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Description

[0001] This application claims the benefit of US Provi-
sional Patent Application 60/671,808, filed April 15,2005.

BACKGROUND

[0002] US patent application publication US 2005 143
657 A1 which is cited for reference, describes a unique
ultrasound probe, transducer, and associated algorithm.
The probe disclosed in the ‘657 application is significantly
narrower than prior art devices, and can be left in place
for extended periods of time. The primary intended use
of that probe is for monitoring of the heart using echocar-
diography. FIG. 1 is a schematic representation of that
probe 100. The probe has a flexible shaft 112 affixed to
the end of an endoscope style control handle 104, and
the distal end 116 of the probe 100 contains the ultra-
sound transducer 118. To use the probe, the distal end
116 is manipulated into position in the esophagus, and
a bending mechanism is then actuated using actuator
102, which causes the bending section 114 of the probe
to bend. In the context of echocardiography, this bending
action is used to position the ultrasound transducer 118
in the fundus of the stomach to obtain an image of the
transgastric short axis view of the heart. The handle 104
is connected to a connector 42 on the ultrasound system
40 via a cable 106 that terminates at a connector 108.
[0003] In the setting of an intensive care unit (ICU),
patients are often maintained in a quiescent state for both
the well-being of the patient and to facilitate the monitor-
ing of various physiological functions. Leaving the probe
100 in place for extended periods of time, however, can
create difficulties in common situations when the patient
must be moved. (Examples of such situations include
moving the patient to clean him or her, to prevent pres-
sure sores, or to perform routine procedures.) If the probe
100 is kept in the patient while the probe is hooked up to
the ultrasound system 40, moving the patient could be
extremely difficult.

[0004] One solution to this problem is to detach the
probe 100 from the ultrasound system 40 by disconnect-
ing the probe’s connector 108 from the ultrasound sys-
tem’s connector 42 before the patient is moved, to leave
those portions of the probe that remain outside the pa-
tient’s body 102-108 resting on atray or a hook. However,
since the handle 104 and associated cable portions 106
of the transesophageal echo (TEE) probe that remain
attached to the patient are relatively large and heavy, this
solution is somewhat clumsy, and requires an extra de-
gree of awareness from the attendants so as to not dis-
lodge the device or cause other problems due to paying
too much attention to the device.

[0005] Document US5544660 discloses a transducer
assembly for use with an ultrasound system and with an
actuator assembly having a first connector and a first
electrical interface, wherein the transducer assembly
comprises: an ultrasound transducer disposed in a distal
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end of the transducer assembly; a second connector lo-
cated at a proximal end of the transducer assembly and
configured to operatively mate with the first connector,
the second connector having a second electrical inter-
face configured to operatively mate with the first electrical
interface when the second connector is mated with the
first connector, wherein the second connector is config-
ured to permit easy mating to the first connector and easy
removal from the first connector; a flexible shaft posi-
tioned distally with respect to the second connector and
proximally with respect to the distal end, the flexible shaft
having a bending section; a circuit that operatively con-
nects the second electrical interface with the ultrasound
transducer,wherein the transducer assembly is config-
ured so that when the second connector is mated with
the first connector, transducer driving signals imposed
onthefirst electrical interface are routed to the ultrasound
transducer via the second electrical interface, and return
signals from the ultrasound transducer are routed to the
first electrical interface via the second electrical interface.

SUMMARY

[0006] The presentinvention provides atransducer as-
sembly and a connectorized ultrasound probe of the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a schematic representation of the
transesophageal echocardiography ultrasound probe
disclosed in the ‘657 application.

[0008] FIG. 2 is a schematic representation of a first
embodiment of an improved ultrasound probe for trans-
esophageal echocardiography in accordance with the
present invention.

[0009] FIG.3isanisometricview of animplementation
of the ultrasound probe of FIG. 2, with a transducer as-
sembly connected to a matching actuator assembly.
[0010] FIG. 4 is a first detailed view of the interface
between the transducer assembly and the actuator as-
sembly of the FIG. 3 embodiment.

[0011] FIG. 5 is a detailed view of the interface portion
of the actuator assembly of the FIG. 3 embodiment.
[0012] FIG.6 is a detailed view of the interface portion
of the transducer assembly of the FIG. 3 embodiment.
[0013] FIG. 7 shows the internal components of the
transducer assembly of FIG. 6, with the lid removed.
[0014] FIG. 8 shows the transducer assembly of FIG.
6, with certain components removed to make the lower
components visible.

[0015] FIG. 9 shows the electrical and mechanical in-
teractions between the transducer assembly and the ac-
tuator assembly when those two assemblies are mated
together.

[0016] FIG. 10 is another embodiment of an improved
ultrasound probe for transesophageal echocardiography
in accordance with the present invention.



3 EP 1 876 960 B1 4

[0017] FIG. 11is adetail of the mechanical connection
on the actuator assembly side of the probe of FIG. 10.

[0018] FIG. 12is a detail of the mechanical connection
on the transducer assembly side of the probe of FIG. 10.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0019] The drawbacks associated with a large handle
and cabling that remains connected to the patient while
the probe is in the patient’s esophagus can be avoided
orminimized by using a connectorized probe, with adistal
portion that remains installed in the patient, and a de-
tachable handle portion that interfaces with the distal por-
tion. The connector passes both mechanical and electri-
cal signals between the two portions. Optionally, the dis-
tal portion may be disposable, in which case it is prefer-
able to reduce the cost of the distal portion. Because it
is not disposable, the cost of the handle portion is less
critical.

[0020] FIG. 2 is a schematic representation of an em-
bodiment of the invention, with a probe that includes an
actuator assembly 80 and atransducer assembly 60. The
actuator assembly 80 includes a control handle 84 with
an actuator 82. The handle 84 is connected to a connec-
tor 42 on the ultrasound system 40 via a cable 86 that
terminates at a connector 88. The transducer assembly
60 has a flexible shaft 62 affixed to the end of a connector
70, and the distal end 66 of the probe contains the ultra-
sound transducer 68. To use the probe, the actuator as-
sembly 80 and the transducer assembly 60 are connect-
ed together by mating the first connector 90 with the sec-
ond connector 70. The distal end 68 is then manipulated
into position in the esophagus. The transducer assembly
60 includes a bending mechanism that is actuatable by
the actuator 82 when the actuator assembly 80 and the
transducer assembly 60 are connected together. This
causes the bending section 64 of the probe to bend to
provide an end result that is similar to the bending
achieved in the unitary probe described above in con-
nection with FIG. 1.

