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(7) ABSTRACT

The invention relates to an ultrasound catheter comprising a
device arranged in the area of the catheter tip for ultra-sound
image recording, with at least one lumen routed into the area
of the catheter tip open at this end and ending adjacent to the
ultrasound image recording device for issuing an ultrasound
contrast means being provided.
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ULTRASOUND CATHETER AND IMAGING
DEVICE FOR RECORDING ULTRA-SOUND
IMAGES

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to the German
application No. 10 2005 019 371.4, filed Apr. 26, 2005
which is incorporated by reference herein in its entirety.

FIELD OF INVENTION

[0002] The invention relates to an ultrasonic catheter and
to an ultrasonic imaging device.

BACKGROUND OF INVENTION

[0003] Cardiovascular diseases, especially cardiac infarc-
tions, are among the diseases which most frequently have
fatal consequences. These infarctions are caused by diseases
of the coronary arteries. In such cases atherosclerotic plaque
results in a ,,blockage” of coronary arteries. In the majority
of cases this is currently treated by a PCTA (Percutaneous
Transluminal Coronary Angioplasty) which involves enlarg-
ing the constricted parts of the coronary arteries with a
balloon catheter.

[0004] Further serious cardiological diseases are the
tachycardial rhythm disturbances, e.g. atrial fibrillation. In
this case atrioventicular disturbances in the heart mean that
the ventricle is stimulated at high frequency. With other, e.g.
ventricular tachycardias, there is no complete contraction
and the result is an insufficient pumping power of the heart.
These types of diseases are treated either through medica-
ment or by an operation. The latter in particular is associated
with a relatively high risk to the patient.

[0005] In recent times a minimally-invasive treatment
method has become established. In such cases, depending on
the pathology to be treated, a correspondingly designed
catheter is introduced. For treating tachycardial rhythm
disturbances for example an ablation catheter is introduced
into the ventricle which for example uses electrical energy
(high frequency) to “burn” the atrioventicular channels
causing the problems. As explained above the appropriate
catheters are used within the framework of the PCTA.

SUMMARY OF INVENTION

[0006] Thetreatments described above, using catheters are
monitored with the aid of x-ray radiation and the support of
x-ray contrast means, meaning that the position and move-
ment of the medical instrument is continuously recorded.
The disadvantage of x-ray monitoring lies in the fact that in
this case the vessel diameter usable for blood flow or the
constriction or also the heart chamber are only shown in
silhouette.

[0007] The recording of a vessel using an ultrasound
imaging device for the purposes of diagnostics or for cath-
eter monitoring is further known. This imaging is under-
taken using an ultrasound device from outside the body of
which the ultrasound sensing head is placed on the body and
positioned accordingly. To improve image contrast an ultra-
sound contrast means is introduced into the patient via a
peripheral vessel. A difficulty here lies in the fact that the
ultrasound contrast means now reaches the region of the
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body to be examined with a long time delay or around 30
seconds. A further disadvantage is the increased concentra-
tion or volume which has to be injected in order to see, since
the contrast means is already breaking down again on its
way through the blood vessel system. Nevertheless the
ultrasound contrast means such as those based on sulfur
hexafluoride, which form temporary gas bubbles in the
blood stream and also improve the reflection characteristics
of the ultrasound signals, contribute to improving the image

quality.

[0008] As well as external ultrasound imaging the practice
of recording ultrasound images directly from the interior of
the blood vessels is also known using ultrasound catheters
which have ultrasound recording equipment integrated on
the catheter side. The disadvantage in this case is again
however in particular the contrast behavior with such types
of image recording. The use of an ultrasound contrast means
which is introduced via a peripheral vessel also produces
barely any improvements as regards the problems already
described, especially as regards the ongoing breakdown of
the contrast means.

[0009] DE 69532 639 T2 describes an ultrasound imaging
device with an ultrasound catheter, which, in what is known
as a rotatable “nose element”, features an acoustic imaging
instrument for generating acoustic images of adjacent tissue.
The ultrasound catheter has a transducer in its front area.

