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NEEDLE GUIDE INCLUDING ENHANCED VISIBILITY ENTRANCE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S. Design Patent Application No.
29/493,150, filed June 5, 2014, which is a continuation of U.S. Patent Application No.
13/886,196, filed May 2, 2013, which is a division of U.S. Patent Application No. 12/642,456,
filed December 18, 2009, now U.S. Patent No. 8,574,160, which claims the benefit of U.S.
Provisional Patent Application No. 61/138,606, filed December 18, 2008. This application
also claims the benefit of U.S. Provisional Patent Application No. 61/920,242, filed December
23, 2013. Each of the aforementioned applications is incorporated herein by reference in its

entirety.

BRIEF SUMMARY

[0002] Briefly summarized, embodiments of the present invention are directed to needle
guide systems for a sonography device. The needle guide systems include both fixed and

adjustable needle guides for use with a probe of the sonography device.

[0003] In one embodiment, the needle guide includes a needle guide body that is rotatably
mounted to a sonography device probe. A plurality of needle channels is disposed on a surface
of the needle guide body. Each needle channel can be selectively rotated into position to guide
a needle into a body of a patient at a predetermined needle insertion angle. If another needle
insertion angle is desired, the needle guide is rotated to place a new needle channel defining
the desired needle insertion angle into position. The needle guide can be permanently or

removably attached to the probe.

[0004] In another embodiment, a needle guide is disclosed and includes an extended guide

feature, such as a guide cone, to assist in inserting a needle into the needle channel.

[0005] These and other features of embodiments of the present invention will become more
fully apparent from the following description and appended claims, or may be learned by the

practice of embodiments of the invention as set forth hereinafter.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] A more particular description of the present disclosure will be rendered by
reference to specific embodiments thereof that are illustrated in the appended drawings. It is
appreciated that these drawings depict only typical embodiments of the invention and are
therefore not to be considered limiting of its scope. Example embodiments of the invention
will be described and explained with additional specificity and detail through the use of the

accompanying drawings in which:

[0007] FIG. 1 is simplified perspective view of a sonographic imaging system that serves

as an example environment in which embodiments of the present invention can be practiced;
[0008] FIG. 2 is a perspective view of a handheld probe of the system of FIG. 1;

[0009] FIGS. 3A and 3B are various views of a portion of a needle guide system included

on a handheld probe according to one example embodiment, included on the probe of FIG. 2;

[00010] FIGS. 4A-4D are various views of a needle guide for use with the handheld probe

shown in FIGS. 3A and 3B, according to one embodiment;

[00011] FIG. 4E is a perspective view of the needle guide of FIGS. 4A-4D attached to the
probe of FIG. 2;

[00012] FIGS. 5A-6E are various views of an adjustable needle guide system according to

one embodiment;

[00013] FIGS. 7A-8F are various views of an adjustable needle guide system according to

another embodiment;

[00014] FIGS. 9A-10F are various views of an adjustable needle guide system according to

yet another embodiment;

[00015] FIGS. 11A-11D show additional details of a needle guide system according to one

embodiment;

[00016] FIG. 12 is a top view of an adjustable needle guide system according to one

another embodiment;
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[00017] FIGS. 13 is a top view of an adjustable needle guide system according to yet

another embodiment;

[00018] FIGS. 14A-14C show various views of a connector included on an ultrasound

probe;

[00019] FIGS. 15A-15F show various views of a needle guide according to one

embodiment;

[00020] FIG. 16 is a perspective view of an ultrasound probe with the needle guide of FIGS.
15A-15F attached to a connector of the probe;

[00021] FIGS. 17A-17G are various views of needle guides according to certain

embodiments;
[00022] FIG. 18 is an end view of a needle guide according to one embodiment;

[00023] FIGS. 19A and 19B are various views of a needle guide according to one

embodiment;

[00024] FIGS. 20A and 20B are various views of a needle guide according to one

embodiment;
[00025] FIG. 21 is a top view of a needle guide according to one embodiment;
[00026] FIG. 22 is a top view of a needle guide according to one embodiment; and

[00027] FIG. 23 is a top view of a needle guide according to one embodiment.
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DETAILED DESCRIPTION OF SELECTED EMBODIMENTS

[00028] Reference will now be made to figures wherein like structures will be provided with
like reference designations. It is understood that the drawings are diagrammatic and schematic
representations of exemplary embodiments of the present invention, and are neither limiting

nor necessarily drawn to scale.

[00029] For clarity it is to be understood that the word “proximal” refers to a direction
relatively closer to a clinician using the device to be described herein, while the word “distal”
refers to a direction relatively further from the clinician. For example, the end of a needle or
catheter placed within the body of a patient is considered a distal end of the needle or catheter,
while the needle or catheter end remaining outside the body is a proximal end of the needle or
catheter. Also, the words “including,” “has,” and “having,” as used herein, including the

claims, shall have the same meaning as the word “comprising.”

[00030] FIGS. 1-11D depict various features of embodiments of the present invention,
which are generally directed to needle guide systems for use with a sonographic imaging
device in assisting the percutaneous insertion of a needle or other medical device into a body

portion, such as a vasculature of a patient, for instance.

