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Description

[0001] This invention relates to ultrasonic imaging catheters including catheters which are combined with a balloon
device.
[0002] Catheters having an ultrasonic transducer array mounted on the distal end of the catheter are known. Exam-
ples are the arrangement disclosed in the present applicant's United Kingdom patent numbers: 2 208 138; 2 212 267;
2 233 094 and 2 246 632.
[0003] Catheters fitted with a balloon which can be distended in order to press plaque in a patient's artery back into
the wall of the artery (a procedure known as angioplasty) in order to increase the cross section of the artery's lumen
are also well known.
[0004] In the applicant's published United Kingdom patent No. 2 325 020 there is disclosed a catheter which has the
combination of an ultrasonic array at or near it's distal end combined with a balloon arrangement also carried at or
near the distal end of the catheter. With the arrangement disclosed in the applicant's United Kingdom Patent No. 2 287
375 the ultrasonic imaging system includes a multiplexing arrangement which is also mounted on the catheter at or
near it's distal end. This specification also discloses a method of manufacturing the transducer/multiplexer arrangement
which method involves first manufacturing the arrangement in a flat configuration and then wrapping it into a cylindrical
circular cross-section configuration. The transducer array and multiplexer arrangement are linearly separated from one
another but electrically inter-connected by what will be referred to as a flex circuit. The transducer array is cylindrical
in its final configuration as is the multiplexer arrangement, the latter consisting typically of four multiplexer units, ar-
ranged in a cylindrical box section.
[0005] The catheters to which the present invention relates are typically around one millimetre in external diameter.
In the case where the catheter also incorporates an angioplast balloon and this balloon, when inflated, might typically
have an external diameter of three millimetres.
[0006] There is a requirement to be able to provide the ultrasonic imaging arrangement previously described either
alone or in combination with a balloon arrangement previously described in a catheter having a smaller outside diam-
eter. More specifically, in this art the diameter of catheters is expressed in terms of units known as "french" and the
present invention is concerned with providing a combined ultrasonic imaging system/balloon catheter arrangement
suitable for use with a 2.4 - 2.9 french combination catheter. (1 French equals 0.013 inches or 0,33mm).
[0007] There is a requirement that a stent can be pre-mounted onto the balloon and firmly attached so it does not
detach.
[0008] There is a requirement that the combination catheter should smoothly negotiate a six french guide catheter
and a blood vessel with a seven millimetre bend radius and it should do so without damage to the electrical circuitry
and components associated with the transducer.
[0009] The following requirements/constraints apply when designing a catheter having an ultrasonic transducer array,
an associated multiplexer arrangement, a balloon and a stent inserted on the balloon:

a) the balloon needs to be close to the ultrasonic array at the catheter's distal end from a visualisation point of view;
b) the multiplexer needs to be close to the ultrasonic array in order to minimise the length of the electrical connec-
tions between them and to enhance the rigidity of the distal tip of the catheter;
c) locating the mulitplexer within the balloon to meet the requirement of b) means that it needs to be electrically
insulated from the saline solution used to inflate the balloon;
d) the stent needs to be securely mounted on the outside of the balloon so that it cannot be dislodged and can be
radially expanded by inflation of the balloon;
e) one way to secure the stent on the outside of the balloon is to crimp it in position;
f) crimping the stent around the balloon can cause damage to the balloon and anything contained within it.

[0010] The present invention is concerned with designing the catheter in such a way that these conflicting design
requirements are substantially met.
[0011] According to a first aspect of the present invention a catheter balloon specified in the first aspect above is
characterised in that the multiplexer units are longitudinally separated from the transducer, and a balloon device is
positioned between the most distal multiplexer and the transducer.
[0012] According to a second aspect of the present invention a catheter having an ultrasonic transducer including a
plurality of multiplexer units is characterised in that the multiplexer units are longitudinally separated from one another
along the length of the catheter. The catheter may also include a balloon device.
[0013] According to a third aspect of the present invention a catheter has an ultrasonic transducer arrangement
located at or near its distal end, which arrangement includes a flexible circuit through which electrical power can be
supplied to the transducer array, characterised in that the flexible circuit incorporates at least one helically wound
section so constructed as to enhance the flexibility of that circuit and its ability to accommodate bending as the catheter
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is moved along a non-linear path such as an artery of a patient. The catheter may also include a balloon device.
[0014] According to a fourth aspect of the present invention the catheter arrangement specified in the first aspect
above is characterised in that there are flex circuits between adjacent longitudinally separated multiplexer units, those
flex circuits being characterised in that they are helically wound in order to enhance their flexibility and the overall
catheter assembly's capability of negotiating bends in a non-linear path without damage being caused as a result of
the bending.
[0015] According to a fifth aspect of the present invention a catheter which includes an inflatable balloon device, an
ultrasonic transducer array and a flexible electrical circuit adapted to supply current to the transducer array is charac-
terised in that at least a portion of the flexible circuit is located within the balloon device and, in use, is directly exposed
to the inflating fluid introduced into the balloon device, i.e. that portion of circuit is not enclosed in a protective tube but
is insulated to function when immersed.
[0016] According to a sixth aspect of the present invention a stent is crimped over the balloon, such that the crimping
force does not damage the multiplexer and transducer, and the helical flex circuit limits the minimum diameter the stent
is crimped to.
[0017] How the invention may be carried out will now be described by way of example only and with reference to
the accompanying drawings in which:

