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METHOD AND SYSTEM FOR ULTRASONIC
IMAGING OF AN ORGAN IN A PATIENT’S
BODY THROUGH A PART OF THE
PATIENT’S RESPIRATORY TRACT

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part and claims
the benefit of priority to U.S. patent application Ser. No.
11/454,470, filed Jun. 16, 2006, which is a continuation-in-
part application of U.S. application Ser. No. 10/221,250, filed
Sep. 10, 2002, which claims the benefit of priority to PCT
Application No. PCT/EP00/02212, filed Mar. 10, 2000 and
European Application No. 99200703.9, filed Mar. 10, 1999,
which are incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates to a method for ultrasonic
imaging of an organ in a patient’s body through a part of the
patient’s respiratory tract.

[0004] 2. Description of Related Art

[0005] Such a method is known from WO 00/53098. This
prior art document relates to an ultrasonic imaging method
that is known as transesophageal echocardiography (TEE).
TEE has become a widely used imaging technique for evalu-
ating cardiac structure, function, and valvular anatomy. TEE
has also provided a new perspective on the thoracic aorta, and
there is growing evidence that the technique contributes valu-
able and sometimes unique information about aortic structure
and pathology.

[0006] TEE involves introducing an echo probe into the
patient’s esophagus and transmitting ultrasound waves across
the thorax in the direction of the heart and aorta. However,
visualization of the ascending aorta by internal TEE is limited
by an air structure, i.e. the trachea and main left and right
bronchi. This is due to an important physical limitation of
ultrasound: absorption of ultrasound waves. This absorption
is dependent of the medium and expressed in terms of the
“half power distance™: the distance in which half of the ultra-
sound energy will be absorbed. For water this is 360 cm, bone
0,2 cm and for air 0.06 cm. This means that in practice
ultrasound waves will not travel through bone or air.

[0007] Unfortunately, by the anatomical location of the
aorta ascendens and the upper part of the main vascular side
branches, it is difficult to view this area by TEE because the
view is obstructed by the trachea. The trachea is located
between the esophagus and the vascular tree, so all echoes are
reflected by the trachea, which is filled with air.

[0008] In order to solve this problem, WO 00/53098 pro-
poses the use of a balloon that may be arranged in the trachea
or in one of the bronchi and that may be filled with an ultra-
sonic transmission fluid, e.g. water or a saline solution in
minor concentrations. Obviously, this can only be done dur-
ing operative surgery, when the patient is mechanically ven-
tilated or on cardiopulmonary bypass, since in order to be
effective the balloon has to completely fill and block the
trachea or bronchus.

[0009] A problem which arises when trying to introduce the
balloon in the left bronchus, which is the position of choice
when visualizing the aorta ascendens, is that the flexible
catheter carrying the balloon is hard to manipulate. There-
fore, positioning the distal end ofthis flexible catheter in front
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of the left bronchus, so that the balloon may be lowered into
that bronchus, is often a matter of trial and error. Since this
positioning has to be performed during operative surgery,
when timing is often critical, there is a clear need for an
improved imaging method.

SUMMARY OF THE INVENTION

[0010] In accordance with the invention, provided is a
method for ultrasonic imaging. An inflatable member is posi-
tioned in the respiratory tract by manipulating guide means
that are attached to or integrated with the flexible catheter. By
providing the flexible catheter with dedicated guide means,
its movement through the respiratory tract may be precisely
controlled.

[0011] In a preferred variant of the method, the guide
means are passive and comprise at least one stylet. Stylets are
widely available and the skilled person is familiar with their
operation.

[0012] The stylet may have a distal end which extends
beyond the inflatable member and a proximal end which
protrudes outside the patient’s body, so that the inflatable
member may be positioned in the respiratory tract by manipu-
lating this proximal end.

[0013] Inorderto preventthe stylet from obstructing part of
the area to be imaged from view, the stylet is preferably at
least partially retracted before the ultrasonic waves are trans-
mitted from the imaging device.

[0014] In that case, it is advantageous when the proximal
end of the stylet protrudes from the catheter through a valve
member, so that the stylet may be retracted after the inflatable
member has been filled with the transmission fluid, without
the risk of fluid leaking from the system.

