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Description
FIELD OF THE INVENTION

[0001] The invention relates to a medical ultrasound
device, such as a probe or catheter-based device. In par-
ticular the invention relates to such devices capable of
detecting the contact force imposed to the distal end re-
gion of the device.

BACKGROUND OF THE INVENTION

[0002] Catheter-based surgery is advantageously
used in various connections to treat body organs with
minimal incision size and clearance of the organs. As an
example, cardiac arrhythmias may be treated by various
catheter-based ablation techniques to destroy arrhyth-
mogenic parts of the cardiac tissue. Specifically, radio-
frequency (RF) ablation, high intensity focused ultra-
sound (HIFU) or cryo-ablations of the tissue are com-
monly used.

[0003] In connection with the ablation process of car-
diac tissue, it has recently been realized that the contact
force between an ablation catheter’s tip and the cardiac
tissue is a highly important variable that must be control-
led. It has been shown that the contact force is a deter-
minant with respect to the lesion size, cf. "Novel Contact
Force Sensor Incorporated in Irrigated Radiofrequency
Ablation Catheter Predicts Lesion Size and Incidence of
Steam Pop and Thrombus", Circ Arrhythmia Electro-
physiol, 2008 by Yokoyama et al. Too great a contact
force may lead to unnecessary damage of healthy tissue,
whereas too low a contact force may lead to the creation
ofincomplete lesions. Moreover, the risk of complications
increases dramatically with contact force, in particular
with respect to the risk of causing stream pops and throm-
bus in connection with the ablation. Additionally by ap-
plying a too high contact force, the cardiac wall may be
affected in a way which leads to electro-anatomic map-
ping registration errors, cf. "A systematical analysis of in
vivo contact forces on virtual catheter tip/tissue surface
contact during cardiac mapping and intervention”, J Car-
diovasc Electrophysiol, 2008 by Okumura et al.

[0004] The published US patent application
2008/0009750 Al discloses a catheter for diagnosis or
treatment of a vessel or organ. The catheter has in its
distal end region incorporated a tri-axial force sensor for
detecting the contact force. The force sensor comprises
a housing and a plurality of optical fibers in the housing
that measure changes in light intensity resulting from de-
formations of the housing. The deformation is caused by
forces applied at the distal extremity of the catheter. The
tri-axial force sensor and associated fibers take up space
in the distal region of the catheter, moreover alight source
is required which adds to the cost of the device.

[0005] Thereisstillaneedinthe artforimproved equip-
ment suitable for use in connection with catheter-based

surgery.

10

15

20

25

30

35

40

45

50

55

SUMMARY OF THE INVENTION

[0006] It would be advantageous to achieve a force
sensor suitable forintegration into amedical device, such
as a medical probe or catheter, which does not require
additional space, or only infers minimal space require-
ments in the distal end region of the medical device. In
general, the invention preferably seeks to mitigate, alle-
viate or eliminate one or more of the above mentioned
disadvantages singly or in any combination. In particular,
it may be seen as an object of the present invention to
provide a method that solves the above mentioned prob-
lems, or other problems, of the prior art.

[0007] To better address one or more of these con-
cerns, in a first aspect of the invention a medical ultra-
sound device is presented that comprises:

- an elongated body having a proximal end, a distal
end region and a length axis along the elongation;

- one or more ultrasound transducer for generating
acoustic radiation, the one or more ultrasound trans-
ducers being positioned in the distal end region, in-
side the elongated body;

- a transmission element positioned in the radiation
path of the acoustic radiation, wherein the transmis-
sion element is substantially transparent to acoustic
radiation;

- wherein the transmission element and the one or
more ultrasound transducers are mounted so that
an acoustic path length between the transmission
element and the ultrasound transducer varies with
contact force imposed to the distal end region.

[0008] The invention provides a medical device, such
as a catheter or probe, with integrated ultrasound facili-
ties, where the ultrasound radiation can be used for gen-
eral purposes, as well as for generating a measure of the
contact force imposed to the distal end region. In an ad-
vantageous embodiment, the one or more ultrasound
transducers are capable of generating acoustic radiation
suitable for monitoring a region of interest simultaneously
with, concurrently with or together with detecting the
acoustic path length between the ultrasound transducer
and the transmission element. The contact force imposed
to the distal end is deduced from the path length. By
basing the detection of the contact force on ultrasound
radiation and path length detection between the ultra-
sound transducer and the transmission element, key el-
ements to perform the contact force detection are ele-
ments which also may be used for other purposes, and
a separate sensor is not needed. The ultrasound trans-
ducer(s) may be used for monitoring purposes and a
transmission element is always needed in orderto couple
the acoustic radiation out of the medical device. A com-
pact and cost-effective medical device is therefore pro-
vided.

[0009] In the context of the present invention, monitor-
ing is to be construed broadly. It includes both | D mon-



3 EP 2 477 572 B1 4

itoring, i.e. detecting reflected intensities along the line
of sight as well as 2D imaging where an array of trans-
ducers are applied to generate a 2D image. In principle
also 3D imaging and time resolved imaging may be ob-
tained. In catheter-based monitoring, it is normal to use
I D or 2D monitoring due to space constraints in the distal
end region, i.e. in the tip region.

[0010] In general, the transmission element should be
substantially transparent to acoustic radiation. A number
of materials, including various polymer materials, fulfill
this. In general any material can be used, as long as the
transparency is sufficient to enable clinical use as well
as to enable detection of the acoustic path length through
the element. In particular, a material with a transparency
to acoustic radiation above 50% may be used, such as
above 60%, 70%, 80%, 90%, or even above 95%.
[0011] In an advantageous embodiment, the acoustic
path length between the ultrasound transducer and the
transmission element is detected based on detecting re-
flected acoustic radiation from a surface of the backside
of the transmission element or a surface of the front-side
of the transmission element. In particular, the detection
of the acoustic path length may be based on a detection
of the time of flight, and changes in time of flight, of ra-
diation emitted from the transducer, reflected from a sur-
face of the transmission element, and detected again by
the transducer.

