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7) ABSTRACT

An apparatus and method for holding and manipulating a
miniaturized ultrasound transducer includes a flexible
member, a retaining member, and a control member. The
miniaturized ultrasound transducer is mounted on the flex-
ible member proximate a distal end of the flexible member.
The retaining member retains the flexible member proximate
the distal end of the flexible member. The control member is
coupled to the retaining member and is operable to move the
retained flexible member and ultrasound transducer to opti-
mize ultrasound visualization.
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APPARATUS AND METHOD OF HOLDING
AND MANIPULATING SMALL
ULTRASOUND TRANSDUCERS

RELATED APPLICATION

This application claims the benefit of Provisional
Application, U.S. Serial No. 60/186,536, filed on Mar. 2,
2000, entitled “CONTROL DEVICES FOR MANIPULA-
TION OF SMALL SURGICAL ULTRASOUND
TRANSDUCERS”, by James B. Seward and Charles J.
Bruce, which is incorporated herewith by reference.

FIELD OF THE INVENTION

The present invention relates to ultrasound transducers,
and more particularly, to apparatus and method of holding
and manipulating small or minute ultrasound transducers.

BACKGROUND OF THE INVENTION

Ultrasound is a ubiquitous technology capable of obtain-
ing images, assessing functions, measuring hemodynamics,
characterizing tissues, visualizing fluid flows, etc. One of the
major attributes of ultrasound is its safety, adaptability, low
cost, and high spatial and temporal resolution.

As less invasive surgical techniques evolve and the com-
plexity of such procedures increases, direct alternative imag-
ing and control of an event becomes essential. Today,
ultrasound is one of the most practical energy sources that
can be formulated into small usable devices capable of being
manipulated within a surgical environment. Ultrasound can
be used as a visual substitute within the opaque confines of
body cavities and tissues. Ultrasound vision provides an
immediate imaging solution to evaluate the intended result
of an intervention.

As a result, ultrasound technology has evolved to be one
of the most commonly employed imaging modalities in
medical practice. Recent advances include the development
of sophisticated multi-array devices, which are of small
caliber typically attached by flexible electronics to a fully
complemented ultrasound system. Until recently, the appli-
cations of small interventional ultrasound transducers have
been principally confined to endoscopic applications. Endo-
scopic devices are rigid or semi-regid scopes, inserted
through ports into body cavities (such as esophageal,
rectum, vagina, etc.) or vessels. Such devices are rigid
enough to be manipulated by hand or self-contained mecha-
nisms.

However, miniaturized or small ultrasound transducer
devices are still a recent advent and intend to incorporate
ultrasound attributes, such as Doppler, color flow imaging,
parametrics, etc. These ultrasound transducer devices are of
small caliber, flexible, and incapable of having sufficient
internal control. The use of very small caliber ultrasound
devices within a body cavity, e.g. a surgical field, has not
been previously feasible. There are at least three principal
reasons for this reality. Firstly, most early ultrasound devices
and transducers were too large or too rigid to accommodate
manual and/or digital manipulation within the surgical field
or within the appropriate body cavity. Secondly, it is very
difficult to control a small or minute transducer. Thirdly,
there is insufficient means of controlling the small transduc-
ers in the moist confines of a body cavity.

Currently, in a surgery involving the use of ultrasound
imaging, a primary surgical physician rarely personally uses
ultrasound imaging. Typically, a separate physician outside
the immediate surgical environment performs the ultrasound
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examination. This second physician monitors changes in
anatomy, physiology, and procedural outcome and commu-
nicates these observations to the primary physician. The
primary physician is dependent on a disconnected, and
sometimes, unpredictable or unreliable resource. It is desir-
able to have the primary physician use an imaging device
suited for its own specific needs.

Accordingly, there is a need for means of controlling a
small ultrasound device, which would allow one to easily
manipulate such device in an underfluid environment, par-
ticularly in the moist confines of a body cavity. Also, there
is a need for a versatile, inexpensive means of controlling
such a small device.