Figure 1 is a schematic representation of a combination catheter incorporating the present invention;
Figure 2 is a fragmentary view on a larger scale showing a balloon device, ultrasonic transducer array and asso-
ciated multiplexer arrangement forming part of the overall arrangement shown in Figure 1;
Figure 3 is a side elevational fragmentary view on an enlarged scale illustrating a guide wire exit to a catheter
having an inner and outer body at its distal end;
Figure 4 comprises five cross-sectional views, Figures 4A, 4B, 4C, 4D and 4E taken on the lines A-A,B-B, C-C,
D-D and E-E respectively of Figures 1 and 3.
Figure 5 is a sectional elevational view on an enlarged scale showing that portion of the catheter which comprises
the transducer array adjacent the distal end of the balloon device, both balloon and transducer being located at
or near the distal end of the catheter itself;
Figure 6 comprises Figure 6A which shows that part of the catheter which includes the transducer array, flex circuit
and multiplexers when they are in the flat condition and Figure 6B which shows the same arrangement when they
are in the wrapped condition; and
Figure 7 is an enlarged prospective view of a drug loaded stent according to the present invention.

Figure 1

[0018] This is a diagrammatic illustration of the overall catheter arrangement to which the present invention is applied.
[0019] The detailed construction is shown in the other figures of the drawings in which the same reference numerals
have been used to designate the same or equivalent elements.
[0020] in Figure 1 a catheter generally indicated at 1 has at its distal end A the combination of a balloon unit 2 and
an ultrasonic annular transducer array 3, the extreme distal end of the catheter comprising a soft tip 4.
[0021] Associated with the transducer array 3 is a multiplexing arrangement indicated at 5.
[0022] At the proximal end B of the catheter there is provided a balloon inflation port 6 by which fluid (typically a
saline solution 19) can be introduced through the catheter into the balloon 2 in order to inflate it in known manner.
[0023] Also at the proximal end B there is provided a connector 7 and associated strain relief device 8 by which the
proximal end B of the catheter may be connected to a catheter interface module (CIM) and thus to the electronic
imaging system.
[0024] At an intermediate point along its length the catheter is provided with opaque markers 9 to assist the clinician
in being able to see the catheter within the patient's artery using x-ray equipment.
[0025] The ultrasonic transducer array 3 is provided with electrical power by means of a ribbon cable 22 which runs
the length of the catheter, the proximal end of the ribbon cable being connected to an electrical supply and control
arrangement (not shown) which itself is not part of the present invention.
[0026] The multiplexing arrangement 5 consists of a number of multiplexing units, in this case four, the functional
purpose of which is to reduce the number of electrical leads which would otherwise have to be provided along the
length of the catheter in order to energise the large number of transducer elements in the transducer array 3. Typically
the number of elements would be sixty four. By having a multiplexing arrangement the number of electrical leads can
be significantly reduced. The provision of such a multiplexing arrangement is known.
[0027] The present invention is concerned with the configuration and construction of the multiplexing arrangement
and the associated flexible circuit and the relationship of the balloon device to the flexible circuit.
[0028] According to the present invention the individual multiplexing units 5a, 5b, 5c and 5d are longitudinally spaced
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from one another along the length of the catheter as indicated in Figure 1, the longitudinal spacing being identified as "S".
[0029] In the arrangement of Figure 1 the longitudinally spaced multiplexing units 5 are located immediately proximal
to the balloon device 2 which in turn is proximal to the ultrasonic transducer array 3.
[0030] Mounted on the balloon is an optional stent 102 which is crimped onto the balloon. The helical flex circuit 12
acts as a limit to the crimping of the stent. The crimping operation involves application of a force which would otherwise
damage components inside, but in this design the components are outside the stent region.
[0031] The construction of this distal end of the catheter is illustrated in more detail in Figures 2 to 5.