[0015] Ina preferred variant of the method of the invention
the styletis made from a resilient material and is preformed to
conform substantially to the intended path of the catheter
through the respiratory tract for positioning the inflatable
member before being attached to or integrated with the flex-
ible catheter. In this way the flexible catheter assumes the
shape of the stylet. If the stylet and catheter are partially
guided through an endotracheal ventilation tube they will
return to their slightly curved preformed shape when leaving
that tube, after which the distal end of the catheter carrying the
inflatable member may be easily directed to the left bronchus
by manipulating the stylet.

[0016] In another variant of the method, on the other hand,
the stylet is made from a deformable material and conforms
substantially to the respiratory tract when the flexible catheter
and inflatable member are introduced therein. In this way, the
stylet and catheter will conform to the endotracheal tube
through which they pass. After leaving the tube the material of
the stylet will maintain the curved shape into which it was
forced by the tube, so that the distal end of the catheter can
again easily be guided to its predetermined position.

[0017] In yet another variant, the stylet is made from a
resilient material and is substantially straight, so that after
passing curved parts of the respiratory tract during introduc-
tion of the flexible catheter and inflatable member therein at
least the distal end of the stylet and the catheter will run
straight. In this way the distal end will be eccentric with
respect to the endotracheal tube, which is somewhat curved.
This again facilitates positioning of the distal end of the
catheter and ultimately of the inflatable member.

[0018] It is also conceivable that a relatively short stylet is
used, which is arranged between the inflatable member and a
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distal end of the catheter, in which case the inflatable member
may be positioned in the respiratory tract by manipulating a
proximal end of the flexible catheter. By using only such a
short stylet, which will not obstruct the view through the
inflatable member, there is no need to retract the stylet before
imaging. Consequently, there is no risk of any fluid leaking
from the system, so that the valve member may be dispensed
with. This short stylet may also be either straight or preformed
in a suitable shape.

[0019] Inyetanother variant of the method of the invention
the guide means are active and comprise at least one pull wire
having a distal end that is eccentrically connected to the
flexible catheter and a proximal end connected to a pulling
member arranged outside the patient’s body, and the inflat-
able member is positioned in the respiratory tract by manipu-
lating the pulling member. The use of such a pull wire allows
a very precise positioning of the distal end of the catheter
carrying the inflatable member.

[0020] Although the wire could in principle run along the
outside of the catheter, it is preferable to arrange the wire in
the catheter, in which case its proximal end may protrude
from the catheter through a valve member. In this way the
system may be filled with fluid and vented with the wire in
place, without the risk of leaking.

[0021] The guide means may include a plurality of pull
wires that are spaced at least in peripheral direction of the
catheter, each said pull wire being connected to a respective
pulling member, so that the inflatable member may be posi-
tioned in the respiratory tract by selectively manipulating the
various pulling members. In this way the catheter may be
controlled in different directions.

[0022] The invention further relates to a system for ultra-
sonic imaging of an organ in a patient’s body through a part of
the patient’s respiratory tract with which the above method
may be performed. A prior art imaging system of this type,
which is also disclosed in WO 00/53098, includes:

[0023] an ultrasonic imaging device arranged in or on the
patient’s body,
[0024] a flexible catheter carrying at least one inflatable

member to be arranged in the respiratory tract,

[0025] means for positioning the inflatable member at a
predetermined location in the respiratory tract, and

[0026] means for filling the inflatable member with an
ultrasonic transmission fluid through the flexible catheter.
[0027] The ultrasonic imaging system of the present inven-
tion is distinguished from this prior art system in that the
positioning means comprise guide means that are attached to
or integrated with the flexible catheter. These guide means
allow the inflatable member carried by catheter to be swiftly
and easily guided to its predetermined position.

[0028] In a first preferred embodiment of the ultrasonic
imaging system of the invention the guide means may be
passive and comprise at least one stylet. As stated above, the
stylet may advantageously be arranged in the catheter and
may have a distal end which extends beyond the inflatable
member and a proximal end which protrudes from the cath-
eter.

[0029] In a further development of this embodiment, the
catheter may have a main lumen for filling the inflatable
member with the ultrasonic transmission fluid, the stylet
being arranged in this main lumen. In this way no structural
modification of the catheter is required.

[0030] Alternatively, the catheter may have a main lumen
for filling the inflatable member with the ultrasonic transmis-
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sion fluid and an additional lumen for accommodating the
stylet. This additional lumen avoids any interference between
the introduction and withdrawal of the stylet on one hand and
filling or emptying the catheter on the other.

