of the vicinity of the
catheter tip, formed from the data acquired by the microcoil
4, is displayed adjacently so as to supply the physician with
additional information enabling him to determine where the
catheter tip is situated at the relevant instant, thus enabling
better navigation. No X-ray device is then required for the
acquisition of image information, that is, notably no fluo-
roscopy device which would permanently expose the patient
to X-rays during the acquisition of information.

A computer 20 having a computer program 20a on a
computer readable medium may be connected to the data
processing device 12, the position processing and control
device 9, the image processing and control device 8, the
database 13, and the monitor 14 for controlling the device
and or the medical instrument of the present invention.

The embodiment of the device in accordance with the
invention that is shown in the Figure constitutes merely one
version of such a device and has been described on the basis
of actual examples of the means used. Numerous other
versions are feasible in respect of the type, construction and
arrangement of the means used, some of which will be
described in detail hereinafter.

Additionally, sensors for measuring the respiratory and/or
cardiac motion may be fitted on the patient 1 so as to enable
compensation of motions of the anatomy during the local-
ization and imaging.

The survey image may be formed from a spatially
resolved three-dimensional image data set or from a spa-
tially and temporally resolved four-dimensional image data
set having an adequate spatial resolution, the image data set
already being available during the intervention. There are
various modalities for forming such an image data set.
Notably MRI (Magnetic Resonance Imaging), CT
(Computed Tomography), 3D-RX (3D Rotational X-ray)
and ultrasound techniques are the most promising tech-
niques for the acquisition of image data of the coronary
arteries and for the formation of high-resolution angiograms.

Moreover, it must be possible to image the local anatomy
and notably the vessel wall at the tip of the catheter
practically in real time during an intervention, or to deliver
image data thereof. The possibility of looking ahead inside
the artery, that is, in the direction of travel of the catheter, is
also very important in the event of problems such as, for
example jamming of the catheter or for choosing the correct
course at bifurcations of the arteries. In order to satisfy these
requirements, the following possibilities can be considered:
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a) Intravascular Ultrasound (IVUS) at the moment offers
two-dimensional ultrasound sensors which are capable
of supplying image information in the radial direction
around the longitudinal axis of the catheter. However,
three-dimensional ultrasound sensors that are capable
of supplying image information from all three spatial
directions are also feasible.

b) Optical Coherence Tomography (OCT) enables image
data to be acquired with a very high spatial resolution.
This technique, utilizing simple optics at the tip of the
catheter, also enables the realization of non-orthogonal
viewing angles.

¢) In the case of Intravascular Magnetic Resonance Imag-
ing (IVMRI) one or more receiving coils in the form of
microcoils are arranged on the catheter, the RF exci-
tation being realized (as shown in the Figure) by means
of an external excitation coil or by means of an internal
excitation coil. However, in that case a strong magnet
is also required in order to generate a strong main
magnetic field; such a magnet limits the access to the
patient and makes the device very expensive.

d) Endoscopes can also be used as lmage acquisition
means; granted, such endoscopes do not supply image
data concerning the wall of the vessel, but they do
enable looking in the forward direction.

There are also various possibilities in respect of the
localization device; some preferred versions thereof are
given hereinafter:

a) Magpetic field sensors are very promising, because
they are already being used in miniaturized form and
enable very exact determination of the position.

b) Active or passive microcoils that operate on the basis
of MR can also be used for determining the position.

¢) An ultrasound sensor may also be arranged on the
catheter as a localization device, the ultrasound sensor
then being integrated in the probe of an ultrasound
scanner by way of a Catheter System Interface (CSI).
When the ultrasound sensor in the catheter is repro-
duced by the ultrasound scanner, the interface (CSI)
injects a bright arrow in conformity with its position.
Because this represents only the position of the catheter
relative to the ultrasound device, it is additionally
necessary to determine the position of the ultrasound
device in order to convert the positions determined into
positions relative to a co-ordinate system of the image
data present. The medical instrument may also be
provided with a punctiform ultrasound source whose
signals are detected by an external sensor.

d) Catheters that are enrobed in a special manner and can
be made visible by way of ultrasound can also be used.
This also makes it possible for the entire catheter
instead of only its tip to be localized and reproduced in
a survey image. A passive susceptibility catheter may
also be used.