Figures 2 to 5

[0032] The ultrasonic transducer array 3 consists of sixty-four individual transducer elements arranged in a cylindrical
configuration, these elements being contained between a proximal ring 24 and a distal ring 25 (Figure 2). The multi-
plexer units 5a, 5b, 5c and 5d are electrically connected to the transducer array 3 by means of a flexible circuit indicated
at 12.
[0033] This flexible circuit 12 is arranged in a helical configuration and it passes from the transducer array 3 to the
multiplexer units 5 through the balloon device 2.
[0034] The balloon device 2 comprises a flexible and expandable balloon envelope 13 which is sealed at 14 and 15
to the catheter.
[0035] That portion of the flexible circuit 12 which passes through the inside of the balloon unit 2 is insulated with a
water proof coating such as Parylene ™ (Speciality Coatings Ltd, Northampton) and exposed to the fluid (typically a
saline solution 19) which is used to inflate the balloon envelope 13, i.e. that part of the flexible circuit 12 which is within
the balloon envelope 13 is not contained within any protective tube.
[0036] At its distal end the catheter 1 consist of an inner body or tube 16 and an outer body or tube 17.
[0037] The catheter is inserted into a patient's artery after a metal guide wire 18 (see Figure 3) has first been inserted
into the artery. The catheter then in effect runs down the guide wire to bring the distal end of the catheter into the target
area within the patient.
[0038] More specifically the catheter is loaded onto the proximal end of the guide wire 18 by the clinician who pushes
the inner body 16 over the proximal end of the guide wire and then feeds the catheter down the guide wire. As this
feeding operation occurs the guide wire 18 in effect passes outside the catheter at the guide wire exit indicated at 20,
in Figure 3, the guide wire exit 20 being formed by the end of the inner body 16.
[0039] The proximal end of the outer body 17 is sealingly secured to an outer tube 1a of the catheter which contains
an inner tube 1b, typically a stainless steel hypodermic, the tubes 1a and 1b running the length of the catheter 1 up
to a Y-connector 101.
[0040] A tapered metal member or wire known as a stilett 21 extends from the distal end of the inner tube 1b into
the space between the inner and outer bodies 16 and as illustrated in Figure 3. The purpose of the stilett 21 is to provide
a support for the guide wire exit port which would otherwise have a tendency to kink.

Figure 4

[0041] This figure comprises figures 4A, 4B, 4C, 4D and 4E which are cross-sections taken on the lines G3, G2, G1,
respectively in Figure 3, and F and E respectively in Figure 1.
[0042] As can be seen from these cross-sections the ribbon cable 22 consists of a number of electrical leads which
for most of its length are moulded together to form the unit shown in Figures 4A, 4B and 4C. However, at the point
where it is required to connect electrically the various constituents of the ribbon cable to the four multiplexer units 5
the ribbon cable 22 is split into discreet leads as shown in Figure 4D. These leads are then connected to the respective
multiplexer units via tracks on the flex circuit.
[0043] The manner in which each multiplexer unit is mounted is shown in Figure 4E. Each multiplexer unit is secured
to the inner body 16 by means of adhesive 23.

Figure 5

[0044] This shows on a greater scale and in more detail the extreme distal end of the catheter, the same reference
numerals being used to designate parts already described with reference to earlier figures.
[0045] The annular ultrasonic transducer array 3 is contained between a proximal ceramic ring 24 and a stainless
steel or ceramic distal ring 25. At the distal end of the distal forming ring 25 there is the soft tip 4, which is typically
made from Nylon (RTM) which is heat melted or fused onto the distal end of the inner body 16.
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Figure 6

[0046] Figure 6A shows that part of the catheter which includes the transducer array 3 and multiplexers 5 when they
are in the flat condition at an intermediate point in the manufacturing process. A more detailed disclosure of the method
of manufacturing this arrangement, which involves first constructing the transducer and multiplexer assembly in the
flat and then converting it into a tubular configuration is disclosed in more detail in our United Kingdom Patent No. 2
297 375
[0047] Figure 6B shows the same arrangement as Figure 6A but after it has been formed into the cylindrical config-
uration referred to earlier.

Figure 7

[0048] The present invention also envisages a stent, such as that shown at 102 in Figure 1, being loaded with one
or more of a variety of drugs so that the drug or drugs is/are eluted or washed from the stent by the patient's blood
flowing past the stent.
[0049] By having a drug loaded stent mounted on an intravascular ultrasonic imaging catheter (IVUS) it is possible
for the clinician to more accurately position the stent and target the drug where it is required in order to prevent, for
example, restenosis. The usual method of introducing a drug or drugs has been to simply introduce them generally
into the patient's blood stream. However, this means that a large proportion of the introduced drug is in effect wasted
and is not operative in the target area.
[0050] The loading of the drug or drugs onto the stent can be achieved in a number of ways.
[0051] A drug loaded surface of a stent can be achieved by using different technological approaches. Each of these
approaches can be conducted in a way that the drug compound is released from the surface either in a short (hours)
or an extended time frame (days). The release kinetics can be adjusted by applying specific modifications to the surface
of the stent e.g. hydrophobic or hydrophilic side chains of a polymer carrier or a ceramic surface.
[0052] The following outlines four possible ways of loading the drug/drugs onto the stent.

