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(54) INTRAVASCULAR ULTRASOUND IMAGING

(57) An extension cable is adapted for use in an in-
travascular ultrasound system. It has a first connector,
for connecting to a catheter and a second connector for
connecting to a patient interface module. A cable ar-
rangement provides power transmission, data transmis-
sion and data signal processing (amplification or regen-

eration) between the first and second connectors. The
extension cable enables sterility to be maintained in a
workflow in a time efficient and easy manner as the cath-
eter to extension cable connection may remain in a sterile
environment.
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Description

FIELD OF THE INVENTION

[0001] This invention relates to apparatus for intravas-
cular ultrasound (IVUS) imaging, for example inside a
living body.

BACKGROUND OF THE INVENTION

[0002] Intravascular ultrasound (IVUS) imaging is
widely used in interventional cardiology as a diagnostic
tool for a diseased vessel, such as an artery, within the
human body to determine the need for treatment, to guide
the intervention, and/or to assess its effectiveness.
[0003] To perform an IVUS imaging study, an IVUS
catheter that incorporates one or more ultrasound trans-
ducers is passed into the vessel and guided to the area
to be imaged. The transducers emit and receive ultra-
sonic energy in order to create an image of the vessel of
interest. Ultrasonic waves are partially reflected by dis-
continuities arising from tissue structures (such as the
various layers of the vessel wall), red blood cells, and
other features of interest. Echoes from the reflected
waves are received by a transducer and passed along
to an IVUS imaging system, which is connected to the
IVUS catheter by way of a patient interface module (PIM).
The imaging system processes the received ultrasound
signals to produce a cross-sectional image of the vessel
where the device is placed.
[0004] There are two types of IVUS catheters common-
ly in use today: rotational and solid-state. For a typical
rotational IVUS catheter, a single ultrasound transducer
element is located at the tip of a flexible driveshaft that
spins inside a plastic sheath inserted into the vessel of
interest. The transducer element is oriented such that
the ultrasound beam propagates generally perpendicular
to the axis of the device. The fluid-filled sheath protects
the vessel tissue from the spinning transducer and drive-
shaft while permitting ultrasound signals to propagate
from the transducer into the tissue and back. As the drive-
shaft rotates, the transducer is periodically excited with
a high voltage pulse to emit a short burst of ultrasound.
The same transducer then listens for the returning ech-
oes reflected from various tissue structures. The IVUS
imaging system assembles a two dimensional display of
the vessel cross-section from a sequence of pulse/ac-
quisition cycles occurring during a single revolution of
the transducer.
[0005] In contrast, solid-state IVUS catheters carry an
ultrasound probe assembly that includes an array of ul-
trasound transducers distributed around the circumfer-
ence of the device connected to a set of transducer con-
trol circuits. The transducer control circuits select individ-
ual transducers for transmitting an ultrasound pulse and
for receiving the echo signal. By stepping through a se-
quence of transmitter-receiver pairs, the solid-state IVUS
system can synthesize the effect of a mechanically

