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Description

Background of the Invention

[0001] Medical probe devices are utilized for many pur-
poses, chief of which include catheterization, centesis,
and biopsy procedures. Percutaneous placement of
probes using these devices is often performed with tech-
niques which rely on ascertaining the correct locations
of palpable or visible structures. This is neither a simple
nor a risk-free procedure. For instance, proper insertion
and placement of a percutaneous probe depends on cor-
rect localization of anatomical landmarks, proper posi-
tioning of the patient in relation to the care provider, and
awareness of both the target’s depth and angle from the
pointof probe insertion. Risks of unsuccessful placement
of a probe can range from minor complications, such as
patient anxiety and discomfort due to repetition of the
procedure following incorrect initial placement, to severe
complications, such as pneumothorax, arterial or venous
laceration, or delay of delivery of life-saving fluids or med-
ications in an emergency situation.

[0002] Ultrasound guided techniques and devices
have been developed to aid in correct placement of per-
cutaneous probes. Ultrasound guided techniques often
utilize two people, an ultrasound operator who locates
the internal target and keeps an image of the target cen-
trally located on a monitor, and a care provider who at-
tempts to guide the probe to the target based upon the
sonogram. Such techniques are very difficult perceptu-
ally. For instance, these techniques are complicated by
the fact that the person targeting the tissue with the probe
is not the same person as is operating the ultrasound. In
addition, the generally thin, cylindrical probe is usually
small andreflects very little of the ultrasound beam. More-
over, as the cylindrical probe and the ultrasound beam
are notgenerally normal to one another, the small amount
of ultrasonic energy that is reflected from the probe will
reflect at an angle to the incident beam, resulting in little
if any of the reflected energy being detected by the ultra-
sound transducer. As a result, the probe itself is difficult
to visualize in the sonogram and the person placing the
probe must attempt to guide the probe to the correct lo-
cation using minimal visual feedback. For example, the
only visual feedback available is often only subtle arti-
facts of the motion of the probe such as slight changes
in the sonogram as the probe deflects and penetrates
the surrounding tissue. The trained observer can pick up
subtle ultrasonic shadow artifacts deep to the probe cre-
ated when the probe blocks the transmission of the ul-
trasound beam to the tissue below, and such subtle ar-
tifacts can be used to help guide the probe to the targeted
location.

[0003] In an attempt to relieve the difficulties of ultra-
sound guided probe techniques, systems have been de-
veloped including a probe guide which can be attached
to an ultrasound transducer housing. Problems still exist
with such devices however. Forinstance, the probe guide

10

15

20

25

30

35

40

45

50

55

is to one side of the ultrasound transducer housing in
these devices, and the probe is often inserted at a fixed
angle to the scanned plane displayed on the sonogram,
restricting the intersection of the scanned plane and the
point of the probe to a very small area in space. In addi-
tion, and as with hand-guided ultrasound techniques,
very little, if any, ultrasonic energy is reflected from the
probe back to the transducer. In fact, due to the lack of
lateral motion of the probe, visual cues to the location of
the probe tip may be even more difficult to discern on a
sonogram when using these devices. In addition, in many
of these devices, the probe passes through the ultra-
sound beam at a fixed depth range depending on the set
angle of the probe guide, and this may not correspond
to the depth of the target, in which case it may not be
possible to show the juncture of the target and the probe
tip on the sonogram at all. US 2005/0101868 A1 disclos-
es a medical probe device as set forth in the preamble
of claim 1. US2007/0038113A1 discloses a puncture
adaptor, ultrasonic probe for puncture, ultrasonic diag-
nostic apparatus for puncture, method for detecting angle
of puncture needle.

[0004] What are needed in the art are improved ultra-
sound devices and methods for using such devices. For
instance, whatare needed in the artare ultrasound probe
devices that can be utilized by a single operator to accu-
rately visualize the delivery of a probe to a percutaneous
target.

Summary of the Invention

[0005] Disclosed in one embodiment is a medical
probe device as claimed in claim 1. The skin contacting
surface can include a first portion and a second portion
that are angled with respect to one another. More spe-
cifically, the first portion can define a first plane and the
second portion can define a second plane, and these two
planes can intersect one another to define an angle ther-
ebetween that is greater than about 150° and less than
180°.

[0006] In one embodiment, the first portion of the skin
contacting surface can be defined by a first portion of the
medical probe device and the second portion of the skin
contacting surface can be defined by a second portion
of the medical probe device, and the first and second
portions of the medical probe device can be removably
cooperable with one another.

[0007] A sterilizable shield can enclose the ultrasound
transducer housing.

[0008] The probe device can also include a clamp for
clamping a probe in the probe guide of the device, for
instance after the probe tip has reached a targeted per-
cutaneous target.

[0009] Moreover, the path of the probe, guided through
the probe guide, can define a line that is coincident (i.e.,
within) the scanned plane of a sonogram formed by the
ultrasound device.

[0010] Information from the detector can be displayed
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as an image of a virtual probe on the monitor overlaying
the sonogram, providing a real-time visualization of the
location of the probe tip during a procedure.

[0011] The probe device can include additional bene-
ficial features. For example, in one embodiment, the skin
contacting surface of the probe device can include at
least one raised ridge on the surface that can improve
coupling between the skin and the probe device, gener-
ally in conjunction with ultrasonic gel between the two.
In another embodiment, the skin contacting surface can
include a wedge formed of an ultrasonic transmissive
material to improve coupling between the skin and the
probe device and/or to improve visualization of percuta-
neous targets that are close to the surface of the skin.
[0012] Alsodisclosed hereinis a single-use sterilizable
shield as can be utilized with an ultrasound transducer.
In one embodiment, the sterilizable shield can include a
first section, a second section and a fastener for connect-
ing the first section and the second section to one anoth-
er. Beneficially, the fastener can be a single-use fastener
that can be permanently disabled upon disconnection
and separation of the first section and the second section
from one another that can prevent reuse of a shield and
enhance patient safety.

[0013] The device may be a multi-piece device includ-
ing multiple removably attachable portions. For instance,
the first portion described above can incorporate the ul-
trasound transducer and the second portion described
above can define all or the portion of a probe guide, and
the two portions can be removably attached to one an-
other.

[0014] The device may be used for guiding the probe
to a percutaneous target. Methods can include, for ex-
ample, utilizing the probe guide including an ultrasound
device with the single-use sterilizable shield and disa-
bling the shield upon disassembly of the device. Benefi-
cially, disclosed methods can be carried out by a single
operator during a medical procedure.

[0015] The invention is defined by the appended
claims.

Brief Description of the Figures

[0016] A full and enabling disclosure of the present
subject matter, including the best mode thereof to one of
ordinary skill in the art, is set forth more particularly in
the remainder of the specification, including reference to
the accompanying figures in which:

Fig. 1A illustrates one embodiment of an ultrasound
device as disclosed herein;

Fig. 1B illustrates a side view of the base of the device
of Fig. 1A;

Fig. 1C illustrates a side view of the base of another
embodiment of an ultrasound device as disclosed
herein;

Fig. 2 illustrates a bottom view of the device of Fig. 1;
Fig. 3 illustrates one embodiment of a multi-section
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sterilizable shield as disclosed herein;

Fig. 4 illustrates the lower section of the sterilizable
shield illustrated in Fig. 3;

Fig. 5A illustrates a bottom view of the lower section
of the sterilizable shield illustrated in Fig. 3;

Fig. 5B illustrates a partial bottom view of another
embodiment of a sterilizable shield as disclosed
herein;

Fig. 6 illustrates the upper section of the sterilizable
shield illustrated in Fig. 3;

Figs. 7A and 7B illustrate two views of the clamping
mechanism of the sterilizable shield of Fig. 3; and
Fig. 8 illustrates one embodiment of a method for
utilizing a device as disclosed herein.

Fig. 9 illustrates an ultrasound transducer housing
that can be removably attachable to a portion of a
probe device defining a probe guide;

Fig. 10A and 10B illustrate a probe device including
the ultrasound transducer housing of Fig. 9 enclosed
in a sterilizable shield portion, a separable portion
removably attachable thereto that defines a probe
guide, and a clamp removably attachable thereto,
with Fig. 10A showing the sections removed from
one another and Fig. 10B showing the sections when
attached together.