1. Ceramic coating

[0053] An AlO2 coating (patent applications DE 19855421, DE 19910188, WO 00/25841) with porous surface can
be loaded with a drug in amounts between 250 µg an 10 mg by either dipping, spraying or similar techniques. The
drug dose is dependent on the nature of the target vessel and the condition of the patient and is chosen such that cell
proliferation is sufficiently inhibited, while healing is not hampered. The drug can be used as an aequous or organic
solution, e.g. in DMSO, DMF and methanol. After spraying or dipping (under mild vacuum) the treated stent is dried,
the procedure is repeated three to ten times. After the final drying the stent is rinsed for one minute in water or isotonic
saline at room temperature and then dried again. Drug content can be analysed by standard methods (HPLC, LC-MS)
after eluting or washing the compound with a suitable solvent. Release kinetics can be analysed using a standard
release apparatus.

2. ePTFE membrane: Stent Graft

[0054] Identical approach as above. The drug is absorbed into the cavities of the porous ePTFE membrane.

3. Polymeric coating in general

[0055] Different polymers are suitable for drug loading: methacrylate-polymers, polyurethane-coatings, ePTFE-coat-
ings. The drug can be either applied to the final surface (see above) or directly added to the polymerisation solution.

4. Mechanical approach (Figure 7)

[0056] The mechanical approach is based on holes 701 that have been introduced into the stent 700 struts 702 using
a laser. These holes can then be filled with a drug or drugs. The hole-approach can be combined with a thin, biode-
gradable coating that in itself is drug loaded. After initial release from the biodegradable coating the drug-filled holes
can serve for long term release of active drug. Interstices for containing the drug may be formed in other ways than
by holes.
[0057] A variety of drugs that could be loaded onto the stent are listed in the following three tables, Table A, Table
B and Table C. It is intended that the listed drugs should also include their derivatives.
[0058] In this example the drugs are selected to be active in three phases, Table A being Phase I, Table B being
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Phase II and Table C being Phase III.
[0059] Phase I is aimed at effecting vasodilation e.g. the dilation of the patient's artery. The effects are listed in the
table.
[0060] Phase II is aimed at inhibiting inflammation, etc as listed at the top of Table B. Again the effects of the drugs
are set out in the table.
[0061] Phase III is aimed at the inhibition of cell proliferation and again the effects of the drugs are set out in the table.

TAB LE A

Phase I - Vasodilation

Drugs to be released with the first 24-72 h after stenting

Drug name Rationale/Effects Priority

Molsidomine, linsidomine, sodium nitroprusside,
nitroglycerol, NO-donors in general

Release of NO leads to vasodilation, reducing the
degree of procedural vessel wall damage,
stimulates the growth of endothelial cells, inhibits
migration and proliferation of smooth muscle cells.

1

Stimulators of the soluble guanylate cyclase like
BAY 41-2272 (5-(Cyclopropyl-2-11-(2-fluoro-
benzyl)-1H-pyrazolo[3,4-n]pyridin-3-yl]-
pyrimidin-4-ylamine).

SGC stimulators induce vasodilation and other NO-
effects by directly activating the target enzyme of
NO.

1

Hydralazine. Causes smooth muscle cell relaxation. 2

Verapamil, dilitazem, nifedipine, nimodipine and
other Ca2+ channel blockers.

Smooth muscle cell contraction reduced by
reducing intracellular Ca2+ concentrations.

3

Captopril, enalapril, lisinopril, quinapril and other
angiotensin converting enzyme inhibitors.

Reduction of the angiotensin 11 level leads to
reduced vasoconstriction.

1

Losartan, candesartan, irbesartan, valsartan and
other angiotensin II receptor antagonists.

Reduced vasoconstriction is achieved by blocking
the effect of angiotensin II at its target receptor
located in the vascular tissue.

1

TABLE B

Phase II = Inhibition of inflammation, immunosuppression, promotion of endothelial cell growth, inhibition
of cell migration.

Drugs to be released within the first 2-21 days after stenting.

Drug name Rationale/Effects Priority

Dexamethasone, Betamethasone, prednisone
and other corticosteriods

Inhibition of inflammatory reactions by different
effects on macrophages and monocytes,
endothelial cells, basophils, fibroblasts and
lymphocytes.

1

17-beta-estradiol Inhibition of migration and proliferation of smooth
muscle cells.