[0012] In an advantageous embodiment, the medical
device further comprises a compressive element posi-
tioned in the distal end region, the compressive element
being capable of varying its size as a function of an ex-
erted compression force resulting in acoustic path length
variations. It is an advantage to use a compressive ele-
ment since a compressive element can be incorporated
into the distal end region in a compact way. Depending
on the specific embodiment, a compressive element can
be incorporated into the distal end region in a way which
does not require additional space in the distal end region,
or which only imposes minimal space requirements.
[0013] In advantageous embodiments the compres-
sive element, such as a compressive collar, is integrated
into the elongated body. In other advantageous embod-
iments one or more compressive elements, such as one
or more spring elements, are integrated into the trans-
mission element or attached to the transmission element.
[0014] In an advantageous embodiment the device
comprises at least two ultrasound transducers for emit-
ting acoustic radiation along at least two axes. By using
two or more ultrasound transducers the force may be
detected in two or more (three) dimensions.

[0015] Advantageously, the transmission elementmay
comprise a treatment modality for treatment of body tis-
sue. In an embodiment, the treatment modality is abla-
tion, such as radiofrequency (RF) ablation.

[0016] In an embodiment the ablation is performed by
use of an electrode supported by the transmission ele-
ment. The electrode may be provided such that the
acoustic radiation is substantially unaffected by the pres-
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ence of the electrode. In an embodiment, the electrode
is in the form of a thin layer sufficiently thin to be sub-
stantially transparent to acoustic radiation. Acoustic ra-
diation will be transmitted substantially unaffected by the
presence of a metal layer with a thickness below 500
nanometers, such as below 250 nanometers, such as
with a thickness of 150 nanometers. In other embodi-
ments, the electrode may be in the form of a mesh or
other open structures. An electrode in the form of amesh,
with a central aperture or even in the form of a band or
ring, may allow radiation to pass, and still be able to work
as an RF-electrode. It is an advantage to use a setup
which allows for simultaneous force detection and oper-
ation of the treatment modality. While force detection may
be performed without operation of a treatment modality,
it is nevertheless during treatment, such as during abla-
tion, that it is most important to ensure proper contact
force between the device and the tissue.

[0017] In a second aspect of the invention a medical
system is presented. The system comprises a medical
device in accordance with the first aspect of the invention
and a controller unit operatively connected to the ultra-
sound transducer, where the controller unit detects the
acoustic path length between the ultrasound transducer
and the transmission element and determines the contact
force from the detected acoustic path length.

[0018] In an embodiment where the transmission ele-
ment further comprises a treatment modality for treat-
ment of body tissue, the treatment modality may be op-
eratively connected to the controller unit, so that the treat-
ment modality is controllable to operate within a pre-
specified contact force range. The relevant contact forces
may be so small that the medical practitioner is unable
to perceive changes inimposed contact force, controlling
the treatment modality to operate within a pre-specified
contact force range may ensure that the ablative power
delivered to the tissue may safely by applied.

[0019] In a third aspect of the invention, a method of
operating a medical device is presented. A medical de-
vice in accordance with the first aspect of the invention
is operated by steps which comprise:

- generate acoustic radiation by operating the one or
more transducers in a generation mode;

- detect reflected acoustic radiation by operating the
one or more transducers in a detection mode;

- from the reflected acoustic radiation detect the
acoustic path length between the transmission ele-
ment and the ultrasound transducer;

- determinethe contactforce from the detected acous-
tic path length.

[0020] In a fourth aspect of the invention, a computer
program product is presented that is adapted to enable
a computer system comprising at least one computer
having data storage means associated therewith to op-
erate a medical device according to according to the first
or second aspects of the invention or to carry out the
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steps of the third aspect of the invention.

[0021] In general the various aspects of the invention
may be combined and coupled in any way possible within
the scope of the invention. These and other aspects, fea-
tures and/or advantages of the invention will be apparent
from and elucidated with reference to the embodiments
described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Embodiments of the invention will be described,
by way of example only, with reference to the drawings,
in which

FIG. 1 schematically illustrates the distal end region
of an ablation catheter-based probe;

FIG. 2 schematically illustrates an ablation electrode
supported by a transmission element;

FIG. 3 illustrates a screen shot of an M-mode ultra-
sound image of cardiac ablation in a sheep heart;
FIG. 4 schematically illustrates a functional relation-
ship between AL along the horizontal axis and the
contact force along the vertical axis;

FIG. 5illustrates an embodiment of a medical device
with a compressive element in the form of a com-
pressive collar integrated into the elongated body;
FIGS. 6A and 6B illustrate an embodiment of a med-
ical device with a compressive element integrated
into (A) and attached to (B) the transmission ele-
ment;

FIG. 7 illustrates an embodiment of a medical device
where the transmission element is attached in the
distal end region of the elongated body by means of
one or more compressive elements;

FIGS. 8A and B illustrate an embodiment of a med-
ical device with two ultrasound transducers;

FIG. 9 schematically illustrates a flow chart of a feed-
back loop which may be used to automatically reg-
ulate the ablative power applied through the catheter
tip based on the contact force between the catheter
tip and tissue;

FIG. 10 illustrates a flow diagram of steps which may
be performed in order to operate a medical device
in accordance with embodiments of the present in-
vention; and

FIG. 11 schematically illustrates a medical system
in connection with a computer program product.

DESCRIPTION OF EMBODIMENTS

[0023] Thepresentinventionisdisclosed in connection
with a RF ablation catheter comprising a monitoring sys-
tem in accordance with embodiments of the present in-
vention. It is however to be understood that, while such
an application is advantageous, the invention is not lim-
ited to this. In fact, the medical device may be applied in
connection with any device which uses ultrasound trans-
ducers and which supports a structural configuration
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which enables that an acoustic path length between a
transmission element and the ultrasound transducer var-
ies with contact force imposed to the distal end region.
[0024] FIG. 1 schematically illustrates the distal end
region 1 of an ablation catheter-based probe, hereafter
simply referred to as a catheter, abutting an object 2,
such as tissue in the form of a cardiac wall. The catheter
comprises an elongated body 3, a distal end region 1 and
a proximal end (not shown). A length axis 9 runs along
the elongation of the elongated body. The distal end re-
gion 1 is the extended end section of the elongated body
3 abutting the distal end itself 11. The catheter may at
the proximal end be connected to a controller unit (cf.
FIG. 11) so as to form a medical system. The ultrasound
transducer 4 is housed in the distal end region, where it
is fixed by suitable means 6. The catheter comprises a
transmission element 5 positioned in the radiation path
of the acoustic radiation. The transmission element may
be used as a transmission window for coupling the acous-
tic radiation out of the medical device. The transmission
element has a backside generally facing the ultrasound
transducer and an opposite facing front-side. The trans-
mission element is substantially transparent to acoustic
radiation, so that radiation generated by the ultrasound
transducer will be transmitted through the transmission
element to interact with the tissue 2 under investigation
or treatment. In an embodiment, the acoustic radiation
is emitted along the length axis 9.