Figure 11 illustrates another embodiment of a probe
device as disclosed herein.

Figure 12is aside view of the probe device illustrated
in Figure 11.

Figure 13 is a front view of the probe device illustrat-
ed in Figure 11.

Figure 14 illustrates the device of Figure 11 including
a removably attachable probe guide portion.
Figure 15 is a side view of the device of Figure 14.
Figure 16 is a front view of the device of Figure 14.
Figure 17 illustrates the device of Figure 14 with a
clamp removably attached to the probe guide por-
tion.

Figure 18 is a side view of the device of Figure 17.
Figure 19 is a front view of the device of Figure 17.

[0017] Repeat use of reference characters in the
present specification and drawings is intended to repre-
sent the same or analogous features of elements of the
disclosed subject matter. Other objects, features and as-
pects of the subject matter are disclosed in or are obvious
from the following detailed description.

Detailed Description of Preferred Embodiments

[0018] Reference will now be made in detail to various
embodiments of the disclosed subject matter, one or
more examples of which are set forth below. Each em-
bodiment is provided by way of explanation of the subject
matter, not limitation of the subject matter. In fact, it will
be apparent to those skilled in the art that various mod-
ifications and variations may be made in the present dis-
closure without departing from the scope of the appended
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claims. For instance, features illustrated or described as
part of one embodiment, may be used in another embod-
iment to yield a still further embodiment. Thus, it is in-
tended that the present disclosure cover such modifica-
tions and variations as come within the scope of the ap-
pended claims.

Definitions

[0019] As utilized herein, the term "probe" generally
refers to a device that can be guided to a percutaneous
location, for instance for delivery of a therapeuitic, e.g., a
compound or a treatment, to the location; for removal of
material from the location; and so forth. For example, the
term "probe" can refer to a needle, a tube, a biopsy de-
vice, or any other item that can be guided to a percuta-
neous location. In general, a probe can be guided by and
used in conjunction with an ultrasound device as de-
scribed herein.

[0020] As utilized herein, the term "probe device" gen-
erally refers to a device that can be utilized in conjunction
with a probe, but does not necessarily include the probe
itself.

Detailed Description

[0021] Disclosed herein are devices and methods for
use in guiding a percutaneous probe during a medical
procedure. Disclosed herein are probe devices that in-
clude an ultrasound transducer therein. Devices can de-
fine an opening to accommodate a probe therethrough
so as to improve coordination between a sonogram
formed by the ultrasound device and the path of a probe
passing through the opening. The disclosed devices in-
clude a visualization system so as to provide a real-time
image of a virtual probe on a sonogram and improve de-
livery of a probe to a percutaneous target.

[0022] Also disclosed herein, and combinable with the
claimed invention, are sterilizable shields that can sur-
round all or a portion of an ultrasound transducer to form
a sterilizable probe device. Thus, disclosed probe devic-
es can be utilized in an ultrasound guided medical pro-
cedure that requires a sterile field to ensure the safety of
a patient. For instance, disclosed devices can be used
in a central venous catheterization procedure, in a biopsy
procedure, and the like.

[0023] Beneficially, disclosed devices can be formed
so as to conveniently be utilized by a single operator who
can control an ultrasound transducer and also deliver a
probe using the probe guidance system. Disclosed de-
vices can include a variety of other beneficial features as
well. For example, features of disclosed devices can im-
prove contact and gel coupling between a skin surface
and the surface of a device, can improve the effective
field of the sonogram formed with the ultrasound trans-
ducer, and can prevent non-sterile use of a sterilizable
shield of a device, all of which are described in greater
detail herein.
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[0024] The disclosed devices incorporate a system
that can be used to visualize a percutaneous probe as it
is being guided with a device. One preferred embodiment
of a visualization system as may be incorporated with
disclosed devices has been described in U.S. Patent No.
7,244,234 to Ridley, et al. Through utilization of a visu-
alization system, the path of a probe guided with a device
and hence the location of the probe tip can be more clear-
ly known in relation to a target imaged by the ultrasound
device.

[0025] In accord with the present disclosure, Fig. 1A
illustrates one embodiment of an ultrasound transducer
housing generally 100. Transducer housing 100 includes
handle 102, post 104, and base 106. Fig. 2 provides a
bottom view of the transducer housing 100. An ultra-
sound transducer 120 that transmits and receives ultra-
sonic waves can be located in base 106, as shown. Ul-
trasound transducer housing 100 can be formed of any
suitable materials. For instance, any moldable polymeric
material that can securely encase the ultrasound trans-
ducer 120 as well as contain associated electronics, wir-
ing, switches, and the like and will not interfere with the
functioning of the transducer 120 can be utilized.
[0026] Any type of ultrasound transducer as is gener-
ally known in the art can be incorporated in transducer
housing 100. By way of example, a piezoelectric trans-
ducer formed of one or more piezoelectric crystalline ma-
terials arranged in a two or three-dimensional array can
be utilized. Such materials generally include ferroelectric
piezoceramic crystalline materials such as lead zirconate
titanate (PZT). In one embodiment, the elements that
form the array can be individual electrode or electrode
segments mounted on a single piezoelectric substrate,
such as those described in U.S. Patent No. 5,291,090 to
Dias.

[0027] In general, an ultrasound transducer 120 can
be formed of multiple elements; however, single crystal
devices are also encompassed by the present disclosure.
The use of a multiple element ultrasound transducer can
be advantageous in certain embodiments, as the individ-
ual elements that make up the array can be controlled
so as to limit or prevent any break or edge effects in the
sonogram. For instance, the firing sequence of individual
crystals can be manipulated through various control sys-
tems and prevent any possible ’blind spots’ in the sono-
gram as well as to clarify the edges of individual biological
structures in the sonogram. Such control systems are
generally known in the art and thus will not be described
in detail.

[0028] Referringagainto Fig. 1A, ultrasound transduc-
er housing 100 defines a probe guide opening 126 that
passes through base 106. As can be seenin Fig. 2, probe
guide opening 126 can be aligned with transducer 120.
A probe that is guided through the probe guide opening
126 can travel on a path that is generally parallel to the
scanned plane of a sonogram formed by use of the ul-
trasound device. In general, the scanned plane (i.e., the
plane of the sonogram) is the geometric central plane of
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the beam transmitted from the ultrasound transducer
120. In one preferred embodiment, the path of a probe
guided through probe guide opening 126 can be within
the scanned plane. This is not a requirement of the
present disclosure, however. For instance, the path of a
probe passing through probe guide opening 126 can be
at an angle to the scanned plane such that it intersects
the scanned plane at a point. By way of example, the line
defined by the path of a probe passing through the probe
guide opening 126 can be at an angle of £1° of the
scanned plane, or at a greater angle, in another embod-
iment. For instance, a line defined by the path of a probe
passing through the probe guide opening 126 can be at
an angle of £10°,=20°, =45°, or even greater, in other
embodiments.

[0029] Generally, ultrasound transducer 120 can be
connected via signal wires in a cable 124 that leads to a
processor that processes the data to form a sonogram
on a monitor, as is generally known in the art. In the par-
ticular embodiment as illustrated in Figure 1A, cable 124
is internal to handle 102 of the ultrasound transducer
housing 100, though this particular arrangement is not a
requirement of the disclosure. Handle 102 can generally
be set at an angle to post 104 of transducer housing 100
so as to be comfortably held in the hand while the device
is being utilized. For instance, in the illustrated embodi-
ment, handle 102 is about 90° to post 104, though this
angle can be varied as desired. Moreover, in another
embodiment described further herein, a device need not
include an extending handle portion at all.

[0030] ReferringtoFigure 1B, base 106 defines alower
surface 108 defining probe guide opening 126 and lower
surface 110 from which an ultrasonic beam emitted by
transducer 120 can issue. Surfaces 108 and 110 together
can form a skin contacting surface on the base 106 of
the device 100. As can be seen, surfaces 108 and 110
are contiguous and angled with respect to one another.
The angle between surface 108 and 110 can vary. For
instance, in one embodiment the angle marked as 6 in
Fig. 1B can vary from 0 to about 30° or from about 10°
to about 20° in another embodiment. Accordingly, the
angle between surfaces 108 and 110 can be greater than
about 150° and less than 180° in one embodiment, or
greater than about 160° and less than about 170° in an-
other embodiment.