SUMMARY OF THE INVENTION

In accordance with this invention, the above and other
problems were solved by providing an apparatus and method
for holding and manipulating a miniaturized ultrasound
transducer.

In one embodiment of the present invention, the apparatus
includes: a flexible member, a retaining member, and a
control member. The miniaturized ultrasound transducer is
mounted on the flexible member proximate a distal end of
the flexible member. The flexible member can be a catheter
or other types of thin tube carriers. The retaining member
retains the flexible member proximate the distal end of the
flexible member. The control member is coupled to the
retaining member and is operable to move the retained
flexible member and the ultrasound transducer to optimize
ultrasound visualization.

Further in one embodiment, the retaining member is a clip
having a C-shape. The clip retains the flexible member. The
control member is a clip having a C-shape. An operator’s
finger is clipped onto the control member. The backsides of
the C-shaped retaining member and control member are
integral to each other. The operator’s finger controls the
movements of the flexible member and the ultrasound
transducer mounted thereon.

In another embodiment of the present invention, the
retaining member is a semi-rigid tube. The flexible member
is inserted through and retained by the semi-regid tube, and
the ultrasound transducer is exposed at an end of the
semi-rigid tube. The control member includes a plurality of
handles and an articulation mechanism. The articulation
mechanism is connected to the handles and the flexible
member, and the handles are operable to control the move-
ments of the flexible member and the ultrasound transducer.

In another embodiment of the present invention, the
retaining member is a hollow tube. The flexible member is
inserted through and retained by the hollow tube, and the
ultrasound transducer is exposed at an end of the hollow
tube. The control member includes a multi-faceted articu-
lated joint and a handle. The handle is connected to the
multi-faceted articulated joint and is operable to control the
positions of the flexible member and the ultrasound trans-
ducer.

In another embodiment of the present invention, the
retaining member includes a hollow tube, a handle, a rigid
shaft, and a clip. The flexible member is inserted through the
hollow tube within the handle and is held in position by the
clip affixed to the rigid shaft. The control member includes
a trigger mechanism having a trigger and a deflecting cable
or wire. The deflecting cable or wire is connected to the
flexible member and the trigger. The trigger is operable to
control the movements of the flexible member and ultra-
sound transducer.
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In another embodiment of the present invention, the
retaining member is a clip having a C shape. The flexible
member is inserted into the clip. The control member also
includes a pair of suture holes for fixing the retaining
member onto a surface. The flexible member is reposition-
able and/or rotatable within the clip so as to move the
ultrasound transducer at will.

One advantage of the present invention is that it allows
one to hold and manipulate a very small ultrasound
transducer, particularly within a moist surgical field.

Another advantage of the present invention is that it
accommodates surgeon’s needs, such as the size of a sur-
geon’s hand, etc., and surgeon’s ability to reach a specific
location and function in an underfluid environment.

A further advantage of the present invention is that it
empowers an operator, e.g. a surgeon, to personally and
interactively assess the status and result of the operation
without having a second operator to perform a separate
examination and communicate the results to the operator.
Accordingly, the operator is able to assess a personal status
and result, thereby giving the imaging capability to the
hands of an actual person who performs intervention.

These and various other advantages and features of nov-
elty which characterize the invention are pointed out with
particularity in the claims annexed hereto and form a part
hereof. However, for a better understanding of the invention,
its advantages, and the objects obtained by its use, reference
should be made to the drawings which form a further part
hereof, and to accompanying descriptive matter, in which
there are illustrated and described specific examples of an
apparatus in accordance with the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the drawings in which like reference
numbers represent corresponding parts throughout:

FIG. 1 is a perspective view of a first embodiment of an
apparatus for holding and manipulating a miniaturized ultra-
sound transducer in accordance with the principles of the
present invention, the apparatus being operated by an opera-
tor’s finger.

FIG. 2 is a perspective view of the apparatus of FIG. 1
without showing the operator’s finger or the flexible member
with the ultrasound transducer mounted thercon.

FIG. 3 is a front elevational view of the apparatus of FIG.
1 without showing the operator’s finger or the flexible
member with the ultrasound transducer mounted thereon.