[00031] Reference is first made to FIG. 1 in describing a sonographic imaging system
(“system”), generally described at 10, for ultrasonically imaging portions of a patient body.
The system 10 includes a console 12 including a display 14 and one or more user input
controls 16. In one embodiment, the system 10 also includes a probe 18 including one or more
user controls in the form of control buttons 20. Briefly, the probe 18 is configured to transmit
ultrasonic signals from a head portion 18A thereof into a portion of a patient body and to
receive the ultrasonic signals after reflection by internal structures of the patient body. The

system 10 processes the reflected ultrasonic signals for depiction on the display 14.

[00032] The user input controls 16 of the console 12 may include, for example, image gain
controls to adjust the amplification of a received ultrasonic signal, image depth controls to
image structures at different depths and adjust the focus of an ultrasonic image displayed on
the display 14, depth marker controls to selectively display depth markers and/or grid lines,
print and/or save controls to print/save an image currently displayed on the display, image
freeze controls to pause an image currently displayed on the display, time/date set controls, and

other controls for operating the system 10. Corresponding controls, or a subset thereof, are

4-
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also included in the control buttons 20 on the probe 18. In addition, in other embodiments the
functionality of the user input controls 16 can be provided by a keyboard, mouse, or other

suitable input device.

[00033] FIG. 2 shows the probe 18 of FIG. 1, including two needle guide connectors 30 that
are included as part of a needle guide mounting system configured in accordance with one
example embodiment. The needle guide connectors 30 are included on front and side portions
of the probe 18 but are identically configured in the present embodiment. As such, the details
of only one of the connectors will be described in detail here. It should be appreciated that in
other embodiments the needle guide connectors may differ in size, configuration, the number
included on the probe, etc. In addition, the design and configuration of the probe is merely one

example of an ultrasonic probe that can benefit from the principles described herein.

[00034] FIGS. 3A and 3B give further details of the needle guide connectors 30 according
to one embodiment. Each connector 30 includes an elongate first mounting surface 32,
extending from the surface of the probe head portion 18A, which is configured to receive a
needle guide thereon, as will be described. An overhang 34 is defined at an end of the
mounting surface 32 for assistance in maintaining engagement of the needle guide with the
connector 30. A second mounting surface 36 is also included on the each connector 30, which
surface defines two stability extensions 36A, 36B. In the present embodiment, the stability
extensions 36A, 36B are integrally formed with the first mounting surface 32 and extend along
an axis in a direction that is substantially orthogonal to a longitudinal axis of the first mounting
surface. So configured, the second mounting surface 36, as defined by the stability extensions
36A and 36B, also extends substantially orthogonal to the first mounting surface 32, though in
other embodiments the two mounting surfaces can be aligned at other angles with respect to
one another. Note that the size, number, and orientation of the second mounting surface and its
respective stability extensions with respect to the first mounting surface can vary from what is

explicitly described herein.

[00035] One or more depressions 40 are defined on side surfaces of the first mounting
surface 32 for engagement with corresponding protrusions defined on the needle guide, as will
be described. Of course, other configurations for maintaining engagement between the needle

guide and the mounting surfaces of the needle guide connector 30 can also be employed.
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[00036] Reference is now made to FIGS. 4A-4D, which depict various details of a needle
guide, generally designated at 50, in accordance with one example embodiment. As shown,
the needle guide 50 includes a top surface 52 on which a needle channel 54, defined by two
lips 55, is defined for guiding a needle to a body portion imaged by the system 10 via
percutaneous insertion. The top surface 52, and therefore the needle channel 54, is angled with
respect to a longitudinal axis of the probe 18 so as to enable the needle to intercept the targeted
body portion at a depth as determined by the ultrasonic imaging performed by the system 10.
The needle insertion angle defined by the needle channel 54 can vary according to the
configuration of the needle guide. Thus, selection of an appropriately angled needle guide is
determined by the depth of the intended subcutaneous target within the patient body to be
intercepted. As such, the specific size and configuration details of the needle guide described

herein are merely examples.

[00037] The needle guide 50 defines a first cavity 56, best seen in FIG. 4D, which is shaped
to receive therein the first mounting surface 32 of the connector 30 when the needle guide is
removably attached to the probe 18. A smoothly shaped extended surface 58 is included at the
closed end of the cavity 56 and is configured for interfacing with the smoothly shaped
overhang 34 of the first mounting surface 32 in retaining the needle guide 50 on the connector
30 when attached thereto. The extended surface 58 and overhang 34 can be configured in a

variety of ways so as to assist in retaining the needle guide on the connector 30.

[00038] A second cavity 60, which crosses substantially orthogonally the first cavity 56 and
includes notches 60A, 60B, is defined by the body of the needle guide 50, as best seen in FIG.
4B. The notches 60A, 60B of the second cavity 60 are positioned to respectively receive
therein the stability extensions 36A, 36B when the needle guide 50 is attached to the needle
guide connector 30, such as in a snap-fit configuration for instance, as shown in FIG4E. So
attached, the stability extensions 36A, 36B of the connector 30 engage the notches 60A, 60B
and this engagement, together with the engagement of the first mounting surface 32 with the
needle guide cavity 56, secures the needle guide in place with respect to the probe 18. This in
turn provides a stable needle guide structure that resists undesired movement, such as the
needle guide undesirably slipping off the probe in a direction parallel to a longitudinal axis of
the probe 18. Thus, the needle guide remains in place to enable a clinician to insert a needle or
other medical instrument into the target area of the patient body via the needle channel 54

while the target area is imaged by the sonography system 10. It is appreciated that the angle of



WO 2015/100332 PCT/US2014/072168

intersection between the first cavity 56 and the second cavity 60 of the needle guide 50 should
be configured to match the angle of intersection between the first mounting surface 32 and the
second mounting surface 36 of the needle guide connector 30 of the probe 18 in all cases,

regardless of whether the angle of intersection is orthogonal.