[0031] It has been found that such geometry can be
beneficial in certain embodiments. Forinstance, referring
to Fig. 1B, base 106 is illustrated with the edges of a
scanned plane formed by ultrasound transducer 120
shown within broken lines 4 and 6. The distance 8 from
the termination of probe guide opening 126 to the edge
4 of the scanned plane is also shown. During use, the
portion of base 106 including surface 110 can press into
the skin of a subject somewhat and ensure good contact
between the ultrasound transducer 120, ultrasonic gel,
and the skin. Upon passing a probe through the probe
guide opening 26, the probe will contact the skin and
travel the short percutaneous distance 8 before entering
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the ultrasound beam. The distance 8 can depend upon
the angle between the surfaces 108 and 110, but can be
relatively small. For instance, distance 8 can be less than
about 25 mm, less than about 10 mm, less than about 5
mm or less than about 1 mm.

[0032] Incomparison, Fig. 1C illustrates a base 205 in
which the entire bottom edge of base 205 is planar, i.e.,
the skin contacting surface of base 205 does not include
angled portions. Fig. 1C also illustrates the edges of a
scanned plane formed by transducer 120 by use of bro-
ken lines 204 and 206. As can be seen, the distance 208
between the point a probe will exit probe guide opening
226 and enter the scanned plane at 204 is greater than
the distance 8 in the embodiment in Fig. 1B. An embod-
iment including a base that defines an angled bottom
surface, as is illustrated in Fig. 1B may be preferred in
those embodiments in which a percutaneous target may
be close to the skin surface.

[0033] It should also be understood that while the skin
contacting surface and portions thereof of the illustrated
probe devices are generally planar, this is not a require-
ment of the disclosed subject matter. For instance, with
regard to Fig. 1B, surface 108 and/or surface 110 can be
curved, e.g., can define an arcuate profile along either
or both of the axes of the surface. In this embodiment, a
curved surface can define a plane between the intersec-
tion line of two portions (e.g., surface 108 and surface
110) forming the skin contacting surface and a point at
the outer edge of the curved surface. Planes defined by
a curved skin contacting surface can correspond in a like
manner to a planar skin contacting surface (or portions
thereof) as described above.

[0034] Inanother embodiment, the skin contacting sur-
face of a device can be associated with a removably co-
operable material so as to encourage improved imaging
of a percutaneous location. For instance, a planar skin
contacting surface, such as is illustrated in Fig. 1C, or a
portion of an angled skin contacting surface, such as sur-
face 108 of Fig. 1B, can be associated with an ultrasound
transmissive wedge formed of an ultrasonic transmissive
material so as to alter the relative orientation between
the skin surface and an ultrasound device. For instance
a pliable saline-filled container can be held against or
attached to the base of surface 108 to alter the relative
orientation of the surfaces. Such a device can be utilized
to, e.g., more clearly visualize percutaneous targets that
are close to the skin surface. An ultrasound transmissive
wedge can be located on the skin contacting surface of
a device utilizing a small amount of ultrasonic gel for a
temporary attachment, or utilizing a biocompatible adhe-
sive for a more permanent attachment, or by any other
suitable adherence method.

[0035] It should be understood that any particular ge-
ometric configuration for transducer housing 100 and its
individual sections is not essential to the present inven-
tion. For example, the base 106 of transducer housing
100 may be oblong, square, round, rectangular or any
other suitable shape. In certain embodiments, the shape
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of ultrasound housing 100 may be particularly designed
to fit specific locations of the anatomy. For example, ul-
trasound housing 100 may be shaped to be utilized spe-
cifically for infraclavicular approach to the subclavian
vein, approach to the internal jugular vein, specific biopsy
procedures including, without limitation, breast biopsy,
thyroid nodule biopsy, prostate biopsy, lymph node bi-
opsy, and so forth, or some other specific use. Variations
in shape for any particular application can include, for
example, a specific geometry for the footprint of base
1086, alteration in the size of post 104 and/or handle 102,
as well as variation in angles at which various elements
of a device meet each other, such as the angle defined
by the bottom of base 106 previously discussed. For ex-
ample, the footprint of base 106 can be any suitable
shape and size, e.g., rectangular, round, oblong, trian-
gular, etc. By way of example, the skin contacting surface
of base 106 can be between about 0.5 inches and about
6 inches on its greatest length. In one embodiment, the
footprint of base 106 can be about 0.5 inches on its great-
est width so as to promote stability of the device during
use. In other embodiments, it can be larger, however,
such as about 1 inch on its greatest width, about 2 inches
on its greatest width, or even larger.

[0036] Transducerhousing 100 can be used asis, with
no additional shield or covering over the housing 100.
According to this embodiment, a probe, e.g., a needle,
can pass through probe guide opening 126 and can be
directed to a target that is visualized on a sonogram
formed by use of ultrasound transducer 120. According
to another embodiment, however, all or a portion of trans-
ducer housing 100 can be encased in a sterilizable shield,
for instance in those embodiments in which a probe is
intended for use in a sterile field. According to this em-
bodiment, a transducer housing can be encased in a ster-
ilizable shield that can provide a sterile barrier between
a patient and the ultrasound transducer housing 100 dur-
ing a medical procedure.

[0037] A sterilizable shield can generally be formed of
a number of different sterilizable, biocompatible materi-
als. For instance, a sterilizable shield can be formed of
relatively inexpensive single-use materials that can be
sterilized as are generally known in the art such that the
entire shield can be properly disposed of following use.
In another embodiment, a sterilizable shield can be uti-
lized multiple times, in which case it can be formed of a
material that can be properly sterilized between uses. By
way of example, a sterilizable shield can be formed of a
moldable or extrudable thermoplastic or thermoset pol-
ymeric material including, without limitation, polyethyl-
ene, polypropylene, polymethylpentene (TPX), polyes-
ter, polyvinyl chloride, polycarbonate, polystyrene, and
so forth.

[0038] Fig. 3 illustrates one example of a sterilizable
shield 130 as may be utilized to encase ultrasound trans-
ducer housing 100. Sterilizable shield 130 can include a
lower section 132, details of various embodiments of
which are shown in Fig. 4 and Fig. 5, and an upper section
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134, details of which are shown in Fig. 6.

[0039] With reference to Fig. 4, shield section 132 can
include a base 136 formed of an ultrasonic transmissive
material. Base 136 can be of any suitable size and shape,
but formed such that ultrasound transducer housing base
106 may be seated firmly in shield base 136. Generally,
a small amount of an ultrasonic gel can be placed be-
tween the bottom surface of transducer housing base
106 and shield base 136 during seating to prevent any
air between the two and promote transmission of ultra-
sonic waves.

[0040] Arising out of shield base 136 is guide post 138.
Guide post 138 defines atleast a portion of a probe guide
139 therethrough. Probe guide 139 extends uninterrupt-
ed completely through both guide post 138 and shield
base 136. Guide post 138 can include tabs as shown, or
other formations such as hooks, insets, or the like that
can be utilized to properly assemble shield base 136
about ultrasound transducer housing 100. In one embod-
iment, guide post 138 may include a removable cap (not
shown) for protection of the interior sterile surface of
probe guide 139 during assembly of shield 130 with ul-
trasound transducer housing 100.

[0041] As can be seen, shield section 132 can also
include tabs 140, 142, 144, etc. that can be utilized in
properly seating ultrasound housing 100 within shield
130 as well as aligning shield section 132 with shield
section 134 when assembling the complete shield 130
about an ultrasound transducer housing 100.

[0042] In the illustrated embodiment, tabs 140 on
shield section 132 match corresponding notch 141 on
shield section 134 shown in Fig. 6. Together tabs 140
and notch 141 form a fastener that can secure shield
section 132 and shield section 134 to one another. During
assembly, tabs 140 can snap into notch 141 to securely
fasten the two sections together and prevent separation
of the sections 132, 134 during use. Of course, a shield
can include additional fasteners at other locations be-
tween the two sections, or can include a single fastener
at an alternative location, as would be known to one of
skill in the art.