[0010] US 2004/0024371 Al relates to a multi lumen
catheter which ends in a needle system. The body of the
catheter has at least two longitudinal lumina, via which
liquids can be introduced with the aid of external means.
These lumina of the catheter are connected to further lon-
gitudinal lumina of the needle system. In the catheter a tracer
liquid which can also be a liquid used for ultrasound imaging
is issued via the outflow opening of the needle itself.

[0011] A problem underlying the invention is that of
specifying an ultrasound catheter which makes it possible to
record ultrasound images with improved image quality,
especially in contrast behavior.

[0012] The solution to this problem is provided for an
ultrasound catheter of the type mentioned at the start in that
at least one lumen routed into the area of the catheter tip
open in this area and adjacent to the ultrasound image
recording device is provided for issuing an ultrasound
contrast means.

[0013] Unlike previously, when an inventive ultrasound
catheter is used, the contrast means is not introduced in a
location which is far from the actual image recording
position, from where it has to sometimes cover a very long
distance, with the associated disadvantages described, until
it reaches the actual image recording position. Instead, in
accordance with the invention, the ultrasound contrast
means is supplied directly via the ultrasound catheter to the
location in which the image is to be recorded so that it is
present there at its maximum concentration thus meaning
that the image recording improvements resulting from the
addition of contrast means can be exploited to their full
extent. A method for ultrasound image recording using such
an ultrasound catheter stands out by virtue of the delivery of
the ultrasound contrast means via the catheter-side lumen
directly into the image recording area of the ultrasound
image recording device.
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[0014] The opening of the lumen in relation to the catheter
tip can lie before the ultrasound imaging device. As an
alternative to this the one lumen can end in at least two
openings of which one lies before the other after the ultra-
sound imaging device. A further inventive alternative makes
provision for two or more lumina each ending in one
opening which lie before and after the ultrasound imaging
device. Depending on the design of the catheter or of the
vessel accepting it, this enables the optimum supply option
for the ultrasound contrast means to be used.

[0015] Furthermore a connection device for connecting
the lumen or lumina is expediently provided at an injection
device for automatic injection of the contrast means. The
delivery of the contrast means here with such an ultrasound
catheter device consisting of the ultrasound catheter and
injection device is not undertaken manually but under auto-
matic control, so that a highly accurate dosing of the contrast
means deli very is possible.

[0016] Since ultrasound catheters are also monitored dur-
ing their movement through the vessel by an x-ray device,
a further advantageous embodiment of the invention makes
provision for the embodiment of at least one further lumen
directed into the area of the catheter tip opening out in at
least one opening at this tip for delivery of an x-ray contrast
means, so that the detectability of the catheter tip during the
X-ray monitoring is at its optimum as a result of the direct
issuing of the x-ray contrast means in the catheter tip area.
In this case a connection device can also be provided for
connecting the further lumen or lumina to an injection
device for automatic injection of the x-ray contrast means,
so that here too an optimum dosing is possible. In this case
a shared connection device can naturally be provided via
which both the ultrasound contrast means and also the X-ray
contrast means can be supplied to the relevant lumina in a
controlled manner.

[0017] As well as the ultrasound image recording device it
is naturally also possible to provide other imaging sensors
(e.g. an OCT sensor) or other sensors or device s for
recording information or for handling information at the
catheter, for example ablation electrodes, triggering or
stimulation electrodes or devices for delivering radiation etc.
Furthermore the corresponding sensors or devices (for
example optical magnetic, electromagnetic or acoustic) can
be provided for finding the position of the catheter or of the
catheter tip. Facilities for controlling the catheter or catheter
tip, for example mechanical, magnetic, electromagnetic or
piezoelectric devices can also be integrated into the catheter
to control a catheter and of course an x-ray marker can be
provided directly on the catheter shaft.

[0018] Furthermore it is conceivable to apply an outer
coating to a catheter which reduces its frictional resistance
while it is being guided through the vessel. Such a coating
can for example be a nanoparticle coating or a hydrophilic
layer made of Silicon. Furthermore it is also conceivable to
use nanotechnology to apply a thin-film layer made of
conductive nanoparticles (e.g. silicon dioxide, aluminum
dioxide, silicon nitrate or carbon nanoparticles) which make
it possible to use the catheter in a magnetic resonance system
or a system for magnetic navigation without disruption and
without endangering the patient, since this thin-film layer
can be used to provide magnetic shielding.