[00039] The needle guide 50 further includes protrusions 70 in the first cavity 56 that are
sized and positioned to engage with the depressions 40 (FIGS. 3A, 3B) of the needle guide
connector 30 when the needle guide is attached to the needle guide connector 30. Note that the
size, shape, number, and other configuration details of the needle guide cavities can vary from
what is described herein while still residing within the scope of present embodiments. For
instance, the shape defined by the notches 60A, 60B, can be triangular, rounded, etc., instead

of the square configuration shown here.

[00040] The needle channel 54 of FIGS. 4A-4E is shown to be sized for an 18 Gauge
needle. In other embodiments, however, the needle channel can be sized to accommodate
needles of other sizes and configurations. Also, the needle guide can be configured in one
embodiment to accept devices other than needles, such as trocars or catheters for instance. As
mentioned above, the needle guide top surface can be configured such that the needle channel
defines an angle with a longitudinal axis of the probe 18 different from what is shown in FIGS.
4A-4E. As such, multiple needle guides, each having a needle channel defining a unique angle
with the longitudinal axis of the probe 18, can be constructed as to be selectively attachable
to/removable from the probe needle guide connector 30 of the probe 18, enabling a plurality of

needle insertion angles to be achieved with the system 10.

[00041] Reference is now made to FIGS. 5A-6E in describing a needle guide system
according to another embodiment. FIGS. SA and 5B show the probe 18 including a mounting
component, such as a mounting ball 360, on the probe head portion 18A for rotatably receiving
a rotatable needle guide 350, shown in FIGS. 6A and 6B. As shown, the needle guide 350
includes a circular body that defines a chamfered or slanted top surface 352. A plurality of
needle channels 354 is included on the top surface. Each needle channel 354 is defined by two
lips 455 or other suitable structure. The top surface 352 is configured such that each needle
channel 354 is positioned at a unique angle. For instance, FIG. 6B shows one needle channel
354 of the needle guide 350 angled to define a deflection angle ¢; with respect to horizontal
and another needle channel 354 angled to define a deflection angle ¢, with respect to

horizontal, from the perspective shown in FIG. 6B. As will be seen, this enables the needle

-



WO 2015/100332 PCT/US2014/072168

guide to guide a needle into the patient body at one of a plurality of different needle insertion
angles, measured with respect to a longitudinal axis of the probe 18 to which the needle guide
is either removably or permanently attached. In the illustrated embodiment, five needle
channels 354 are included on the top surface 352 of the needle guide 350, though more or
fewer than this can be included. Also, though shown distributed in a star pattern, the
distribution of the needle channels on the needle guide top surface can vary from what is

shown and described herein.

[00042] As mentioned, the needle guide 350 is configured to attach to a fixture on the probe
18, such as the mounting ball 360 shown in FIGS. 5A and 5B or other suitable structure, such
that the needle guide 350 is rotatable with respect to the probe. The fixture can be placed on
any suitable surface of the probe 18. One or more protrusions 362 are included on a bottom
surface of the needle guide 350 and are each positioned so as to engage a depression 364
defined on the surface of the probe head portion 18A and thus secure the needle guide in a
particular position until moved by a force sufficient to overcome the friction engagement
between the corresponding protrusion and the depression. So configured, a clinician may
rotate the needle guide 350, as shown in FIG. 6C, until the desired needle channel 354 having
the desired insertion angle is aligned at a usable position 354A to enable the clinician to insert
a correspondingly sized needle into the patient body via the selected needle channel to
intercept an imaged target area of the patient body at a predetermined depth. Note that the
location, number, and configuration of the protrusions and depressions can vary from what is

shown and described.

[00043] FIGS. 6D and 6E show how the needle guide 350 enables needle insertions of
different angles of entry into the patient body. In FIG. 6D, one of the needle channels 354 is
positioned for use, i.e., in the position 354A (see FIG. 6C) such that it defines a needle
insertion angle 6; with the longitudinal axis 380 of the probe 18. In contrast, FIG. 6E shows
another needle guide channel 354 in the position 354 A, which defines a needle insertion angle
0, with the probe longitudinal axis 380. As can be seen from FIGS. 6D and 6E, the needle path
enabled by the needle channel 354 of FIG. 6D penetrates more deeply relative to the needle
path enabled by the needle channel 354 of FIG. 6E. As such, the needle channel 354 of FIG.
6D can be employed in order to enable a needle to intercept a target area of the patient body
that is relatively deeper, while the needle channel shown in FIG. 6E can be employed to

intercept a relatively shallower target area.



WO 2015/100332 PCT/US2014/072168

[00044] Thus, in accordance with the present embodiment, the needle guide 350 can be used
to direct a needle to a proper depth within the patient body during use of the probe 18 and
system 10. In particular, once a target area of the patient body has been located by the probe
18 and imaged by the system 10, the clinician rotates the needle guide 350 until a desired one
of the needle channels 354 having a desired needle insertion angle with respect to the
longitudinal axis 380 of the probe 18 is in the position 354 A and ready for use. The clinician
can then insert the needle into the needle channel 354, which channel guides the needle into the

patient body at the desired needle insertion angle until the needle intercepts the target area.