[0043] In order to disassemble shield 130, tabs 140
can be simply pinched together and slid out of notch 141.
In another embodiment, a single-use fastening mecha-
nism can be employed to secure sections of a sterilizable
shield to one another. According to this embodiment, in
order to disassemble a shield following use, the tabs of
the fastener can be permanently disabled. For instance,
tabs 140 and/or notch 141 can be permanently broken
away from the shield by a pulling or twisting motion, al-
lowing the shield sections to come apart and also ensur-
ing that the shield, which is no longer sterile, cannot be
utilized again. Any method that can ensure that a fastener
can only be utilized a single time may alternatively be
utilized.

[0044] ReferringtoFig.5A, the bottom of shield section
132 can be seen. The bottom surface of base 136 of
section 132 includes a series of ridges 150 running along
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a portion of base 136. It has been found that inclusion of
such ridges on the skin-contacting surface of a device
can provide benefits to disclosed devices and methods.
Forinstance, the inclusion ofridges on the skin contacting
surface can push and better hold ultrasonic gel between
the device and the skin surface, preventing formation of
an air gap between the two and improving coupling be-
tween a subject’s skin and the device. In addition, ridges
along the skin contacting surface can also add an extra
pushing force against the skin itself, better holding the
skin tightly against the base of the transducer, and further
improving contact between the device and a subject’s
skin, thereby furtherimproving coupling between the sub-
ject and the device and providing an optimal ultrasound
image.

[0045] Though illustrated as two ridges running along
the length of the shield base, this particular arrangement
is not required for the ridges. For instance, Fig. 5B illus-
trates another embodiment, including a plurality of ridges
150 running across the width of the bottom surface of a
base 236 of a sterilizable shield. Moreover, in those em-
bodiments in which an ultrasound transducer housing is
intended for use without a sterile shield, either in a non-
sterile field or in those embodiments in which the ultra-
sound device itself is sterilizable, ridges can be included
on the skin contacting surface of the ultrasound trans-
ducer housing itself.

[0046] Ridges formed on the skin contacting surface
of a device can cover the entire skin contacting surface,
or only a part of the surface, as desired. For instance,
the ridges can cover at least a portion of the skin con-
tacting surface through which an ultrasonic beam is
transmitted, or can also cover other portions of the skin
contacting surface, and in particular, that portion in the
vicinity of the probe guide (e.g., on either or both surfaces
108 and 110 of Fig. 1A). Ridges can be of particular ben-
efit on a planar skin contacting surface, such as that il-
lustrated in Fig. 1B, so as to encourage good contact and
coupling between a subject’s skin, ultrasound coupling
gel, and the skin contacting surface of the device.
[0047] Ridges 150 can be formed to any size and
shape and of any suitable biocompatible material that
can also be, in certain embodiments, a sterilizable ma-
terial. For example, ridges can have arounded or straight
edge, an individual ridge can lie in a straight line across
a skin contacting surface or can curve across the surface,
they can vary in height as measured from the base sur-
face to the top edge of the ridge, multiple ridges on a
single device can be identical to one another or can vary,
ridges can be continuous over a surface or discontinu-
ous, and so forth.

[0048] In one embodiment, ridges 150 can be formed
of the same material as other portions of a shield or trans-
ducer housing. For instance, the entire section 132, in-
cluding ridges 150 can be injection molded from a single
polymeric material. In another embodiment, different por-
tions of a sterilizable shield can be formed of different
materials. For instance, ridges 150 can be formed of a
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polymeric material that is softer than is used to form the
remainder of sterilizable shield. By way of example, a
relatively soft elastomeric polymer (e.g., rubber, styrene-
butadiene, soft polyurethanes, etc.) can be utilized. In
such cases, ridges can be attached to a device following
formation, for instance utilizing a biocompatible adhesive
as is known in the art. In one embodiment, ridges can be
formed on a specifically shaped component to be at-
tached to the base of the device. For instance, a series
of ridges can be formed on an ultrasound wedge as pre-
viously discussed, thatcan be attached either temporarily
or permanently to the base of a device.

[0049] As previously stated, the sterilizable shield
need not cover the entire ultrasound transducer house.
For example, in one embodiment, a sterilizable shield
can cover just that portion of an ultrasound transducer
housing from which an ultrasonic beam can be emitted.
Forinstance, a shield defining one or moreridges thereon
can simply snap onto the base of an ultrasound trans-
ducer housing, covering that portion of the housing that
will contact a user’s skin.

[0050] Another beneficial feature of disclosed devices
can be the geometry of a handle of a device. Forinstance,
as previously mentioned with regard to the transducer
housing, the angle at which a handle is placed on a probe
device can be varied so as to obtain a more comfortable
grip onthe device while holding the transducer base tight-
ly against the skin. Additional aspects of a can be im-
proved as well. For example, as can be seen on Fig. 5A
the handle of shield section 132 can include a finger grip
152 that can improve the grip of a user on the device. In
other embodiments additional finger grips can be includ-
ed, as desired. For instance, in one embodiment finger
grips can be provided on a handle such that the handle
is specifically designed for left-handed or right-handed
use.

[0051] Sterilizable shield 130 also includes section
134, illustrated in Fig. 6. Section 134 can be removably
attached to section 132 to enclose an ultrasound trans-
ducer housing 100, as previously discussed. Section 134
defines the terminal portion 151 of probe guide 139 in
portion 160. Terminal portion 151 is sized so as to snugly
reside over the top of guide post 138 of section 132 and
form uninterrupted probe guide 139 extending from the
top surface of portion 160 of section 134 to the bottom
surface of base 136 of section 132.

[0052] Itshould be understood that a sterilizable shield
as disclosed herein is not limited to two completely sep-
arable portions. For instance, a sterilizable shield can be
hinged and/or caninclude additional portions, as desired.
For instance, a sterilizable shield can be formed of two,
three, or more separable sections that can be assembled
to enclose all or a portion of an ultrasound housing and
form a sterile barrier between the enclosed housing and
an exterior field. In another embodiment, a sterilizable
shield can be of a unitary construction. For instance, a
sterilizable shield can be of a pliant material that can en-
close all or a portion of an ultrasound housing and form
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a sterile barrier between the enclosed housing and an
exterior field.

[0053] To assemble a shielded device, ultrasound
transducer housing 100 defining probe guide opening
126 can be seated in shield base 136 of section 132 such
that guide post 138 extends through transducer housing
probe guide opening 126. As probe guide opening 126
of transducer housing 100 is slid over guide post 138,
tabs on guide post 138 can slide or snap into recesses
of probe guide opening 126 (not shown), helping to prop-
erly seat transducer housing 100 in section 132. After
ultrasound transducer housing 100 is seated in section
132, section 134 can be aligned with section 132 and
fastened into place to coverthe top of transducer housing
100. If a protective cap covers the end of guide post 138,
it can be removed during assembly and maintain the ste-
rility of the interior of the probe guide 139 throughout the
assembly process. Tabs 140 can snap or slide into re-
cesses notch 141 to fasten and secure section 132 and
134 together.

[0054] Following the above described assembly proc-
ess, probe guide 139 can extend continuously from the
top of portion 160 of shield portion 134 through the shield
base 136. Moreover, and of great benefit to the device,
probe guide 139 can be sterile and within the probe guide
opening 126 of ultrasound transducer housing 100.
[0055] Many procedures require a probe to remain at
the subcutaneous target for a period of time following
insertion of a probe. For example, during the Seldinger
technique common for central venous catheter place-
ment, a cannulated needle attached to a syringe is first
guided into a vein. After the needle tip is in the lumen of
the vein, the needle is held in place while a guide wire is
fed down through the needle and into the vein. During
this process, only a slight movement of the needle can
cause the needle tip to move out of the vein, and the
entire procedure must be repeated.