[0021] Now, when it becomes necessary to move the
patient, the transducer assembly 60 is disconnected from
the actuator assembly 80 at the connectors 70, 90, so
that the only parts that remain protruding from the patient
will be the proximal end of the shaft 62 and the connector
70. Since those portions are relatively small and light
compared to the handle 104 and cable 106 of the probe
100 depicted in FIG. 1, it becomes much easier to leave
the distal end of the probe in the patient when the patient
has to be moved or cared for.

[0022] FIG. 3 depicts a preferred implementation of
the FIG. 2 embodiment, with the transducer assembly 60
mounted to the actuator assembly 80. The transducer
assembly 60 include includes a flexible shaft 62 (shown
with a break to denote its long length) that has a bending
section 64. The shaft 62 is preferably less than 6 mm in
diameter, and preferably on the order of 1 m in length for
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an adult version of the device. Those dimensions may
be scaled down appropriately for pediatric and neonatal
patients. The distal end 66 of the transducer assembly
60 houses the ultrasound transducer which is preferably
transversely oriented with respect to the proximal distal
axis. In alternative embodiments, other transducer con-
figurations may be used in place of the transversely ori-
ented transducer (e.g., a two-dimensional ultrasound
transducer or a rotating multi-plane transducer). The ac-
tuator assembly 80 includes a handle 84 with a user-
operated actuator 82 mounted on the handle. A cable 86
with a connector 88 at its proximal end (both shown in
FIG. 2) extends from the proximal end of the handle 84.
This connector 88 mates with a corresponding connector
42 on the ultrasound system 40 (all shown in FIG. 2).
[0023] FIG.4isanexploded detail view of the interface
between the actuator assembly 80 and the transducer
assembly 60. The actuator assembly 80 includes a first
connector 90 that interfaces with the transducer assem-
bly 60, and the transducer assembly 60 includes a sec-
ond connector 70 that interfaces with the actuator as-
sembly 80. Thefirst connector 90 includes afirst electrical
interface 94, which is used to make electrical connect
with a mating connector (not shown) on the second con-
nector 70. In the illustrated embodiment, the first electri-
cal interface 94 comprises a series of conductive pads,
which are preferably gold plated. The pads may be flat
or raised. Preferably, the first connector is constructed
to be watertight so that the first connector can be im-
mersed in a liquid sterilant (e.g., Cidex glutaraldehyde,
peroxide sterilants, etc.), and using simple, stationary
pads helps achieve the desired watertightness, which
facilitates re-use of the actuator assembly 80 for multiple
patients. When the second connector 70 is mated to the
first connector 90, corresponding contacts on the second
connector 70 line up with the contacts of the first electrical
interface 94 so that electrical signals can pass between
the actuator assembly 80 and the transducer assembly
60.

[0024] The ultrasound system 40 communicates with
the ultrasound transducer 68 (both shown in FIG. 2) by
sending and receiving appropriate signals into the actu-
ator assembly 80 via the connector 42, the connector 88,
and the cable 86 (all shown in FIG. 2). The signals that
travel through the cable 86 are routed to the first electrical
interface 94 on the first connector 90 e.g., by running
appropriately shielded wires from the distal end of the
cable 86 directly to the first electrical interface 94. Op-
tionally, appropriate intervening circuitry (e.g., amplifiers,
signal conditioners, etc.) may be interposed between the
first electrical interface 94 and the cable 86. The remain-
der of the path to the transducer is described below in
connection with the transducer assembly 60.

[0025] The first connector 90 also includes an output
actuator 92 that is designed to mate with a corresponding
member on the second connector 70 when the second
connector 70 is connected to the first connector 90. The
output actuator 92 is linked to the user-operated actuator
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82 by an appropriate mechanism such that the output
actuator moves in response to user actuation of the user-
operated actuator 82. The link between the user-operat-
ed actuator 82 and the output actuator 92 may be imple-
mented using any of a variety of conventional techniques,
including butnot limited to gears, pull wires, servo motors,
stepper motors, hydraulics, as well as numerous other
techniques that will be apparent to persons skilled in the
relevant arts. The output actuator 92 and the user-oper-
ated actuator 82 are preferably also made using a wa-
tertight construction (e.g., using O rings or other sealing
techniques) to facilitate liquid sterilization of the actuator
assembly 80.

[0026] FIG. 5 shows the first connector 90 in even
greater detail. As explained above, the output actuator
92 rotates in response to actuations of the user-operated
actuator 82. The surface of the output actuator 92 is pref-
erably made of a material that will have a high coefficient
of friction when it is pressed against a corresponding
member in the second connector 70. Examples of suit-
able materials for the output actuator include rubber, pol-
yethylene, polystyrene, vinyl, etc. Optionally, a plurality
of radial grooves may be cut into the surface of the output
actuator 92 to help the output actuator 92 better "grab"
the corresponding surface on the second connector 70.
[0027] As best seen in this view, the first connector 90
includes a number of mounting members for latching the
first connector onto the second connector. Although the
illustrated embodiment depict mounting members in the
form of a pair of small tabs 97 at the distal end and a
larger tab 96, persons skilled in relevant arts will recog-
nize that any of a wide variety of conventional latching
mechanism may be used.

[0028] FIG. 6 is a front view of the second connector
70. The second connector 70 is configured to mate with
the first connector 90. To do this, the second connector
70 contains a second electrical interface 74 that lines up
the first electrical interface 94 of the first connector 90.
In the illustrated embodiment, the second electrical in-
terface 74 is made using a plurality of spring loaded fin-
gers positioned so that, when the second connector 70
is connected to the first connector 90, the fingers of the
second electrical interface 74 will line up with the pads
of the first electrical interface 94 (shown in FIGS. 4, 5).
The second connector 70 also contains a control actuator
72 that lines up the output actuator 92 of the first con-
nector 90, so that the output actuator 92 can drive the
control actuator 72. In the illustrated embodiment, the
control actuator 72 is a rotating wheel that is designed
to be driven by rotation of the output actuator 92. Of
course, a wide variety of alternative arrangements for
actuating alternative control actuators will be readily ap-
parent to persons skilled in the relevant arts. Note that
when the transducer assembly 60 is disposable and will
be discarded after each use, it is not necessary to make
the second connector 70 watertight.