scanned transducer element but without moving parts.
Since there is no rotating mechanical element, the trans-
ducer array can be placed in direct contact with the blood
and vessel tissue with minimal risk of vessel trauma. Fur-
thermore, because there is no rotating element, the in-
terface is simplified. The solid-state probe can be wired
directly to the imaging system with a simple electrical
cable and a standard detachable electrical connector.
[0006] A number of electrical conductors or wires ex-
tend along the length of the device to facilitate the com-
munication of signals to and from the ultrasound trans-
ducer(s). For example, in some current commercial prod-
ucts seven wires extend along the length of the catheter
between a proximal connector and the ultrasound as-
sembly at the distal portion of the catheter.
[0007] Intravascular ultrasound procedures are car-
ried out in special surgery rooms (so-called "cathlabs"
which include other modalities (interventional X-ray,
transdermal ultrasound etc.). The IVUS systems can be
integrated or cart-based. In both cases, the catheter is
plugged into the patient interface module (PIM). The PIM
is typically mounted to the side bedrail and connected
with a cable to the backend system. To minimize clutter,
the PIM position is fixed and cables are often hidden be-
low or into the table. Apart from galvanic isolation and
electrical buffering of signals, the PIM is a mechanical
anchor to secure the patient against accidental cable
pulls on the PIM (people stumbling upon the cable, or a
sudden cart movement for instance).
[0008] In a variety of procedures, vascular access from
various vessels is required with different access locations
across the body. Often the upper leg (femoral access) or
lower arm (radial access) are used. The PIM is mounted
permanently on the table side, and it is located at the
boundary of the non-sterile zone, as close as possible to
commonly used vascular access locations.
[0009] For a procedure, the sterile IVUS catheter is
plugged into the PIM with a 1.5m cable that is part of the
catheter assembly. By doing so, the connector of the
catheter becomes non-sterile, since the PIM is at or out-
side the sterile area boundary. This prohibits temporal
disconnection and storage of the catheter in the sterile
field to make room for other instruments during the pro-
cedure, which is a frequent requirement of physicians.
[0010] For most procedures, the location of the PIM is
not ideal: it is located at the very edge of the sterile field,
resulting from the combination of preferred vascular ac-
cess locations and limited catheter cable length. To keep
the PIM sterile, it needs to be covered with a sterile drape
that easily moves away or has to be moved during the
intervention. This area of the table (typically halfway up
the patient’s body) is crowded with many instruments dur-
ing the procedure. The ideal position of the PIM would
be at the footboard of the bed. Here, there is much more
space available and the edge of the sterile zone is much
further away (e.g. at least 50cm), making the drape much
more robust against position movements. With no other
instruments present in this area, only accidental drape
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moves are likely to occur.
[0011] In some cases, due to the variety of procedures,
and patient dimensions particularly for obese patients,
the 1.5m catheter cable length is simply insufficient to
reach the preferred vascular access position, even from
the position half way up the bed. In practice, physicians
then decouple the PIM from the side bedrail and place it
on top of the patient. As it is now located in the sterile
zone; they pack it in sterile shields. This is also needed
for the cable between the PIM and the backend. Packing
this cable is a clumsy business, requiring a sterile and
non-sterile nurse to fit a 5m cable in a cable shaped sterile
pouch without breaking the sterility; a job that severely
impacts the workflow and that needs to be avoided, if
possible.
[0012] Furthermore, by detaching the PIM from the be-
drail, the mechanical anchoring function has disap-
peared, thereby putting patient safety at risk.
[0013] There is a need for an IVUS system which ad-
dresses these issues.

SUMMARY OF THE INVENTION

[0014] The invention is defined by the claims.
[0015] According to examples in accordance with an
aspect of the invention, there is provided an extension
cable adapted for use in an intravascular ultrasound sys-
tem, comprising:

a first connector, for electrical and mechanical con-
nection to an intravascular ultrasound catheter;
a second connector, for electrical and mechanical
connection to an intravascular ultrasound patient in-
terface module; and
a cable arrangement for power transmission and da-
ta transmission, and a signal processor, between the
first and second connectors.

[0016] This extension cable is adapted for use between
an ultrasound catheter and a patient interface module. It
enables sterility to be maintained in a workflow in a time
efficient and easy manner, while also providing mechan-
ical anchoring. In particular, the catheter can remain in
a sterile area, and the extension cable instead crosses
the sterile boundary. Thus, the catheter may be discon-
nected from the extension cable and reconnected without
compromising sterility. The catheter may for example be
disconnected in the sterile field enabling temporal stor-
age of the catheter in a different location.
[0017] The extension cable also allows more design
freedom in the cable between the PIM and the backend.
In particular, the extension cable enables the maximum
length between the patient and the PIM to be increased.
For example, a PIM with digital output, high speed digital
connections and with a power supply function in a single
electrical cable may be limited to 3m in practice, whereas
a cable length up to 5m maybe preferred for a mobile
IVUS system. By enabling greater cable lengths between