[0019] In addition to the ultrasound catheter itself the
invention further relates to an image recording device for
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recording at least ultrasound images, comprising a catheter
of the type described above as well as a control device
connected to the catheter-side ultrasound imaging device
which controls the operation of the ultrasound imaging
device and is simultaneously used for generating and out-
putting the ultrasound images.

[0020] Furthermore an injection device for automatically
injecting the ultrasound contrast means can be provided
which is controlled via the control device so that the delivery
of the ultrasound contrast means and the actual image
recording can be correlated or synchronized in time. Fur-
thermore another injection device can be provided if nec-
essary for automatic injection of the x-ray contrast means
which is preferably also controlled via the control device so
that an optimized x-ray image recording can be undertaken
via an x-ray device operating in parallel. Of course it is
possible to couple the control device of the ultrasound
imaging device to the control device of the x-ray device so
that the operation of the injection device for delivering the
x-ray contrast means is correlated in time or synchronized
with the recording operation of the x-ray device and so that
x-ray contrast means is delivered at precisely the point in
time at which it must be present in the vessel or such like for
X-ray imaging.

[0021] Expediently a device is also provided for ECG or
breathing recording which communicates with the control
device which then controls one or both of the injection
devices as a function of the result of the recording. An ECG
or breathing triggering of the injection devices can also be
controlled via this device. For example it is useful for a
specific recording to only deliver the ultrasound and/or the
x-ray contrast means at a specific phase of the heart, for
example in the inactive phase, a process which is able to be
easily controlled if ECG triggering is used.

[0022] An especially advantageous further development
of the invention makes provision for a means of selection,
which communicates with the control device, to be able to
select the delivery of the ultrasound contrast means, with the
control device automatically accessing image recording or
image processing parameters stored in the control device
depending of the ultrasound contrast means selected and
controlling further operation on the basis of this. Since the
way in which different contrast means operate is not always
the same the resulting image quality is at least also partly
dependent on the contrast means. The image quality can,
since the effect or operation of the contrast means is known
per se, be improved however by using recording and/or
image processing parameters which are optimized for a
specific contrast means to record or generate the images.
These are now usefully stored on the control device side so
that they can be retrieved from a corresponding memory. To
record the image the physician now for example selects on
a monitor using a suitable means of input the ultrasound
contrast means to be used (monitor and means of input then
for example form the selection means) after which the
control device automatically downloads the parameters spe-
cific to the corresponding contrast means and continues
operation using these parameters. The corresponding param-
eters in this case in particular take account of the different
gas bubble formation (one contrast means forms more and
the other fewer bubbles) but also the very wide variety of
decay times of the gas bubbles formed etc.
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[0023] A further development of the inventive idea makes
provision, with a means of recording, for an identification
code to be provided on the ultrasound catheter and/or on a
container containing the ultrasound contrast means, espe-
cially in the form of a bar code or of an RFID transponder,
in which case the control device, depending on the result of
the recording, automatically accesses catheter or contrast
means-specific image recording and/or image processing
parameters stored in the control device and controls further
operation on the basis of these parameters. If for example a
corresponding identification code is arranged on the ultra-
sound catheter, the control device then recognizes, when this
identification code is passed over by a corresponding reader
device, automatically that an ultrasound catheter image
recording is due, so that the corresponding parameters can
already be preset. Equally a contrast means can be recog-
nized in this way on read-out of the container-side identi-
fication and the corresponding parameters preset. This
recording also provides the opportunity to enable the cath-
eter and the contrast means to be traced better within the
logistics chain of the hospital for example.

[0024] Finally a further embodiment of the invention
makes provision for contrast means-specific decay curves to
be arranged in the control device, in which case the control
device is embodied for image processing on the basis of the
decay curves and the energy or power controlled via the
control device issued by the ultrasound recording device.
This allows optimization of the image processing in real
time to be undertaken automatically since the time-related
decay is recognized via the decay curve and for example the
ultrasound power output can be increased with increasing
decay in order to compensate for the reflection properties
which are deteriorating as decay increases, by increasing the
power.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Further advantages, features and details of the
invention are produced by the exemplary embodiment
described below, as well with reference to the drawings. The
Figures show:

[0026] FIG. 1 a basic diagram of an inventive ultrasound
catheter, and
[0027] FIG. 2 a basic outline diagram of an inventive

ultrasound recording device.