[0029] To connect the first and second connectors, the
second connector 70 is attached to the first connector 90
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by aligning the notches 77 of the second connector 70
with tabs 97 of the first connector 90, then squeezing the
proximal end of second connector 70 towards the first
connector 90. The latching arm 76 on the second con-
nector 70 is designed to snap into position on the first
connector by interacting with tab 96 (shown in FIG. 5).
When the first connector 70 is attached to the first con-
nector 90 in this manner, the second electrical interface
74 of the second connector 70 makes electrical connect
with the first electrical interface 94 of the first connector
90, so that electrical signals can travel back and forth
between the first electrical interface 94 and the second
electrical interface 74. In addition, the control actuator 72
makes mechanical connect with the output actuator 92
of the first connector 90, so that when the output actuator
92isrotatedin response to operation of the user operated
actuator 82 (shown in FIG. 4) the control actuator 72 will
be driven by the output actuator 92 and followed the ro-
tation of the output actuator 92. A lid 79 protects the in-
ternal components of the second connector 70 from dam-
age, and has cutouts to provide access to the second
electrical interface 74 and the control actuator 72. Note
that while FIGS. 4-9 depict first and second electrical
interfaces 94, 74 using pads and fingers designed to con-
tact the pads, numerous alternative electrical interfaces
(e.g., pins and mating sockets) may be substituted there-
fore, as will be appreciated by persons skilled in the rel-
evant arts.

[0030] FIG. 7 is another view of the second connector
70 shown in FIG. 6, with the lid 79 removed. This view
reveals that the rotating control actuator 72 is attached
to a pulley 73 that causes the pull wires 65 to move when
the control actuator 72 is rotated. This view also shows
a portion of the ribbon cable 61, which is the wiring that
connects the second electrical interface 74 to the trans-
ducer 68 (shown in FIG. 2) at the distal end 66 of the
transducer assembly 60. Preferably, a ground plane is
provided on both sides of the ribbon cable. In less pre-
ferred embodiments one or both of those ground planes
may be omitted, or wiring configurations other than ribbon
cable may be used. Optionally, appropriate intervening
circuitry (e.g., amplifiers, signal conditioners, etc.) may
be interposed between the second electrical interface 74
and the transducer 68.

[0031] FIG. 8 shows yet another view of the second
connector 70 of FIGS. 6 and 7, but with the lid 79, the
second electrical interface 74, the wiring 61, the control
actuator 72, and the pulley’s axle all removed to show
the lower components of the second connector 70. This
view more clearly shows how the pulley 73 moves the
pull wires 65, which extend out distally through the shaft
62. When the pull wires 65 move (in response to rotation
of the pulley), the pull wires operate the bending section
64 (shown in FIG. 3) in any conventional manner. Since
the pull wires 65 cause the bending section 64 to bend,
and the pull wires 65 are moved by rotation of the pulley
73, and rotation of the pulley 73 occurs in response to
rotation of the control actuator 72 (shown in FIGS. 6 and
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7), the net result is that rotation of the control actuator 72
causes the bending section 64 to bend.

[0032] FIG. 9 shows the electrical and mechanical in-
teractions between the first connector 90 and the second
connector 70 when those connectors are mated together.
This view depicts the mated set of connectors 90, 70
would look if the outside housing of the second connector
70 were invisible. The second electrical interface 74 is
lined up with and urged against the first electrical inter-
face 94, and the control actuator 72 on the second con-
nector 70 is lined up with and urged against the output
actuator 92 on the first connector 90. A pulley mount 75
permits the pulley 73 to rotate and urges the control ac-
tuator 72 against the output actuator 92 when the first
connector 90 and second connector 70 are mated. The
ribbon cable 61 that connects the second electrical inter-
face 74 to the transducer 68 (shown in FIG. 2) at the
distal end 66 of the transducer assembly 60 is also more
clearly visible in this view.

[0033] When the second connector 70 is mated with
the first connector 90, actuation of the user operated ac-
tuator 82 (shown in FIGS. 3 and 4) will cause the output
actuator 92 to rotate. Since the control actuator 72 is
being urged up against the output actuator 92, the control
actuator 72 will follow the rotation of the output actuator
92. Rotation of the control actuator 72 turns the pulley
73 which operates the pull wires 65 that extend distally
through the flexible shaft 62, and cause a bending mech-
anism (not shown) located in the bending section (shown
in FIG. 3) to bend. Thus, when the second connector 70
is mated to the first connector 90, actuation of the user
operated actuator 82 by the user will have the same net
effect of actuations of the user operated actuator 102 of
the unitary probe 100 depicted in FIG. 1. Note that while
FIGS. 4-9 depict using rotating pads for the output actu-
ator 92 and the control actuator 72 pads, numerous al-
ternative mechanical interfaces (e.g., gears, a hexagonal
shaft and a mating socket, etc.) may be substituted there-
fore, as will be appreciated by persons skilled in the rel-
evant arts.

[0034] In addition, when the second connector 70 is
mated with the first connector 90, the second electrical
interface 74 makes contact with the first electrical con-
nector 94. Since the first electrical connector 94 commu-
nicates with the ultrasound system 40 via cable 86 and
connectors 88, 42 (all shown in FIG. 2), and Since the
wiring 61 connects the second electrical interface 74 to
the transducer 68 at the distal end 66 of the transducer
assembly 60 (shown in FIGS. 2, 3) this arrangement per-
mits the ultrasound system 40 to interface with the trans-
ducer 68 in the same way that the ultrasound system 40
communicates with the transducer 118 in the unitary
probe 100 depicted in FIG. 1. Optionally, additional sig-
nals may be passed to and from the transducer assembly
60 via the first and second connectors 90, 70, e.g., to
operate a thermistor located in the distal end of the trans-
ducer assembly 60 or to interface with a non-volatile
memory device located in the transducer assembly 60
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(used, e.g., to store data relating to the transducer as-
sembly 60).

[0035] As best seen in FIGS. 4 and 9, the electrical
and mechanical interface between the transducer as-
sembly 60 and the actuator assembly 80 is sideways-
facing (i.e., the mating surfaces of the first and second
connectors 90, 70 face in a direction that is roughly per-
pendicular to the proximal-distal axis). This arrangement
stands in contrast to the situation where one mating sur-
face faces distally, and the other mating surface faces
proximally (like the interface between the connectors 12,
22 in the FIG. 10 embodiment described below). Using
a sideways-facing interface advantageously provides a
large amount of "real estate" (i.e., area) forimplementing
the electrical and mechanical connections between the
two assemblies. Moreover, despite the fact that a large
amount of real estate is available for the interface, the
overall diameter of the assemblies 60, 80 when connect-
ed can remain small (e.g., about 22 mm, measured at
the proximal end of second connector 70 in the embod-
iment illustrated in FIGS. 3-9), and does not have to in-
crease in proportion to the number of connections that
are made between the first and second connectors 90,
70.