[00045] Note that the shape and size of the needle guide can vary from what is described
here. For instance, the general shape of the needle guide can be hexagonal, pentagonal,
triangular, square, or other geometric shape in one embodiment. Also, the needle guide can be
reduced in size from what is shown in FIGS. 6D and 6E in order to match a configuration of
the sonographic probe. The needle channels can each be sized to accommodate needles of

differing gauges in one embodiment.

[00046] Reference is now made to FIGS. 7A- 8E in describing a needle guide system
according to another embodiment. In particular, FIGS. 8 A-8E show a needle guide 450, which
generally includes a base 452 and a flexible extension 460. The base 452 includes on a top
surface thereof a needle channel 454 defined by lips 455 and on a bottom surface a connector
456 for attaching the needle guide 450 to the probe 18 and longitudinally extending stability
rails 458 for preventing twisting or torsion of the needle guide during use on the probe. The
flexible extension 460 is an elongate member that longitudinally extends from the base 452 and

includes a first engagement feature, such as a hook 462, at a free end 460A of the extension.

[00047] As shown in FIGS. 7A and 7B, in the present embodiment the probe 18 includes on
its head portion 18A a connector 470 to which the needle guide can removably attach. The
connector 470, which itself can be removably or permanently attached to the probe 18,
includes a cavity 472 for receiving the connector 456 of the needle guide base 452, and a
support arm 474 proximally extending at an acute angle from the probe surface. The probe 18
further includes a receiver array 480, which includes a second engagement feature, configured
here as a plurality of spaced apart bars 482 with which the needle guide hook 462 can engage,
as shown in FIG. 8F, for example. Specifically, FIG. 8F shows the needle guide 450 attached
to the probe 18 via engagement of its connector 456 with the cavity 472 of the probe connector

470. The hook 462 of the needle guide flexible extension 460 is shown engaged with one of

9.
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the hook receiving bars 482 of the receiver array 480, thus creating an attachment between the
first engagement feature of the needle guide, i.e., the hook 462, and the second engagement

feature of the probe, i.e., one of the bars 482.

[00048] So configured, the needle channel 454 of the needle guide is oriented to define a
needle insertion angle 6 with the probe longitudinal axis 380. Note that the extension 460 is
configured to be flexible enough to allow for the bending thereof as shown in FIG. 8F. The
support arm 474 in the current embodiment is resilient while also providing the needed rigidity
for the needle guide base 452 so as to maintain the needle channel 454 in a substantially fixed
location after the angle of the needle guide 450 has been selected and set. Additionally, the
stability rails 458 straddle the support arm 474 to prevent undesired twisting or torsion of the

needle guide 450 during use.

[00049] Should it be desired to change the needle insertion angle defined by the needle
channel 454, the hook 462 can be manually moved to engage another of the bars 482 of the
probe receiver array 480. This in turn alters the needle insertion angle and the depth to which
the needle will be inserted into the patient body by the clinician. Generally, in the present
embodiment movement of the hook 462 to more proximal bars 482 lessens the needle insertion
angle, which in turn enables the needle to penetrate to a relatively deeper target area in the
patient body. Of course, the needle guide system can be configured such that a different
relationship exists between movement of the needle guide components and the needle insertion
angle. Indeed, in one embodiment the adjustable engagement feature can be included on the

needle guide itself instead of on the probe, as is the case with the embodiment described here.

[00050] FIGS. 9A-9E depict a variation of the needle guide 450, wherein the free end 460A
of the flexible extension 460 serves as a first engagement feature of the needle guide in
contrast to the hook of the previous embodiment, and wherein a receiver array 580 on the
probe 18 (FIG. 10A) includes a second engagement feature implemented as a plurality of slots
582 instead of the bars of the previous embodiment. Further, the needle guide 450 shown in
FIGS. 9A-9E is designed for use with a probe connector that includes no support arm, such as
the support arm 474 shown in FIGS. 7A-8F. Instead, the flexible extension 460 in the present
embodiment is configured so as to be more rigid, relative to the flexible extension of the
embodiment depicted in FIGS. 7A-8F, thus enabling it to bend to engage the receiver array 580

while maintaining the needle guide base 452 at a desired position.

-10-
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[00051] In greater detail, FIGS. 10A-10F show the manner of engagement of the needle
guide 450 with the probe 18, according to the first and second engagement features just
described above in connection with FIGS. 9A-9E. Note that in FIGS. 10A-10F, the probe
connector for attachment of the needle guide has been removed for clarity. In particular, FIG.
10A shows the flexible extension 460 positioned such that the free end 460A thereof is
received into the distal-most slot 582 of the probe receiver array 580. This causes the needle
guide base 452 and the needle channel 454 disposed thereon to be positioned such that the
needle channel defines a relatively large needle insertion angle 0 with respect to the probe
longitudinal axis 380, which corresponds to inserting a needle in a relatively superficial target

area of the patient body located proximate the skin surface thereof.