DETAILED DESCRIPTION OF INVENTION

[0028] FIG. 1 shows an inventive ultrasound catheter 1,
consisting of the catheter sleeve 2, in which a first lumen 3
is provided, in which are guided the signal line 4 and also a
drive shaft 5 for rotational drive of an ultrasound image
recording device 6, i.e. of an ultrasound sensor (e.g. of an
IVUS sensor) which is accommodated at the end of lumen
3 so that it can rotate. On the catheter sleeve 2 opposite the
ultrasound imaging device 6 are arranged, one or more
windows 7 transparent for ultrasound, from which the ultra-
sound signals issued by the ultrasound image recording
device 6 exit, and via which the reflection signals reflected
off the vessel wall or similar enter the image recording de
vice 6 again. It can be seen that the ultrasound image
recording device 6 is provided in the area of the rounded
catheter tip 8 here.
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[0029] A lumen 9 is further provided which is embodied
inside the catheter 1 or the catheter sleeve 2 and which leads
to an opening 10 which opens out in the area of the catheter
tip 8, here directly in before the ultrasound recording device
6. Ultrasound contrast media can be fed via the lumen 9 and
the opening 10 and issued in the area of the vessel imme-
diately before the ultrasound image recording device 6. It is
naturally possible not only to provide an opening 10 but to
provide several openings distributed radially which are
coupled accordingly to the lumen 9, as well as of course for
a number of lumina 9 to be able to run in parallel and
distributed radially to the catheter tip and to open out in
corresponding openings. It is conceivable to provide addi-
tional corresponding openings 10 after the ultrasound image
recording device 6, so that this can be washed around on
both sides by ultrasound contrast means.

[0030] Finally a further lumen 11 is provided which is
embodied in the catheter sleeve and which also runs into the
area of the catheter tip 8 and opens out into an opening 12
there. This lumen 11 is used for supplying and issuing an
x-ray contrast means in the area of the catheter tip, so that
in a parallel x-ray monitoring the catheter tip can be
recorded in the optimum way as a result of the high contrast
means concentration.

[0031] Furthermore there is provision for a connecting
device 13, in which the signal line 4, the drive shaft 5 and
also the lumen 9 and 11 all terminate. This connecting device
has corresponding mechanical and electrical connection
means for coupling to the control device not shown in any
greater detail here as well as corresponding ultrasound and
x-ray contrast media injectors.

[0032] FIG. 2 shows an inventive image recording device
14 which is delineated by the dashed line. This image
recording device 14 is an x-ray device 15 used for simul-
taneous x-ray monitoring of the ultrasound catheter 1 intro-
duced into the patient and comprises an x-ray recording
means 16, usually consisting of a radiographic source and a
radiographic detector, and also assigned to a control device
17, as well as, in the example shown here, a central patient
database 18.

[0033] The image recording device 14 comprises on the
one hand the ultrasound catheter 1 already described. Con-
nected to the connection device 13 in the example shown is
first a control device 19, which controls the image recording
operation of the ultrasound image recording device 6 as well
as its rotational drive. A monitor 20, and also a means of
input 21 in the form of a keyboard, are assigned to the
control device 19.

[0034] Furthermore two injectors 22, 23 are provided at
the corresponding connections of the connection device 13,
which each contain containers 25, 29 with an ultrasound
contrast means (for example the injector 22) or an x-ray
contrast means (for example the injector 23). These contrast
means can be supplied via corresponding lines, which come
out at the connection device 13 and go over into the
catheter-side lumen 9 or 11, so that if required they come out
at the corresponding openings 10 or 12. The operation of the
injector 22, 23 is also controlled via the control device 19.

[0035] Furthermore a device 24 for deriving an ECG or for
recording the breathing movement is provided, which also
communicates with the control device 19. An ECG—trig-
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gered activation of the corresponding injectors 22 and/or 23
can be undertaken using this device for example, so that the
relevant contrast means is only supplied during a specific
heart cycle for example. The device 24 can alternatively also
serve to record blood pressure, so that it is possible to used
blood pressure as a trigger for supply of contrast means.