[0031] In these embodiments the stylet may be slidably
arranged in the catheter and its proximal end may protrude
from the catheter through a valve member to prevent leakage,
as explained above.

[0032] In yet another embodiment of the ultrasonic imag-
ing system the catheter may have a main lumen for filling the
inflatable member with the ultrasonic transmission fluid and
the stylet may be fixedly arranged in a peripheral wall sur-
rounding the main lumen. In this case a very thin stylet is
used, which does not adversely affect the ultrasonic imaging
in any substantial way.

[0033] Rather than a long stylet extending over the entire
length of the catheter, the ultrasonic imaging system may
include a short stylet, which may be arranged between the
inflatable member and a distal end of the catheter. Since this
stylet does not extend across the inflatable member, it will not
interfere with the imaging. This short stylet may also be
arranged either in the main lumen, in an additional lumen or
in the peripheral wall of the catheter.

[0034] In this embodiment the distal end of the catheter
preferably includes a tip that is shaped to facilitate positioning
in the patient’s left main bronchus and the stylet is adhesively
fixed to the catheter tip. In this way the stylet and tip cooperate
to allow the inflatable member to be optimally positioned.

[0035] In yet another embodiment of the ultrasonic imag-
ing system of the invention the guide means are active and
comprise at least one wire having a distal end that is eccen-
trically connected to the flexible catheter and a proximal end
connected to a pulling member arranged outside the patient’s
body. Such a wire provides excellent guidance of the catheter
with minimum obstruction of the image.

[0036] Inorderto provide optimum control the distal end of
the pull wire is preferably connected to the flexible catheter
near a distal end thereof.

[0037] When the catheter has a main lumen for filling the
inflatable member with the ultrasonic transmission fluid and
the pull wire is arranged in the main lumen the system may be
used with a minimum of structural modifications to the cath-
eter.

[0038] Inanalternative embodiment of the ultrasonic imag-
ing system the catheter, which has a main lumen for filling the
inflatable member with the ultrasonic transmission fluid, may
have an additional lumen for accommodating the pull wire. In
this way interference between the pull wire and the transmis-
sion fluid is minimized.

[0039] Inorderto prevent fluid leakage, the proximal end of
the or each pull wire preferably protrudes from the catheter
through a valve member.

[0040] In yet another embodiment of the system the cath-
eter has a main lumen for filling the inflatable member with
the ultrasonic transmission fluid and the pull wire is fixedly
arranged in a peripheral wall surrounding the main lumen, so
that no valve member is required.

[0041] When the ultrasonic imaging system comprises a
plurality of pull wires having their distal ends eccentrically
connected to the flexible catheter, the pull wires being spaced
atleast in peripheral direction of the catheter, the catheter may
be controlled in different directions.
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[0042] Finally, the invention relates to an assembly of a
flexible catheter carrying at least one inflatable member posi-
tioning means for use in the ultrasonic imaging system as
described above.

[0043] These and other features and characteristics of the
present invention, as well as the methods of operation and
functions of the related elements of structures and the com-
bination of parts and economies of manufacture, will become
more apparent upon consideration of the following descrip-
tion and the appended claims with reference to the accompa-
nying drawings, all of which form a part of this specification.
It is to be expressly understood, however, that the drawings
are for the purpose of illustration and description only and are
not intended as a definition of the limits of the invention. As
used in the specification and the claims, the singular form of
“a”, “an”, and “the” include plural referents unless the context
clearly dictates otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] FIG.11is apartial sectional view of a patient’s upper
body showing the ultrasonic imaging system of the invention
during visualization of an organ;

[0045] FIG. 2 is a schematic view of a first embodiment of
the ultrasonic imaging system of the invention, including a
full length stylet, showing the inflatable member filled with
transmission fluid;

[0046] FIG. 3 is a detailed, enlarged scale view of the
encircled area III in FIG. 2;

[0047] FIG. 4 is a schematic view on an exaggerated scale
of the distal end of the flexible catheter according to a first
embodiment of the invention;

[0048] FIG. 5 is a schematic view on an exaggerated scale
ofthe distal end of the flexible catheter according to a second
embodiment of the invention;

[0049] FIG. 6 is a schematic view on an exaggerated scale
of the distal end of the flexible catheter according to a third
embodiment of the invention;