[0025] As is illustrated in FIG. 1, the distal end region
may further comprise fluid channels 7 which allow deliv-
ery of fluid through the elongated body to the distal end
region so as toirrigate the treatment site during treatment
if this is necessary or desirable, typically by use of saline
fluid pumped from a reservoir placed at the proximal end.
The fluid channels may be holes into the side of the tube
as in the illustrated embodiment, or made by other suit-
able means.

[0026] In an embodiment the device may e.g. be an
ultrasound catheter with anintegrated ablation electrode.
The ultrasound catheter supports monitoring of tissue
properties by operating the ultrasound transducer in a
monitoring mode, where ultrasound pulses are emitted
and the reflected radiation is detected in order to generate
an ultrasound image or scan. Operating an ultrasound
transducer for detecting reflected radiation is known to
the skilled person.

[0027] The elongated body may be of a flexible mate-
rial, such as a suitable polymer material for use in con-
nection with a medical device. Such materials are known
tothe skilled person. Aflexible device is thereby obtained.
Alternatively may the elongated body be made of a rigid
material, such as surgical steel or other suitable materials
as are known to the skilled person. A rigid device may
e.g. be implemented as a needle device.

[0028] The transmission element and the ultrasound
transducer are mounted so that an acoustic path length
between the transmission element and the ultrasound
transducer varies with contact force imposed to the distal
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end region. That is, if the catheter tip is pressed into the
tissue 2, the acoustic path length changes with exerted
force 10. The acoustic path length may e.g. be expressed
as the length 8 between the top face of the ultrasound
transducer and the front-surface of the transmission el-
ement. The detection of the acoustic path length is con-
trolled by the controller unit, which from the detected path
length determines the contact force.

[0029] FIG. 2schematicallyillustrates anablation elec-
trode 20 supported by a transmission element 5. The
transmission element has a backside 21 and a front side
22. The ablation electrode may be formed by a thin con-
ducting layer supported by the transmission element. In
an embodiment, the transmission element comprises a
polymer-based body and a conducting layer. The poly-
mer-based body may be of the material poly-methylpen-
tene (TPX) which is commonly used in connection with
ultrasound, whereas the conducting layer may be a me-
tallic layer, such as a platinum layer. Suitable thicknesses
may be a few hundred micrometers thick TPX supporting
a few hundred nanometer thick platinum layer, such as
a 250 micrometer thick TPX element, supporting a 150
nanometer thick platinum layer. The thickness of the TPX
element is the thickness at the central region. Other ma-
terials may also be used, as long as they are sufficiently
transparent to acoustic radiation. The transmission ele-
ment and supported electrode are illustrated in a rounded
configuration which is the clinically relevant shape. In
general any shape may be used.

[0030] FIG. 3 illustrates a screen shot of an M-mode
ultrasound image of cardiac ablation in a sheep heart as
generated by an ablation catheter of the type schemati-
cally illustrated in FIG. 1. The vertical axis show the dis-
tance from the transducer. The distance is given in pixels
which can be converted into time or depth. The horizontal
axis illustrates time, again given in pixels (increments of
20 pixels equals | second). The image shows the strong
primary reflection 30 from the TPX/Pt ablation electrode,
and in addition 2nd and 3rd order reflection peaks 31,
32. The positions of these reflections are related to the
time-of-flight of the ultrasound signal, and therefore the
distance from the ultrasound transducer to the ablation
electrode. The distance between the ultrasound trans-
ducer and the TPX element, can therefore be determined
with an accuracy equal to the axial resolution of the ul-
trasound. At an imaging frequency of 20 MHz, this res-
olution is equal to the axial resolution of the ultrasound.
At an imaging frequency of 20 MHz, this resolution is
equal to 0.04 mm (half the wavelength) or 5 pixels (given
a sampling frequency of 200 MHz).

[0031] A distance change between the ultrasound
transducer and the ablation electrode (ref. numeral 8 on
FIG. 1), results in a change in position (ref. numeral 33
on FIG. 3) of the ablation electrode’s reflection on the M-
mode image changes. The distance change, hereafter
referred to as 4L, can be measured by the controller unit,
which based on the measured AL, can determine the
contact force.
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[0032] FIG. 4 schematically illustrates a functional re-
lationship between AL along the horizontal axis and the
contact force along the vertical axis. The determination
of the contact force can be done in terms of a functional
relationship, a look-up table or by any other suitable
means. The relationship between AL and contact force,
can either be determined beforehand by the provider of
the medical device, or it may be calibrated by the user
and the calibration result stored in the controller unit. Hav-
ing realized that the contact force can be determined from
positioning of the reflection peaks, a practical implemen-
tation of a suitable algorithm is within the capabilities of
the skilled person. Use of look-up tables or functional
relationships facilitates fast and flexible ways of correlat-
ing the measured path length to the contact force during
clinical use.

[0033] In order to vary AL with contact force, the distal
end region may comprise a compressive element, where
the compressive element is capable of varying its size
as a function of an exerted compression force. Since the
size of the compressive element varies, also the acoustic
path length varies. FIGS. 5-8 illustrate embodiments of
catheters provided with different types of compressive
elements in the distal end region.