the catheter and the PIM, the PIM may be positioned
closer to the mobile IVUS backend system (where the
signal processing takes place) enabling the use of shorter
PIM-backend interconnect cables, in particular by ex-
tending the patient-PIM (catheter-side) cable rather than
the PIM-backend (backend side) cable.
[0018] The signal processor may comprise an electri-
cal buffer with gain 1 or an electrical amplifier with gain
greater than 1, and the cable arrangement comprises an
electrical cable for both power transmission and data
transmission. This provides an all-electrical solution,
wherein the cable arrangement relays electrical signals
between the catheter and the patient interface module.
[0019] The signal processor is for example located at
the first connector end of the electrical cable. Thus, it
provides signal amplification or buffering of the catheter
signals as soon as they are received.
[0020] The signal processor may comprise a first elec-
trical amplifier located at the first connector end of the
electrical cable and a second electrical amplifier located
at the second connector end of the electrical cable. This
may further improve signal amplification and also be used
to provide impedance matching. An impedance matching
circuit may also be provided.
[0021] In one electrical arrangement, the cable ar-
rangement comprises a set of parallel electrical lines
forming an electrical power transmission cable and an
electrical data transmission cable in parallel, wherein the
signal processor is provided along the electrical lines of
the data transmission cable.
[0022] There may thus be multiple electrical lines, such
as data, power, control and ground, and the signal
processing (buffering or amplification) is provide for the
data lines.
[0023] In another electrical arrangement, the cable ar-
rangement comprises a combined electrical cable which
carries superposed power and data signals, wherein the
extension cable further comprises a splitter for extracting
the data signals and a combiner for recombining the data
signals with the power signals, wherein the signal proc-
essor is provided for the extracted data signals.
[0024] This reduces the number of electrical lines
needed in the cable arrangement. Signal processing (i.e.
buffering or amplification) is applied to the data signals.
[0025] The cable arrangement may be a hybrid elec-
trical and optical arrangement. For example, the cable
arrangement may comprise an optical fiber for the data
transmission and an electrical cable for the power trans-
mission, and wherein the signal processor comprises an
electrical-to-optical converter. The signal processor then
provides signal shaping and quality improvement as part
of the electrical-to-optical conversion, rather than by elec-
trical amplification.
[0026] The optical signals at the output of the fiber may
be provided directly to the PIM if it includes the required
optical to electrical conversion. Alternatively, the signal
processor may further comprise an optical to electrical
converter, with the electrical-to-optical converter and the
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optical to electrical converter at opposite ends of the op-
tical fiber. The extension cable then presents an electrical
output which is equivalent to the electrical input received
from the catheter.
[0027] The cable arrangement may instead be an es-
sentially optical arrangement. The cable arrangement for
example may comprise an optical fiber, and wherein the
signal processor comprises a combiner for combining
data signals with power signals, an electrical-to-optical
converter for providing the combined signals to the opti-
cal fiber for the power transmission and the data trans-
mission, an optical to electrical converter, and a splitter
for extracting the data signals and the power signals. In
this way, the extension cable further provides optical
power transfer.
[0028] The extension cable may include a dedicated
power line, for powering the signal processor, which ex-
tends along the extension cable from the first and/or sec-
ond connectors. The power supply between the catheter
and the PIM is then not interrupted, and the extension
cable may simply function as a power line connector.
[0029] Alternatively, a coupling may be provided to a
power transmission line of the cable arrangement. In this
way, power is tapped from the existing power line, to
supply the signal processor.
[0030] In another arrangement, an embedded power
source is provided for the signal processor.
[0031] The extension cable may have a length be-
tween 1m and 5m. This is sufficient to provide flexibility
for the positioning of the PIM while maintaining the con-
nection between the extension cable and the catheter in
the sterile area.
[0032] The invention also provides an intravascular ul-
trasound system, comprising:

a catheter having an ultrasound probe at its tip;
a patient interface module; and
an extension cable as defined above for coupling
between the catheter and the patient interface mod-
ule.

[0033] The patient interface module then connects to
a backend system (console) via another cable.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Examples of the invention will now be described
in detail with reference to the accompanying drawings,
in which:

Figure 1A shows a typical arrangement of an ultra-
sound catheter which enters the upper leg of a pa-
tient;
Figure 1B shows that the short catheter length
means that a physician may sometimes place the
PIM on the patient;
Figure 1C shows the arrangement enabled by an
extension cable of the invention;