[00052] FIGS. 10B-10F show that as the flexible extension free end 460A of the needle
guide 450 is inserted into progressively more proximal slots 582 of the probe receiver array
580, the needle insertion angle 0 is reduced, which corresponds to directing the needle to
progressively deeper target areas of the patient body. As such, the slots 582 and needle guide
450 can be configured so as to position the needle channel 454 to define predetermined needle
insertion angles. In one embodiment, for example, the needle guide system as described in
connection with FIGS. 9A-10F can define needle insertion angles ranging from about three
degrees to about 43 degrees, though it is appreciated that a variety of possible angles can be
achieved. It is noted that the first and second engagement features of the needle guide and
probe that are used to interconnect the two can vary from what is described herein, as

appreciated by one skilled in the art.

[00053] FIGS. 11A-11D depict one possible connector 670 for the probe head portion 18A
for engaging a needle guide, according to one embodiment. In particular, the connector 670
includes two outer fins 672 in between which an inner fin 674 is positioned. As best seen in
FIG. 11D, a recess 676 is included on the inner fin 674, and the outer fins 672, the inner fin
674, or all the fins include a resilient material so as to enable deformation thereof so as to
facilitate insertion into the recess of a connector portion of the needle guide, such as the
connector 456 of the needle guide 450 described in the embodiment associated with FIGS. 7A-
8F, for example. In one embodiment, only the inner fin is resilient, while the outer fins are
substantially rigid. It should therefore be appreciated that the manner of attachment between

the needle guide and the probe can include any one of a number of possible designs. Also, it is

-11-
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appreciated that the needle channel can be defined in any one of a number of ways, in addition

to the lips explicitly shown and described herein.

[00054] FIGS. 12 and 13 depict yet other needle guide embodiments. In FIG. 12, a linear
needle guide 750 is shown, including a top surface 752 on which are disposed a plurality of
needle channels 354 that are each aligned to define differing needle insertion angles. A
particular needle channel can be selected for use by laterally sliding the needle guide 750 as
shown in FIG. 12. In FIG. 13, a semi-circular needle guide 850 is shown, including a top
surface 852 on which a plurality of needle channels 354 are disposed in a fan pattern, each
needle channel defining a different needle insertion angle. Finger grips 855 can be included on
the body of the needle guide 850 to assist with movement of thereof to position a desired
needle channel for use. These embodiments are therefore illustrative of the many different

needle guide configurations possible.

[00055] FIGS. 14A-16 depict various details of a needle guide/connector system for use
with a probe, such as an ultrasound probe, according to one embodiment. In particular, FIGS.
14A-14C depict various details of the connector 30 included on the head portion 18A of the
probe 18, according to the present embodiment. As the embodiment of FIGS. 14A-14C shares
some similarity with the connector shown in FIGS. 3A and 3B, only selected aspects of the

present connector 30 will be discussed.

[00056] As shown in FIGS. 14A-14C, the connector 30 includes the first mounting surface
32 that terminates in the overhang 34. The second mounting surface 36 is also depicted,
including the extensions 36A and 36B, for providing stability to a needle guide attached to the
connector 30, as will be discussed further below. In contrast to the embodiment of the
connector of FIGS. 3A and 3B, the extensions 36A and 36B here define a rounded shape. As
mentioned, other extension shapes are possible. The depressions 40 are provided on either side
of the connector 30, as before. The particular position of the connector 30, and its particular

design, can vary from what is shown and described herein.

[00057] FIGS. 15A-15F depict various details of the needle guide 50 for use with the
connector 30 of FIGS. 14A-14C, according to one embodiment. As the present embodiment
shares some similarity with the needle guide shown in FIGS. 3A and 3B, only selected aspects

of the present needle guide 50 will be discussed.
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[00058] Note that the needle guides to be described in the following embodiments herein are
configured so as to ease insertion of the needle into a guide channel of the needle guide. This
facilitates ease of needle insertion even when the needle guide is positioned relatively far away
from the user, such as is the case when the needle guide is included with a probe of an
ultrasound imaging system and it is necessary to maintain the probe on the skin surface of the
patient during loading of the needle into the needle guide. This circumstance arises, for
instance, when the ultrasound imaging system includes a magnetic-based needle insertion
guidance system, which often requires the ultrasound probe and attached needle guide to
remain on the skin of the patient after magnetic calibration of the guidance system. Further
details regarding an example of a magnetic-based needle insertion guidance system can be
found in U.S. Patent Application Publication No. 2014/0031674, filed September 27, 2013,
and entitled “Needle Assembly Including an Aligned Magnetic Element,” which is

incorporated herein by reference in its entirety.

[00059] In light of the above, FIGS. 15A-15F depict various details of the needle guide 50,
configured for removable attachment to the connector 30 of FIGS. 14A-14C or other portion of
the ultrasound probe 18, in accordance with the present embodiment. As shown, the needle
guide 50 includes the top surface 52 supported by one or more legs 53. The top surface 52
serves as the platform on which the needle channel 54 — defined by two opposing, elongate lips
55 with a slot 55A interposed therebetween — is included for guiding a needle to a body portion
imaged by the ultrasound imaging system 10 via percutaneous insertion. When the needle
guide 50 is attached to the probe, the top surface 52, and therefore the needle channel 54, is
angled with respect to a longitudinal axis of the probe 18 so as to enable the needle to intercept
the targeted body portion at a depth as determined by the ultrasonic imaging performed by the
system 10. The needle insertion angle defined by the needle channel 54 can vary according to

the configuration of the needle guide.