[0036] FIG. 10is another embodiment of the invention
in which the insertion tube and acoustic block assembly
(referred to above as the transducer assembly) are sep-
arable from the control handle (referred to above as the
actuator assembly). In this embodiment, a durable han-
dle 10 is connected to the transducer assembly 20. A
connector 12 at the distal end of the handle 10 mates
with a corresponding connector 22 at the proximal end
of the transducer assembly 20. FIG. 11 shows a detail
of the latching arm 15 of the handle portion 10, and FIG.
12 shows a detail of the connector portion 22 of the trans-
ducer assembly 20.

[0037] Referring now to FIGS. 10-12, the connectors
12, 22 provide a detachable electrical interface to get all
the necessary electrical signal to the distal end of the
probe, and to receive return signals from the distal end
ofthe probe. For example, the electrical connections may
be used to pass signals used for generation of ultrasound
at the ultrasound transducer 24, return of electrical sig-
nals from the transducer, ground and shielding planes,
and any other electrical functions that are implemented
atthe distal end (e.g., connections to a non-volatile mem-
ory device may be integrated into the transducer assem-
bly).

[0038] The connector 22 and the arm 15 also provide
a detachable mechanical interface to actuate controllable
portions ator near the distal end of the probe. An example
of a desirable mechanical motion is flexing of the tip of
the probe, which may be useful after the probe has been
positioned in the fundus of the stomach. In the illustrated
embodiment, the mechanical interface is implemented
using pull wires that are connected to the distal end of
the probe, where they initiate the desired motion (e.g.,
flexing of the probe tip). The mechanism that responds
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to the pull wires at the distal end of the probe may be
implemented in any conventional manner. At the proxi-
mal end of the transducer assembly 20, the pull wires
terminate in sliders 28 with a female hole.

[0039] To use the probe, the connector 22 is mated
with the corresponding connector 12 of the handle, and
the latching arm 15 is moved into position so that its pins
18 are mated into the sliders 28 of the transducer assem-
bly 20. The latching arm may include a catch 16 to hold
the transducer assembly 20 to the handle portion 10. The
slides 18 are connected to each other via flexible cabling
17 which traverses a pulley 19 at the distal end of the
latching arm 15. This configuration helps insure that ar-
ticulation control cable stays taut within the handle and
does not require the use of springs to take up slack.
[0040] The handle 10 includes a control surface 18
which may be implemented in any conventional way e.g.,
using pull wires. However, instead of having the pull wires
go directly to the distal end of the probe, the pull wires
the handle move the sliders 18 in the arm 15. Those
sliders 18 in turn move the sliders 28, which move the
pull wires 27 that run through the lumen of the transducer
assembly 20 to generate the desired motion at the distal
end of the probe. The result is a distal articulation mech-
anism that passes through a connector.

[0041] One suitable way to implement the electrical
connection between the connectors 12, 22 is to use a
flexible printed circuit board (PCB) similar to the type
used in ink jet cartridge connectors. The reverse side of
this flexible PCB has traces which are pulled out and
connected to the appropriate cabling. Optionally, a chip
with non-volatile memory may also be mounted on the
flexible PCB. A suitable mating connector for this inter-
face is a "pogo pin" type interface with pins mounted in
a block (not shown), as commonly used in electronic test-
ing apparatus.

[0042] Optionally, the actuator assembly in any of the
embodiments described above may incorporate other
actuatable features in addition to the basic articulation
controls for manipulating the distal end of the insertion
tube and transducer. Forexample, other mechanical con-
nections besides the bending controls discussed above
may be implemented, e.g., to transfer torque to the distal
end of the probe. Controls for non-mechanical features
may also be implemented on the handle, e.g., buttons
for freezing the image, adjusting gain control or other
functions. Optionally, the mechanical and electrical con-
nections may be configured to be water-tight.

[0043] In all the above-described embodiments, when
the transducer assembly is connected to the actuator as-
sembly via the connector or connectors, the combination
of the transducer assembly with the actuator assembly
emulates both the electrical and mechanical operation
of a conventional ultrasound probe. However, with the
embodiments described above in connection with FIGS.
2-12, the doctor gains the ability to disconnect the actu-
ator assembly from the transducer assembly, and leave
the relatively compact distal transducer assembly section
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in position in the patient’s esophagus. When this is done,
only the connector 70, 22 and a portion of the flexible
shaft 62, 20 will remain attached to the patient’s body,
and the handle, the actuator, and the cable that links the
handle to the ultrasound system are disconnected from
the patient. Since the hardware that stays attached to
the patient’s is smaller and lighter, it becomes much eas-
ier to move the patient around and to attend to the pa-
tient’'s needs, and is much less cumbersome as com-
pared to the FIG. 1 embodiment in which the handle 104
and cable 106 stay attached to the patient as long as the
transducer remains in position in the patient’'s esopha-
gus. Preferably, the transducer assembily is configured
so that the portion of the transducer assembly that re-
mains outside of the patient’'s body is compact and has
a mass of 250 g or less and a length of 70 cm or less.
[0044] Reducing the amount of hardware that is at-
tached to the patient’s is particularly advantageous for
long term transesophageal ultrasound imaging, e.g., in
situations where the probe remains installed in the patient
for hours or days at a time. These advantages become
even more important if the patient is awake or is not an-
esthetized, in which patient comfort becomes an even
more important factor.

[0045] Advantages of the above-described embodi-
ments include the fact that the device can be placed and
left in-situ without causing problems with excessive bulk
or cabling. In addition, by making the handle / actuator
assembly separable from the transducer assembly, the
transducer assembly may be made disposable and the
handle may be made durable and reusable. This allows
a less expensive disposable than would be possible if
the entire probe were made disposable. It also allows the
handle to be made to a higher standard than possible if
the handle was also disposable, which may improve the
tactile feedback to the user and ease of use.

[0046] While the above-described embodiments are
discussed in the context of transesophageal echocardi-
ography, similar probes may be used to obtain other
transesophageal images as well as to obtain ultrasound
images in cavities other than the esophagus. The con-
nectorized construction may also be incorporated into
probes, endoscopes, or catheters in non-ultrasound
medical applications, and may even be used in non-med-
ical uses where it is desirable to disconnect a proximal
section while leaving the distal section in place. Numer-
ous other maodifications to the above-described embod-
iments will be apparent to persons skilled in the relevant
arts.