FK506 (Tacrolimus) Inhibition of T-cell response, reduction of
proinflammatory cytokine release, inhibition of
smooth muscle cell proliferation

1

Cyclosporine Inhibition of T-cell response 3

Mycophenolic acid Inhibition of B-cell response, inhibition of smooth
muscle cell proliferation

3

VEGF, VEGF-receptor activators VEGF is a growth factor stimulating the growth of
smooth muscle cells

1
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TABLE B (continued)

Phase II = Inhibition of inflammation, immunosuppression, promotion of endothelial cell growth, inhibition
of cell migration.

Drugs to be released within the first 2-21 days after stenting.

Drug name Rationale/Effects Priority

Tranilast Has shown efficacy (prevention of restenosis) in
animal trials after systemic applications, inhibits
keliod scarring.

2

Mefoxicam, cefebrex, vioxx and other COS-2
antagonists

Antiinflammatory effect through inhibition of
cyclooxygenase 2

2

Indomathacin, diclofenac, ibuprofen, naproxen
and other COX-1 inhibitors

Antiinflammatory effect through inhibition of
cyclooxygenase1, in addition platelet inhibition

3

Plasminogen activator inhibitor-1 and other
serpins

Inhibits activation of prourokinase. Prourokinase
promotes cellular migration by acctivating plasmin
and metalloproteinases as well as other
proteinases

1

Thrombin inhibitors as hirudin, hirulog,
agratroban, PPACK etc.

Thrombin promotes thrombus formation but is also
a strong mitogen (growth factor)

2

Interleukin-10 Antiinflammatory cytokine that inhibits monocytes 3

TABLE C

Phase III - Inhibition of cell proliferation

Drugs to be released within the first 14 days to 3 months after stenting

Drug name Rationale/Effects Priority

Sirolimus, SDZ RAD (40-O-(2-hydroxyethyl)-
rapamycin and other rapamycin drivatives

Inhibition of T-cell response, reduction of pro-
inflammatory cytokine release, inhibition of smooth
muscle cell proliferation

1

PDGF-antoginists Inhibition of smooth muscle cell proliferation and
migration through inhibition of PDGF-signal
transduction. PDGF is a strong mitogen for smooth
muscle cells.

1

Paclitaxel Inhibition of smooth muscle cell proliferation
through promotion of microtubili association

1

Cisplatin inhibition of smooth muscle cell proliferation
through intercalation in DNA-double strand

2

Vinblastin Inhibition of smooth muscle cell proliferation
through inhibition of mitotic spindle formation

2

Mitoxantrone Inhibition of smooth muscle cell proliferation
through inhibition of DNA and RNA synthesis and
inhibition of topisomerase II 1

Combretastatin A4 Inhibition of smooth muscle cell proliferation
through inhibition of mitotic spindle formation

1

Topotecan Inhibition of smooth muscle cell proliferation
through inhibition of topoisomerase I

2

Methotrexate Inhibition of smooth muscle cell proliferation
through inhibition of dihydrofolate reductase

3
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[0062] The invention is as defined in the appended set of claims.

Claims

1. Apparatus for ultrasonic imaging, the apparatus comprising:

a catheter (1) having a distal region (4);
an ultrasonic transducer array (3) disposed at the distal region; and
a flexible circuit (12) electrically coupled to the transducer array for supplying electrical power to the array,
characterized in that
at least a portion of the flexible circuit is helically wound about the catheter.

2. The apparatus of claim 1, wherein the portion of the flexible circuit that is helically wound about the catheter is
adapted to enhance flexibility of the circuit as the catheter is moved along a non-linear path.

3. The apparatus of claim 1, wherein the portion of the flexible circuit that is helically wound about the catheter is
adapted to accommodate bending the circuit as the catheter is moved along a non-linear path.

4. The apparatus of claim 1, wherein the flexible circuit is insulated.

5. The apparatus of claim 1, wherein the apparatus has a maximum external diameter of less than about 1 mm (3 Fr).

6. The apparatus of claim 1, wherein the apparatus is adapted for disposal within guiding catheters as small as 2
mm (6 Fr).

7. The apparatus of claim 1, further comprising an imaging system coupled to the catheter.

8. The apparatus of claim 1, further comprising a plurality of multiplexer units (5) electrically coupled to the flexible
circuit proximal of the transducer array.

9. The apparatus of claim 8, wherein the helically wound portion of the flexible circuit is helically wound about the
catheter between the ultrasonic transducer array and the multiplexer units.

10. The apparatus of claim 8, wherein the multiplexer units are longitudinally spaced with respect to one another along
the length of the catheter.

11. The apparatus of claim 10, wherein the flexible circuit is helically wound about the catheter between the multiplexer
units.