Figure 2 shows the general architecture of the active
extension cable between the ultrasound catheter
and the PIM;
Figure 3 shows a system with two amplifiers;
Figure 4A shows the amplifier powered by a dedi-
cated power line from the PIM; Figure 4B shows a
first alternative which is backward compatible using
an existing power line;
Figure 4C shows a second alternative which is back-
ward compatible using an embedded power source;
Figure 5 shows an example of the electrical signals
output by the catheter and hence needing to be ex-
tended by the extension cable;
Figure 6 shows an example of the electrical signals
output by the catheter with superposition of data and
power transmission;
Figure 7 shows a hybrid design in which electrical
power lines are provided as well an optical fiber for
carrying the data;
Figure 8 shows another variation in which the optical
fiber signals are provided directly to the PIM; and
Figure 9 shows another variation which is essentially
all-optical.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0035] The invention provides an extension cable
which is adapted for use in an intravascular ultrasound
system. It has a first connector, for connecting to a cath-
eter and a second connector for connecting to a patient
interface module. A cable arrangement provides power
transmission, data transmission and data signal process-
ing (amplification or regeneration) between the first and
second connectors. The extension cable enables sterility
to be maintained in a workflow in a time efficient and easy
manner as the catheter to extension cable connection
may remain in a sterile environment.
[0036] Figure 1A shows a typical arrangement of an
ultrasound catheter 10 which enters the upper leg of a
patient 12. The catheter has an ultrasound probe 11 at
its tip. The catheter 10 connects to a patient interface
module (PIM) 14 which is attached to a side rail of the
patient bed 16. The PIM connects to a back-end proces-
sor 18 by electrical cable 20. The line 22 represents the
boundary between the sterile environment and the non-
sterile environment.
[0037] Figure 1B shows that the short catheter length
(typically 1.5m) means that physician may sometimes
place the PIM 14 on the patient to bring it nearer to the
catheter entry point. As the PIM is moved from the non-
sterile environment, it has to be encased in a sterile pouch
24.
[0038] Figure 1C shows the arrangement enabled by
an extension cable of the invention. The extension cable
30 is active, in that it includes signal processing. It is
placed between the catheter 10 and the PIM 14. By doing
so, the PIM can be positioned at the footboard of the bed,
at the same position for all procedures and at more sub-
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stantial distance from the edge 22 of the sterile field.
[0039] The active signal processing within the exten-
sion cable 30 enables the IVUS catheter to maintain sig-
nal integrity. The extension cable 30 is sterile by itself,
similar to the catheter, so there is no need to put a sterile
pouch around it. It can be disposable (like the catheter),
or it may be a cable which can be sterilized.
[0040] Moreover, the connection between the catheter
10 and the extension cable 30 is located in the sterile
field, so that it is possible to temporarily unplug the cath-
eter and store it at some other place without compromis-
ing sterility.
[0041] A typical length of the extension cable is 3m,
but it can be longer or shorter, for example in the range
1m to 5m.
[0042] Figure 2 shows the general architecture of the
active extension cable 30 between the ultrasound cath-
eter 10 and the PIM 14.
[0043] It consists of a cable arrangement 32, capable
of transferring the signals of interest (from the catheter
and towards the catheter), a signal processor 34 to com-
pensate for signal quality losses resulting from the ex-
tension cable, and connectors. A first connector 36 is for
connecting to the catheter 10 and a second connector
37 is for connecting to the PIM 14. The connectors may
correspond to the existing PIM and catheter connectors,
so that the connector 36 is the same as the connection
port of the PIM and the connector 37 is that same as the
connection port of the catheter. The two connectors thus
have opposite gender so one connector is male (which
may be considered to be a connector) and the other is
female (which may be considered to be a receptor). Any
arbitrary combination of genders can be used, as long
as the extension cable can be inserted between the cath-
eter and PIM without further additions.
[0044] As will be discussed below, the extension cable
may be entirely electrical, or else it may include an optical
signal transmission medium, namely an optical fiber. The
electrical implementation will first be described.
[0045] The signal processor for an electrical imple-
mentation comprises an amplifier. The amplifier may
have a gain 1 so that it functions only as a signal regen-
erating buffer, or else it may have a higher amplification.
The term "amplifier" should be understood accordingly.
In addition to adding gain or providing signal regenera-
tion, the signal processor may also be used as imped-
ance transformation unit, to match the impedance to the
desired level. In general, cabling in a radio frequency
based system is designed to have a specific impedance
(50 or 75 Ohms typically) for optimal signal transfer.
[0046] The amplifier or buffer implements this imped-
ance matching to take account of the additional cable
length introduced by the extension cable, and it has im-
pedance matching circuity for this purpose. The amplifier
secures signal integrity over the additional cable length.
[0047] For the intravascular ultrasound application, the
connector 37 at the PIM side needs to have an Ingress
Protection (IP) greater than level 4 against moisture for