Claims

1. A transducer assembly (60) for use v4th an ultra-
sound system and with an actuator assembly (80),
the actuator assembly (80) having a user-operated
actuator (82) and a first connector (90) including (a)
a first electrical interface (94) and (b) an output ac-
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tuator (92) that is operatively linked to the user-op-
erated actuator (82) so that an actuation of the user-
operated actuator (82) drives the output actuator
(92), wherein the transducer assembly (60) compris-
es:

an ultrasound transducer (68) disposed in a dis-
tal end of the transducer assembly (60);

a second connector (70) located at a proximal
end of the transducer assembly (60) and con-
figured to operatively mate with the first connec-
tor (90), the second connector (70) having (a) a
second electrical interface (74) configured to op-
eratively mate with the first electrical interface
(94) when the second connector (70) is mated
with the first connector (90) and (b) a control
actuator (72) configured to operatively interact
with the output actuator (92) when the second
connector (70) is mated with the first connector
(90) so that the control actuator (72) is actuated
by the output actuator (92), wherein the second
connector (70) is configured to permit easy mat-
ing to the first connector (90) and easy removal
from the first connector (90);

a flexible shaft (62) positioned distally with re-
spect to the second connector (70) and proxi-
mally with respect to the distal end, the flexible
shaft (62) having a bending section (64);

a circuit that operatively connects the second
electrical interface (74) with the ultrasound
transducer (68); and

a bending mechanism that, in response to an
actuation of the control actuator (72), causes the
bending section (64) to bend,

wherein the transducer assembly (60) is configured
so that when the second connector (70) is mated
with the first connector (90), transducer driving sig-
nals imposed on the first electrical interface (94) are
routed to the ultrasound transducer (68) via the sec-
ond electrical interface (74), and return signals from
the ultrasound transducer (68) are routed to the first
electrical interface (94) via the second electrical in-
terface (74), and wherein the transducer assembly
(60) is configured so that the control actuator (72)
can be driven by the output actuator (92) when the
second connector (70) is mated with the first con-
nector (90).

A connectorized ultrasound probe for use with an
ultrasound system, the connectorized ultrasound
probe comprising:

an actuator assembly (80) including

a user-operated actuator (82),

a first connector (90) including a first electrical
interface (94) and an output actuator (92),
wherein the output actuator (92) is operatively
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linked to the user-operated actuator (82) so that
an actuation of the user-operated actuator (82)
drives the output actuator (92), and

a system interface that is configured to interface
with the ultrasound system, wherein the system
interface is operatively connected to the first
electrical interface (94), and

the transducer assembly (60) of claim 1,
wherein the actuator assembly (80) and the
transducer assembly (60) are configured so that
when the second connector (70) is mated with
the first connector (90), transducer driving sig-
nals applied to the system interface are routed
to the ultrasound transducer (68) via the first
electricalinterface (94) and the second electrical
interface (74), and return signals from the ultra-
sound transducer (68) are routed to the system
interface via the second electrical interface (74)
and the first electrical interface (94), and
wherein the actuator assembly (80) and the
transducer assembly (60) are configured so that
when the second connector (70) is mated with
the first connector (90), actuation of the user-
operated actuator (82) drives the output actuator
(92), whereby the output actuator (92) actuates
the control actuator (72), which makes the bend-
ing mechanism cause the bending section (64)
to bend.

The transducer assembly of claim 1, wherein the
transducer assembly (60) is dimensioned for per-
forming transesophageal echocardiography and the
transducer (68) is transversely oriented with respect
to a proximal-distal direction axis of the transducer
assembly (60).

The transducer assembly of claim 1, wherein the
transducer assembly (60) is dimensioned for per-
forming transesophageal echocardiography and the
transducer (68) comprises a two-dimensional array
of elements.

The transducer assembly of claim 1, wherein the
flexible shaft (62) has a diameter of less than 6 mm.

The transducer assembly of claim 1 wherein the sec-
ond connector (70) is sealed to prevent liquids from
entering.

The transducer assembly of claim 1, wherein the
control actuator (72) comprises a rotating member
and the output actuator (92) comprises another ro-
tating member that engages the control actuator (72)
when the second connector (70) is mated with the
first connector (90).

The transducer assembly of claim 1, wherein the
control actuator (72) comprises a rotating pad and
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the output actuator (92) comprises another rotating
pad that engages the control actuator (72) when the
second connector (70) is mated with the first con-
nector (90).

The transducer assembly of claim 8, wherein the
control actuator (72) drives atleast one pull wire (65),
and wherein the at least one pull wire (65) operates
the bending mechanism.

The transducer assembly of claim 1, wherein the
second connector (70) snaps onto the first connector
(90) and can be snapped off from the first connector
(90).

The transducer assembly of claim 1, further compris-
ing a non-volatile memory device for storing data re-
lating to the transducer assembly.

The transducer assembly of claim 1, wherein the
transducer assembly is dimensioned so that when
the transducer assembly is inserted into the esopha-
gus of a patient with the ultrasound transducer (68)
positioned in the fundus of the stomach, the portion
of the transducer assembly that remains outside of
the patient’s body is non-cumbersome for long term
use.

The transducer assembly of claim 1, wherein the
transducer assembly is dimensioned so that when
the transducer assembly is inserted into the esopha-
gus of a patient with the ultrasound transducer (68)
positioned in the fundus of the stomach, the portion
of the transducer assembly that remains outside of
the patient’s body has a mass of 250 g or less.

The transducer assembly of claim 1, wherein the
transducer assembly is dimensioned so that when
the transducer assembly is inserted into the esopha-
gus of a patient with the ultrasound transducer (68)
positioned in the fundus of the stomach, the portion
of the transducer assembly that remains outside of
the patient’s body has a length of 70 cm or less.

The transducer assembly of claim 1,

wherein the transducer (68) is transversely oriented
with respect to a proximal-distal direction axis of the
transducer assembly,

wherein the flexible shaft (62) has a diameter of less
than 6 mm,

wherein the transducer assembly is dimensioned so
that when the transducer assembly is inserted into
the esophagus of a patient with the ultrasound trans-
ducer (68) positioned in the fundus of the stomach,
the portion of the transducer assembly that remains
outside of the patient’s body has a mass of 250 g or
less and a length of 70 cm or less, and

wherein the transducer assembly is sealed to pre-
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vent the entry of liquids.

16. The transducer assembly of claim 1 or 15, wherein

the second connector (70) faces in a direction that
is roughly perpendicular to a proximal-distal axis of
the transducer assembly.

Patentanspriiche

1.