12. The apparatus of claim 1, further comprising an expandable balloon (2) coupled to the catheter.

13. The apparatus of claim 12, wherein the balloon is coupled to the catheter proximal of the transducer array.

14. The apparatus of claim 13, further comprising a plurality of multiplexer units (5) electrically coupled to the flexible
circuit proximal of the balloon.

15. The apparatus of claim 14, wherein the helically wound portion of the flexible circuit is wound about the catheter

TABLE C (continued)

Phase III - Inhibition of cell proliferation

Drugs to be released within the first 14 days to 3 months after stenting

Drug name Rationale/Effects Priority

Flavopiridol inhibition of smooth muscle cell proliferation
through inhibition of cell cycle kinase

1
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between the ultrasonic transducer array and the multiplexer units.

16. The apparatus of claim 12, further comprising a stent (102) coaxially disposed about the balloon.

17. The apparatus of claim 16, wherein the stent is crimped onto the balloon.

18. The apparatus of claim 17, wherein the helically wound portion of the flexible circuit is adapted to limit a minimum
diameter to which the stent may be crimped.

19. The apparatus of claim 12, wherein a portion of the flexible circuit is disposed within the balloon.

20. The apparatus of claim 19, wherein the helically wound portion of the flexible circuit is disposed within the balloon.

21. The apparatus of claim 19, wherein the portion of the flexible circuit disposed within the balloon is adapted for
exposure to inflation medium introduced into the balloon.

22. The apparatus of claim 19, wherein the portion of the flexible circuit disposed within the balloon is insulated.

23. The apparatus of claim 16, wherein the stent comprises a drug that is adapted to be eluted or washed from the
stent into a patient's blood stream when the stent has been deposited at a target location within the patient.

24. The apparatus of claim 23, wherein the drug is applied to the stent as a coating.

25. The apparatus of claim 23, wherein the drug is lodged in interstices formed in the stent.

26. The apparatus of any one of claims 23 to 25, wherein the stent carries a drug adapted to cause vasodilation.

27. The apparatus of any one of claims 23 to 26, wherein the stent carries a second drug adapted to cause inhibition
of inflammation, immunosuppression, promotion of endothelial cell growth or inhibition of cell migration.

28. The apparatus any one of claims 23 to 27, wherein the stent carries a third drug adapted to cause inhibition of cell
proliferation.

29. A method of manufacturing an apparatus as claimed in any previous claim, wherein the transducer array is first
manufactured in a flat configuration and then formed into a cylindrical configuration.

Patentansprüche

1. Gerät zur Ultraschallabbildung, das Gerät umfassend:

einen Katheter (1) mit einem distalen Bereich (4),
ein im distalen Bereich angeordnetes Ultraschallwandlerarray (3); und
eine elektrisch an das Wandlerarray angekoppelte, biegsame Schaltung (12), um das Array mit elektrischem
Strom zu versorgen,

dadurch gekennzeichnet, dass zumindest ein Teil der biegsamen Schaltung schraubenförmig um den Ka-
theter gewickelt ist.

2. Gerät des Anspruchs 1, dadurch gekennzeichnet, dass der Teil der biegsamen Schaltung, der schraubenförmig
um den Katheter gewickelt ist, so ausgelegt ist, dass er die Biegsamkeit der Schaltung erhöht, während der Ka-
theter entlang einer nichtlinearen Strecke bewegt wird.

3. Gerät des Anspruchs 1, dadurch gekennzeichnet, dass der Teil der biegsamen Schaltung, der schraubenförmig
um den Katheter gewickelt ist, so ausgelegt ist, dass er die Verbiegung der Sohaltung auffängt, während der
Katheter entlang einer nichtlinearen Strecke bewegt wird.

4. Gerät des Anspruchs 1, dadurch gekennzeichnet, dass die biegsame Schaltung isoliert ist.
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5. Gerät des Anspruchs 1, dadurch gekennzeichnet, dass das Gerät einen maximalen Aussendurchmesser von
weniger als etwa 1 mm (3 Charriére) besitzt.

6. Gerät des Anspruchs 1, dadurch gekennzeichnet, dass das Gerät so ausgelegt ist, in Filhrungskathatern von
nicht mehr als 2 mm (6 Charrière) angeordnet zu werden.

7. Gerät des Anspruchs 1, weiter ein an den Katheter angeschlossenes Abbildungssystem umfassend.

8. Gerät des Anspruchs 1, weiter eine Mehrzahl von Multiplexereinheiten (5) umfassend, d ie p roximal z um Wand-
lerarray elektrisch an die biegsame Schaltung angeschlossen sind.

9. Gerät des Anspruchs 8, dadurch gekennzeichnet, dass der schraubenförmig gewickelte Teil der biegsamen
Schaltung zwischen dem Ultraschallwandlerarray und den Multiplexereinheiten schraubenförmig um den Katheter
gewickelt ist.