[0050] FIGS. 7A to 7C are cross-sectional views of the
catheter, showing the various possibilities for accommodat-
ing the full length stylet;

[0051] FIG. 8is adetailed, enlarged scale view of the distal
end of the catheter in a fourth embodiment of the invention,
including a short stylet;

[0052] FIG.9 is a schematic view of a fifth embodiment of
the ultrasonic imaging system of the invention, including a
pull wire;

[0053] FIG. 10 is a detailed, enlarged scale view of the
encircled area X in FIG. 9;

[0054] FIG. 11 is a detailed, enlarged scale view of the
distal end of the catheter in the fifth embodiment; and
[0055] FIGS.12A and 12B are cross-sectional views of the
catheter, showing the various possibilities for accommodat-
ing the pull wire.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0056] For purposes of the description hereinafter, the
terms “upper”, “lower”, “right”, “left”, “vertical”, “horizon-
tal”, “top”, “bottom”, “lateral”, “longitudinal” and deriva-
tives thereof shall relate to the invention as it is oriented in the
drawing figures. However, it is to be understood that the
invention may assume various alternative variations and step

sequences, except where expressly specified to the contrary. It
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is also to be understood that the specific devices and processes
illustrated in the attached drawings, and described in the
following specification, are simply exemplary embodiments
of'the invention. Hence, specific dimensions and other physi-
cal characteristics related to the embodiments disclosed
herein are not to be considered as limiting.

[0057] TItisto be understood that the invention may assume
various alternative variations and step sequences, except
where expressly specified to the contrary. It is also to be
understood that the specific devices and processes illustrated
in the attached drawings, and described in the following
specification, are simply exemplary embodiments of the
invention.

[0058] A method for ultrasonic imaging of an organ in a
patient’s body 1, in particular the heart or the aorta 2, through
a part of the patient’s respiratory tract 3, comprises the fol-
lowing steps.

[0059] First an ultrasonic imaging device 4, for instance an
echo probe, is arranged in or on the patient’s body 1. In the
shown embodiment, the echo probe 4, which is carried on a
flexible catheter 9, is introduced into the patient’s esophagus
5 (FIG. 1). Then another flexible catheter 6 carrying an inflat-
able member 7 is introduced into the respiratory tract 3. The
inflatable member 7 is positioned at a predetermined location
in the respiratory tract 3. When the organ to be imaged is the
ascending aorta 2, the predetermined position will be in the
top part of the left bronchus 8.

[0060] Inactual practice, the flexible catheter 6 carrying the
inflatable member 7 will be guided through the patient’s
trachea 16 by first introducing an endotracheal tube 17 into
the trachea 16. This tube 17 is somewhat stiffer than the
catheter 6 and therefore easier to control. The catheter 6 is
then inserted in the endotracheal tube 17. After leaving the
endotracheal tube 17 the distal end 13 of'the catheter 6 and the
inflatable member 7 are guided into the left bronchus 8.
[0061] Afterthe inflatable member 7 has been positioned, it
is filled with an ultrasonic transmission fluid F through the
flexible catheter 6. The fluid F is injected into the catheter 6 by
means of a syringe (not shown), which is connected to a fill
connector 20 at the end of a fill line 21 (FIG. 2). This fill line
21 in turn is connected to a proximal end 22 of the catheter 6
through a trident connector 23 (FIG. 3). The degree of filling
of the inflatable member 7 may be visually determined by
monitoring a pilot balloon 24, which is arranged at the end of
a pilot line 25. This pilot line 25 is also connected to the
catheter 6 through the trident connector 23.

[0062] When the degree of inflation of the pilot balloon 24
indicates that the inflatable member 7 has been filled to such
an extent that it completely covers the entire cross-sectional
area of the left bronchus 8, so that no air is present between the
echo probe 4 and the organ 2 to be imaged, the echo probe 4
is activated. Ultrasonic waves are then transmitted from the
echo probe 4 through the transmission fluid F in the inflatable
member 7 to the ascending aorta 2. Reflections from the aorta
2 are received at the echo probe 4 and transmitted through a
line running through the catheter 9 to a processing and display
apparatus, which does not form part of the present invention
and is not shown here.