[0034] FIG. 5 illustrates an embodiment of a medical
device with a compressive element 50. The compressive
element is in the form of a compressive collar 50 inte-
grated into the elongated body, typically in the distal end
region, as a circumferential band mounted in the elon-
gated body. A contact force 10 exerted on the catheter
tip will reduce the length 52 of the compressive collar by
an amount AL. As a result, the distance 8 from the ultra-
sound transducer to the front-surface of the transmission
element will be reduced by the same amount. The com-
pressive element may be mounted at any appropriate
position along the length axis of the elongated body.
[0035] The magnitude of AL depends on the Young’s
modulus, Y, of the material from which the compressible
collar is formed:

_Y-AL- A4
L

F

where F is the contact force, L is the length of the non-
compressed collar and A the cross-sectional area of the
compressive collar. This equation holds if R/t<10, where
R is the radius of the collar and t is the thickness of the
collar. This equation would e.g. apply fora 2.5 mm diam-
eter catheter with a collar thickness of t = 0.2 mm. If R/
t>10, the following equation applies:

_Y-AL-t
L

F
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For a 20 MHz ultrasonic image the resolution is 0.04 mm,
therefore distance changes greater than this can be
measured accurately. In a 7.5F imaging catheter, a com-
pressible collar with a length of 3 mm that is made from
a material with a Young’s modulus of 0.15 MPa will com-
press by a AL of 0.05 mm for every 5 grams (~0.05 N) of
contact pressure. Silicone elastomeres, some forms of
rubber, and very low-density polyethylene (LDPE) have
Young’s moduli in this range and are biocompatible. Sil-
icone elastomeres have the advantage that they are heat
resistant from -70 to 250 °C, whereas rubber and LDPE
may only be resistantto 100 °C. This temperature is how-
ever still high enough for most, if not all, ablation appli-
cations. The thickness of the collar and its elasticity are
important. A AL of only 0.05 mm for every 5 g change in
contact pressure will have negligible effect on the cath-
eter tip’s handling (i.e. on it's perceived softness, flexi-
bility etc). In embodiments, contact pressures rounded
to the nearest 5 g can thus be determined. This informa-
tion would allow the physician to maintain a contact force
within the optimal range of 10-20 g. If the compressible
collar requires structural support, it could be reinforced
with a spring-like braid along its inner surface (whose
spring constant matches that of the collar material). In
embodiments, the material of the compressive element
has a Young’s modulus in the range of 0.05 MPa to 0.30
MPa, such as in the range 0.1 MPa to 0.25 MPa, such
as in the range 0.15 MPa to 0.2 MPa. In embodiments,
the collar thickness may be in the range of 0.05 mm to
0.5 mm, such in the range of 0.1 mm to 0.4 mm, such in
the range of 0.2 mm to 0.3 mm. In embodiments, the
material of the compressive element may be selected so
that the compressive element is compressible by a com-
pression force in the range of 0.05 N to 0.5 N, such as
in the range of 0.1 N to 0.4 N, such as in the range of 0.2
N to 0.3 N.

[0036] FIG. 6A illustrates an embodiment of a medical
device where the compressive element is a spring ele-
ment 60 integrated into the transmission element. The
spring element may be a mechanical spring. A change
of AL of the spring reduces the distance 8 from the ultra-
sound transducer to the front-surface of the transmission
element with the same amount, given that the rest of the
catheter tip is non-compressible. The mechanical spring
can be such elements as a coil, a hollow cylindrical mesh
or a slab of resilient material. The spring may have a
spring constant, k, of approximately 1000 N/m (thus a 5g
force would lead to a tip compression of 0.05 mm), such
as a spring constant in the range of 750 N/m to 1250
N/m. In an embodiment, the spring is made from an elec-
trically conductive material so that electrical current flows
through it into the tip of the electrode. In a further em-
bodiment, the pitch of the spring can be used as fluid
channels for irrigation. In the illustrated embodiment, the
spring element is positioned centrally with respect to the
transmission element. In other embodiments, the posi-
tioning of the spring element may be displaced towards
one end of the transmission element.
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[0037] Fig.6B illustrates an embodiment of the medical
device with a spring element in the form as disclosed
above in connection with Fig. 6A. However, instead of
integrating the spring element into the transmission ele-
ment, the spring element is attached to the backside of
the transmission element, so that the spring element in-
terconnects the elongated body and the transmission el-
ement.

[0038] FIG. 7 illustrates an embodiment of a medical
device where the transmission element 5 is attached in
the distal end region 72 of the elongated body by means
of one or more compressive elements 70, and wherein
the region between the elongated body and the trans-
mission element is covered by a compliant material 71
enveloping the region. In the illustrated embodiment
three spring elements are positioned in the cross-sec-
tional area between the elongated body and the trans-
mission element. The spring elements are protected by
a balloon-like thin foil 71. In an embodiment, the foil is
made from a sufficiently thin material, so that it does not
contribute to the total spring constant. Moreover, the foil
may be made longer than the springs in their extreme
position, which is schematically illustrated by the bulging
of the foil. The total spring constant, k, should again be
of approximately 1000 N/m (thus a 5g force would lead
to a tip compression of 0.05 mm), such as a total spring
constant in the range of 750 N/m to 1250 N/m.

[0039] Inaclinical setting, the catheter tip may be held
both perpendicular and parallel to the heart tissue, and
therefore, contact forces may be both perpendicular and
parallel to the length axis of the catheter.

[0040] FIG. 8 illustrates an embodiment of a medical
device where the device comprises at least two ultra-
sound transducers 80, 81, a first ultrasound transducer
for emitting acoustic radiation along the length axis 82,
and at least a second ultrasound transducer for emitting
acoustic radiation along an axis 83 which is tilted with
respect to the length axis. The acoustic path length be-
tween the transmission element and the first ultrasound
transducer is detected and the acoustic path length be-
tween the transmission element and the at least second
ultrasound transducer is detected, and the acoustic path
length changes along the length axis and at least along
the axis which is tilted with respect to the length axis are
thereby detected. In the illustrated embodiment, two
transducers are shown however three or more may be
used. In particular, three transducers can advantageous-
ly used in order to detect the acoustic path length chang-
es along three spatial axes to determine the 3D displace-
ment of the catheter tip. In an embodiment, the catheter
may monitor at multiple viewing angles using fluid lens
or multiple single-element transducers. The contact force
can be determined similarly as with a single transducer.
It can be calculated directly if the relationship between
all AL’s and the contact force is well-defined. Otherwise,
a look-up table may be used.