10. Gerät des Anspruchs 8, dadurch gekennzeichnet, dass die Multiplexereinheiten entlang des Kathethers längs
zueinander beabstandet sind.

11. Gerät des Anspruchs 10, dadurch gekennzeichnet, dass die biegsame Schaltung zwischen den Multiplexerein-
heiten schraubenförmig um den Katheter gewickelt ist.

12. Gerät des Anspruchs 1, weiter einen an den Katheter angeschlossenen, auf blasbaren Ballon (2) umfassend.

13. Gerät des Anspruchs 12, dadurch gekennzeichnet, dass der Ballon proximal zum Wandlerarray an den Katheter
angeschlossen ist.

14. Gerät des Anspruchs 13, weiter eine Mehrzahl von Multiplexereinheiten (5) umfassend, die proximal zum Ballon
elektrisch an die biegsame Schaltung angeschlossen sind.

15. Gerät des Anspruchs 14, dadurch gekennzeichnet, dass der schraubenförmig gewickelte Teil der biegsamen
Schaltung zwischen dem Ultraschallwandlerarray und den Multiplexereinheiten um den Katheter gewickelt ist.

16. Gerät des Anspruchs 12, weiter einen koaxial um den Ballon herum angeordneten Stent (102) umfassend.

17. Gerät des Anspruchs 16, dadurch gekennzeichnet, dass der Stent auf den Ballon aufgecrimpt ist.

18. Gerät des Anspruchs 17, dadurch gekennzeichnet, dass der schraubenförmig gewickelte Teil der biegsamen
Schaltung so ausgelegt ist, dass er einen minimalen Durchmesser definiert, auf den herab der Stent gecrimpt
werden kann.

19. Gerät des Anspruchs 12, dadurch gekennzeichnet, dass ein Teil der biegsamen Schaltung innerhalb des Ballons
angeordnet ist.

20. Gerät des Anspruchs 19, dadurch gekennzeichnet, dass der schraubenförmig gewickelte Teil der biegsamen
Schaltung innerhalb des Ballons angeordnet ist.

21. Gerät des Anspruchs 19, dadurch gekennzeichnet, dass der innerhalb des Ballons angeordnete Teil der bieg-
samen Schaltung geeignet ist, dem in den Ballon eingeführten Füllmedium ausgesetzt zu werden.

22. Gerät des Anspruchs 19, dadurch gekennzeichnet, dass der innerhalb des Ballons angeordnete Teil der bieg-
samen Schaltung isoliert ist.

23. Gerät des Anspruchs 16, dadurch gekennzeichnet, dass der Stent eine Arznei umfasst, die geeignet ist, vom
Stent in den Blutstrom des Patienten eluiert oder ausgewaschen zu werden, wenn der Stent an einem Zielort im
Patienten gesetzt worden ist.

24. Gerät des Anspruchs 23, dadurch gekennzeichnet, dass die Arznei als eine Beschichtung auf den Stent aufge-
bracht ist.
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25. Gerät des Anspruchs 23, dadurch gekennzeichnet, dass die Arznei in Furchen untergebracht ist, die im Stent
ausgebildet sind.

26. Gerät eines beliebigen der Ansprüche 23 bis 25, dadurch gekennzeichnet, dass der Stent eine Arznei mitführt,
die geeignet ist, Gefässerweiterung zu bewirken.

27. Gerät eines beliebigen der Ansprüche 23 bis 26, dadurch gekennzeichnet, dass der Stent eine zweite Arznei
mitführt, die geeignet ist, Entzündungshemmung, Immunsuppression, Förderung von Endothelzellwachstum oder
Hemmung von Zellwanderung zu bewirken.

28. Gerät eines beliebigen der Ansprüche 23 bis 27, dadurch gekennzeichnet, dass der Stent eine dritte Arznei
mitführt, die geeignet ist, Hemmung der Zellvermehrung zu bewirken.

29. Verfahren zur Herstellung eines Geräts, wie es in einem beliebigen vorangehenden Anspruch beansprucht wird,
dadurch gekennzeichnet, dass das Wandlerarray zuerst in einer flachen Konfiguration hergestellt und dann zu
einer zylindrischen Konfiguration umgeformt wird.

Revendications

1. Dispositif destiné à former des images par ultrasons, le dispositif comprenant :

un cathéter (1) ayant une région distale (4),
un réseau de transducteurs à ultrasons (3) disposé au niveau de la région distale ; et
un circuit flexible (12) relié électriquement au réseau de transducteurs destiné à fournir l'alimentation électrique
au réseau, caractérisé en ce que
au moins une partie du circuit flexible est enroulée en hélice autour du cathéter.