[0063] Due to the presence of the inflatable member 7 that
is filled with the transmission fluid F, e.g. water or a saline
solution in minor concentrations, the ultrasonic waves can
travel pass the respiratory tract 3 with virtually no absorption.
Consequently, very good ultrasound images of the aorta 2
may be obtained. Obviously, this can only be done during
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operative surgery, when the patient is mechanically ventilated
or on cardiopulmonary bypass, since in order to be effective
the inflatable member 7 has to completely fill and block the
left bronchus 8.

[0064] In order to properly visualize the aorta it is impor-
tant that the inflatable member 7 be positioned in precisely the
right location. In accordance with the present invention the
inflatable member 7 is positioned in the respiratory tract by
manipulating guide means 10 that are attached to or inte-
grated with the flexible catheter 6.

[0065] In a first embodiment these guide means 10 are
passive and include a stylet 11 that extends over the entire
length of the flexible catheter 6. A distal end 12 of the stylet 11
extends beyond the inflatable member 7 to a distal end 13 of
the catheter 6. A proximal end 14 of the stylet 11 protrudes
from the proximal end 22 of the catheter 6 outside the
patient’s body 1 and extends into the center prong of the
trident connector 23. This center prong is closed by a cap 15
carrying a valve member 26, the function of which will be
described below. This arrangement allows the inflatable
member 7 to be swiftly and accurately positioned in the
respiratory tract 3, since the presence of the stylet 11 adds
stiffness to the flexible catheter 6, thus improving directional
control and predictability of the movement.

[0066] There are various possibilities for accommodating
the full length stylet 11 in the catheter 6. In a first variant,
which is structurally simple, the catheter 6 has a main lumen
27 for filling the inflatable member 7 with the ultrasonic
transmission fluid F and the stylet 11 is arranged in the main
lumen 27 (FIG. 7A). Alternatively, the catheter 6 may have a
main lumen 27 for the ultrasonic transmission fluid F and an
additional lumen 28 for accommodating the stylet 11 (FIG.
7B). In this way the stylet 11 does not interfere with the fluid
supply function of the catheter 6.

[0067] In order to prevent the full length stylet 11 from
obstructing part of the area to be imaged from view, it has to
be at least partially retracted before the ultrasonic waves are
transmitted from the imaging device 4. To that end the stylet
11 may be slidably arranged in either the main lumen 27 or the
additional lumen 28. Although for proper imaging it would be
sufficient to withdraw the stylet 11 only so far that its distal
end 12 is on the proximal side of the inflatable member 7, in
actual practice the stylet 11 will be completely withdrawn
from the catheter 6, since it has served its purpose when the
inflatable member 7 has been properly positioned. To allow
the stylet 11 to be retracted after the inflatable member 7 has
been filled with the transmission fluid F, without the risk of
fluid F leaking from the system, the proximal end 14 of the
stylet 11 protrudes from the catheter 6 through a valve mem-
ber 26. In the illustrated embodiment this valve member 26 is
a one-way valve that is arranged in the center prong of the
trident connector 23.

[0068] Alternatively, the stylet 11 may be fixedly arranged
in a peripheral wall 29 surrounding the main lumen 27 of the
catheter 6 (FIG. 7C). In this case a very thin stylet 11A is used,
which does not adversely affect the ultrasonic imaging in any
substantial way, and which therefore does not have to be
retracted. This thin stylet 11 A may be fixedly arranged in the
catheter wall 29.

[0069] There are various possibilities for the stylet 11 and
the catheter 6 carrying the inflatable member 7 to be guided to
the predetermined position in e.g. the left bronchus 8.
[0070] In the illustrated embodiment the stylet 11 is made
from a resilient material and is substantially straight. Conse-
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quently, the stylet 11 will always try to assume its original
straight shape. When the flexible catheter 6 and the stylet 11
are guided through the endotracheal tube 17, which itself
follows the curvature of the trachea 16, they will have to
follow the curvature of the tube 17 as well. However, after
leaving the distal end 18 of the endotracheal tube 17 the stylet
11 will return to its straight shape due to its resiliency. The
part of the stylet 11 and the catheter 6 protruding from the
distal end 18 of the tube 17 will therefore enclose an angle
with an imaginary extension of the centerline C, of the tube
17. Consequently, rotating the proximal end 14 of the stylet
11 will lead to the distal end 12 describing a circular motion,
which facilitates positioning of the distal end 13 of the cath-
eter 6 at the entrance of the left bronchus 8 (FIG. 4).