Umsetzeranordnung (60) fur die Verwendung mit ei-
nem Ultraschallsystem und mit einer Aktuatoranord-
nung (80), wobei die Aktuatoranordnung (80) einen
vom Anwender bedienten Aktuator (82) und einen
ersten Verbinder (90), der (a) eine erste elektrische
Schnittstelle (94) und (b) einen Ausgangsaktuator
(92), der betriebstechnisch mit dem vom Anwender
bedienten Aktuator (82) verbunden ist, so dass eine
Betatigung des vom Anwender bedienten Aktuators
(82) den Ausgangsaktuator (92) antreibt, enthalt, be-
sitzt, wobei die Umsetzeranordnung (60) enthalt:

einen Ultraschallumsetzer (68), der an einem di-
stalen Ende der Umsetzeranordnung (60) an-
geordnet ist;

einen zweiten Verbinder (70), der sich am pro-
ximalen Ende der Umsetzeranordnung (60) be-
findet und konfiguriert ist, um betriebstechnisch
mit dem ersten Verbinder (90) in Eingriff zu ste-
hen, wobei der zweite Verbinder (70) (a) eine
zweite elektrische Schnittstelle (74), die konfi-
guriert ist, um betriebstechnisch mit der ersten
elektrischen Schnittstelle (94) in Eingriff zu ste-
hen, wenn der zweite Verbinder (70) mit dem
ersten Verbinder (90) in Eingriff steht, und (b)
einen Steueraktuator (72), der konfiguriert ist,
um mit dem Ausgangsaktuator (92) betriebs-
technisch in Wechselwirkung zu treten, wenn
der zweite Verbinder (70) mit dem ersten Ver-
binder (90) in Eingriff steht, so dass der Steuer-
aktuator (72) durch den Ausgangsaktuator (92)
betatigtwird, besitzt, wobei der zweite Verbinder
(70) konfiguriert ist, um das leichte Im-Eingriff-
Stehen mit dem ersten Verbinder (90) und die
leichte Entfernung von dem ersten Verbinder
(90) zu erlauben,

eine flexible Welle (62), die distal bezuglich des
zweiten Verbinders (70) und proximal beztglich
des distalen Endes positioniert ist, wobei die fle-
xible Welle (62) einen Biegeabschnitt (64) be-
sitzt;

eine Schaltung, die die zweite elektrische
Schnittstelle (74) betriebstechnisch mit dem Ul-
traschallumsetzer (68) verbindet; und

einen Biegemechanismus, der in Reaktion auf
eine Betdtigung des Steueraktuators (72) den
Biegeabschnitt (64) veranlasst, sich zu biegen,
wobei die Umsetzeranordnung (60) so konfigu-
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riert ist, dass, wenn der zweite Verbinder (70)
mit dem ersten Verbinder (90) in Eingriff steht,
die Umsetzeransteuersignale, die der ersten
elektrischen Schnittstelle (94) auferlegt sind,
Uber die zweite elektrische Schnittstelle (74)
zum Ultraschallumsetzer (68) geleitet werden,
und die Ricksignale vom Ultraschallumsetzer
(68) Uber die zweite elektrische Schnittstelle
(74) zur ersten elektrischen Schnittstelle (94)
geleitet werden, und

wobei die Umsetzeranordnung (60) so konfigu-
riert ist, dass der Steueraktuator (72) durch den
Ausgangsaktuator (92) angetrieben werden
kann, wenn der zweite Verbinder (70) mit dem
ersten Verbinder (90) in Eingriff steht.

2. Steckbare Ultraschallsonde fiir die Verwendung mit

einem Ultraschallsystem, wobei die steckbare Ultra-
schallsonde enthalt:

eine Aktuatoranordnung (80), die enthalt:

einen vom Anwender bedienten Aktuator
(82),

einen ersten Verbinder (90), der eine erste
elektrische Schnittstelle (94) und einen
Ausgangsaktuator (92) enthalt, wobei der
Ausgangsaktuator (92) betriebstechnisch
mit dem vom Anwender bedienten Aktuator
(82) verbunden ist, so dass eine Betéatigung
des vom Anwender bedienten Aktuators
(82) den Ausgangsaktuator (92) antreibt,
und

eine Systemschnittstelle, die konfiguriert
ist, um mit dem Ultraschallsystem eine
Schnittstelle zu bilden, wobei die System-
schnittstelle betriebstechnisch mit der er-
sten elektrischen Schnittstelle (94) verbun-
den ist, und

die Umsetzeranordnung (60) nach An-
spruch 1,

wobei die Aktuatoranordnung (80) und die Um-
setzeranordnung (60) so konfiguriert sind, dass,
wenn der zweite Verbinder (70) mit dem ersten
Verbinder (90) in Eingriff steht, die an die Sy-
stemschnittstelle angelegten Umsetzeransteu-
ersignale Uber die erste elektrische Schnittstelle
(94) und die zweite elektrische Schnittstelle (74)
zum Ultraschallumsetzer (68) geleitet werden,
und die Ricksignale vom Ultraschallumsetzer
(68) Uber die zweite elektrische Schnittstelle
(74) und die erste elektrische Schnittstelle (94)
zur Systemschnittstelle geleitet werden, und

wobei die Aktuatoranordnung (80) und die Um-
setzeranordnung (60) so konfiguriert sind, dass,
wenn der zweite Verbinder (70) mit dem ersten
Verbinder (90) in Eingriff steht, die Betatigung
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10.

1.

des vom Anwender bedienten Aktuators (82)
den Ausgangsaktuator (92) antreibt, wodurch
der Ausgangsaktuator (92) den Steueraktuator
(72) betatigt, der verursacht, dass der Biegeme-
chanismus den Biegeabschnitt (64) veranlasst,
sich zu biegen.

Umsetzeranordnung nach Anspruch 1, wobei die
Umsetzeranordnung (60) zum Ausfihren der
transdsophagealen Echokardiographie dimensio-
niert ist und der Umsetzer (68) bezliglich einer pro-
ximal-distalen Richtungsachse der Umsetzeranord-
nung (60) quer orientiert ist.

Umsetzeranordnung nach Anspruch 1, wobei die
Umsetzeranordnung (60) zum Ausfihren der
transdsophagealen Echokardiographie dimensio-
niert ist und der Umsetzer (68) eine zweidimensio-
nale Anordnung von Elementen enthalt.

Umsetzeranordnung nach Anspruch 1, wobei die fle-
xible Welle (62) einen Durchmesser von weniger als
6 mm besitzt.

Umsetzeranordnung nach Anspruch 1, wobei der
zweite Verbinder (70) abgedichtet ist, um das Ein-
treten von Flussigkeiten zu verhindern.

Umsetzeranordnung nach Anspruch 1, wobei der
Steueraktuator (72) ein sich drehendes Element ent-
halt und der Ausgangsaktuator (92) ein weiteres sich
drehendes Element enthélt, das sich mit dem Steu-
eraktuator (72) in Eingriff befindet, wenn der zweite
Verbinder (70) mit dem ersten Verbinder (90) in Ein-
griff steht.