safe operation. For the connector 36 at the catheter side,
located on top of the patient during the procedure, a high-
er IP rating might be required, for example level 7 or
greater to enable immersion in liquid.
[0048] The amplifier 34 maybe positioned anywhere in
the cable. However, placing it closest to the catheter, for
example as part of the connector 36 will enable the least
influence of the extension cable on the signal quality.
[0049] The electrical signals provided by the transduc-
er element of the catheter typically have a frequency con-
tent in the range of 10-30 MHz (plus higher harmonics).
As a result of the micro coaxial cables and connectors
used in existing catheters, the current 1.5m catheter ca-
ble is at its length limit as a result of parasitic electrical
components. A passive extension cable would lower the
bandwidth below the acceptable limit.
[0050] Figure 3 shows that a second amplifier 34’ may
be provided at the second connector end to further im-
prove signal quality and impedance matching. All exam-
ples described below with signal buffering or amplifica-
tion at the first connector end may be extended with fur-
ther signal buffering or amplification at the second con-
nector end.
[0051] The amplifier is an active block that requires
power to operate.
[0052] Figure 4 shows possible ways to power the am-
plifier (and other signal processing functions).
[0053] Figure 4A shows the amplifier 34 powered by a
dedicated power line 38 from the PIM 14. This dedicated
additional power line is not a feature of current PIMs so
would be implemented with a new PIM. The additional
power line 38 may instead be provided from the catheter
side (even though the original power supply is at the PIM).
However, the extension cable does not require modifica-
tion to the catheter or to existing PIMs.
[0054] Figure 4B shows a first alternative which is
backward compatible. The catheter is an active device
which itself is powered by the PIM, so the extension cable
is already providing power between the PIM and the cath-
eter. For example, the extension cable includes a power
line 40, and the extension cable can draw power from
the catheter power line 40, by having a coupling 42 to
the power line. This is possible by ensuring the power
consumption of the amplifier 34 is small and the power
supply has enough headroom to accommodate for this
extra power without compromising on catheter function-
ality.
[0055] Figure 4C shows a second alternative which is
backward compatible. The extension cable has embed-
ded power source 44 for the signal amplifier 34. The em-
bedded power source 44 may comprise a battery or a
super-capacitor embedded in the extension cable. This
arrangement can be used to minimize noise and distor-
tion added by the amplifier or when the catheter power
supply does not allow for tapping of power.
[0056] In Figure 4, a single signal line is shown. Of
course, there maybe single or multiple lines.
[0057] All examples described below are shown based
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on power being tapped from the existing power line of
the extension cable as shown in Figure 4B. However,
they may be adapted to make use of dedicated power
lines or an embedded power supply.
[0058] The signals extending along the extension ca-
ble and thereby the wires in the cable itself can be ar-
ranged in various configurations. Signals can be split
among a number of wires (in parallel) or can be super
positioned on a single wire pair.
[0059] Figure 5 shows an example of the electrical sig-
nals output by the catheter and hence needing to be ex-
tended by the extension cable 30 for an all-electrical im-
plementation with parallel signal lines.
[0060] The signals comprise a control signal or set of
control signals carried on a control line 50. The control
signals control signals for example provide error mes-
sages, warnings, clock signals, trigger signals etc. The
control line 50 may be a single line or multiple lines for
the different types of control signal.
[0061] A high power rail is carried on a power line 52,
a ground signal is carried on a ground line 54 and a set
of parallel data lines 56 provide the data signals. The
cable is thus a multi-core cable, to provide the functions
of control, triggers, clock, power, data and ground (for
shielding). Signals can run over more than one wire in
parallel such as the high and low power lines, and data
can be provided as single ended or differentially coded.
The data signals are received echo signals.
[0062] In general, the data signals need amplification
whereas the control signals do not as they are far less
sensitive to noise. However, any signals may be chosen
to be amplified or otherwise processed by the signal proc-
essor. In Figure 5, only the data line 56 are provided to
the signal processor, but this is simply an example.
[0063] Figure 6 shows an example of the electrical sig-
nals output by the catheter and hence needing to be ex-
tended by the extension cable 30 for an all-electrical im-
plementation with superposition of data and power trans-
mission.
[0064] The power and data are combined on a single
bus 60, optionally accompanied by a separate control
line or lines 62. Figure 6 shows a splitter 64 for extracting
the data signals 66 and passing forward the power sig-
nals 67, and a combiner 68 for recombining the data sig-
nals 66 after amplification or buffering with the power
signals 67.
[0065] In this way, the power and data signals are split.
This may for example make use of a cross-over network
in case of AC/DC superposition. Power is shown as
drawn from the power signals 67 to power the signal proc-
essor 34. A ground line again is shown as 54 which runs
alongside the fiber.
[0066] Figure 7 shows a hybrid design in which elec-
trical power lines (power rail 52 and ground 54) are pro-
vided as well an optical fiber 70 for carrying the data.
[0067] The data is not electrically amplified, but con-
verted into the optical domain using an electrical-to-op-
tical converter 72. There is also optionally electrical signal