[0071] Inan alternative embodiment the stylet 111 is made
from a resilient material and is preformed to conform sub-
stantially to the intended path of the catheter 106 through the
respiratory tract 3. Preforming the stylet 111 may advanta-
geously be done before it is attached to or integrated with the
flexible catheter 106. In this way the catheter 106 assumes the
shape of the stylet 111. When the flexible catheter 106 and the
stylet 111 are guided through the endotracheal tube 117,
which has less curvature than the stylet 111, they will be
straightened somewhat. However, after leaving the distal end
118 of the endotracheal tube 117 the stylet 111 will return to
its curved shape due to its resiliency, again extending under an
angle with respect to the extension of the centerline C; of the
tube 117. Therefore, also in this embodiment rotating the
proximal end 114 of the stylet 111 will result in a circular
motion of its distal end 112, thus allowing the distal end 113
of'the catheter 106 to be positioned at the entrance of the left
bronchus 8 (FIG. 5).

[0072] Inathird embodiment the stylet 211 is made from a
deformable material. In this way, the stylet 211 will conform
to the respiratory tract 3, or to the endotracheal tube 217,
when the flexible catheter 206 including this stylet 211 passes
through the trachea 16. After leaving the tube 217 the material
of'the stylet 211 will maintain the curved shape into which it
was forced. Consequently, the distal end 213 of the catheter
206 will form a continuation of the curvature of the tube 217,
so that it can again easily be guided to its predetermined
position at the entrance of the left bronchus 8 (FIG. 6) by
manipulating the proximal end of the stylet 211.

[0073] In yet another embodiment, the ultrasonic imaging
system may include a short stylet 311, which may be arranged
between the inflatable member 307 and the distal end 313 of
the catheter 306 (FIG. 8), rather than a full length stylet. Since
this short stylet 311 does not extend across the inflatable
member 307, it will not interfere with the imaging and there
is no need to retract it. The distal end 313 of the catheter 306
includes a tip 330 that is shaped to facilitate positioning in the
patient’s left main bronchus 8 and the stylet 311 is adhesively
fixed to the catheter tip 330. In this way the stylet 311 and tip
330 cooperate to allow the inflatable member 307 to be opti-
mally positioned.

[0074] Since the stylet 311 does not extend beyond the
distal end of the inflatable member 307, this embodiment will
not have any part extending outside the patient’s body 1.
Positioning of the catheter 306 and the inflatable member 307
is done by manipulating the proximal end of the catheter 306.
And since this stylet 311 does not have to be retracted from
the catheter 306, there is no need for a special valve means.

[0075] Inanother main embodiment of the ultrasonic imag-
ing system of the invention the guide means 410 comprise a
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wire 431 rather than a stylet. A distal end 432 of the wire 431
is eccentrically connected to the flexible catheter 406 and a
proximal end 433 of the wire 431 is connected to a pulling
member 434 arranged outside the patient’s body 1 (FIG. 9).
The wire 431, which is very thin, provides excellent guidance
of the catheter 406 with minimum obstruction of the image.
The inflatable member 407 is positioned in the respiratory
tract 3 by manipulating the pulling member 434. By pulling
on the wire 431, its effective length within the catheter 406
will decrease. Since the wire 431 is eccentrically attached to
the catheter 406, shortening of the wire 431 will lead to the
catheter 406 assuming a curved shape, at least in the vicinity
of the point where the wire 431 is attached. In the illustrated
embodiment this attachnient point is located near the distal
end 413 of the catheter 406. This location allows optimum
control of the catheter 406.

[0076] In this embodiment the inflatable member 407 is
again filled by means of a syringe which may be connected to
a fill connector 420 at the end of a fill line 421. This fill line
421 is again connected to the catheter 406 through a trident
connector 423, in this case through the center prong thereof.
Also connected to the trident connector 423 is a pilot line 425
carrying a pilot balloon 424. Finally, the proximal end of the
wire 431 is guided through the third prong of the trident
connector 423. In order to prevent fluid leakage, the proximal
end 433 of the pull wire 431 protrudes from this third prong
through a valve member, in particular a one-way valve 426
(FIG. 10).