Umsetzeranordnung nach Anspruch 1, wobei der
Steueraktuator (72) ein sich drehendes Polster ent-
halt und der Ausgangsaktuator (92) ein weiteres sich
drehendes Polster enthalt, das sich mit dem Steu-
eraktuator (72) in Eingriff befindet, wenn der zweite
Verbinder (70) mit dem ersten Verbinder (90) in Ein-
griff steht.

Umsetzeranordnung nach Anspruch 8, wobei der
Steueraktuator (72) wenigstens einen Zugdraht (65)
antreibt und bei der der wenigstens eine Zugdraht
(65) den Biegemechanismus betatigt.

Umsetzeranordnung nach Anspruch 1, wobei der
zweite Verbinder (70) auf den ersten Verbinder (90)
schnappt und vom ersten Verbinder (90) abge-
schnappt werden kann.

Umsetzeranordnung nach Anspruch 1, die ferner ei-
ne nichtflichtige Speichervorrichtung zum Spei-
chern der Daten bezuglich der Umsetzeranordnung
enthalt.
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Umsetzeranordnung nach Anspruch 1, wobei die
Umsetzeranordnung so dimensioniert ist, dass,
wenn die Umsetzeranordnung in den Osophagus ei-
nes Patienten eingesetzt ist, wobei der Ultra-
schallumsetzer (68) im Fundus des Magens positio-
niert ist, der Abschnitt der Umsetzeranordnung, der
aulerhalb des Korpers des Patienten verbleibt, fur
die langfristige Verwendung nicht hinderlich ist.

Umsetzeranordnung nach Anspruch 1, wobei die
Umsetzeranordnung so dimensioniert ist, dass,
wenn die Umsetzeranordnung in den Osophagus ei-
nes Patienten eingesetzt ist, wobei der Ultra-
schallumsetzer (68) im Fundus des Magens positio-
niert ist, der Abschnitt der Umsetzeranordnung, der
aulerhalb des Korpers des Patienten verbleibt, eine
Masse von 250 g oder weniger besitzt.

Umsetzeranordnung nach Anspruch 1, wobei die
Umsetzeranordnung so dimensioniert ist, dass,
wenn die Umsetzeranordnung in den Osophagus ei-
nes Patienten eingesetzt ist, wobei der Ultra-
schallumsetzer (68) im Fundus des Magens positio-
niert ist, der Abschnitt der Umsetzeranordnung, der
aulerhalb des Korpers des Patienten verbleibt, eine
Lange von 70 cm oder weniger besitzt.

Umsetzeranordnung nach Anspruch 1,

wobei der Umsetzer (68) bezliglich einer proximal-
distalen Richtungsachse der Umsetzeranordnung
quer orientiert ist,

wobei die flexible Welle (62) einen Durchmesser von
weniger als 6 mm besitzt,

wobei die Umsetzeranordnung so dimensioniert ist,
dass, wenn die Umsetzeranordnungin den Osopha-
gus eines Patienten eingesetzt ist, wobei der Ultra-
schallumsetzer (68) im Fundus des Magens positio-
niert ist, der Abschnitt der Umsetzeranordnung, der
aulerhalb des Korpers des Patienten verbleibt, eine
Masse von 250 g oder weniger und eine Léange von
70 cm oder weniger besitzt, und

wobei die Umsetzeranordnung abgedichtet ist, um
das Eintreten von Flussigkeiten zu verhindern.

Umsetzeranordnung nach Anspruch 1 oder 15, wo-
bei der zweite Verbinder (70) in eine Richtung weist,
die zur proximal-distalen Achse der Umsetzeranord-
nung etwa senkrecht ist.

Revendications

Ensemble de transducteur (60) destiné a étre utilisé
avec un systéme a ultrasons et doté d’'un ensemble
d’actionneur (80), 'ensemble d’actionneur (80) pré-
sentant un actionneur (82) actionné par I'utilisateur
et un premier connecteur (90) qui comprend (a) une
premiére interface électrique (94) et (b) un action-
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10

neur de sortie (92) relié fonctionnellement a I'action-
neur (82) actionné par I'utilisateur de telle sorte qu’un
actionnement de l'actionneur (82) par'opérateur en-
traine I'actionneur de sortie (92),

I'ensemble de transducteur (60) comprenant :

un transducteur d’ultrasons (68) disposé a une
extrémité distale de 'ensemble de transducteur
(60),

un deuxiéme connecteur (70) situé a une extré-
mité proximale de I'ensemble de transducteur
(60) et configuré pour coopérer fonctionnelle-
ment avec le premier connecteur (90), le deuxie-
me connecteur (70) présentant (a) une deuxié-
me interface électrique (74) configurée pour
coopérer fonctionnellement avec la premiére in-
terface électrique (94) lorsque le deuxieme con-
necteur (70) coopére avec le premier connec-
teur (90) et (b) un actionneur de commande (72)
configuré pour interagir fonctionnellement avec
I'actionneur de sortie (92) lorsque le deuxiéme
connecteur (70) coopére avec le premier con-
necteur (90) de telle sorte que I'actionneur de
commande (72) est actionné par I'actionneur de
sortie (92),

le deuxieme connecteur (70) étant configuré
pour permettre une coopération aisée avec le
premier connecteur (90) et son enlévement aisé
du premier connecteur (90),

un arbre flexible (62) disposé en position distale
par rapport au deuxiéme connecteur (70) et en
position proximale par rapport a I'extrémité dis-
tale, I'arbre flexible (62) présentant un trongon
de flexion (64),

un circuit qui relie fonctionnellement la deuxié-
me interface électrique (74) au transducteur
d’ultrasons (68) et

un mécanisme de flexion qui, en réaction a I'ac-
tionnement de I'actionnement de commande
(72), améne la flexion du trongon (64) de flexion,
'ensemble de transducteur (60) étant configuré
de telle sorte que lorsque le deuxiéme connec-
teur (70) coopére avec le premier connecteur
(90), des signaux de commande de transduc-
teur appliqués sur la premiére interface électri-
que (94) sont acheminés vers le transducteur
d'ultrasons (68) par I'intermédiaire de la deuxié-
me interface électrique (94) et que des signaux
qui reviennent du transducteur d’'ultrasons (68)
sont acheminés vers la premiére interface (94)
par lintermédiaire de la deuxiéme interface
électrique (74),