FIG. 4 is another perspective view of the apparatus of
FIG. 1 without showing the operator’s finger or the flexible
member with the ultrasound transducer mounted thereon.

FIG. 5 is a perspective view of a second embodiment of
an apparatus for holding and manipulating a miniaturized
ultrasound transducer in accordance with the principles of
the present invention.

FIG. 6 is another perspective view of the apparatus of
FIG. 5.

FIG. 7 is a perspective view of the apparatus of FIG. 5
showing an internal articulation mechanism.

FIG. 8 is a cross-sectional view of the apparatus of FIG.
7 along line 8—8.

FIG. 9 is a top view of the apparatus of FIG. 5 showing
different operational positions of the apparatus.

FIG. 10 is a side view of the apparatus of FIG. 5 showing
different operational positions of the apparatus.

FIG. 11 is a partial perspective view of a third embodi-
ment of an apparatus for holding and manipulating a min-
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iaturized ultrasound transducer in accordance with the prin-
ciples of the present invention.

FIG. 12 is a top view of the apparatus of FIG. 11 showing
different operational positions of the apparatus.

FIG. 13 is a side view of the apparatus of FIG. 11 showing
different operational positions of the apparatus.

FIG. 14 is a front view of the apparatus of FIG. 11
showing different operational positions of the apparatus.

FIG. 15 is a side view of a fourth embodiment of an
apparatus for holding and manipulating a miniaturized ultra-
sound transducer in accordance with the principles of the
present invention.

FIG. 16 is an enlarged partial side view of the apparatus
of FIG. 15 showing different operational positions of the
apparatus.

FIG. 17 is a perspective view of a fifth embodiment of an
apparatus for holding and manipulating a miniaturized ultra-
sound transducer in accordance with the principles of the
present invention.

FIG. 18 is a front view of the apparatus of FIG. 17.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the following description of the illustrated
embodiments, reference is made to the accompanying draw-
ings that form a part hereof, and in which is shown by way
of illustration several embodiments in which the invention
may be practiced. It is to be understood that other embodi-
ments may be utilized as structural changes may be made
without departing from the spirit and scope of the present
invention.

The present invention provides an apparatus for holding
and manipulating a miniaturized ultrasound transducer.

FIGS. 14 illustrate a first embodiment of an apparatus 40
for holding and manipulating a miniaturized ultrasound
transducer 42 in accordance with the principles of the
present invention.

In FIG. 1, the apparatus 40 includes a flexible member 44,
a retaining member 46, and a control member 48. The
miniaturized ultrasound transducer 42 is mounted on the
flexible member 44 proximate a distal end 50 of the flexible
member 44. The retaining member 46 retains the flexible
member 44 proximate the distal end 50 of the flexible
member 44. The control member 48 is coupled to the
retaining member 46 and is operable to move the retained
flexible member 44 and ultrasound transducer 42 to optimize
ultrasound visualization. As shown, the apparatus 40 is
operated by an operator’s finger 52 in a bent position (in
solid lines) and a straight position (in phantom lines).

It is appreciated that the operator’s finger can control the
movements of the flexible member 44 and ultrasound trans-
ducer 42 mounted thereon in many other positions to opti-
mize ultrasound visualization. Accordingly, the operator is
capable of holding the ultrasound transducer 42 in a desired
position and manipulating the ultrasound transducer 42 to
reach a specific location.

In FIGS. 24, the apparatus 40 is shown without showing
the operator’s finger 52 or the flexible member 44 with the
ultrasound transducer 42 mounted thereon. As shown, the
retaining member 46 is a clip having a C-shape or a ring-like
structure. The clip 46 secures the flexible member 44 and the
ultrasound transducer 42. The control member 48 is also a
clip having a C-shape or a ring-like structure. The operator’s
finger can be clipped onto the control member 48. The
backsides of the C-shaped retaining member 46 and control
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member 48 are integral to each other. The operator’s finger
52 controls the movements of the flexible member 44 and
the ultrasound transducer 42 mounted thereon.