[0077] There are various possibilities for accommodating
the pull wire 431 in the catheter 406. The pull wire 431 may
be accommodated in the main lumen 427 of the catheter 406
(FIG. 11). This has the advantage of that the use of the guide
means 410 entails a minimum of structural modifications.
Alternatively, the catheter 406 may have an additional lumen
428 for accommodating the pull wire 431, besides the main
lumen 427 for filling the inflatable member 407 with the
ultrasonic transmission fluid F (FIG. 12A). In this way inter-
ference between the pull wire 431 and the transmission fluid
F is again minimized.

[0078] Instead of just a single pull wire, the ultrasonic
imaging system may comprise a plurality of pull wires 431A
(FIG. 12B), which are spaced in the peripheral direction of the
catheter 406. This allows the catheter 406 to be controlled in
different directions by manipulating the various pull wires
431. Additionally or alternatively, the distal ends of the vari-
ous wires 431 A may also be spaced in lengthwise direction of
the catheter 406 to further improve controllability of the
catheter 406.

[0079] Thus, the invention provides a method and a system
with which an inflatable member that is to be filled with an
ultrasound transmission fluid may be swiftly and accurately
brought into a predetermined position within the respiratory
tract of a patient. This in turn allows certain parts of the
circulatory system, in particular the heart or aorta, to be
visualized through the respiratory tract, using an imaging
device that is arranged in the patient’s esophagus, thus pro-
viding valuable information during operative surgery.
[0080] Although the invention has been described in detail
for the purpose of illustration based on what is currently
considered to be the most practical and preferred embodi-
ments, it is to be understood that such detail is solely for that
purpose and that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover modi-
fications and equivalent arrangements that are within the
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spirit and scope of the appended claims. For example, it is to
be understood that the present invention contemplates that, to
the extent possible, one or more features of any embodiment
can be combined with one or more features of any other
embodiment.

The invention claimed is:

1. A method for ultrasonic imaging of an organ in a
patient’s body through a part of the patient’s respiratory tract,
comprising:

arranging an ultrasonic imaging device in or on the

patient’s body;

introducing a flexible catheter carrying at least one inflat-

able member into the respiratory tract;

positioning the inflatable member at a predetermined loca-

tion in the respiratory tract;
filling the inflatable member with an ultrasonic transmis-
sion fluid through the flexible catheter; and

transmitting ultrasonic waves from the imaging device
through the transmission fluid in the inflatable member
to the organ to be imaged,

wherein the inflatable member is positioned in the respira-

tory tract by manipulating guide means that are attached
to or integrated with the flexible catheter.

2. The method of claim 1, wherein the guide means are
passive and comprise at least one stylet.

3. The method of claim 2, wherein the stylet has a distal end
which extends beyond the inflatable member and a proximal
end which protrudes outside the patient’s body.

4. The method of claim 3, wherein the stylet is at least
partially retracted before the ultrasonic waves are transmitted
from the imaging device.

5. The method of claim 4, wherein the proximal end of the
stylet protrudes from the catheter through a valve member,
and wherein the stylet is retracted after the inflatable member
has been filled with the transmission fluid.

6. The method of claim 2, wherein the stylet is made from
aresilient material and is preformed to conform substantially
to the intended path of the catheter through the respiratory
tract for positioning the inflatable member before being
attached to or integrated with the flexible catheter.

7. The method of claim 2, wherein the stylet is made from
a deformable material and conforms substantially to the res-
piratory tract when the flexible catheter and inflatable mem-
ber are introduced therein.

8. The method of claim 2, wherein the stylet is made from
a resilient material and is substantially straight, so that after
passing curved parts of the respiratory tract during introduc-
tion of the flexible catheter and inflatable member therein at
least the distal end of the stylet and the catheter will run
straight.

9. The method of claim 2, wherein the stylet is arranged
between the inflatable member and a distal end of the catheter,
and wherein the inflatable member is positioned in the respi-
ratory tract by manipulating a proximal end of the flexible
catheter.

10. The method of claim 1, wherein the guide means are
active and comprise at least one pull wire having a distal end
that is eccentrically connected to the flexible catheter and a
proximal end connected to a pulling member arranged out-
side the patient’s body, and wherein the inflatable member is
positioned in the respiratory tract by manipulating the pulling
member.
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11. The method of claim 10, wherein the wire is arranged in
the catheter and its proximal end protrudes from the catheter
through a valve member.