[0056] In order to prevent excessive motion of a probe
tip following insertion to a target, one embodiment in-
cludes a clamp for the probe. In this embodiment, a de-
vice can include a clamp that can firmly hold a probe in
the probe device and prevent motion of the probe during
subsequent procedures such as catheter insertion, biop-
sy procedures, fluid aspiration, or the like. Motion of the
percutaneous probe tip can be much less likely when the
probe is securely clamped to the probe device and the
probe device is in turn held and stabilized by pressing
against the subject’s skin surface as compared to when
only the probe itself is held without clamping to the larger
probe device.

[0057] One embodiment of a clamp for use with dis-
closed probe devices can be seen in Fig.3. As can be
seen, a probe 154 can extend through the probe guide
of sterilizable shield 130. Clamp 156 sits atop shield sec-
tion 134 such that probe 154 passes through clamp ap-
erture 158 as shown.

[0058] Additional details of clamp 156 can be seen with
reference to Figs. 7A and 7B. Aperture 158 includes a
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wide portion and a narrow portion and defines a clamping
surface. The wide portion can be of a size such that a
probe can pass freely through the wide portion without
hindrance. Aperture 158 can gradually narrow from the
wide portion of the aperture to form the narrow portion
extending to a tip. Thus, when a probe is located in the
wide portion of aperture 158, the clamp can be slid, ro-
tated, or otherwise moved in relation to the probe such
that the clamping portion of the clamp crosses the axis
of the probe and a clamping surface of the clamp, e.g.,
a surface of aperture 158 at the narrow portion, can con-
tact the probe and the probe can become tightly trapped
in the narrow portion of the aperture 158 as the width of
the narrow portion of aperture 158 decreases.

[0059] In another embodiment, rather than trapping a
probe between two opposing clamping surfaces, as is
the case for the clamp of Figs 7A and 7B, a clamping
surface can force a probe against the wall of the probe
guide to secure the probe in place. For example a clamp-
ing surface can be set on a clamp and at an angle with
reference to the probe guide. Thus, as the clamp is
moved and crosses the probe guide axis, the probe held
in the probe guide contacts the clamping surface and
becomes pressed against the wall of the probe guide by
the force of the single opposing clamping surface and
can be firmly gripped between the clamping surface and
the wall of the probe guide. In such an embodiment, the
clamping surface of the clamp need not be one side of
an aperture defined by the clamp, but may be, by way of
example, an outer edge of a clamp section, with no op-
posing piece on the clamp.

[0060] A clamp can be formed of any biocompatible,
sterilizable material. For instance, in one embodiment,
at least that portion of a clamp that defines a clamping
surface can be formed of a material that is harder than
a probe to be held by the clamp, for example a hard pol-
ymer or a stainless steel. In this embodiment, the clamp-
ing surface(s) can cut into the surface of a probe, provid-
ing additional holding power in addition to the friction hold
provided by trapping the clamp with the clamping sur-
face(s). In another embodiment, however, a clamp, and
particularly a clamping surface of a clamp, can be formed
of a material that is softer than a probe held in the clamp.
For example, a clamp can be formed of a relatively soft
polymer such as soft polyurethane or other biocompatible
polymeric material. In this embodiment, the clamping sur-
face(s) can deform somewhat as a probe is forced
against the clamping surface. The deformation of a
clamping surface about a probe can increase the force
on the probe, more securely holding the probe in place
in the clamp.

[0061] A clamp can define additional features that can
improve its holding ability. For instance, a clamping sur-
face can define a series of serrations. Upon contact be-
tween a probe and the clamping surface, the serrations
of the edges can provide increased surface area for con-
tact between the clamp and the probe, improving hold
between the two. Moreover, in those embodiments in
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which the material forming the clamping surface is harder
than that of the probe, serrations on the surface of the
clamping surface can cut into the surface of the probe at
the points of contact, further improving hold between the
two.

[0062] Referring again to Figs. 7A and 7B, clamp 156
includes formations 162, 163 that can be used to move
clamp 156 and trap probe 154 in the aperture 158 as
previously discussed. For example, as illustrated in Fig.
8, a sterilized shield 130 can be held against the skin
surface of a subject and the user can move the clamp
156 with his/her thumb to force the probe into the narrow
section of aperture 158 and firmly clamp the probe 154
in place.

[0063] In the illustrated embodiment, clamp 156 in-
cludes two formations 162, 163, one on either side of
clamp 156 such that the clamp can be operated while
held in either the right or left hand of a user. In other
embodiments, clamp 156 can include only a single for-
mation, for instance in those embodiments in which a
probe device is designed for only right-handed or left-
handed use, or alternatively, when the single formation
can be accessed from either side of the device. Moreover,
the shape of the formations 162, 163 can be any shape
that can be accessed by a user and can be pushed,
pulled, twisted or otherwise activated to move a clamp
and tightly grip a probe in a probe guide. For example a
formation can be round, as illustrated, or can be a flat,
paddle-shaped formation, a post, or any other convenient
shape. Moreover, any formation can be utilized to aid in
moving the clamp to force a clamping surface against a
probe. For instance, a clamp can define an indentation
to be used in moving a clamp. In another embodiment,
a clamp can define a rough tactility at a location that can
aid in moving the clamp with a thumb or finger. Equivalent
or alternative formations would be obvious to one of or-
dinary skill in the art. For instance, in another embodi-
ment, a portion of the clamp can be rotated so as to force
the clamping surface of the clamp against a probe held
in the probe guide. By way of example, a probe clamp
as s illustrated in U.S. Patent 7,244,234 to Ridley, et al.,
can be utilized in conjunction with disclosed devices.
[0064] Referring again to Fig. 3, clamp 156 is attached
to shield 130 at a pivot point. For instance, tabs 164 of
clamp 156 can fit into recesses 165 formed in the lower
section 132 of sterilizable shield 130 (see, e.g., Fig. 5A).
During use, clamp 156 can rotate about the pivot point
oftabs 164 and over the rounded upper surface of portion
160 of upper section 134 such that the clamping portion,
i.e., that portion of clamp 156 that defines the aperture
158 crosses the axis of the probe 154 to lock the probe
in place.

[0065] The rotation of a clamp about a pivot to secure
a probe is not a requirement of disclosed clamps. For
example, in another embodiment, the entire clamp can
slide laterally across a portion of a probe device, e.g., a
shield or atransducer housing, to clamp a probe in place.
In general, any motion of all or a portion of a clamp that
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can be controlled by a user and can grip a probe as de-
scribed is encompassed in the present disclosure.
[0066] When a probe is to be removed from a percu-
taneous location, or if during a procedure, a probe is to
be moved from one percutaneous location to another, a
projection can be moved in the opposite direction as was
used to clamp the probe, freeing the probe.

[0067] Fig. 9 illustrates another embodiment of an ul-
trasound transducer housing 800 that can be removably
attached to a sterilizable shield. According to this em-
bodiment, ultrasound transducer housing 800 can in-
clude a handle 802, a post 804, and a base 806. Ultra-
sound transducer housing 800 also defines a lower sur-
face 810, as shown. In this particular embodiment, how-
ever, the ultrasound transducer housing does not include
a probe guide opening. Instead, ultrasound transducer
housing 800 is removably attachable to a second portion
of a device that defines a probe guide opening. For in-
stance, ultrasound transducer housing 800 can be uti-
lized in conjunction with a sterilizable shield that defines
the probe guide. Moreover, the sterilizable shield can be
formed of single or multiple removably attachable pieces.
[0068] Figs. 10A and 10B illustrate one embodiment
of a sterilizable shield 930 that can be used in conjunction
with an ultrasound device 800 illustrated in Fig. 9. With
reference to Fig. 10A, sterilizable shield 930 can be
formed of multiple attachable pieces. Specifically, steri-
lizable shield 930 includes section 932 and section 961
that defines a probe guide for passage of a probe there-
through. Accordingly, section 961 can alternatively be
referred to as a probe guide portion. Additionally, section
932 can be separable into two or more sections, as illus-
trated for device 230 of Figs. 3-6. Section 961 can also
include clamp 956 defining aperture 958 and formations
962, 963 that rotates about pivot 964 for clamping probe
954 in the probe guide. During use, section 961 can be
attached to shield 932, for instance by use of aligned tabs
and notches, and so forth, so as to attach the probe guide
portion to the sterilizable shield, as shown in Fig. 10B.
[0069] Of course, any other arrangements of the indi-
vidual portions of a device are encompassed within the
present disclosure. For instance, in one embodiment, an
ultrasound transducer housing that does not define a
probe guide opening, as illustrated in Fig. 9, can be re-
movably attached to a probe guide portion that can define
a probe guide opening and include the clamp, without
enclosing all or a portion of the ultrasound transducer
housing in a shield. In another embodiment, a sterilizable
shield portion can cover only the skin contacting surface
of a device. For instance, a shield portion can snap onto
the base of a device. In yet another embodiment, all or
a portion of a sterilizable shield can be formed of a pliant
material that can enclose an ultrasound transducer hous-
ing. According to such an embodiment, a probe guide
portion can be indirectly attached to the pliant sterilizable
shield portion, for instance by use of a frame or other
attachment device that is on the pliant material or option-
ally on the ultrasound transducer housing itself, such that
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the pliant material of the shield is held between the frame
and the probe guide portion.