[0041] In the illustrated embodiment, the medical de-
vice further comprises a compressive collar 84 positioned
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between the transmission element and the elongated
body. The contact pressure changes the distance 82, 83
between the ablation electrode and each ultrasound
transducer; in the case of the fluid-lens, it changes the
profile of the ablation electrode on the B-mode image.
As illustrated in FIG. 8B, if the contact pressure is per-
pendicular to the catheter axis, the compressible collar
deforms slightly 85, 86 and the catheter tip is pushed
slightly to the side (the bend angle is highly exaggerated
in the Figure for illustration purposes). It is expected that
the collar deformation would be at most 0.5 mm off-axis
(at the maximum expected contact pressure of~50g),
which is neither significant enough to affect catheter tip
contact with the tissue nor to change the catheter han-
dling properties.

[0042] In an embodiment, the treatment modality is op-
eratively connected to the controller unit, so that the treat-
ment modality is controllable to operate within a pre-
specified contact force range.

[0043] FIG. 9 schematically illustrates a flow chart of
afeedback loop which may be used to automatically reg-
ulate the ablative power applied through the catheter tip
based on the contact force between the catheter tip and
tissue. Yokoyama et al. as referred to in the section back-
ground ofthe invention, have found that the ablative pow-
er that can be safely applied to tissue is heavily depend-
ent on the contact force; in their study, at moderate RF
power (30 W), steam pops occurred only with 0.4N or
more of contact force while at 50W, steam pops occurred
at contact forces as low as 0.1N (and furthermore the
incidence of a steam pop increased significantly with in-
creasing force). Based on this a feedback loop in which
the power applied is inversely related to the power setting
may be used. FIG. 9 schematically illustrates an imple-
mentation 91 of the relationship between optimal power
setting (vertical axis) and contact force (horizontal axis).
Itis illustrated to be linear-inverse, in general the specific
relationship should be optimized through animal studies,
and will not necessarily be linear-inverse. In a situation
of use, the relationship 91 between optimal power setting
and contact force may be determined based on a com-
putation performed by the controller unit or a computing
unit in or connected to the controller unit.

[0044] InFIG. 9, the contact force is measured 90, and
based on this measurement the optimal power setting is
determined 93. In an embodiment, the operational power
of the ablation electrode is set 92 to the optimal power
at the measured contact force, and the contact force is
measured anew.

[0045] In another embodiment, the feedback loop is
used to control that the maximum power does not exceed
the optimal power. Thus, if the actual power used 94 is
higher than the optimal power at the specific contact
force, the operation power is down-scaled 95 to the op-
timal power, while the contact force is too high.

[0046] FIG. 10illustrates a flow diagram of some of the
steps which may be performed in order to operate a med-
ical device in accordance with embodiments of the
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present invention. Firstly, the medical device may be po-
sitioned 100 in the region of interest, for example in close
proximity of cardiac tissue to undergo ablation treatment.
The transducers are operated to generate 101 acoustic
radiation and to detect 102 the reflected acoustic radia-
tion. The transducers may be operated continuously 103
during the investigation and treatment. The reflected
acoustic radiation is detected in order to monitor 104 the
region of interest during the procedure, and from the re-
flected acoustic radiation also the acoustic path length
is deduced to determine the contact force 105. Simulta-
neously with the monitoring and the contact force detec-
tion, the treatment modality may be operated 106 in order
to perform medical treatment. For example, the tissue
under treatment may undergo ablation.

[0047] Different types of compressive elements have
been disclosed. It is to be understood that even though
some features have been disclosed in connection with
specific embodiments, features disclosed for one em-
bodiment may within the scope of the claims be combined
with features disclosed for a different embodiment.
[0048] FIG. 111schematicallyillustrates a medical sys-
tem in connection with a computer program product. The
medical system comprises a catheter in accordance with
embodiments of the presentinvention. The catheter com-
prises an elongated body 3 having a proximal end 110,
a distal end region 1 and a length axis 9 along the elon-
gation. Moreover, the catheter comprises one or more
ultrasound transducers positioned in the distal end region
and a transmission element 5 positioned at the extremity
of the elongated body to couple acoustic radiation in and
out of the catheter.

[0049] The catheter may at the proximal end 110 be
connected to a controller unit 111, such as a dedicated
purpose or general purpose computing unit for control of
at least the ultrasound transducer(s) and for dealing with
the signal treatment and extraction of detection results.
To this end, the detection of the acoustic path length be-
tween the ultrasound transducer and the transmission
element and the determination of the contact force from
the detected acoustic path length is controlled by the con-
troller unit 111.

[0050] The controller unit may implement a computer
system 112, such as a dedicated purpose or general pur-
pose computing unit for controlling the system. The com-
puter system may comprise storage means 113 for stor-
ing data which may be needed to operate the medical
system or to store any acquired data, or for any other
purpose where storage of data is desired. The computing
system may be adapted to receive instructions from a
computer program product 114 in order to operate the
system. The computer program product may be com-
prised in a data carrier as illustrated in the Figure, how-
ever once loaded into the computer system it may be
stored by, and run from, the storage means 113.
[0051] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchillustration and description are to be considered
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illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments. Other vari-
ations to the disclosed embodiments can be understood
and effected by those skilled in the art in practicing the
claimed invention, from a study of the drawings, the dis-
closure, and the appended claims. In the claims, the word
"comprising" does not exclude other elements or steps,
and the indefinite article "a" or "an" does not exclude a
plurality. A single processor or other unit may fulfill the
functions of several items recited in the claims. The mere
factthat certain measures are recited in mutually different
dependent claims does not indicate that a combination
of these measured cannot be used to advantage. A com-
puter program may be stored/distributed on a suitable
medium, such as an optical storage medium or a solid-
state medium supplied together with or as part of other
hardware, but may also be distributed in other forms,
such as via the Internet or other wired or wireless tele-
communication systems. Any reference signs in the
claims should not be construed as limiting the scope.