An exemplary use of the apparatus 40 is shown in FIG. 1.
The control member 48 snaps onto the distal phalanx of the
finger 52 of the operator. The retaining member 46 secures
the flexible member 44 and the ultrasound transducer 42 in
position so that an imaging surface 54 of the ultrasound
transducer 42 is not blocked or covered, and the apparatus
40 is firmly apposed to the articulating finger 52.

FIGS. 5-10 illustrate a second embodiment of an appa-
ratus 56 for holding and manipulating a miniaturized ultra-
sound transducer in accordance with the principles of the
present invention.

In FIG. 5, the apparatus 56 includes a flexible member 58,
a retaining member 60, and a control member 62. The
miniaturized ultrasound transducer 64 is mounted on the
flexible member 58 proximate a distal end 66 of the flexible
member 58. The retaining member 60 retains the flexible
member 58. The control member 62 is coupled to the
retaining member 60 and is operable to move the retained
flexible member 38 and the ultrasound transducer 64 to
optimize ultrasound visualization. As shown, the apparatus
56 is operated by a plurality of handles 684, b, ¢ and an
articulation mechanism 69.

As shown in FIGS. 5-10, the retaining member 60 is a
semi-rigid tube, e.g. relatively more rigid than the flexible
member 58. The flexible member 58 is inserted through and
retained by the retaining member 60, and the ultrasound
transducer 64 is exposed at an end 70 of the retaining
member 60. The control member 62 includes the plurality of
handles 684, b, ¢, and the articulation mechanism 69. The
articulation mechanism 69 is connected to the handles 684,
b, ¢ and the flexible member 58, and the handles are operable
to control the movements of the flexible member 58 and the
ultrasound transducer 64.

The articulation mechanism 69 can be any conventional
mechanism known to the mechanical art. For example, the
articulation mechanism 69 may include a plurality of
deflecting wires 72 wherein one end of a deflecting wire 72
is attached to the corresponding handle, and the other end of
the deflecting wire 72 is attached to the retaining member 60
proximate at the end 70 of the retaining member 60 or the
flexible member 58. The handles 68a, b, ¢, are configured
and arranged to pull the deflecting wires 72. As a result, the
retaining member 60 bends toward a specific direction. As
shown in FIGS. 9 and 10, when the handles 684, b, ¢ pull the
deflecting wires 72 in different ways, the flexible member 58
and the ultrasound transducer 64 bend towards different
directions to optimize ultrasound visualization.

As shown in FIG. 8, the deflecting wires 72 of the
articulation mechanism 69 are inserted through and are
retained within the retaining member 60. It is appreciated
that the articulation mechanism can be implemented in a
variety of ways without departing from the principles of the
present invention. For example, more than one deflecting
wires can be attached to one handle, etc. It is also appreci-
ated that the control member 62 may include more or less
number of handles, or the handles may be placed in different
positions to obtain other orientations, within the scope of the
present invention.

In an exemplary use of the apparatus 56, one would place
the fingers at the handles and control the articulation mecha-
nism 69 by manipulating the handles to optimize ultrasound
visualization in confined spaces.

FIGS. 11-14 illustrate a third embodiment of an apparatus
74 for holding and manipulating a miniaturized ultrasound
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transducer 76 in accordance with the principles of the
present invention.

In FIG. 11, the apparatus 74 includes a flexible member
78, a retaining member 80, and a control member 82. The
miniaturized ultrasound transducer 76 is mounted on the
flexible member 78. proximate a distal end 84 of the flexible
member 78. The retaining member 80 retains the flexible
member 78. The control member 82 is coupled to the
retaining member 80 and is operable to move the retained
flexible member 78 and the ultrasound transducer 76 to
optimize ultrasound visualization.

As shown in FIGS. 11-14, the retaining member 80 is a
hollow tube. The flexible member 78 is inserted through and
retained by the hollow tube 80, and the ultrasound trans-
ducer 76 is exposed at an end 86 of the hollow tube 80. The
control member 82 includes a multi-faceted articulated joint
88 and a handle 90. The handle 90 is connected to the
multi-faceted articulated joint 88 and is operable to control
the positions of the flexible member 78 and the ultrasound
transducer 76.