[0070] YetanotherembodimentisillustratedinFig. 11.
As can be seen according to this embodiment, a device
1000 need not include a separate handle portion. Such
a device can be comfortably held by the rounded back
portion 1002, while holding the angled skin contacting
surface 1110 against a subject. A side view of device
1000 shown in Figure 12 better illustrates the angle of
skin contacting surface 1110. Of course, as discussed
above, a device need not include an angle in the skin
contacting surface, and in another embodiment the skin
contacting surface of a device can be flat with no angle
as is shown for the device of Figure 11, or arcuate.
[0071] A front view of device 1000 is shown in Figure
13. As can be seen, device 1000 includes attachment
slots 1004, 1006 on either side of the device. These at-
tachment slots 1004, 1006 can be utilized to attach an-
other portion to device 1000. For example, Figure 14 il-
lustrates device 1000 including a probe guide portion
1061 attached to device 1000 via slots 1004, 1006. When
attached, probe guide portion 1061 can, in one embod-
iment, be attached such that probe guide 1039 is aligned
with an ultrasound transducer located in the base of de-
vice 1000. Of course, device 1000 need not include an
ultrasound transducer in the base. Figure 15 illustrates
a side view of device 1000 including probe guide portion
1061 attached thereto. As can be seen, probe guide por-
tion 1061 can define skin contacting surface 1008 and
device 1000 can define skin contacting surface 1010,
with the two surfaces 1008, 1010 held at an angle to one
another to promote improved contact between a device
and a subject, as previously discussed. Figure 16 is a
front view of the embodimentillustrated in Figures 14 and
15.

[0072] In one embodiment, all or a portion of device
1000 can be covered or encased with a sterilizable shield.
For instance all of the body 1000 of the device can be
encased in a sterilizable shield, and the probe guide por-
tion 1061 can then be attached to the sterilizable shield.
Alternatively, one a portion of the device, for instance the
skin contacting portion, can be covered by a sterilizable
shield. In one embodiment, the probe guide portion 1061
can be sterile, and the portion 1000 can be nonsterile.
[0073] Inone embodiment, a probe guide portion need
notinclude a skin contacting surface. Forinstance, a sep-
arably removable probe guide portion can be attached
to a device such that the base of the probe guide portion
will be above and not contacting the skin of a subject.
Accordingto this embodiment, contact between a subject
and a device will only be between the body of a device
that encompasses the ultrasound transducer. For in-
stance, when the body of a device incorporates an ultra-
sound transducer therein, the skin contacting surface can
be at the surface from which an ultrasonic beam is emit-
ted, and the probe guide portion can be aligned with the
transducer, but held above the skin contacting surface
of the body of the device. In this embodiment, a probe
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passing through a probe guide will exit the probe guide
and pass for a distance through the surrounding air prior
to contacting the skin of a subject and passing there-
through.

[0074] Additionally, though illustrated in Figure 14 with
probe guide portion 1061 completely defining and sur-
rounding the probe guide 1039 that passes therethrough,
this is not a requirement of the present disclosure. For
example, in another embodiment, a probe guide can be
defined between a probe guide portion 1061 and the side
of device 1000. According to this embodiment, a probe
guide portion can define a V-shaped notch, a slot, a semi-
circular cut out or the like in the side of the probe guide
portion that will contact the device 1000. Upon attach-
ment of the probe guide portion to the body of the device,
the probe guide can be completely formed. Moreover,
the side of the body of the device can also define a portion
of a probe guide, in one embodiment, and the probe guide
can be formed between the two removably attachable
portions of the device.

[0075] A probe guide portion can also be formed of
multiple removably attachable pieces, if desired.

[0076] Figure 17 illustrates the device 1000 following
attachment of a clamp 1056 to the probe guide portion
1061. Figure 18 llustrates this embodimentin a side view
and Figure 19 illustrates this embodiment in a front view.
During use, the device can be held against the skin and
the probe can be passed through the probe guide. Upon
reaching the desired subdermal location, the clamp 1056
can be activated, for instance by the user pulling forma-
tion 1063 from the unclamped to the clamped position.
[0077] Utilizing presently disclosed devices, a probe
tip can be guided to a percutaneous target on a line that
is parallel to the plane imaged on a sonogram formed by
use of an ultrasound transducer incorporated in a device.
For instance, the probe tip can travel on a path that de-
fines a line that is coincident in the scanned plane, is
parallel to the scanned plane, or intersects the scanned
plane at a point. When utilizing the presently disclosed
devices, the path of the probe to the target can be known,
evenifit cannot be discerned on the sonogram: the probe
will advance toward the target on a straight line and at a
predetermined angular relationship to the ultrasound
housing base from the probe guide opening to the target
that is imaged by the ultrasound. Thus, the path of the
probe and the scanned plane of the sonogram image can
both be defined by the orientation of the transducer and
can be coordinated on the target. In order to strike the
target, the probe can be merely guided along this known
path the desired distance.

[0078] In an ideal situation, the probe itself can be vis-
ualized on the scanned plane. For instance, in those em-
bodiments in which the path of the probe is on a line
within the scanned plane, the probe can be seen in the
sonogram, depending on the density of surrounding tis-
sue and other process parameters. However, in one em-
bodiment, even if the path of the probe is coincident with
the scanned plane, the probe itself may not be visible on



19 EP 2 586 376 B1 20

the sonogram, but artifacts of the passage of the probe
can be visualized, e.g., shadows, motions of internal
structures as the probe passes, and so forth.

[0079] In one preferred embodiment, the known path
of the probe can be added to the sonogram, and the
targeting procedures can be even further simplified. For
example, one embodiment includes the addition of a tar-
geting line on the sonogram extending from that point on
the sonogram where the probe guide opening exits the
housing (or passes the transducer) and projecting across
the ultrasonic field in a straight line at the known angle.
Thus, if this targeting line is made to intersect the target
that is imaged by the device, the operator can be confi-
dent that the probe is accurately directed to the target.
In other embodiments, other targeting information can
be displayed on the sonogram. In accordance with the
invention, information showing the approach of the probe
to the target is displayed.

[0080] A motion detector registers motion of a probe
in the probe guide, and that information is displayed as
a real time image of the probe on a screen or monitor. In
this embodiment, the location of the probe tip in relation
to the target and the moment when the probe tip strikes
the target can be seen in real time by an operator watch-
ing the virtual probe on the monitor during the procedure.
[0081] Fig. 8 illustrates one embodiment of the pres-
ently disclosed subject matter during use in which an
image of a virtual probe may be overlaid on a sonogram.
In this particular embodiment, the probe device includes
a detector 170, which can be located in the post of the
sterilizable shield or in the post of the transducer housing.
Detector 170 recognizes and monitors the movement of
probe 154 as it passes through probe guide and into a
subject. Information from detector 170 and the ultrasound
transducer can pass through cable 124 to monitor 174.
The probe 154 is then imaged on a monitor 174 as probe
image 178. The monitor 174 can also show the internal
target, for instance a blood vessel 176.