Claims
1. A medical ultrasound device comprising:

- an elongated body (3) having a proximal end
(110), a distal end region (1) and a length axis
(9) along the elongation;

- one or more ultrasound transducer (4, 80, 81)
for generating acoustic radiation, the one or
more ultrasound transducers being positioned
in the distal end region, inside the elongated
body;

- a transmission element (5) positioned in the
radiation path of the acoustic radiation, wherein
the transmission element is substantially trans-
parent to acoustic radiation;

wherein the transmission element and the one or
more ultrasound transducers are mounted so that
an acoustic path length (8) between the transmission
element and the ultrasound transducer varies with
contact force (10) imposed to the distal end region.

2. The device according to claim 1, wherein the trans-
mission element is having a backside (21) generally
facing the ultrasound transducer and an opposite
facing front-side (22), and wherein the acoustic path
length is detected based on detecting reflected
acoustic radiation from a surface of the backside of
the transmission element or a surface of the front-
side of the transmission element.

3. Thedevice according to claim 1, wherein the medical
device further comprises a compressive element
(50, 60, 70, 84) positioned in the distal end region,
where the compressive elementis capable of varying
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its size as a function of an exerted compression
force, and wherein the acoustic path length (8, 82,
83) varies as afunction of the size of the compressive
element.

The device according to claim 3, wherein the com-
pressive element is compressible by a compression
force in the range of 0.05 N to 0.5 N.

The device according to claim 3, wherein the com-
pressive element (50) is integrated into the elongat-
ed body.

The device according to claim 3, wherein the com-
pressive element is in the form of one or more com-
pressive elements (60, 70) integrated into the trans-
mission element or attached to the transmission el-
ement.

The device according to claim 1, wherein the trans-
mission element is attached in the distal end region
of the elongated body by means of one or more com-
pressive elements (70), and wherein the region be-
tween the elongated body and the transmission el-
ement is covered by a compliant material (71) en-
veloping the region.

The device according to claim 1, wherein the device
comprises at least two ultrasound transducers (80,
81), a first ultrasound transducer for emitting acous-
tic radiation along the length axis (83), and at least
a second ultrasound transducer for emitting acoustic
radiation along an axis (82) which is tilted with re-
spect to the length axis, so that the acoustic path
length between the transmission element and the
first ultrasound transducer is detected and the
acoustic path length between the transmission ele-
ment and the at least second ultrasound transducer
is detected, thereby detecting the acoustic path
length changes along the length axis and at least
along the axis whichis tilted with respect to the length
axis.

The device according to claim 1, wherein the trans-
mission element comprises a polymer-based body
which is substantially transparent to acoustic radia-
tion, covered with an electrode (20) substantially
transparent to acoustic radiation.

The device according to claim 1, wherein the trans-
mission element comprises a treatment modality for
treatment of body tissue.

The device according to claim 1, wherein the device
is an ultrasound catheter with an integrated ablation
electrode, wherein the transmission element com-
prises the integrated ablation electrode.
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A medical system comprising:

- amedical ultrasound device according to claim
1, and

- a controller unit (111) operatively connected to
the ultrasound transducer; wherein the control-
ler unit detects the acoustic path length between
the ultrasound transducer and the transmission
element and determines the contact force from
the detected acoustic path length.

The system according to claim 12, wherein the trans-
mission element further comprises a treatment mo-
dality for treatment of body tissue, and wherein the
treatment modality is operatively connected to the
controller unit, so that the treatment modality is con-
trollable to operate within a pre-specified contact
force range.

Method of operating a medical device, the device
comprising

- an elongated body (3) having a proximal end,
adistal end region (1) and a length axis (9) along
the elongation;

- one or more ultrasound transducers (4, 80, 81)
for generating acoustic radiation, the one or
more ultrasound transducers being positioned
in the distal end region, inside the elongated
body;

- a transmission element (5) positioned in the
radiation path of the acoustic radiation, wherein
the transmission element is substantially trans-
parent to acoustic radiation;

wherein the method comprises

- generate (101) acoustic radiation by operating
the one or more transducers in a generation
mode;

- detect (102) reflected acoustic radiation by op-
erating the one or more transducers in a detec-
tion mode;

- from the reflected acoustic radiation detect the
acoustic path length between the transmission
element and the ultrasound transducer;

- determine (105) the contact force from the de-
tected acoustic path length.

A computer program product (114) being adapted to
enable a computer system (112) comprising at least
one computer having data storage means (113) as-
sociated therewith to operate a medical device ac-
cording to claim 1 executing the steps according to
claim 14.

10

15

20

25

30

35

40

45

50

55

Patentanspriiche

Medizinische Ultraschallvorrichtung, die Folgendes
umfasst:

- einen langlichen Hauptteil (3) mit einem proxi-
malen Ende (110), einem distalen Endbereich
(1) und einer Langsachse (9) langs der Langen-
ausdehnung,

- einen oder mehrere Ultraschallwandler (4, 80,
81) zum Erzeugen akustischer Strahlung, wobei
der eine oder die mehreren Ultraschallwandler
in dem distalen Endbereich im Innern des lang-
lichen Hauptteils angeordnet sind,

- ein Ubertragungselement (5), das im Weg der
akustischen Strahlung angeordnet ist, wobei
das Ubertragungselement im Wesentlichen
durchlassig fiir akustische Strahlung ist,

wobei das Ubertragungselement und der eine oder
die mehreren Ultraschallwandler derart montiert
sind, dass die Lange (8) eines Schallwegs zwischen
dem Ubertragungselement und dem Ultraschall-
wandler mit der auf den distalen Endbereich wirken-
den Kontaktkraft (10) variiert.

Vorrichtung nach Anspruch 1, wobei das Ubertra-
gungselement eine Riickseite (21), die im Allgemei-
nen dem Ultraschallwandler zugewandt ist, und eine
entgegengesetzten Seite (22) hat, die nach vorne
weist, und wobei die Schallwegléange auf der Grund-
lage der Erkennung von einer Oberflache der Ruck-
seite des Ubertragungselements oder einer Oberfla-
che der Vorderseite des Ubertragungselements re-
flektierter akustischer Strahlung detektiert wird.