[00060] The needle guide 50 defines the cavity 56, best seen in FIGS. 15C and 15F, which
is shaped to receive therein a connector, such as the connector 30 of the ultrasound probe 18 in
FIGS. 14A-14C, or other apparatus to which the needle guide is to attach. The smoothly
shaped extended surface 58 is included at the closed end of the cavity 56 and is configured for
interfacing with the overhang portion 34 of the connector 30 of the probe when attached
thereto. The extended surface 58 is but one example of a feature included on the needle guide

50 to assist in retaining the needle guide on the connector 30. Note that the needle guide 50 in
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the present embodiment is removably attachable to a connector disposed on the ultrasound
probe, such as in a snap-fit arrangement; in other embodiments, permanent attachment of the
needle guide to a probe or other device is possible. In yet another embodiment, the needle

guide attaches to a cap or other component that in turn attaches to the probe.

[00061] Notches 61 are defined in the legs 53 of the needle guide body, as best seen in
FIGS. 15B and 15F and are positioned to respectively receive therein the extensions 36A, 36B
of the connector 30 included on the probe 18 (FIGS. 14A-14C). This serves to enhance the
stability of the connection between the needle guide 50 and the connector 30 in order to resist
undesired needle guide movement while the attached to the probe 18. As mentioned, note that
the size, shape, number, and configuration of the notches can vary from what is shown and

described herein.

[00062] The needle guide 50 further includes two protrusions 70 in the cavity 56 that are
sized and positioned to engage with the corresponding two depressions 40 of the needle guide
connector 30 on the probe 18 (FIGS. 14A-14C). Note that the size, shape, number, and other
configuration details of the needle guide protrusions and cavity itself can vary from what is

described herein while still residing within the scope of present embodiments.

[00063] The needle channel 54 of FIGS. 15A-15F is shown to be sized for a 21 Gauge
needle. In other embodiments, however, the needle channel can be sized to accommodate
needles of other sizes and configurations. Also, the needle guide can be configured in one

embodiment to accept devices other than needles, such as trocars or catheters for instance.

[00064] As mentioned above, the needle guide top surface 52 is oriented such that the
needle channel 54 defines an angle with a longitudinal axis of the probe. For instance, the top
surface 52 and needle channel 54 of the needle guide 50 shown in FIGS. 15A-15F are angled
so as to intercept an extension of the longitudinal axis of the probe 18 at a distance of about
two centimeters below the probe head portion 18A. As will be seen, other angles can be
defined by the top surface/needle channel. Also, in other embodiments the needle channel can
be included on other than the top surface of the needle guide body, such as a side surface, for

instance.

[00065] The needle guide 50 further includes an extended guide feature for facilitating the
ease of insertion of a needle into a proximal end of the needle channel 54. “Extended guide

feature” as used herein includes features, components, elements, etc. that enhance the ability
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for a needle to be guided by a user toward/into the needle channel of the needle guide. In the
present embodiment, the extended guide feature includes a guide cone 80, disposed at the
proximal end S0A of the needle guide 50, which extends from the top surface 52 of the needle
guide 50 and is defined by proximal portions of the lips 55 so as to be in communication with

the needle channel 54.

[00066] As shown, the guide cone 80 is elliptically funnel-shaped so as to provide a tapered,
elliptically conical three-dimensional funnel surface 84 that guides a distal tip of a needle
toward the needle channel 54. As such, the guide cone 80 provides a relatively large target
easily viewable and accessible by a clinician using the needle guide. This in turn obviates the
need for the clinician to remove the probe 18 (FIGS. 14A-14C) from the skin of the patient
during ultrasound imaging procedures in order to insert the needle into an otherwise relatively
small needle channel of the needle guide attached to the probe. As has been discussed above,
such removal of the probe 18 from the skin of the patient is undesired and can undermine the
effectiveness of magnetic-based needle insertion guidance systems associated with the
ultrasound imaging system, which guidance systems often require the probe not to be moved

from the patient’s skin after magnetic calibration has been performed.

[00067] In greater detail, FIG. 15C shows that the guide cone 80 includes an elliptical
perimeter 82 that in turn includes a leading edge 82A and a trailing edge 82B. The leading
edge 82A includes approximately half the perimeter 82, i.e., the portion of the perimeter
disposed above the top surface 52 of the needle guide 50 from the perspective of FIG. 15C.
Thus, the leading edge 82A of the perimeter 82 bounds the portion of the guide cone that is
disposed above the needle guide top surface 52, which is also referred to herein as being above
in an orthogonal direction with respect to the top surface. The trailing edge 82B of the
perimeter 82 bounds the portion of the guide cone 80 that is disposed below the top surface 52
of the needle guide 50, also referred to herein as being below in an orthogonal direction with

respect to the top surface.

[00068] FIG. 15B shows that a forward extending portion 86 of the guide cone 80 extends
beyond the proximal end S0A of the needle guide 50. Further, the leading edge 82A of the
perimeter 82 extends proximally further away from the body of the needle guide 50 relative to
the trailing edge 82B, with the perimeter being included on the forward extending portion 86.
Note, however, that the shape and configuration of the guide cone, its perimeter, and the

leading and trailing edges can vary from what is shown and described herein. For instance, the
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guide cone can define a round funnel shape. In another embodiment, the perimeter of the
guide cone can be coincident with the proximal end of the needle guide instead of extending
past the proximal end. Note that the needle guide in one embodiment is formed from a suitable
thermoplastic, such as low-density polyethylene, though other materials could also be
employed. Desired characteristics for the needle guide material in one embodiment include the
ability of the material to form a needle channel that is firm enough to retain the needle therein,
yet flexible sufficient to enable the lips of the needle channel to deform and release the needle

from the needle channel.