[0082] A variety of different possible detectors as are
generally known in the art may be utilized as detector
170. In accordance with the invention, the detector 170
utilizes a magnetic motion detection mechanism. In ad-
dition, the location of detector 170 is not critical to the
invention. Inthe embodimentillustrated in Fig. 8, detector
170 is located in the post of either the shield 130 or the
ultrasound transducer housing enclosed within the shield
130. In other embodiments, however, the detector may
be located elsewhere in the system including, for exam-
ple, on a portion of the probe itself.

[0083] Signals from detector 170 create a data stream
which is sent to a processor. A processing unit can be
internal or external to the hand-held device. Forexample,
data from detector 170 can be sent to a standard lap top
ordesk top computer processoror part of a self-contained
ultrasound system as is known in the art. A processor
can be loaded with suitable recognition and analysis soft-
ware and can receive and analyze the stream of data
from detector 170. The processing unit can also include
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standard imaging software as is generally known in the
art to receive data from the ultrasound transducer via
cable 124. Probe 154 can be of a predetermined length
which can be input data entered into a processor by the
user or can be preprogrammed into the system as default
data. Thus, through analysis of the data stream received
from detector 170 and from ultrasound transducer 120,
a processor can be programmed to calculate the relative
position of the probe tip in relation to the ultrasound trans-
ducer 120, in relation to detector 170, in relation to the
exit of the probe guide, or to any other convenient refer-
ence point. A processor can communicate this position
information digitally to monitor 174 and the information
is displayed on the monitor as a real time image of a
virtual probe 178 shown in conjunction with the sonogram
including an image 176 of the target, such as a blood
vessel.

[0084] Insuch amanner, disclosed devices can be uti-
lized to actually show the approach of the probe toward
the target on the monitor throughout the entire procedure.
In addition, in certain embodiments, disclosed devices
can be utilized to ensure the probe tip remains at the
target during subsequent procedures. For example, in
those embodiments wherein the detector 170 monitors
the motion of the probe 154, as long as probe 154 remains
'visible’ to detector 170, the image 176 of probe 154 can
remain on the monitor 174. Thus, any motion of the probe
tip in relation to the target can be noted by an observer.
[0085] The presently disclosed ultrasound guided
probe devices and methods may be utilized in many dif-
ferent medical procedures. Exemplary applications for
the devices can include, without limitation

* Central Venous Catheterization

e Cardiac Catheterization (Central Arterial Access)

* Dialysis Catheter Placement

e Breast Biopsies

* Paracentesis

* Pericardiocentesis

e Thoracentesis

* Arthrocentesis

e Lumbar Puncture

¢  Epidural Catheter Placement

e  Peripherally Inserted Central Catheter (PICC) line
placement

e Thyroid Nodule Biopsies

e Cholecystic Drain Placement

*  Amniocentesis

* Regional Anesthesia - Nerve Block

[0086] Some ofthese exemplary procedures have em-
ployed the use of ultrasound in the past, and all of these
procedures, as well as others not specifically listed, could
utilize the disclosed ultrasound guided devices to im-
prove procedural safety as well as patient safety and
comfort, in addition to provide more economical use of
ultrasound devices. In addition, the presently disclosed
devices may be utilized with standard probe kits already
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available on the market.

Claims

1.

A medical probe device comprising:

a probe (154);

a probe guide (139);

a monitor;

a transducer housing comprising an ultrasound
transducer (120) for forming a sonogram of a
subdermallocation on the monitor, the transduc-
er housing including a skin contacting surface;
a motion detector (170) for detecting motion of
the probe (154) in the probe guide (139), where-
in signals from the motion detector (170) create
a data stream;

a processor in communication with the motion
detector (170), the monitor, and the ultrasound
transducer (120), the processor configured for
creating and displaying a real time image of a
virtual probe, the processor being programmed
to receive and analyze said data stream from
the motion detector (170) to calculate a relative
position of the probe (154) in relation to a refer-
ence point, the processor being capable of com-
municating the relative position to the monitor,
said relative position being displayed on the
monitor as the real time image of the virtual
probe; and

the processor being further configured for dis-
playing on the monitor the real time image of the
virtual probe in conjunction with the sonogram
of the subdermal location, and information
showing the approach of the probe (154) to-
wards an internal target (176); characterised
in that

the motion detector (170) utilizes a magnetic
motion detection mechanism to generate said
signals and monitor the motion of the probe
(154) asit passes through the probe guide (139).

The medical probe device of claim 1, the skin con-
tacting surface comprising a first portion (110) and
asecond portion (108) that are removably attachable
to one another.

The medical probe device of claim 2, wherein said
firstportion (110) incorporates said ultrasound trans-
ducer (120), and said second portion (108) defining
all or a portion of the probe guide (139).

The medical probe device of claim 2 or 3, the first
portion (110) defining a first plane and the second
portion (108) defining a second plane, the first plane
and the second plane intersecting one another to
define an angle therebetween that is greater than
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10.

1.

12.

13.

14.

about 150° and less than 180°.

The medical probe device of any of the preceding
claims, the housing defining a base (106) and a
probe guide opening (126) that passes through the
base (106).

The medical probe device of claim 5, further com-
prising a clamp (156) for clamping the probe (154)
in the probe guide (139).

The medical probe device of any of the preceding
claims, further comprising a single-use sterilizable
shield (130).

The medical probe device of claim 7, wherein the
single use shield (130) comprises a firstsection (132)
and a second section (134) that are attachable to
one another.

The medical probe device of claim 8, wherein the
single use shield (130) includes a fastener (140;141)
for connecting the first section (132) and the second
section (134) to one another.

The medical probe device of claim 9, wherein the
fastener (140;141) is a single-use fastener and is
permanently disabled upon disconnection and sep-
aration of the first section (132) and the second sec-
tion (134) from one another.

The medical probe device of claim 7, 8 or 9, wherein
the second section (134) defines a terminal portion
(151) of the probe guide (139) in a portion (160) of
the second section (134).

The medical probe device of claim 11, wherein said
single use shield (130) includes a base (106), and a
guide post arising out of said base, wherein said
guide post defines at least a portion of said probe
guide (139) therethrough.

The medical probe device of claim 12, wherein said
motion detector (170) is located in said guide post.

The medical probe device of any preceding claim,
wherein said transducer housing includes a handle
(102), a post (104) and a base (106), wherein said
motion detector (170) is located in said post (104).

Patentanspriiche

1.

Medizinisches Sondengerat, umfassend:

eine Sonde (154);
eine Sondenflihrung (139);
einen Monitor;
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ein Wandlergehduse, das einen Ultraschall-
wandler (120) zum Ausbilden eines Sono-
gramms einer subdermalen Stelle auf dem Mo-
nitor umfasst, wobei das Wandlergehause eine
Hautkontaktflache beinhaltet;

einen Bewegungsdetektor (170) zum Erkennen
von Bewegung der Sonde (154) in der Sonden-
fiihrung (139), wobei Signale vom Bewegungs-
detektor (170) einen Datenstrom erzeugen;
einen Prozessor in Kommunikation mit dem Be-
wegungsdetektor (170), dem Monitor und dem
Ultraschallwandler (120), wobei der Prozessor
zum Erzeugen und Anzeigen eines Echtzeit-
bilds einer virtuellen Sonde konfiguriert ist, wo-
bei der Prozessor zum Empfangen und Analy-
sieren des Datenstroms vom Bewegungsdetek-
tor (170) zum Berechnen einer relativen Position
der Sonde (154) bezliglich eines Bezugspunkts
programmiert ist, wobei der Prozessor zum
Ubermitteln der relativen Position an den Moni-
tor imstande ist, wobei die relative Position als
das Echtzeitbild der virtuellen Sonde auf dem
Monitor angezeigt wird; und

wobei der Prozessor ferner zum Anzeigen auf
dem Monitor des Echtzeitbilds der virtuellen
Sonde in Verbindung mit dem Sonogramm der
subdermalen Stelle und von Information konfi-
guriert ist, die die Anndherung der Sonde (154)
an ein internes Ziel (176) zeigt; dadurch ge-
kennzeichnet, dass

der Bewegungsdetektor (170) einen magneti-
schen Bewegungserkennungsmechanismus
zum Erzeugen der Signale und Uberwachen der
Bewegung der Sonde (154), wenn sie die Son-
denfiihrung (139) durchlauft, nutzt.