processing in unit 74 if required before electrical-to-opti-
cal conversion.
[0068] After the transmission along the extension ca-
ble, there is conversion back into the electrical domain
using an optical to electrical converter 76 and optionally
electrical signal processing in unit 78. The signal
processing for example comprises analog to digital con-
version at the catheter end, and digital to analogue con-
version at the PIM end. The signal processing may also
include impedance matching.
[0069] Optical data transfer is known to have very low
losses. The optical encoder for electrical-to-optical con-
version may be implemented as any high speed light
source, such as an LED or vertical cavity surface emitting
laser (VCSEL). Both can be made power efficient and
small enough to fit into the connector. The control signals
and power in this example remain in the electrical domain
and are fed with the optical fiber into a hybrid cable 32.
[0070] Figure 8 shows another variation in which the
optical fiber signals are provided directly to the PIM. This
may be possible for a digital PIM which is able to receive
the digital optical signal directly.
[0071] In addition to a hybrid electrical-optical system,
a system which is essentially all-optical is also possible
as shown in Figure 9.
[0072] The power line 52 and data line (or lines) 56 are
provided to a combiner 90. The combined signals are
then processed in a processing unit 92 and converted to
optical signals by electrical to optical converter 94.
[0073] The ground line 54 remains an electrical line.
[0074] After transmission over the optical fiber 70 there
is optical to electrical conversion in optical to electrical
converter 96, signal processing in unit 98 and then split-
ting in splitter 100 to create the required set of electrical
inputs to the PIM.
[0075] The control signals and power signal in this ex-
ample are optical as well as the data signal, and are fed
with the optical fiber into a hybrid cable 32 (which includes
the electrical ground connection).
[0076] Optical power transfer is for example described
in WO 2014072891 A1 and is a promising technology for
catheters.
[0077] The ultrasound probe carried by the catheter
may for example comprise piezoelectric zirconate trans-
ducer (PZT) solid-state transducers, capacitive micro-
machined ultrasonic transducers (CMUTs), and/or pie-
zoelectric micro-machined ultrasound transducers
(PMUTs). The ultrasound system maybe rotational or
static.
[0078] The catheter design has not been described in
detail as its design does not need to be changed to im-
plement the invention. The catheter may include an im-
aging core and an outer catheter/sheath assembly. The
backend system 18 for example comprises an imaging
system which may be a phased-array ultrasound imaging
system.
[0079] At a high level, the catheter emits ultrasonic en-
ergy from an ultrasound probe at the tip of the device.
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The ultrasonic energy is reflected by tissue structures
surrounding the probe and the echo signals from the tis-
sue are received and amplified by the ultrasound probe.
The PIM forwards the received signals and may perform
preliminary signal processing prior to transmitting the sig-
nals to the back end system (console). The PIM for ex-
ample performs amplification, filtering, and/or aggregat-
ing of the data. The may PIM also supply high- and low-
voltage DC power to support operation of the circuitry
within the ultrasound probe.
[0080] The catheter may include a guide wire exit port
to implement a rapid-exchange catheter. The guide wire
exit port allows a guide wire to be inserted towards the
distal end in order to direct the device through the vessel.
[0081] The system may for example be used for imag-
ing the liver, heart, kidneys, gall bladder, pancreas, lungs;
ducts; intestines; nervous system structures including
the brain, dural sac, spinal cord and peripheral nerves;
the urinary tract; as well as valves within the blood or
other systems of the body. In addition to imaging natural
structures, the images may also include imaging man-
made structures such as, but without limitation, heart
valves, stents, shunts, filters and other devices posi-
tioned within the body. The catheter may also include an
inflatable balloon portion near the distal tip
[0082] The extension cable may be used for any
number of wires between the catheter and PIM. One
known example is a four-wire system. A low number of
wires allows an IVUS catheter to have a better flex radius
as it goes through tortuous pathways, and more impor-
tantly reduces the risk of broken wire or welds.
[0083] Other variations 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 disclosure, 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. The mere fact that cer-
tain measures are recited in mutually different dependent
claims does not indicate that a combination of these
measures cannot be used to advantage. Any reference
signs in the claims should not be construed as limiting
the scope.