[00069] FIG. 16 depicts the manner of attachment of the needle guide 50 of FIGS. 15A-15F
with the connector 30 of FIGS. 14A-14C. As shown, the connector 30 is received within the
cavity 56 of the needle guide 50 such that the extended surface 58 in the cavity snap-fits over
the overhang 34 of the connector. Additionally, the protrusions 70 disposed in the needle
guide cavity 56 are received in the corresponding depressions 40 to further the snap-fit

attachment of the needle guide 50 to the connector 30.

[00070] In this attached state, FIG. 16 further shows that the notches 61 of the needle guide
50 are positioned to receive therein the corresponding extensions 36A, 36B when the needle
guide is attached to the connector 30. So attached, and as with previous embodiments, the
stability extensions 36A, 36B of the connector 30 engage the notches 61 to help secure the
needle guide in place with respect to the probe 18. Should detachment of the needle guide 50
from the connector 30 be desired, the user can simply pull the needle guide from the connector

to overcome the snap-fit arrangement.

[00071] Reference is now made to FIGS. 17A-17G. As mentioned above in connection
with FIGS. 15A-15F, the needle guide top surface 52 can be oriented such that the needle
channel 54 defines an angle with a longitudinal axis of the probe (FIGS. 14A-14C, 16)
different from what is shown in FIGS. 15A-15F. In one embodiment, this is achieved by
altering the length of the needle guide legs 53, as depicted in FIGS. 17A-17G, which show the
needle guide 50 as including legs 53 of varying sizes so as to provide varying needle channel-
to-probe longitudinal axis angles. This, in turn, causes a needle disposed through the needle
channel 54 to intersect the extension of the probe longitudinal axis at differing distances from

the surface of the probe head 18A, according to the needle guide’s angle.
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[00072] In light of the above, FIGS. 17A-17G show needle guides 50 configured for
approximate intersection distances of 0.5 cm (FIG. 17A), 1.0 cm (FIG. 17B), 1.5 cm (FIG.
17C), 2.5 cm (FIG. 17D), 3.0 cm (FIG. 17E), 3.5 cm (FIG. 17F), and 4.0 cm (FIG. 17G).

[00073] So configured, multiple needle guides, each having a needle channel defining a
unique angle with the longitudinal axis of the probe, can be constructed as to be selectively
attachable to/removable from the probe needle guide connector of the probe, enabling a
plurality of needle insertion angles to be achieved with the system 10. Of course, other angles
are also possible. In another embodiment, more than one needle channel is included on a

single needle guide.

[00074] FIG. 18 depicts details of the needle guide 50 according to another embodiment,
including the legs 53 supporting the top surface 52 on which the needle channel 54 is disposed.
The needle guide 50 includes an extended guide feature for assisting in guiding a needle into
the needle channel 54. The extended guide feature here includes a concavely shaped guide
surface 180 defined on the proximal end 50A of the needle guide 50. The guide surface 180 is
defined by a semicircular perimeter 182 such that the guide surface substantially extends the
width of the body of the needle guide 50 from the perspective shown in FIG. 18. The
perimeter 182 bounds a concavely shaped, conical section surface 184 that funnels toward and

is in communication with the needle channel 54.

[00075] FIGS. 19A and 19B depict details of the needle guide 50 according to another
embodiment, including the legs 53 supporting the top surface 52 on which the needle channel
54 is disposed. The needle guide 50 includes an extended guide feature for assisting in guiding
a needle into the needle channel 54. The extended guide feature here includes a guide cone
280 having a thickness so as to extend from the proximal end S0A of the needle guide 50. The
guide cone 280 is defined by a circular perimeter 282 that bounds a round funnel surface 284
that funnels toward and is communication with the needle channel 54. A slot 283 is included

in the guide cone 280 to enable removal of the needle therefrom.

[00076] FIGS. 20A and 20B depict details of the needle guide 50 according to another
embodiment, including the needle guide body supporting the top surface 52 on which the
needle channel 54 is disposed. The needle guide 50 includes an extended guide feature for
assisting in guiding a needle into the needle channel 54. The extended guide feature here

includes two guide wings 380 that extend proximally from the proximal end 50A of the needle
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guide 50 in a direction parallel to the top surface 52 such that an upper surface 382 of the guide

wings is substantially parallel to the longitudinal orientation of the needle channel 54.

[00077] The guide wings 380 are positioned proximate the proximal opening to the needle
channel 54 such that a needle that moves atop the upper surface 382 of the guide wings can be
inserted into the needle channel with minimal effort. FIG. 20B shows that each of the guide
wings 380 is shaped in a wing-like fashion so as to converge toward the proximal opening of
the needle channel 54, further guiding the user in directing the needle toward the needle
channel. Note that different numbers, sizes, shapes, and configurations of guide wings can be

employed with the needle guide.