As shown in FIGS. 12-13, the handle 90 is held by an
operator which enables repositioning of the flexible member
78 and the ultrasound transducer 76 by advancing, rotating,
and angulating the handle 90. The flexible member 78 is
deformable permitting improved ultrasound transducer
repositioning.

In FIG. 14, a locking mechanism 92 permits fixation of
the handle 90 in a desired position for a given situation. As
shown, the locking mechanism 92 includes a deflecting
cable or wire 94 and a cap 96. The cap 96 is designed to
allow tightening and loosening of the deflecting cable or
wire 94 so as to deform the flexible member 78 permitting
improved ultrasound transducer repositioning. It is appreci-
ated that any other locking mechanism may be used without
departing from the present invention.

FIGS. 15-16 illustrate a fourth embodiment of an appa-
ratus 96 for holding and manipulating a miniaturized ultra-
sound transducer 98 in accordance with the principles of the
present invention.

In FIG. 15, the apparatus 96 includes a flexible member
100, a retaining member 102, and a control member 104.
The miniaturized ultrasound transducer 98 is mounted on the
flexible member 100 proximate a distal end 106 of the
flexible member 100. The retaining member 102 retains the
flexible member 100. The control member 104 is coupled to
the retaining member 102 and is operable to move the
retained flexible member 100 and the ultrasound transducer
98 to optimize ultrasound visualization.

In FIGS. 15-16, the retaining member 102 includes a
hollow tube 108, a handle 110, a rigid shaft 112, and a
plurality of clips 114. The flexible member 100 is inserted
through the hollow tube 108 within the handle 110 and is
held in position by the clip 114 affixed to the rigid shaft 112.
The control member 104 includes a trigger mechanism. The
trigger mechanism 104 is connected to the flexible member
100 and is operable to control the movements of the flexible
member 100 and the ultrasound transducer 98. Accordingly,
the trigger mechanism 104 permits flexion of the flexible
member 100 and the ultrasound transducer 98 so as to
optimize ultrasound visualization.

The trigger mechanism 104 includes a connector 116, a
trigger 118, and a deflecting cable or wire 120. The trigger
mechanism 104 is connected to the flexible member 100 via
the connector 116. One end of the deflecting cable or wire
120 is connected to the connector 116, and the other end of
the deflecting cable or wire 120 is connected to the trigger
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118. When the trigger 118 is pulled, the deflecting cable or
wire 120 is tightened, as shown in FIG. 16. The connector
116 pulls the distal end 106 of the flexible member 100 in a
bent position, e.g. a downward position as shown. It is
appreciated that any other trigger mechanism may be used to
move the ultrasound transducer to optimize ultrasound visu-
alization without departing from the present invention.

FIGS. 17-18 illustrate a fifth embodiment of an apparatus
122 for holding and manipulating a miniaturized ultrasound
transducer 124 in accordance with the principles of the
present invention.

In FIG. 17, the apparatus 122 includes a flexible member
126, a retaining member 128, and a control member 130.
The miniaturized ultrasound transducer 124 is mounted on
the flexible member 126 proximate a distal end 132 of the
flexible member 126. The retaining member. 128 retains the
flexible member 126. The control member 130 is integral to
the retaining member 128.

In FIGS. 17-18, the retaining member 128 is a clip having
a C shape. The flexible member 126 is inserted into the clip
128. The control member 130 includes a pair of suture holes
134, 136 for fixing the retaining member 128 onto a surface,
such as a probe, a blood vessel, etc. The transducer 124 can
be removed from the clip 128 without removing the clip 128
from the surface to which the clip 128 is sutured. The
flexible member 126 can thus be repositioned and/or rotated
at will.