Medizinisches Sondengerat nach Anspruch 1, wobei
die Hautkontaktflache einen ersten Abschnitt (110)
und einen zweiten Abschnitt (108) umfasst, die ab-
nehmbar aneinander anbringbar sind.

Medizinisches Sondengerat nach Anspruch 2, wobei
der erste Abschnitt (110) den Ultraschallwandler
(120) eingliedert und der zweite Abschnitt (108) die
Gesamtheit oder einen Abschnitt der Sondenfih-
rung (139) definiert.

Medizinisches Sondengerat nach Anspruch 2 oder
3, wobei der erste Abschnitt (110) eine erste Ebene
definiert und der zweite Abschnitt (108) eine zweite
Ebene definiert, wobei die erste Ebene und die zwei-
te Ebene einander schneiden, um einen Winkel da-
zwischen zu definieren, der groRer als ungefahr 150
° und kleiner als ungefahr 180 ° ist.

Medizinisches Sondengerat nach einem der vorste-
henden Anspriiche, wobei das Gehéause eine Basis
(106) und eine Sondenfiihrungsoffnung (126) defi-
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niert, die die Basis (106) durchlauft.

Medizinisches Sondengerat nach Anspruch 5, ferner
umfassend eine Klammer (156) zum Einklemmen
der Sonde (154) in die Sondenfiihrung (139).

Medizinisches Sondengerat nach einem der vorste-
henden Anspriiche, ferner umfassend eine sterili-
sierbare Einmalabschirmung (130).

Medizinisches Sondengeratnach Anspruch 7, wobei
die Einmalabschirmung (130) einen ersten Teilab-
schnitt (132) und einen zweiten Teilabschnitt (134)
umfasst, die aneinander anbringbar sind.

Medizinisches Sondengerat nach Anspruch 8, wobei
die Einmalabschirmung (130) ferner ein Befesti-
gungselement (140; 141) zum Verbinden des ersten
Teilabschnitts (132) und des zweiten Teilabschnitts
(134) miteinander enthalt.

Medizinisches Sondengeratnach Anspruch 9, wobei
das Befestigungselement (140; 141) ein Einmalbe-
festigungselement ist und nach der Auslésung und
Trennung des ersten Teilabschnitts (132) und des
zweiten Teilabschnitts (134) voneinander dauerhaft
unbrauchbar ist.

Medizinisches Sondengerat nach Anspruch 7, 8
oder 9, wobei der zweite Teilabschnitt (134) einen
Endabschnitt (151) der Sondenfihrung (139) in ei-
nem Abschnitt (160) des zweiten Teilabschnitts
(134) definiert.

Medizinisches Sondengerat nach Anspruch 11, wo-
bei die Einmalabschirmung (130) eine Basis (106)
und eine Fuhrungsstrebe enthalt, die aus der Basis
herausragt, wobei die Flhrungsstrebe mindestens
einen Abschnitt der Sondenfiihrung (139) dort hin-
durch definiert.

Medizinisches Sondengerat nach Anspruch 12, wo-
bei sich der Bewegungsdetektor (170) in der Fih-
rungsstrebe befindet.

Medizinisches Sondengerat nach einem der vorste-
henden Anspriiche, wobei das Wandlergehause ei-
nen Griff (102), eine Strebe (104) und eine Basis
(106) enthalt, wobei sich der Bewegungsdetektor
(170) in der Strebe (104) befindet.

Revendications

1.

Dispositif de sonde médicale comprenant :

une sonde (154) ;
un guide de sonde (139) ;
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un moniteur ;

un bottier de transducteur comprenant un trans-
ducteur a ultrasons (120) pour former un sono-
gramme d’'un emplacement subdermique sur le
moniteur, le boitier de transducteur comprenant
une surface de contact avec la peau ;

un détecteur de mouvement (170) pour détecter
un mouvement de la sonde (154) dans le guide
de sonde (139), dans lequel des signaux du dé-
tecteur de mouvement (170) créent un flux de
données ;

un processeur en communication avec le détec-
teur de mouvement (170), le moniteur, et le
transducteur a ultrasons (120), le processeur
étant configuré pour créer et afficher une image
en temps réel d’'une sonde virtuelle, le proces-
seur étant programmé pour recevoir et analyser
ledit flux de données du détecteur de mouve-
ment (170) pour calculer une position relative
de la sonde (154) par rapport a un point de ré-
férence, le processeur étant capable de com-
muniquer la position relative au moniteur, ladite
position relative étant affichée sur le moniteur
en tant qu’image en temps réel de la sonde
virtuelle ; et

le processeur étant configuré en outre pour af-
ficher sur le moniteur 'image en temps réel de
la sonde virtuelle conjointement avec le sono-
gramme de 'emplacement subdermique, etdes
informations montrant I'approche de la sonde
(154) vers une cible interne (176) ; caractérisé
en ce que

le détecteur de mouvement (170) utilise un mé-
canisme de détection de mouvement magnéti-
que pour générer lesdits signaux et surveiller le
mouvement de la sonde (154) a mesure qu’elle
passe a travers le guide de sonde (139).

Dispositif de sonde médicale selon la revendication
1, la surface de contact avec la peau comprenant
une premiere portion (110) et une seconde portion
(108) qui peuvent étre fixées de maniere amovible
'une a l'autre.

Dispositif de sonde médicale selon la revendication
2,danslequel ladite premiere portion (110) incorpore
ledit transducteur a ultrasons (120), et ladite secon-
de portion (108) définissant tout ou une portion du
guide de sonde (139).

Dispositif de sonde médicale selon la revendication
2 ou 3, la premiére portion (110) définissant un pre-
mier plan et la seconde portion (108) définissant un
second plan, le premier plan et le second plan se
coupant I'un I'autre pour définir un angle entre eux
qui est supérieur a environ 150° et inférieur a 180°.

Dispositif de sonde médicale selon 'une quelconque
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des revendications précédentes, le boitier définis-
sant une base (106) et une ouverture de guide de
sonde (126) qui passe a travers la base (106).

Dispositif de sonde médicale selon la revendication
5, comprenant en outre une pince (156) pour serrer
la sonde (154) dans le guide de sonde (139).

Dispositif de sonde médicale selon 'une quelconque
des revendications précédentes, comprenant en
outre un écran stérilisable a usage unique (130).

Dispositif de sonde médicale selon la revendication
7, dans lequel I'écran a usage unique (130) com-
prend une premiére section (132) et une seconde
section (134) qui peuvent étre fixées I'une a 'autre.

Dispositif de sonde médicale selon la revendication
8, dans lequel I'écran a usage unique (130) com-
prend un dispositif de fixation (140; 141) pour relier
la premiére section (132) etla seconde section (134)
I'une a l'autre.

Dispositif de sonde médicale selon la revendication
9, dans lequel le dispositif de fixation (140 ; 141) est
un dispositif de fixation a usage unique et est désac-
tivé en permanence lors de la déconnexion et de la
séparation de la premiére section (132) et de la se-
conde section (134) l'une de l'autre.

Dispositif de sonde médicale selon la revendication
7,80u9, danslequel la seconde section (134) définit
une portion terminale (151) du guide de sonde (139)
dans une portion (160) de la seconde section (134).

Dispositif de sonde médicale selon la revendication
11, dans lequel ledit écran a usage unique (130)
comprend une base (106), et un montant de guidage
sortant de ladite base, dans lequel ledit montant de
guidage définit au moins une portion dudit guide de
sonde (139) a travers celui-ci.

Dispositif de sonde médicale selon la revendication
12, dans lequel ledit détecteur de mouvement (170)
est situé dans ledit montant de guidage.

Dispositif de sonde médicale selon 'une quelconque
des revendications précédentes, dans lequel ledit
boitier de transducteur comprend une poignée
(102), un montant (104) et une base (106), dans le-
quel ledit détecteur de mouvement (170) est situé
dans ledit montant (104).
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