'ensemble de transducteur (60) étant configuré
de telle sorte que I'actionneur de commande
(72) puisse étre entrainé par I'actionneur de sor-
tie (92) lorsque le deuxiéme connecteur (70)
coopére avec le premier connecteur (90).
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Sonde d’ultrasons a connecteurs destinée a étre uti-
lisée avec un systeme d’ultrasons, la sonde d'ultra-
sons a connecteurs comprenant un ensemble d’ac-
tionneur (80) qui comprend

un actionneur (82) actionné par 'opérateur,

un premier connecteur (90) qui inclut une premiere
interface électrique (94) et un actionneur de sortie
(92), I'actionneur de sortie (92) étant relié fonction-
nellement a I'actionneur (82) actionné par ['utilisa-
teur de telle sorte qu’un actionnementde I'actionneur
(82) par I'utilisateur entraine I'actionneur de sortie
(92) et

une interface de systéeme configurée de maniere a
assurer l'interfagage avec le systéme d’ultrasons,
l'interface de systéme étant reliée fonctionnellement
a la premiére interface électrique (94) et
I'ensemble de transducteur (60) selon la revendica-
tion 1,

I'ensemble d’actionneur (80) et 'ensemble de trans-
ducteur (60) étant configurés de telle sorte que lors-
que le deuxieme connecteur (70) coopére avec le
premier connecteur (90), des signaux de commande
de transducteur appliqués sur l'interface systeme
sontacheminés vers le transducteur d’ultrasons (68)
par'intermédiaire de la premiére interface électrique
(94) et de la deuxieéme interface électrique (74) et
que des signaux qui reviennent du transducteur d’ul-
trasons (68) sontacheminés vers l'interface systeme
par l'intermédiaire de la deuxiéme interface électri-
que (74) et de la premiére interface électrique (94),
I'ensemble d’actionneur (80) et 'ensemble de trans-
ducteur (60) étant configurés de telle sorte que lors-
que le deuxieme connecteur (70) coopére avec le
premier connecteur (90), I'actionnement de I'action-
neur (82) par'utilisateur entraine I'actionneur de sor-
tie (92), de sorte que I'actionneur de sortie (92) ac-
tionne I'actionneur de commande (72) qui améne le
mécanisme de flexion a fléchir le trongon (64) de
flexion.

Ensemble de transducteur selon la revendication 1,
dans lequel I'ensemble de transducteur (60) est di-
mensionné pour exécuter une échocardiographie
transoesophagienne et le transducteur (68) est
orienté transversalement par rapport a I'axe de di-
rection proximale-distale de 'ensemble de transduc-
teur (60).

Ensemble de transducteur selon la revendication 1,
dans lequel I'ensemble de transducteur (60) est di-
mensionné pour exécuter une échocardiographie
transoesophagienne et le transducteur (68) com-
prend une batterie bidimensionnelle d’éléments.

Ensemble de transducteur selon la revendication 1,
dans lequel I'arbre flexible (62) a un diamétre infé-
rieur a 6 mm.
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Ensemble de transducteur selon la revendication 1,
dans lequel le deuxieme connecteur (70) est scellé
pour empécher la pénétration des liquides.

Ensemble de transducteur selon la revendication 1,
dans lequel I'actionneur de commande (72) com-
prend un élément rotatif et dans lequel I'actionneur
de sortie (92) comprend un autre élément rotatif qui
engage l'actionneur de commande (72) lorsque le
deuxiéme connecteur (70) coopére avec le premier
connecteur (90).

Ensemble de transducteur selon la revendication 1,
dans lequel I'actionneur de commande (72) com-
prend un tapis rotatif et 'actionneur de sortie (92)
comprend un autre tapis rotatif qui engage I'action-
neur de commande (72) lorsque le deuxiéme con-
necteur (70) coopére avec le premier connecteur
(90).

Ensemble de transducteur selon la revendication 8,
dans lequel I'actionneur de commande (72) entraine
au moins un fil de traction (65) et dans lequel le ou
les fils de traction (65) actionnent le mécanisme de
flexion.

Ensemble de transducteur selon la revendication 1,
dans lequel le deuxiéme connecteur (70) s’accroche
élastiquement sur le premier connecteur (90) et peut
étre décroché élastiquement du premier connecteur
(90).

Ensemble de transducteur selon la revendication 1,
comprenant en outre un dispositif a mémoire non
volatile qui conserve des données qui concernent
I'ensemble de transducteur.

Ensemble de transducteur selon la revendication 1,
dans lequel I'ensemble de transducteur est dimen-
sionné de telle sorte que lorsque I'ensemble de
transducteur est inséré dans I'oesophage d’un pa-
tient avec le transducteur d’ultrasons (68) placé au
fond de I'estomac, la partie de 'ensemble de trans-
ducteur qui reste a I'extérieur du corps du patient ne
géne pas une utilisation a long terme.

Ensemble de transducteur selon la revendication 1,
dans lequel I'ensemble de transducteur est dimen-
sionné de telle sorte que lorsque I'ensemble de
transducteur est inséré dans I'oesophage d’un pa-
tient avec le transducteur d’ultrasons (68) placé au
fond de I'estomac, la partie de 'ensemble de trans-
ducteur qui reste a I'extérieur du corps du patient a
une masse de 250 g ou moins.

Ensemble de transducteur selon la revendication 1,
dans lequel 'ensemble de transducteur est dimen-
sionné de telle sorte que lorsque I'ensemble de
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transducteur est inséré dans I'oesophage d’un pa-
tient avec le transducteur d’ultrasons (68) placé au
fond de I'estomac, la partie de 'ensemble de trans-
ducteur qui reste a I'extérieur du corps du patient a
une longueur de 70 cm ou moins.

Ensemble de transducteur selon la revendication 1,
dans lequel

le transducteur (68) est orienté transversalement par
rapport a I'axe d’une direction proximale-distale de
’ensemble de transducteur,

I'arbre flexible (62) présente un diamétre inférieur a
6 mm,

I'ensemble de transducteur est dimensionné de telle
sorte que lorsque I'ensemble de transducteur est in-
séré dans l'oesophage d’un patient avec le trans-
ducteur d’'ultrasons (68) placé au fond de I'estomac,
la partie de 'ensemble de transducteur qui reste a
I'extérieur du corps du patient a une masse de 250
g ou moins et une longueur de 70 cm ou moins et
'ensemble de transducteur est scellé pour empé-
cher la pénétration des liquides.

Ensemble de transducteur selon les revendications
1 ou 15, dans lequel le deuxiéme connecteur (70)
est orienté dans une direction globalement perpen-
diculaire a un axe proximal-distal de 'ensemble de
transducteur.
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FIG. 5
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FIG. 9
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