For the visualization during the intervention the complete
information must be reproduced in a suitable manner.
Instead of a standard television apparatus or monitor use can
be made of, for example head-mounted displays, for
example in the form of special looking glasses that give the
physician the impression as if he or she is looking into the
patient. Different display modes and viewing angles should
also be possible. Preferably, the image data acquired from
the interior of the anatomy is displayed on-line and quasi as
video. However, it is also possible to generate and display
only still images at regular intervals and/or a plurality of
images from different viewing angles.
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Moreover, suitable interfaces for simple operation should
also be available in order to enable simple switching over
between different modalities and image display modes.
Control by way of speech or gestures is also feasible.
Additionally, for cases of emergency a simple X-ray system
or other imaging device may be kept on standby duty.

The invention thus enables continuous determination of
the instantaneous position of the medical instrument during
an intervention and acquisition of image information from
the vicinity of the medical instrument. Moreover, the posi-
tion is superposed on a survey image acquired in advance so
as to facilitate navigation of the medical instrument. The
exact construction of the means used is dependent notably
on the type of intervention desired and on the type of
examination zone. The invention is suitable not only for
flexible medical instruments such as, for example catheters,
but in principle also for any instrument that can be intro-
duced into a patient and whose position is to be accurately
determined from the outside.

What is claimed is:

1. A method for determining the position of a medical
instrument introduced into an object to be examined and for
imaging the vicinity of the medical instrument, comprising
the steps of

displaying a survey image of the object to be examined,

the survey image of the object being stored in a
memory and including indications of markers on the
patient;

determining the position of the medical instrument within

the object to be examined by a localization device that
is arranged at an end zone of the medical instrument,
the end zone comprising a portion of the medical
instrument that is to be introduced into the object
during use of the medical instrument,

acquiring image information of the vicinity of the medical
instrument, at the same time as said step of
determining, using an image acquisition device
arranged on the medical instrument,

reproducing the position of the medical instrument in the
survey image of the object to be examined on the basis
of the position determined and the markers on the
patient indicated in the survey image, and

displaying images of the vicinity of the object to be
examined which are associated each time with the
relevant position on the basis of the image information
acquired.

2. The method as claimed in claim 1, wherein the local-
ization device comprises at least one magnetic field sensor
whose position is determined by an external measuring
device.

3. The method as claimed in claim 1, wherein the local-
ization device comprises at least one active or passive
microcoil whose position is determined by a magnetic
resonance device.

4. The method as claimed in claim 1, wherein the local-
ization device comprises an ultrasound sensor.

5. The method as claimed in claim 1, wherein the medical
instrument consists at least partly of a material that can be
detected by one of an ultrasound device or a magnetic
resonance device.
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6. The method as claimed in claim 1, wherein the image
acquisition device is an ultrasound device.

7. The method as claimed in claim 1, wherein the image
acquisition device comprises an optical coherence tomog-
raphy device.

8. The method as claimed in claim 1, wherein the image
acquisition device comprises an MR device.

9. The method as claimed in claim 1, wherein the image
acquisition device comprises an endoscope.

10. The method as claimed in claim 1, further comprising
the step of correcting the measured position data in response
to cardiac motion detected by a electrocardiogram device.

11. The method as claimed in claim 1, further comprising
the step of acquiring the survey image by one of magnetic
resonance imaging, computed tomography, 3-D rotational
X-ray and ultrasound techniques.

12. The method as claimed in claim 11, wherein said step
of acquiring the survey image includes acquiring a four-
dimensional image data set having a temporal resolution
including image data sets at different instants during cardio-
vascular motion phases.

13. A device for determining the position of a medical
instrument introduced into an object to be examined and for
imaging the vicinity of the medical instrument, which device
includes:

a memory including a stored image data set defining a
survey image of the object to be examined including an
indication of markers on the patient;

localization means for determining a position of an end
zone of a medical instrument, the end zone comprising
a portion of the medical instrument that is to be inserted
within the object to be examined during use of the
medical instrument,

a localization device being arrangeable in the end zone of
the medical instrument that is to be introduced,

imaging means for the acquisition at the same time of
image information concerning the vicinity of the medi-
cal instrument,

an image acquisition device arrangeable on the end zone
of the medical instrument, and

data processing and display means for displaying the
survey image of the object to be examined, the data
processing and display means connected to the local-
ization means for determining the position of the local-
ization device, and displaying the position of the medi-
cal instrument in the survey image of the object to be
examined based on the determined position of the
localization device and the markers on the patient
indicated in the survey image, and the data processing
and display means further comprising means for deter-
mining and displaying images of the vicinity of the
object to be examined, wherein said images are based
on the image information acquired by the image acqui-
sition device.

14. The device as claimed in claim 13, further comprising
an electrocardiogram, said data processing and display
means comprises means for correcting the determined loca-
tion of the end zone in response to cardiac motion deter-
mined by the electrocardiogram.
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