Vorrichtung nach Anspruch 1, wobei die medizini-
sche Vorrichtung ferner ein Kompressionselement
(50, 60, 70, 84) umfasst, das sich in dem distalen
Endbereich befindet, wobei das Kompressionsele-
ment in der Lage ist, als Funktion einer ausgelibten
Kompressionskraft seine Gréfke zu verandern, und
wobei die Schallweglénge (8, 82, 83) als Funktion
der GroRRe des Kompressionselementes variiert.

Vorrichtung nach Anspruch 3, wobei das Kompres-
sionselement durch eine Kompressionskraft in der
GroéRenordnung von 0,05 N bis 0,5 N komprimiert
werden kann.

Vorrichtung nach Anspruch 3, wobei das Kompres-
sionselement (50) in den langlichen Hauptteil inte-
griert ist.

Vorrichtung nach Anspruch 3, wobei das Kompres-
sionselement in Form von einem oder mehreren
Kompressionselementen (60, 70) vorliegt, die in das
Ubertragungselement integriert oder an dem Uber-
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tragungselement befestigt sind.

Vorrichtung nach Anspruch 1, wobei das Ubertra-
gungselement in dem distalen Endbereich des lang-
lichen Hauptteils mit Hilfe von einem oder mehreren
Kompressionselementen (70) befestigtist und wobei
der Bereich zwischen dem langlichen Hauptteil und
dem Ubertragungselement durch ein nachgiebiges
Material (71) abgedeckt ist, das den Bereich um-
schlief3t.

Vorrichtung nach Anspruch 1, wobei die Vorrichtung
mindestens zwei Ultraschallwandler (80, 81) um-
fasst, einen ersten Ultraschallwandler zum Aussen-
den akustischer Strahlung entlang der Lédngsachse
(83) und mindestens einen zweiten Ultraschallwand-
ler zum Aussenden akustischer Strahlung entlang
einer Achse (82), die hinsichtlich der Ladngsachse
geneigt ist, so dass die Schallweglédnge zwischen
dem Ubertragungselement und dem ersten Ultra-
schallwandler detektiert wird und die Schallweglan-
ge zwischen dem Ubertragungselement und dem
mindestens zweiten Ultraschallwandler detektiert
wird, so dass sie die Anderungen der Schallweglan-
ge entlang der Lédngsachse und zumindest entlang
der Achse, die hinsichtlich der Ladngsachse geneigt
ist, detektiert.

Vorrichtung nach Anspruch 1, wobei das Ubertra-
gungselement einen Hauptteil auf Polymerbasis um-
fasst, der im Wesentlichen durchlassig fiir akusti-
sche Strahlung und mit einer Elektrode (20) bedeckt
ist, die im Wesentlichen durchlassig fiir akustische
Strahlung ist.

Vorrichtung nach Anspruch 1, wobei das Ubertra-
gungselement einen Behandlungsmodus zur Be-
handlung von Kérpergewebe umfasst.

Vorrichtung nach Anspruch 1, wobei die Vorrichtung
ein Ultraschallkatheter mit einer integrierten Ablati-
onselektrode ist, wobei das Ubertragungselement
die integrierte Ablationselektrode enthalt.

Medizinisches System, das Folgendes umfasst:

- eine medizinische Ultraschallvorrichtung nach
Anspruch 1 und

- einen Controller (111), der operativ mit dem
Ultraschallwandler verbunden ist,

wobei der Controller die Schallweglédnge zwischen
dem Ultraschallwandler und dem Ubertragungsele-
ment detektiert und die Kontaktkraft aus der detek-
tierten Schallwegléange ermittelt.

System nach Anspruch 12, wobei das Ubertra-
gungselement ferner einen Behandlungsmodus fiir
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die Behandlung von Kérpergewebe umfasst und wo-
bei der Behandlungsmodus operativ mit dem Con-
troller verbunden ist, so dass der Behandlungsmo-
dus dahingehend steuerbar ist, dass er mit einem
vorher festgelegten Kontaktkraftspektrum funktio-
niert.

Verfahren zum Betrieb einer medizinischen Vorrich-
tung, wobei die Vorrichtung Folgendes umfasst:

- einen langlichen Hauptteil (3) mit einem proxi-
malen Ende (110), einem distalen Endbereich
(1) und einer Langsachse (9) langs der Langen-
ausdehnung,

- einen oder mehrere Ultraschallwandler (4, 80,
81) zum Erzeugen akustischer Strahlung, wobei
der eine oder die mehreren Ultraschallwandler
in dem distalen Endbereich im Innern des lang-
lichen Hauptteils angeordnet sind,

- ein Ubertragungselement (5), das im Weg der
akustischen Strahlung angeordnet ist, wobei
das Ubertragungselement im Wesentlichen
durchlassig fiir akustische Strahlung ist,

wobei das Verfahren die folgenden Schritte umfasst:

- Erzeugen (101) akustischer Strahlung durch
den Betrieb des einen oder der mehreren Wand-
ler in einem Erzeugungsmodus,

- Detektieren (102) reflektierter akustischer
Strahlung durch den Betrieb des einen oder der
mehreren Wandler in einem Detektionsmodus,
-aus derreflektierten akustischen Strahlung De-
tektieren der Schallwegldange zwischen dem
Ubertragungselement und dem Ultraschall-
wandler,

- Ermitteln (105) der Kontaktkraft aus der detek-
tierten Schallweglange.

Computerprogrammprodukt (114), das so ausgelegt
ist, dass es ein Computersystem (112) mit minde-
stens einem Computer mit dazugehdrigen Daten-
speichermitteln (113) befahigt, eine medizinische
Vorrichtung nach Anspruch 1 zu betreiben, die die
Schritte nach Anspruch 14 ausfiihrt.

Revendications

1.