Accordingly, the present invention meets the need to
incorporate small devices into the surgical environment. For
example, currently a mitral valve is surgically repaired by
placing a patient on heart-lung by-pass and removing the
blood from the cardiac chambers. A surgeon then visually
performs a planned operation under direct visual control.
The present invention instead allows the surgeon to operate
within the blood containing cardiac chambers using ultra-
sound as a visual substitute and to take the surgical tools to
a specified function. The small attached or incorporated
ultrasound transducer is physically controlled in accordance
with the present invention as described above.

It is appreciated that the present invention provides an
apparatus for holding small or minute ultrasound imaging
transducers. The holding apparatus is preferably designed to
hold the ultrasound imaging transducers having a diameter
less than 5 mm, more preferably having a size that is less
than 4 mm in thickness/width and less than 10 mm in length,
i.e. a transducer dimension less than 4 mmx4 mmx10 mm.

Also, it is appreciated that various apparatuses, such as
rings, clamps, inserting tubes, articulations, etc., can be used
for holding the small or minute ultrasound imaging trans-
ducers within the scope of the present invention. These
apparatuses enable an operator to manipulate small ultra-
sound imaging devices or devices accommodating ultra-
sound to foster appropriate functionality within the operat-
ing environment. Further, these apparatuses can be used on
the surface or within the cavities, vessels or parenchyma of
an organ.

Having described the present invention in a preferred
embodiment, modifications and equivalents may occur to
one skilled in the art. It is intended that such modifications
and equivalents shall be included within the scope of the
claims which are appended hereto.

What is claimed is:

1. An apparatus for holding and manipulating a miniatur-
ized ultrasound transducer, comprising:
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a flexible member having a distal end, whereby proximate
the distal end of the flexible member being mountable
for the miniaturized ultrasound transducer;

a retaining member retaining the flexible member proxi-
mate the distal end of the flexible member;

a control member, coupled to the retaining member, being
operable to move the retained flexible member and
ultrasound transducer to optimize ultrasound visualiza-
tion; and

the retaining member includes a hollow tube, a handle, a
rigid shaft, and a clip, the flexible member is inserted
through the hollow tube within the handle and is held
in position by the clip affixed to the rigid shaft, the
control member includes a trigger mechanism having a
trigger and a wire, and the wire is connected to the
flexible member and the trigger, the trigger is operable
to control the movements of the flexible member and
the ultrasound transducer.

2. The apparatus for holding and manipulating a minia-
turized ultrasound transducer according to claim 1, wherein
the wire is connected proximate the distal end of the flexible
member.

3. The apparatus for holding and manipulating a minia-
turized ultrasound transducer according to claim 1, wherein
the wire is connected to the flexible member through a
connector.

4. The apparatus for holding and manipulating a minia-
turized ultrasound transducer according to claim 1, wherein
the trigger is pullable to tighten the wire so as to deflect at
least a portion of the flexible member from a substantially
non-deflected position to a deflected position.

5. The apparatus for holding and manipulating a minia-
turized ultrasound transducer according to claim 4, wherein
the deflected position is a downward position.

6. A method of holding and manipulating a miniaturized
ultrasound transducer, comprising the steps of:

providing a flexible member, the miniaturized ultrasound
transducer being mounted on the flexible member
proximate the distal end of the flexible member;

retaining the flexible member in a retaining member
proximate the distal end of the flexible member;

moving the retained flexible member and ultrasound
transducer in various directions to optimize ultrasound
visualization by a control member, the control member
being coupled to the retaining member;

wherein the step of moving the retained flexible member
and ultrasound transducer includes the steps of:

providing the retaining member with a hollow tube, a
handle, a rigid shaft, and a clip, the flexible member
being inserted through the hollow tube within the
handle and being held in position by the clip affixed to
the rigid shaft; and

providing the control member with a trigger mechanism
having a trigger and a wire, the wire being connected
to the flexible member and the trigger; and pulling the
trigger in different degrees.

7. The method of holding and manipulating a miniaturized
ultrasound transducer, according to claim 6, wherein the step
of pulling the trigger in different degrees comprises tight-
ening the wire and deflecting at least a portion of the flexible
member from a substantially non-deflected position to a
deflected position.
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