[00078] FIGS. 21-23 depict additional aspects of the needle guide 50 according to example
embodiments. In each of the FIGS. 21-23, the needle guide 50 defines an extended guide
feature including a concavely shaped guide surface 480 for guiding a needle into the needle
channel 54 disposed on the top surface 52. In FIG. 21 the needle channel 54 is substantially
liner. In contrast, the needle channel 54 includes a tapered section 490 wherein a cross
sectional area of the needle channel reduces in size from proximal end to distal end thereof.
The tapered section 490 in FIG. 22 includes substantially the entirety of the needle channel 54,
while in FIG. 23, the tapered section 490 includes approximately only the proximal half of the
needle channel, distal to which the needle channel remains substantially linear. It is
contemplated that the tapered nature of the needle channel can vary from what is shown and

described herein.

[00079] Embodiments of the invention may be embodied in other specific forms without
departing from the spirit of the present disclosure. The described embodiments are to be
considered in all respects only as illustrative, not restrictive. The scope of the embodiments is,
therefore, indicated by the appended claims rather than by the foregoing description. All
changes that come within the meaning and range of equivalency of the claims are to be

embraced within their scope.

What is claimed is:
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CLAIMS

1. A needle guide for use with a handheld probe, comprising:
a needle guide body defining a first surface;
a needle channel defined on the first surface; and
an extended guide feature including a guide cone in communication with the
needle channel, the guide cone extending beyond the body of the needle
guide in directions parallel and orthogonal to the first surface of the needle

guide body.

2. The needle guide as defined in claim 1, wherein the guide cone also extends

below the first surface of the needle guide body in a direction orthogonal to the first surface.

3. The needle guide as defined in claim 1, wherein the guide cone is circularly

funnel-shaped.

4. The needle guide as defined in claim 1, wherein the guide cone is elliptically

funnel-shaped and extends beyond a proximal end of the needle guide body.

5. The needle guide as defined in claim 4, wherein the elliptical funnel shape of
the guide cone is bounded by a perimeter, a leading edge of the perimeter disposed above the
first surface of the needle guide in a direction orthogonal to the first surface, a trailing edge of
the perimeter disposed below the first surface of the needle guide in a direction orthogonal to

the first surface.

6. The needle guide as defined in claim 1, wherein the needle channel includes two
elongate opposing lips that are spaced apart to define a slot therebetween, the lips cooperating

to define the guide cone.

7. The needle guide as defined in claim 6, wherein at least a portion of the needle

channel is tapered.

8. The needle guide as defined in claim 1, wherein the needle guide body is

removably attachable to the probe.
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0. The needle guide as defined in claim 8, wherein the probe includes a connector

to enable attachment of the needle guide in a snap-fit arrangement.

10. The needle guide as defined in claim 9, wherein the needle guide body defines a

cavity for receiving the connector therein.

11. The needle guide as defined in claim 9, wherein the needle guide body defines a
plurality of notches that respectively receive a plurality of extensions of the connector so as to

stabilize attachment of the needle guide to the connector.

12. The needle guide as defined in claim 1, wherein the probe includes an
ultrasound probe and wherein the needle guide removably attaches to the ultrasound probe so
as to position the needle channel in an angled configuration with respect to a longitudinal axis

of the ultrasound probe.

13. The needle guide as defined in claim 12, wherein the first surface includes a top
surface of the needle guide body and wherein the needle guide body includes first and second
legs, the legs sized to support the needle channel of the first surface in the angled

configuration.

14. A needle guide for use with a handheld probe, comprising:
a needle guide body defining a first surface;
a needle channel defined on the first surface; and
a concave guide surface defined by the needle guide body and in
communication with the needle channel, the concave guide surface

substantially spanning a width of the needle guide body.
15. The needle guide as defined in claim 14, wherein the needle channel includes
two longitudinally extending lips that are spaced apart to define a slot therebetween and

wherein the guide surface is defined on a proximal end of the needle guide body.

16. The needle guide as defined in claim 15, wherein the first surface includes a top

surface of the needle guide and wherein at least a portion of the needle channel is tapered.
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17. The needle guide as defined in claim 14, wherein the needle guide body is

removably attachable to the probe.

18. The needle guide as defined in claim 17, wherein the probe includes a connector

to enable attachment of the needle guide in a snap-fit arrangement.

19. The needle guide as defined in claim 18, wherein the needle guide body defines
a plurality of notches that respectively receive a plurality of extensions of the connector so as

to stabilize attachment of the needle guide to the connector.

20. The needle guide as defined in claim 14, wherein the guide surface includes a

conical section-shaped surface.

21. A needle guide for use with a handheld probe, comprising:
a needle guide body defining a first surface;
a needle channel defined on the first surface; and
a plurality of guide wings extending beyond a proximal end of the needle
channel, each of the guide wings being angled to match an orientation of the

needle channel.

22. The needle guide as defined in claim 21, wherein one guide wing is disposed on

either side of the proximal end of the needle channel.

23. The needle guide as defined in claim 21, wherein each of the guide wings

converges in shape as each guide wing nears the proximal end of the needle channel.

24. The needle guide as defined in claim 21, wherein each of the guide wings is

generally wing-shaped.

25. The needle guide as defined in claim 21, wherein the needle guide body is
removably attachable to the probe.

26. The needle guide as defined in claim 25, wherein the probe includes a connector

to enable attachment of the needle guide in a snap-fit arrangement.
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27. The needle guide as defined in claim 26, wherein the needle guide body defines
a plurality of notches that respectively receive a plurality of extensions of the connector so as

to stabilize attachment of the needle guide to the connector.
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