Claims

1. An extension cable (30) adapted for use in an intra-
vascular ultrasound system, comprising:

a first connector (36), for electrical and mechan-
ical connection to an intravascular ultrasound
catheter;
a second connector (37), for electrical and me-
chanical connection to an intravascular ultra-
sound patient interface module; and
a cable arrangement (32) for power transmis-
sion and data transmission, and a signal proc-

essor (34; 72), between the first and second con-
nectors (36, 37).

2. An extension cable as claimed in claim 1, wherein
the signal processor (34) comprises an electrical
buffer with gain 1 or an electrical amplifier with gain
greater than 1, and the cable arrangement (32) com-
prises an electrical cable for both power transmission
and data transmission.

3. An extension cable as claimed in claim 2, wherein
the signal processor (34) is located at the first con-
nector end of the cable arrangement (32).

4. An extension cable as claimed in claim 2, wherein
the signal processor (34) comprises a first electrical
amplifier (34) located at the first connector end of
the cable arrangement (32) and a second electrical
amplifier (34’) located at the second connector end
of the cable arrangement (32).

5. An extension cable as claimed in claim 2, 3 or 4,
further comprising an impedance matching circuit.

6. An extension cable as claimed in any one of claims
2 to 5, wherein the cable arrangement (32) compris-
es a set of parallel electrical lines (50, 52, 54, 56)
forming an electrical power transmission cable and
an electrical data transmission cable in parallel,
wherein the signal processor (34) is provided along
the electrical lines (56) of the data transmission ca-
ble.

7. An extension cable as claimed in any one of claims
2 to 5, wherein the cable arrangement (32) compris-
es a combined electrical cable (60) which carries su-
perposed power and data signals, wherein the ex-
tension cable (30) further comprises a splitter (64)
for extracting the data signals and a combiner (68)
for recombining the data signals with the power sig-
nals, wherein the signal processor (34) is provided
for the extracted data signals (66).

8. An extension cable as claimed in claim 1, wherein
the cable arrangement (32) comprises an optical fib-
er (70) for the data transmission and an electrical
cable (52, 54) for the power transmission, and
wherein the signal processor comprises an electri-
cal-to-optical converter (72).

9. An extension cable as claimed in claim 8, wherein
the signal processor further comprises an optical to
electrical converter (76), with the electrical to optical
converter and the optical to electrical converter at
opposite ends of the optical fiber (70).

10. An extension cable as claimed in claim 1, wherein
the cable arrangement (32) comprises an optical fib-
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er (70), and wherein the signal processor comprises
a combiner (90) for combining data signals (56) with
power signals (52), an electrical to optical converter
(94) for providing the combined signals to the optical
fiber (70) for the power transmission and the data
transmission, an optical to electrical converter (96),
and a splitter (100) for extracting the data signals
and the power signals.

11. An extension cable as claimed in any preceding
claim, comprising a dedicated power line (38) for
powering the signal processor which extends along
the extension cable from the first and/or second con-
nectors (36, 37).

12. An extension cable as claimed in one of claims 1 to
10, comprising a coupling (42) to a power transmis-
sion line (40) of the cable arrangement.

13. An extension cable as claimed in one of claims 1 to
10, comprising an embedded power source (44) for
the signal processor.

14. An extension cable (30) as claimed in any preceding
claim having a length between 1m and 5m.

15. An intravascular ultrasound system, comprising:

a catheter (10) having an ultrasound probe (11)
at its tip;
a patient interface module (14); and
an extension cable (30) as claimed in any pre-
ceding claim for coupling between the catheter
and the patient interface module.
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