[0036] As FIG. 2 shows, the control device 19 continues
to be connected to the control device 17 of the x-ray device
15. The injector 23 supplying the contrast means can also be
triggered by this device, namely at the point in time at which
an x-ray image is actually to be recorded, so that it is ensured
that the x-ray contrast means is present in a high concen-
tration in the catheter tip area.

[0037] Furthermore the control device 19 and also the
control device 17 are coupled to the patient database 18, so
that corresponding patient data which is required in any
particular form for control operation is present on the
relevant control device side.

[0038] In operation the physician now initially uses the
input means 21 to select for example from a list displayed to
him on the monitor 20 of individual contrast means which
are stored in a corresponding memory on the control device
19, the contrast means which is subsequently actually to be
supplied. The control device 19 then automatically loads the
image recording and/or image processing parameters, which
are stored for specific contrast means in a corresponding
memory on the control device 19 side, in order to ensure a
contrast-means-specific optimum image recording and
image generation. This is especially true in relation to the
ultrasound contrast means.

[0039] As an alternative to selection by the user via the
monitor 20 there is the option of automatically recording the
ultrasound contrast means to be supplied. For this purpose
an identification label 26, e.g. a bar code or an RFID
responder is arranged for example on the container 25
containing the ultrasound contrast means, with this identi-
fication label able to be read out using a corresponding
reader 27 which communicates with the control device 19.
This allows the contrast means type used to be detected
exactly, so that the corresponding image recording and/or
image processing parameters can be loaded in. This also
applies in relation to the ultrasound catheter 1, this too can
have a corresponding identification label 28, which can be
read out accordingly so that the catheter type used can be
automatically detected in this way or the corresponding
image recording device as well as the operating and perfor-
mance parameters can be recorded, which is also important
for optimization of image recording and image generation.
Parameters corresponding to specific catheters can then be
loaded in on the control device 19 side and re-used.

[0040] Overall the use of the inventive ultrasound catheter
allows optimum supply of ultrasound contrast means
directly to the location at which the image is recorded, so
that a marked improvement in intracorporal ultrasound
imaging as a result of the high contrast means concentration
provided at the actual point of image recording is achieved.
The same applies where parallel x-ray monitoring is under-
taken, as a result of the supply of x-ray contrast means
directly into the catheter tip area. Furthermore the inventive
image recording device allows optimized contrast means
supply as well as image recording and image processing,
since by using the appropriate injectors an automatic,
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exactly controllable contrast means supply and in addition,
if required an exact synchronization of the supply as well as
triggering is possible.

1.-12. (canceled)
13. An ultrasonic catheter, comprising:

an ultrasonic imaging device for generating an ultrasonic
image arranged at a tip of the catheter; and

at least one lumen arranged on the catheter and adjacent
to the ultrasonic imaging device, the lumen routed up
to the tip, having at least one end opening arranged at
the tip and configured to release an ultrasonic contrast
agent.

14. The catheter in accordance with claim 13, wherein the
end opening is arranged in front of the ultrasonic imaging
device relative to the tip.

15. The catheter in accordance with claim 13, wherein the
lumen has at least first and second end openings, the first end
opening arranged in front of the ultrasonic imaging device
relative to the tip, and the second end opening arranged after
the ultrasonic imaging device relative to the tip.

16. The catheter in accordance .with claim 13, wherein the
catheter has at least first and second lumina each having a
respective end opening, one of the end openings arranged in
front of the ultrasonic imaging device relative to the tip, and
a further of the end openings arranged after the ultrasonic
imaging device relative to the tip.

17. The catheter in accordance with claim 13, further
comprising a connector for connecting the at least one lumen
to an injector, the injector configured to automatically inject
the ultrasonic contrast agent.

18. The catheter in accordance with claim 13, further
comprising at least one further lumen routed up to the tip and
having at least one opening for releasing an x-ray contrast
agent.

19. The catheter in accordance with claim 18, further
comprising a further connector for connecting the further
lumen to a further injector, the further injector configured to
automatically inject the x-ray contrast agent.

20. The catheter in accordance with claim 19, wherein the
connector and the further connector are integrated into a
common connector.