12. The method of claim 10, wherein the guide means
comprise a plurality of pull wires that are spaced at least in a
peripheral direction of the catheter, each said pull wire being
connected to a respective pulling member, and wherein the
inflatable member is positioned in the respiratory tract by
selectively manipulating the various pulling members.

13. A system for ultrasonic imaging of an organ in a
patient’s body through a part of the patient’s respiratory tract,
comprising:

an ultrasonic imaging device arranged in or on the patient’s

body;

a flexible catheter carrying at least one inflatable member

to be arranged in the respiratory tract;

means for positioning the inflatable member at a predeter-

mined location in the respiratory tract; and

means for filling the inflatable member with an ultrasonic

transmission fluid through the flexible catheter,
wherein the positioning means comprise guide means that
are attached to or integrated with the flexible catheter.

14. The ultrasonic imaging system of claim 13, wherein the
guide means are passive and comprise at least one stylet.

15. The ultrasonic imaging system of claim 14, wherein the
stylet is arranged in the catheter and has a distal end which
extends beyond the inflatable member and a proximal end
which protrudes from the catheter.

16. The ultrasonic imaging system of claim 15, wherein the
catheter has a main lumen for filling the inflatable member
with the ultrasonic transmission fluid, and wherein the stylet
is arranged in the main lumen.

17. The ultrasonic imaging system of claim 15, wherein the
catheter has a main lumen for filling the inflatable member
with the ultrasonic transmission fluid and an additional lumen
for accommodating the stylet.

18. The ultrasonic imaging system of claim 15, wherein the
stylet is slidably arranged in the catheter and its proximal end
protrudes from the catheter through a valve member.

19. The ultrasonic imaging system of claim 15, wherein the
catheter has a main lumen for filling the inflatable member
with the ultrasonic transmission fluid and wherein the stylet is
fixedly arranged in a peripheral wall surrounding the main
lumen.

20. The ultrasonic imaging system of claim 15, wherein the
stylet is made from a resilient material.

21. The ultrasonic imaging system of claim 20, wherein the
stylet is preformed to conform substantially to the intended
path of the catheter through the respiratory tract.

22. The ultrasonic imaging system of claim 20, wherein the
stylet is substantially straight.
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23. The ultrasonic imaging system of claim 15, wherein the
stylet is made from a deformable material.

24. The ultrasonic imaging system of claim 14, wherein the
stylet is arranged between the inflatable member and a distal
end of the catheter.

25. The ultrasonic imaging system of claim 24, wherein the
distal end of the catheter includes a tip that is shaped to
facilitate positioning in the patient’s left main bronchus and
the stylet is adhesively fixed to the catheter tip.

26. The ultrasonic imaging system of claim 13, wherein the
guide means are active and comprise at least one wire having
a distal end that is eccentrically connected to the flexible
catheter and a proximal end connected to a pulling member
arranged outside the patient’s body.

27. The ultrasonic imaging system of claim 26, wherein the
distal end of the pull wire is connected to the flexible catheter
near a distal end thereof.

28. The ultrasonic imaging system of claim 26, wherein the
catheter has a main lumen for filling the inflatable member
with the ultrasonic transmission fluid and wherein the pull
wire is arranged in the main lumen.

29. The ultrasonic imaging system of claim 26, wherein the
catheter has a main lumen for filling the inflatable member
with the ultrasonic transmission fluid and an additional lumen
for accommodating the pull wire.

30. The ultrasonic imaging system of claim 28, wherein the
proximal end of the pull wire protrudes from the catheter
through a valve member.

31. The ultrasonic imaging system of claim 26, wherein the
catheter has a main lumen for filling the inflatable member
with the ultrasonic transmission fluid and wherein the pull
wire is fixedly arranged in a peripheral wall surrounding the
main lumen.

32. The ultrasonic imaging system of claim 26, further
comprising a plurality of pull wires having their distal ends
eccentrically connected to the flexible catheter, the guide
wires being spaced at least in a peripheral direction of the
catheter.

33. An assembly of a flexible catheter carrying at least one
inflatable member to be arranged in the respiratory tract of a
patient and means for positioning the inflatable member at a
predetermined location in the respiratory tract, wherein the
positioning means comprise guide means that are attached to
or integrated with the flexible catheter, for use in the ultra-
sonic imaging system of claim 13.
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