Dispositif médical ultrasonore comprenant :

- un corps allongé (3) ayant une extrémité proxi-
male (110), une région d’extrémité distale (1) et
un axe de longueur (9) le long de I'allongement ;
- un ou plusieurs transducteurs a ultrasons (4,
80, 81) pour générer un rayonnement acousti-
que, le ou les transducteurs a ultrasons étant
positionnés dans la région d’extrémité distale, a
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l'intérieur du corps allongé ;

-un élémentde transmission (5) positionné dans
le chemin de rayonnement du rayonnement
acoustique, dans lequel I'élément de transmis-
sion est sensiblement transparent au rayonne-
ment acoustique ;

dans lequel I'élément de transmission et le ou les
transducteurs a ultrasons sont montés de sorte
qu’'une longueur de chemin acoustique (8) entre
I'élément de transmission et le transducteur a ultra-
sons varie avec la force de contact (10) imposée a
la région d’extrémité distale.

Dispositif selon la revendication 1, dans lequel I'élé-
ment de transmission a un cbté arriére (21) généra-
lement orienté vers le transducteur a ultrasons et un
cété avant orienté du c6té opposé (22) etdans lequel
la longueur de chemin acoustique est détectée sur
la base de ladétection d’'un rayonnement acoustique
reflété a partir d’'une surface du cété arriere de I'élé-
mentde transmission ou d’une surface du c6té avant
de I'élément de transmission.

Dispositif selon larevendication 1, dans lequel le dis-
positif médical comprend en outre un élément de
compression (50, 60, 70, 84) positionné dans la ré-
gion d’extrémité distale, ou I'élément de compres-
sion est capable de modifier sa taille, en fonction
d’une force de compression exercée, et dans lequel
la longueur de chemin acoustique (8, 82, 83) varie
en fonction de la taille de I'élément de compression.

Dispositif selon la revendication 3, dans lequel I'élé-
mentde compression est compressible parune force
de compression, dans la gamme de 0,05 N a 0,5 N.

Dispositif selon la revendication 3, dans lequel I'élé-
ment de compression (50) est intégré dans le corps
allongé.

Dispositif selon la revendication 3, dans lequel I'élé-
ment de compression est sous la forme d’un ou plu-
sieurs éléments de compression (60, 70) intégrés
dans I'élément de transmission ou fixés a I'élément
de transmission.

Dispositif selon la revendication 1, dans lequel I'élé-
ment de transmission est fixé dans la région d’extré-
mité distale du corps allongé, au moyen d’'un ou plu-
sieurs éléments de compression (70) et dans lequel
la région entre le corps allongé et I'élément de trans-
mission est recouverte d’'un matériau élastique (71)
enveloppant la région.

Dispositif selon larevendication 1, dans lequel le dis-
positif comprend au moins deux transducteurs a ul-
trasons (80, 81), un premier transducteur a ultrasons
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pour émettre un rayonnement acoustique, le long de
I'axe de la longueur (83), et au moins un second
transducteur a ultrasons pour émettre un rayonne-
ment acoustique, le long d’un axe (82) qui est incliné
relativement a I'axe de la longueur, de sorte que la
longueur du chemin acoustique entre I'élément de
transmission et le premier transducteur a ultrasons
soit détectée et la longueur du chemin acoustique
entre I'élément de transmission et ledit au moins se-
cond transducteur a ultrasons soit détectée, en dé-
tectant ainsi les changements de longueur du che-
min acoustique, le long de I'axe de la longueur, et
au moins le long de I'axe qui est incliné relativement
a I'axe de la longueur.

Dispositif selon la revendication 1, dans lequel I'élé-
ment de transmission comprend un corps a base de
polymeére quiestsensiblement transparentaurayon-
nement acoustique, recouvert d’une électrode (20)
sensiblement transparente au rayonnement acous-
tique.

Dispositif selon la revendication 1, dans lequel I'élé-
ment de transmission comprend une modalité de
traitement pour le traitement du tissu corporel.

Dispositif selon larevendication 1, dans lequel le dis-
positif est un cathéter a ultrasons avec une électrode
d’ablation intégrée, dans lequel I'élément de trans-
mission comprend I'électrode d’ablation intégrée.

Systéme médical comprenant :

- un dispositif ultrasonore médical selon la re-
vendication 1, et

- une unité de commande (111) opérationnelle-
ment raccordée au transducteur a ultrasons ;

danslequell'unité de commande détecte lalongueur
du chemin acoustique entre le transducteur a ultra-
sons et I'élément de transmission et détermine la
force de contact depuis la longueur du chemin
acoustique détectée.

Systéme selon larevendication 12, dans lequel I'élé-
ment de transmission comprend en outre une mo-
dalité de traitement pour le traitement du tissu cor-
porel, et dans lequel la modalité de traitement est
opérationnellement raccordée a I'unité de comman-
de, de sorte que la modalité de traitement soit con-
trélable pour fonctionner dans une gamme de force
de contact pré-spécifiée.

Procédé d'utilisation d’un dispositif médical, le dis-
positif comprenant :

- un corps allongé (3) ayant une extrémité proxi-
male, une région d’extrémité distale (1) et un
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axe de longueur (9) le long de l'allongement ;

- un ou plusieurs transducteurs a ultrasons (4,
80, 81) pour générer un rayonnement acousti-
que, le ou les transducteurs a ultrasons étant
positionnés dans la région d’extrémité distale, a
l'intérieur du corps allongé ;

-un élémentde transmission (5) positionné dans
le chemin de rayonnement du rayonnement
acoustique, dans lequel I'élément de transmis-
sion est sensiblement transparent au rayonne-
ment acoustique ;

dans lequel le procédé comprend :

- la génération (101) d’un rayonnement acous-
tique en actionnant le ou les transducteurs dans
un mode de génération ;

- la détection (102) du rayonnement acoustique
reflété en actionnant le ou les transducteurs
dans un mode de détection ;

- a partir du rayonnement acoustique reflété, la
détection de la longueur du chemin acoustique
entre I'élément de transmission et le transduc-
teur ultrasonore ;

- la détermination (105) de la force de contact a
partir de la longueur de chemin acoustique dé-
tectée.

15. Programme informatique (114) apte a permettre a
un systeme informatique (112) comprenant au
moins un ordinateur doté de moyens de stockage
de données (113) d’actionner un dispositif médical
selon la revendication 1, en exécutant les étapes
selon la revendication 14.
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