21. An image recording device for recording at least
ultrasound images, comprising:

an ultrasonic catheter, comprising:

an ultrasonic imaging device for generating an ultrasonic
image arranged at a tip of the catheter; and

at least one lumen arranged on the catheter and adjacent
to the ultrasonic imaging device, the lumen routed up
to the tip, having at least one end opening arranged at
the tip and configured to release an ultrasonic contrast
agent; and

a control device connected to the ultrasonic imaging
device for generating and outputting the ultrasonic
image.

22. The device in accordance with claim 21, wherein the
end opening is arranged in front of the ultrasonic imaging
device relative to the tip.

23. The device in accordance with claim 21, wherein the
lumen has at least first and second end openings, the first end
opening arranged in front of the ultrasonic imaging device
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relative to the tip, and the second end opening arranged after
the ultrasonic imaging device relative to the tip.

24. The device in accordance with claim 21, wherein the
catheter has at least first and second lumina each having a
respective end opening, one of the end openings arranged in
front of the ultrasonic imaging device relative to the tip, and
a further of the end openings arranged after the ultrasonic
imaging device relative to the tip.

25. The device in accordance with claim 21, further
comprising an injector configured to automatically inject the
ultrasonic contrast agent, the injector controlled by the
control device.

26. The device in accordance with claim 21, further
comprising a further injector configured to automatically
inject an x-ray contrast agent, the further injector controlled
by the control device.

27. The device in accordance with claim 25, further
comprising a medical device for acquiring an ECG, a
breathing or a blood pressure of a patient, the medical device
connected to the control device, wherein the injector is
controlled by the control device based upon the acquired
ECG, breathing or blood pressure.

28. The device in accordance with claim 26, further
comprising a medical device for acquiring an ECG, a
breathing or a blood pressure of a patient, the medical device
connected to the control device, wherein the further injector
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is controlled by the control device based upon the acquired
ECG, breathing or blood pressure.

29. The device in accordance with claim 21, wherein the
ultrasonic contrast agent is selected by a selection unit
connected to the control device, the control device config-
ured to automatically access contrast agent-specific image
recording or image processing parameters stored in the
control device based on the selected ultrasonic contrast
agent.

30. The device in accordance with claim 21, further
comprising a reader for reading an identification label
arranged on or at the ultrasound catheter, wherein the control
device is configured to automatically access catheter-spe-
cific or contrast agent-specific image recording or image
processing parameters stored in the control device based
upon the read identification label.

31. The device in accordance with claim 30, wherein the
identification label is a bar code or an RFID transponder.

32. The device in accordance with claim 21, wherein
contrast agent-specific decay curves are stored in the control
device, the control device configured for image processing
based on the decay curves and based upon an energy emitted
by the ultrasonic imaging device.



patsnap

TREBHR(OF) BESENMATIEREFRGHNRERE
[F(2E)F US20060264757A1 [ (r&)B 2006-11-23
BiES US11/411742 RiEH 2006-04-26

FRIEE(EFP)AGR) BEFEMICHAEL
i (E R AGR) I mMICHAEL

HAREEANR)AGE) AITFETGMBH

[FRIRBAA MASCHKE MICHAEL

RBAAN MASCHKE, MICHAEL

IPCH %S A61B8/14

CPCH¥S A61B5/0066 A61B5/0402 A61B5/06 A61B6/481 A61B6/4417 A61B6/541 A61B8/0883 A61B8/14 A61B8

/481 A61B6/503 A61B5/061

k51X 102005019371 2005-04-26 DE

H A0 FF SRR US8506492

SNEBEEHE Espacenet  USPTO

HEGF) |
BESERRTEALASIE—THEESE , HEEMEESERKN

i ATREFRGIEZRNEE K HPEDL—NSEHASERBHKX /

H, ZSERBEZRTOFESOEBEFRRICRER. REATRH
BERNERENRE,



https://share-analytics.zhihuiya.com/view/84eacca0-962d-4ea4-a100-a27b49c3cffd
https://worldwide.espacenet.com/patent/search/family/037111241/publication/US2006264757A1?q=US2006264757A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220060264757%22.PGNR.&OS=DN/20060264757&RS=DN/20060264757