2. Dispositif selon la revendication 1, dans lequel la partie du circuit flexible qui est enroulée en hélice autour du
cathéter est agencée pour améliorer la souplesse du circuit lorsque le cathéter est déplacé le long d'un trajet non
linéaire.

3. Dispositif selon la revendication 1, dans lequel la partie du circuit flexible qui est enroulée en hélice autour du
cathéter est conçue pour se conformer à la flexion du circuit lorsque le cathéter est déplacé le long d'un trajet non
linéaire.

4. Dispositif selon la revendication 1, dans lequel le circuit flexible est isolé.

5. Dispositif selon la revendication 1, dans lequel le dispositif a un diamètre extérieur maximum de moins d'environ
1 mm (3 Fr).

6. Dispositif selon la revendication 1, dans lequel le dispositif est conçu pour être disposé à l'intérieur de cathéters
de guidage aussi petits que 2 mm (6 Fr).

7. Dispositif selon la revendication 1, comprenant en outre un système de formation d'image relié au cathéter.

8. Dispositif selon la revendication 1, comprenant en outre une pluralité d'unités de multiplexeurs (5) reliées électri-
quement au circuit flexible proximal du réseau de transducteurs.

9. Dispositif selon la revendication 8, dans lequel la partie enroulée en hélice du circuit flexible est enroulée en hélice
autour du cathéter entre le réseau de transducteurs à ultrasons et les unités de multiplexeurs.

10. Dispositif selon la revendication 8, dans lequel les unités de multiplexeurs sont espacées longitudinalement les
unes par rapport aux autres le long de la longueur du cathéter.

11. Dispositif selon la revendication 10, dans lequel le circuit flexible est enroulé en hélice autour du cathéter entre
les unités de multiplexeurs.
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12. Dispositif selon la revendication 1, comprenant en outre un ballon pouvant se dilater (2) relié au cathéter.

13. Dispositif selon la revendication 12, dans lequel le ballon est relié au cathéter du côté proximal du réseau de
transducteurs.

14. Dispositif selon la revendication 13, comprenant en outre une pluralité d'unités de multiplexeurs (5) couplées élec-
triquement au circuit flexible du côté proximal du ballon.

15. Dispositif selon la revendication 14, dans lequel la partie en-roulée en hélice du circuit flexible est enroulée autour
du cathéter entre le réseau de transducteurs à ultrasons et les unités de multiplexeurs.

16. Dispositif selon la revendication 12, comprenant en outre un extenseur (102) disposé coaxialement autour du
ballon.

17. Dispositif selon la revendication 16, dans lequel l'extenseur est plissé sur le ballon.

18. Dispositif selon la revendication 17, dans lequel la partie enroulée en hélice du circuit flexible est conçue pour
limiter un diamètre minimum sur lequel l'extenseur peut être plissé.

19. Dispositif selon la revendication 12, dans lequel une partie du circuit flexible est disposée à l'intérieur du ballon.

20. Dispositif selon la revendication 19, dans lequel la partie enroulée en hélice du circuit flexible est disposée à
l'intérieur du ballon.

21. Dispositif selon la revendication 19, dans lequel la partie du circuit flexible disposée à l'intérieur du ballon est
conçue pour une exposition à un support de gonflage introduit à l'intérieur du ballon.

22. Dispositif selon la revendication 19, dans lequel la partie du circuit flexible disposée à l'intérieur du ballon est isolée.

23. Dispositif selon la revendication 16, dans lequel l'extenseur comprend un médicament qui est conçu pour être élué
ou lavé depuis l'extenseur vers un flux de sang d'un patient lorsque l'extenseur a été déposé au niveau d'un
emplacement cible à l'intérieur du patient.

24. Dispositif selon la revendication 23, dans lequel le médicament est appliqué sur l'extenseur sous la forme d'un
revêtement.

25. Dispositif selon la revendication 23, dans lequel le médicament . est logé dans les interstices formés dans l'exten-
seur.

26. Dispositif selon l'une quelconque des revendications 23 à 25, dans lequel l'extenseur porte un médicament conçu
pour provoquer une vasodilatation.

27. Dispositif selon l'une quelconque des revendications 23 à 26, dans lequel l'extenseur porte un second médicament
conçu pour provoquer une inhibition de l'inflammation, une immunosuppression, pour favoriser la croissance de
cellules endothéliales ou pour inhiber la migration de cellules.

28. Dispositif selon l'une quelconque des revendications 23 à 27, dans lequel l'extenseur porte un troisième médica-
ment conçu pour provoquer l'inhibition de la prolifération de cellules.

29. Procédé de fabrication d'un dispositif selon l'une quelconque des revendications précédentes, dans lequel le ré-
seau de transducteurs est tout d'abord fabriqué selon une configuration plate et ensuite formé selon. une confi-
guration cylindrique.
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